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FOREWORD 

By far the single-most important item of forest produce used by 
rural communities of the tropics, from the cradle to the coffin, is the 
bamboo. Over 75 genera and 1250 species are reported to occur in 
the world. Of late, the demand for this material has increased far 
beyond the availability, causing serious problems of over-exploita- 
tion and depletion of resources. 

Bamboos are aptly called the "poor man's timber". They are 
particularly important for the people of the East where they are found 
in greatest abundance and variety. Their strength, straightness, light- 
ness combined with extra-ordinary hardness, range in size, abun- 
dance, easy propagation, and the short period in which they attain 
maturity, make them suitable for a variety of purposes and hundreds 
of different uses have been reported from times immemorial. Even 
today, the bamboo continues to find new uses, such as paper-making, 
rayon industry, construction, architecture, engineering, technology, 
handicrafts, food and medicine. No doubt, this amazing tree-grass has 
played a significant role in the life and activities of man and perhaps 
no growing thing on earth has so many and as varied uses as the 
bamboo. 

Yet, we know very little about several aspects of this fascinating 
plant and these are receiving a high priority in the research activities 
of bamboo specialists. Thus, its biology, embryology, cytology, 
physiology of flowering, ecology, silviculture, utilisation are all 
under detailed investigation. Even the authentic identification of the 
different species of bamboos which is basic to all other studies has to 
be undertaken with a sense of purpose. 

It is in this context that the third International Bamboo Workshop 
held at Cochin, is specially relevant. The workshop gave an oppor- 
tunity for specialists in différent aspects of bamboo to corne together, 
discuss various problems under the same roof, evaluate the present 
state of knowledge on this very important resource and suggest 
measures for its effective propagation, scientific conservation, proper 
utilisation and management. 

To a true scientist and scholar, work is its own reward. Workshops 
of this type facilitate exchange of ideas and provide an entirely new 
dimension in the pursuit of truth and knowledge. The deliberations 
of the workshop have furthered our knowledge on the subject and the 
papers contained in this volume will add to the information of all 
those who are interested in the different aspects of this wonderful 
grass. 

N. BALAKRISHNAN NAIR 
Chairman 
State Committee on Science, 
Technology & Environment 
Government of Kerala 
India 
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PREFACE 

The bamboos which are giant, woody, tree-like grasses, have a 
long history as an exceptionally versatile and widely-used resource. 
Especially in Asia, where it is known variously as the "poor man's 
timber", the "cradle-to coffin plant" and "green- gold" bamboo has 
and stiil provides, the materials needed for existence. Bamboo is also 
an eminently renewable resource; under the right conditions they 
display prodigious rates of growth - nome species can produce culms 
40m high and 30 cm in diameter in just four months. The total lengths 
of culms produced by a giant bamboo clump over its lifetime can well 
exceed 15km! 

And yet, over-exploitation associated with growing human 
populations, destruction of tropical forests and new demands on the 
resource for industrial uses, especially by the pulp and paper industry, 
has resulted in wide-scale decimation of bamboo stocks; from vast 
forests of bamboo in South and Southeast Asia at the beginning of 
this century, we are left with the current situation of acute scarcity. 
Many countries have been forced to severely restrict and in some 
cases even ban outright the harvesting and exporting of bamboos. 

For many developing countries this translates into the loss of 
potentially great economic opportunities. The greatest losses though, 
are borne by the poor and especially the rural poor, as a once abundant 
and cheap material that provided sustenance, shelter and income has 
become scarce and expensive. Truly, the present crisis in the 
availability of bamboos is testament to its remarkable utility. 

It is against this backdrop of conflicting industrial and social 
needs that at Cochin, India, the largest-ever meeting of bamboo 
scientists and technical experts was convened. The wide-ranging 
discussion topics reflect a growing interest in bamboo research - very 
gratifying to IDRC as a demonstration that our long interest in the 
topic has been well-placed. 

The Cochin workshop saw 40 percent more papers than were 
presented at the last workshop in Hangzhou, China. Several newer 
areas of research, including work on the use of bamboo as geobam 
and mass-propagation through tissue culture were covered in sessions 
at the workshop. A satellite meeting. chaired by Dr Jules Janssen, was 
also held on the topic "Building and Engineering with Bamboo". 

The papers are reproduced in 14 sections of the book ranging from 
Country Reports, Bamboo Resources and Propagation to Physical 
Properties of Bamboo, Bamboo as a Construction/Housing Material, 
Bamboo Economics and Bamboo Information Systems. Not only 
does this reflect the varied interests of the participants, but also an 
enlarging scope of applications of bamboos which need further 
research and qualification. 

A note on the cover photograph: the woody bamboos typically 
flower infrequently and at long intervals (often measurable in 
decades). It is, therefore, nearly impossible to get simultaneous 
flowering in desired parents for hybridization. In vitro flowering is 
seen as a means of overcoming this barrier to germplasm improve- 
ment programs. The in vitro flowering bamboo featured on the cover 
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reflects the current, worldwide interest in this subject and that the first 
paper on this aspect was presented at the Cochin workshop (see paper 
by Ramanuja Rao and Usha Rao). Since then there has been further 
progress in this area. Notably, Nadgauda, Parasharami and Mascaren- 
has have obtained seed-set in vitro. Their findings, which received 
worldwide publicity, were reported in the March 1990 issue of 
Nature. 

We wish to extend thanks to all the presenters, other workshop 
participants, the organisera and all those who helped in the prepara- 
tion of the proceedings. Special thanks are in order for Dr. I. Usha 
Rao of the University of Delhi for her careful review of all the 
manuscripts. We hope these proceedings will be widely consulted as 
a useful reference to all bamboo researchers as have its predecessors, 
Bamboo Research in Asia and Recent Research on Bamboos. 

To all those who participated at Cochin, and to fellow bamboo 
scientists who missed this exciting workshop - we hope to see you at 
the Fourth International Bamboo Workshop to be held in November 
1991 in Chiengmai, Thailand. 

Cherla B. Sastry Derek Webb 
Senior Program Officer Associate Director 
Forestry Science Forestry Science 
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DEDICATION 

It is with deep regret that we record the sad demise of Professor Y.M.L. Sharma who 
attained heavenly abode on 4 April 1988 after a brief illness. He was 72. 

Professor Sharma was trained in forestry at the Indian Forest College at Dehradun, 
India. After a long career in the Indian Forest Service, he retired as Chief Conservator 
of Forests in Karnataka, India, in December 1973. He was Dean of the Indian Forest 
College at Dehradun and Principal of the Southern Forest Rangers College at Coim- 
batore for about 14 years. Professor Sharma was consultant to several national and 
international organisations and was widely travelled. `Myforest', a journal on forestry 
in Karnataka, was founded by him and he was its chief Editor for long. 

The contribution of Professor Sharma to bamboo research in India was considerable. 
Many will also remember him from his widely quoted articles on `Bamboos in the 
Asia-Pacific Region' in Bamboo Research in Asia (Proceedings of the workshop held 
in Singapore in 1980) and `Inventory and Resource of Bamboos' in Recent Research 
on Bamboos (Proceedings of the International Bamboo Workshop held in Hangzhou, 
People's Republic of China in 1985). 

We dedicate this volume to his memory. 
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Bamboo Research in Nepal 
A.N. Das 

Forest Research and Information Centre, 
Forest Survey and Research Office, 

Department of Forests, Babar Mahal, Kathmandu, Nepal. 

Abstract 
Bamboos, which are perennial woody grasses, are one of the most important forest 
resources ofNepal. These are also grown byfarmers. The bamboos are extensively used 
by the rural people and are distributedfrom the terai (flat plains) to the high mountains. 
Work on the identification of the available bamboos, their distribution and uses is 
continuing in Nepal. The bamboos are traditionally propagated by vegetative means in 
which culms more than 2 m high with rhizomes are planted vertically. Research is 
currently underway at the Forest Research and Information Centre, Department of 
Forests, to develop alternative propagation techniques. Research is also going on to 
evaluate the potential of bamboos for the stabilization of roads in the hills. Work on the 
tissue culture of bamboo is being carried out by the Department of Medicinal Plants, 
Nepal, and also in collaboration, by the Department of Forestry, University of Aberdeen 
in Scotland. For propagating Bambusa balcoa, Bambusa sp. (Tharu bans), 
Dendrocalamus hamiltonii, D. hookerii, and Dendrocalamus sp. (Dhungre bans), the 
single node culm cutting technique has proved very successful. Training courses on 
this technique have been held in several districts of the country, due to the importance 
of bamboos in communityforestry. 

Introduction 

Bamboos are amongst the important plant 
species of Nepal. These are grown mostly in 
homesteads and improductive land and are com- 
mon in the natural forests. From the utilization 
point of view there is no other plant with as much 
importance to the rural people as bamboo. In the 
hills, bamboos are used for making furniture, 
agricultural implements, baskets, bouses, bridges, 
for scaffolding and fencing and as fodder, fuelwood 
and even as water supply pipes. Besides, the new 
shoots are used as vegetable. The uses of bamboo 
vary from place to place depending upon the choice 
of the local people as well as on the availability of 
a particular species in that area. In the terai (flat 
plains), these are mostly used in bouse construc- 
tion, fencing, as scaffolding for big buildings and 
in making baskets, etc. 

The bamboos are abundant between the mid- 
hills and the terai with most of the species being 
found in the mid-hills. Here these are categorised 
into two types: bans and nigalo. Bans are big 
diameter bamboos whereas nigalo are of small 
diameter. The nigalo bamboos do not occur in the 

terai. In the high mountains, bamboos are 
categorised into three types, namely, bans, nigalo 
and malingo. Malingo, the smallest diameter bam- 
boos, produce the high quality weaving material, 
whereas that from nigalo is of medium quality with 
the lowest quality coming from bans. Bans are not 
found in abundance in the high mountains and 
malingo, the high altitudinal species, are rarely 
found in the mid-hills. Bamboos are abundant in the 
eastern, central and western hills and in the terai 
region, but not in the mid-western and far-western 
regions of Nepal. The land area occupied by bam- 
boos in the country has not been estimated. 

Bamboo Research Activities 

At present there are two organizations working 
on bamboo research in Nepal. These are the 
Forestry Research Project (FRP), which is part of 
the Forest Survey and Research Office (FSRO) 
under the Department of Forests and is partly 
funded by the Overseas Development Administra- 
tion (UK), and the Department of Medicinal Plants. 
FRP has many sections, one of which is the Bam- 
boo Research Section. At present this Section is 

1 
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carrying out work on identification, distribution, 
uses, and propagation; it also trains field staff and 
nursery foremen involved in the Community 
Forestry Development Program (Stapleton, 1986; 
Jackson, 1987). The Department of Medicinal 
Plants is working on the tissue culture of bamboos. 

Survey for Identification, Distribution and 
Uses 

Before the Forestry Research Project was estab- 
lished eight years ago, very little work had been 
done on the taxonomie classification of bamboos in 
Nepal. At that time only two genera and five 
species had been identified. At present five genera 
and more than 30 species have already been 
recorded (Das, 1988; Stapleton, 1982; Stapleton & 

Table 1 Useful bamboo species* 

Botanical narre Occurrence and uses 

Arundinaria maling 
(Malingo) 

A. racemosa 

Bambusa arundinacea 
(Kante bans) 

Bambusa balcoa 
(Dhanu/Bhalu/ 
Harouti Bolka bans) 

Bambusa nutans 
(Mal bans) 

Bambusa sp. 
(Tharu bans) 

Bambusa sp. 
(Mokhla bans) 

Bambusa vulgaris 

Bambusa / 
Oxytenanthera sp. 
(Koraincho bans) 

Dendrocalamus 
hamiltonii 
(Tama/Choya bans) 

D. hookerii 
(Kalobans/Balu bans) 

D. patellaris 
(Nibha/Leyas/Murali/ 
Gopi bans) 

D. strictus 
(Kath/Laathi bans) 
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Tamrakar, 1983). In the past, surveys had been 
made in the eastem, central and western regions of 
Nepal but not extensively in the western and far- 
western regions. Since bamboos were not sur- 
veyed in the past for identification purposes and 
since flowering occurs after long intervals, the 
scientific identification of bamboos has been dif- 
ficult. Local naines of the same species sometimes 
vary from place to place and two différent species 
may even have the saure local narre. This com- 
pounds the problem of identification. Often, people 
do not even have local naines for the species grow- 
ing in their locality. Table 1 gives the local and 
botanical naines of useful bamboo species along 
with their distribution and uses. 

Common high altitude species widespread above 2800 m in eastem Nepal. 
Produces best quality weaving material. Most highly valued bamboo for 
basket and fumiture-making. 

Found above the altitudinal range of A. maling (Blatter, 1929). 

Large exotic bamboo species found in far-western Nepal. Cultivated by 
farmers for house construction. 

Large-sized, big diameter, strong bamboo species occurring from terai to 
mid-hills. Uses saure as for Tharu bans. 

Large-sized, important species of eastern Nepal. Occurs from terai to 
1600 m. Used for bouse construction, scaffolding, bridges, etc. 

Large-sized, important bamboo species of central Nepal. Found in 
Kathmandu and Pokhara valley, inner plains and foothills. Used for 
bouse construction, scaffolding, low quality woven products, etc. 

Common in the terai regions of eastern and central Nepal. Used for bouse 
construction and woven products such as mats, baskets, etc. 

This species is planted for omamental purposes. 

Yellow striped, sometimes erect, having strong branches and solid culms. 
The branches are used for weaving into baskets, and culms in construction 
and as fencing posts. Commonly found in the inner plains and Chute hills 
of central Nepal both in the natural forest and farrnlands. 

Commonly found in the hills mainly between 300 and 2000m. Produces 
better quality weaving materials than any Bambusa species; new shoots used 
as vegetable, leaves as fodder, and culms for bouse construction when other 
harder bamboo species are unavailable. 

Common in the eastem hills between 1500 and 2000 m. Used for weaving 
and bouse construction. Leaves fonn good fodder. 

Frequently found in the Mechi hills of eastern Nepal between 1900 and 
2600 m; also found in Palpa district and in high rainfall areas around Pokhara 
valley in the western region. Used for making flutes and also produces good 
quality weaving materials. 

Found in the terai region below 1000 m in fannlands and also reported to occur 
in the natural forest of the mid- and far-western terai. Introduced in plantations 
due to easy availability of seed from India. Used for making sticks and in bouse 
construction. Less preference for this species by people due to its small size. 

2 
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Table 1 Useful bamboo species* (continued) 

Botanical name 

Dendrocalamus sp. 
(Choya bans/Khosre/ 
Tama/Phosre bans) 

Dendrocalamus sp. 
(Dhungre bans) 

Drepanostachyum 
intermedium 
(Tite nigalo) 

D. khasianum 
(Tite nigalo) 

Drepanostachyum sp. 
(Malinge nigalo) 

Drepanostachyum sp. 
(Malinge nigalo) 

Drepanostachyum sp. 
(Malinge nigalo) 

Thamanocalamus 
spathiflorus 
(Ringal) 

Thamnocalamus sp. 
(Ghoonre nigalo) 

Thamnocalamus sp. 
(Chigar) 

Thamnocalamus 
(Jarubuto) 

* local name in parenthesis 

Occurrence and uses 
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This species is quite similar to D. hamiltonii and is found between 1500 
and 2000 m on a large scale. Used for weaving and leaves as fodder. 

This is the biggest diameter bamboo of Nepal. Commonly found between 1500 
and 2000 m in central Nepal and less commonly in the eastern hilis. Used for 
houle construction, weaving, leaves as fodder during dry season, for making 
containers, etc. 

Found from 1200 to 2400 m both on cultivated land and in natural forests of 
eastern Nepal. Used mainly for weaving into baskets, mats, etc. and leaves as 
fodder during the dry season. 

A species of central and western Nepal, it is found in the natural forests as well 
as on cultivated land. Used for weaving. 

Eastern species found between 1800 and 2200 m. Produces better quality 
weaving material than the previous two Drepanostachyum spp. 

Occurs in central Nepal from 1800 to 2800 m in the natural forest. Not widely 
cultivated though it produces superior quality weaving material. 

Occurs in western Nepal and looks similar to the previous two species. 
Produces superior quality weaving material and is managed intensively at 2500- 
3000 m in the forest around Pokhara valley for edible shoots. 

Found above 2000 m under deodar and fir forest of far-western and 
mid-western Nepal. 

Central Nepal species found between 2000 and 2500 m. Not good for 
weaving. 

High mountainous, western Nepal species. Important food source for black 
bear and Nepalese national bird Impeyan pheasant. 

Western Nepal species of high mountains. Same uses as previous one. 

Propagation Trials 

The raising of bamboos by seed is restricted 
since bamboos flower after long intervals 
(Dendrocalamus hamiltonii (Tama bans) flowers 
after 30-40 years and Bambusa nutans (Mal bans) 
after 50-60 years). Even when seed is available, it 
generally has a very low germination percentage. 
Besides, it takes a long time to establish bamboo 
clumps from seed. 

The traditional method of propagation (raising 
bamboos from offsets by vertically planting the 
rhizomes which is commonly practised by rural 
people in Nepal) is not feasible in afforestation 
programmes due to its high purchasing and 
transportation colts. In comparison, the single- 
node culm cutting method has several advantages 
over the above propagation techniques. It is easy, 

cheap and reliable. Besides, culm cuttings are easy 
to transport and have a high rate of success in 
propagation. 

A high success rate of propagation from single 
node culm cuttings can be achieved in the bam- 
boo species that characteristically produce 
strong branches. Single node culm cutting 
propagation trials have been established for B. 
balcoa, B. nutans, Bambusa sp. (Koraincho bans), 
Bambusa sp. (Tharu bans), D. hamiltonii, D. 
hookerii, Dendrocalamus sp., and Oxytenanthera 
sp. in différent parts of the country. Sixty to 80 
percent survival was obtained in B. balcoa, Bam- 
busa sp. (Tharu bans), D. hamiltonii and D. 
hookerii. The success rate was low in B. nutans 
(30%). In Koraincho bans only 20 percent survival 
was obtained. 
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In the terai, cuttings are taken from early 
February to late March whereas in the hills it is 
from March to April. The cuttings are taken from 
culms in their second year of growth having strong 
branches and large dormant buds at the nodes. 
Shading and irrigation are provided to the culm 
cuttings throughout the year. 

On Dharan-Dhankuta hill roadsides, which is in 
the eastern region of Nepal, bamboos were intro- 
duced in 1987 and 1988 on sites prone to erosion 
and landslides. Bamboos were established on 
these sites by the traditional method of propaga- 
tion, using single node culm cuttings, whole culms 
with rhizomes planted horizontally and a small 
modification of Dai's Chinese technique of 
horizontal planting. In Dai's technique, whole 
culms with rhizomes are used and notches two- 
thirds deep are made in internodes at the upper 
portion of culms. On Dharan-Dhankuta hill road- 
sides, the notches were made at the bottom portion 
of internodes. The final assessment of these ex- 
periments will be made in January 1989. 

A comparative study of the two techniques of 
propagation was made on D. hamiltonii in April 
1988 using whole culms with rhizomes planted 
horizontally and whole culms with rhizomes 
having notches at the bottom of the internode 
planted horizontally. The final result will be avail- 
able by February 1989. 

Training and Extension 

Training on bamboo propagation from single 
node culm cuttings has been provided to the field 
staff and nursery foremen involved in community 
forestry programmes. 

Information about recent research on bamboos 
is being provided regularly to the district forest 
offices. 

Work on Tissue Culture 
Work on tissue culture of bamboos is being 

carried out in the Department of Medicinal Plants. 
Dr S.B. Rajbhandari is working on D. hamiltonii 
and D. strictus for which seeds are readily avail- 
able. It has been found that tissue culture propaga- 
tion can be carried out successfully on these 
bamboos. 

Future Research Activities 

The future research activities on the bamboos 
will be mainly on the following aspects: 

surveys for determining distribution, iden- 
tification and local uses, 

research work on propagation techniques, 
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management, 

utilization, and 

socio-economic surveys. 

The work on surveys of bamboos for identifica- 
tion, distribution and uses will be continued next 
year with visits to the mid-western region of Nepal 
for this purpose. Research on propagation of bam- 
boo species will be continued next year and the 
single node culm cuttings propagation trials 
repeated on those species in which success rates 
have been low. Différent treatments will be tried. 
Promising species on which propagation trials were 
not made in the past will be included next year. 
More trial plots will be established in the terai 
region. Whole culms with rhizomes (horizontal 
planting) will be introduced in D. hamiltonii to 
establish this species on the Dharan-Dhankuta hill 
roadsides. Since the Community Forestry 
Development Program (CFDP) has already been 
launched all over Nepal with monetary assistance 
from différent international agencies, the highest 
priority is being given to those species which are 
most wanted by people. The experience gained 
from research on the best techniques of propagation 
for individual species will be disseminated to the 
district forest officers, field staff and nursery 
foremen involved in the CFDP. Training to the 
nursery foremen and field staff in the forestry sector 
on bamboo propagation will be provided as in the 
past. 

In most parts of Nepal, bamboos are not 
managed scientifically. Research is, therefore, 
necessary on bamboo management and in the fu- 
ture, this will be given high priority. Bamboo 
management research plots will be established in 
all the ecological zones of Nepal such as the terai, 
mid-hills and high mountains. 

Even though people use bamboos for making 
different household implements and in house con- 
struction, they do not know much about other uses 
like making furniture and other types of woven 
products. There are very few furniture industries 
which use bamboo as raw material, though much 
scope exists for earning money from bamboo fur- 
niture, household implements, baskets and new 
shoots as vegetable, as bamboos are abundant all 
over Nepal. Bamboos can also be used for paper- 
making. Thus, the utilization of bamboos is an 
area of research to which priority will be given in 
the future. For this, contacts will be made with the 
Departments of Rural and Cottage Industries, and 
Paper Industries of Nepal. As the socio-economic 
impact of bamboos was not determined in the past, 
future surveys will take this aspect into account. 
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Some Aspects of Bamboo and 
its Utilization in Sri Lanka 

Neela de Zoysa1, Upeksha Hettige and K. Vivekanandan 
IDRC-Bamboo Rattan Research Project, 

Forest Department, Sri Lanka. 

Abstract 

Bamboo has a long history of traditional use in Sri Lanka but is considerably less 
utilized in comparison to that in other Asian countries. This may be due to the paucity 
of native species of utility value, the majority of the island's ten species being shrubby 
montane types. However, the high endemicity among the native species (80%) and their 
distribution are of great interest to regional plant geography. In Sri Lanka, bamboo is 
largely used in the handicraft industry and in the housing and construction sector. 
Bamboo is also often cultivated along river Banks for soil stabilization, is used for 
making floats for transport of logs and as support for bean vines. Two species, 
Ochlandra stridula and Bambusa vulgaris, are used almost exclusively for these 
pur poses. Attention is drawn in this paper to the urgent need to intensify the use of the 
bamboo resources in Sri Lanka through systematic management and the promotion of 
its use as a substitute for small timber. Several exotic species with high utility value 
suitable for Sri Lankan conditions are also recommended for future introduction. 

Introduction 

Although bamboo has a long history of tradi- 
tional use in Sri Lanka, it is considerably less 
utilized in this country when compared with mort 
other Asian countries. Lack of information on the 
local bamboo resources and their utilization poten- 
tial has been a drawback in its promotion. To ad- 
dress this problem, the International Development 
Research Centre (IDRC) has since 1984 supported 
a research project through the Forest Department 
of Sri Lanka. The project aims at determining the 
distribution and availability of individual species, 
developing mass-scale propagation techniques for 
the economically important species and estab- 
lishment of trial plots. 

Vivekanandan (1980, 1987) presented some 
preliminary information on the bamboo resources 
of the country and the Forest Department's ex- 
perience with bamboo reforestation. As a result of 
the IDRC project, much more is known now about 
the taxonomy, distribution and utilization of bam- 
boo in the country. Some of this information is 
presented here, together with suggestions for 
promoting the cultivation and utilization of com- 
mercially important species. 

Native Bamboos 

Sri Lanka possesses an extremely poor bamboo 
flora which consists only of ten species according 
to a recent revision of the group (Soderstrom & 
Ellis, 1988). A remarkable feature, however, is the 
high degree of endemism (80%) with one genus 
(Davidsea) and eight species being reported as 
unique to the country (Table 1). 

Of the ten species, Bambusa bambos and 
Dendrocalamus cinctus are confined to the dry 
zone of the country. Of these, the latter is very 
restricted in distribution and is known only from 
one or two isolated forested inselbergs such as 
Ritigala located in the North-central region of the 
country. A third species, Ochlandra stridula, is 
found extensively in the wet lowlands of the South- 
western region. The remaining seven species are 
found in the high altitudinal montane areas of the 
central hill country (Fig. 1). The natural habitat of 
most of the bamboo species is the forest under- 
storey. The exceptions are species confined to spe- 
cial habitats such as Dendrocalamus cinctus and 
Arundinaria scandens which have been reported 
from windswept mountain tops and A. densifolia 

1Presently a forestrylenvironmental consultant based in Colombo 
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Table 1. Native and introduced bamboos occurring in Sri Lanka 

Species Local name (English narre) Utility value 

Native 

*Arundinaria densifolia 

*A. debilis 

*A.scandens 

*Afloribunda 
*A. walkeriana 

*Pseudoxytenanthera monadelpha 

° Davidsea attenuata 

*Ochlandra stridula 
*Dendrocalamus cinctus 

Bambusa bambos 

Introduced 

Bata 

Bata 

Bata 

Bata 

Bata 

Bata 

Bata 

Bata 

Katu Una 
(Spiny bamboo) 

es 

Yes 

Yes 

Yes 

Bambusa vulgaris 

ambusa multiplex 

Dendrocalamus giganteus 

Dendrocalamus membranaceus 

Dendrocalamus asper 

Dendrocalamus strictus 

Thyrsostachys siamensis 

Kola Una 
(Green bamboo) 
Kaha Una/Rana Una 
(Yellow bamboo) 

Cheena Bata 
(Chinese bamboo) 

Yodha Una 
(Giant bamboo) 

Una 

Una 

(Male bamboo) 

Siam bambu 
(Thai/Male bamboo) 

Yes 

es 

Yes 

Yes 

Yes 

Yes 

Yes 

*, endemic species; o, endemic genus 

from low temperature swamps within the montane 
grasslands. 

The study of the taxonomy and distribution of 
the Bambuseae in Sri Lanka is of much interest in 
the light of recent speculations on the importance 
of the wet zone flora of the country in regional plant 
geography of South and South-east Asia (Ashton & 
Gunatilleke, 1987). In this context, the features of 
interest are the high endemicity; the recognition of 
a new endemic genus (Davidsea); 
a new species of Dendrocalamus from Ritigala, a 
location thought to have retained some primeval 
dry zone forent (Gunatilleke & Ashton, 1987) and 
the recognition of a temperate genus Arundinaria. 

Introduced Bamboos 

According to available records 20 species are 
supposed to have been introduced into Sri Lanka of 
which seven are cultivated (Table 1). Among them, 

the yellow variety of Bambusa vulgaris is most 
widely cultivated particularly in the rural areas of 
the wet low and mid-country and in the vicinity of 
waterways in the dry zone. Dendrocalamus gigan- 
teus is cultivated on a small scale in the wet high- 
lands whereas D. asper and D. membranaceus are 
found in the intermediate highlands. 

Dendrocalamus strictus which was introduced 
by the Forest Department to the dry zone 
(Vivekanandan, 1980) as a source of fibre for the 
paper industry, is now restricted in distribution to a 
few pilot plantations in the dry zone. Two species 
of bamboo cultivated for their ornamental value are 
Bambusa multiplex and the recently introduced 
Thyrsostachys siamensis, the former being found in 
most parts of the country, while the latter is current- 
ly restricted to urban areas. 

The remaining 13 species are not cultivated but 
are found in the three Botanic Gardens of the 
country. The best collection of bamboos are in the 
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(6) Arundinaria debilis 
(7) Arundinaria floribunda 
(8) Arundinaria scandens 

(9) Arundinaria walkeriana 
(10)Arundinaria densifolia 
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Fig. 1. Distribution of native bamboo species in Sri Lanka. 
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Peradeniya Botanic Garden. The species are: 
Arundinaria hindsii, Bambusa polymorpha, B. 
tulda, B. ventricosa, Dendrocalamus hamiltonii, D. 
longispathus, Gigantochloa atter, Meloccana bac- 
cifera and a few unidentified species. 

Utilization of Bamboo 

The relatively low utilization of bamboo in Sri 
Lanka is mainly due to the paucity of native bam- 
boos of utility value as the majority are shrubby 
montane species with limited use (Table 1). 

Bamboo use is largely in the handicraft industry 
and in the housing and construction sector. Of 
lesser importance is its use for the making of floats 
for transport of logs and in the construction of rafts, 
fish-pens and fish-traps in inland and estuarine 
waters. A few species have limited use as support 
for bean vine in the upcountry vegetable farms. 
Bamboo is also traditionally grown on the barns of 
rivers and streams for soil stabilization. For almost 
all purposes, the native (endemic) Ochlandra 
stridula and the introduced Bambusa vulgaris are 
exclusively used in the bamboo industry (Table 2). 

Handicrafts 

The manufacture of bamboo handicrafts has 
been a traditional cottage industry in the country 
and is largely based on a single species Ochlandra 
stridula. According to the Master Plan for Hand- 
icraft Development in Sri Lanka (Anonymous 
1987), the manufactured products are mainly ar- 
ticles woven from bamboo strips such as baskets, 
strainers, winnowing fans, blinds and tats of 
household importance. Bamboo flutes are also 
made from the same species and are of cultural 
importance in folk music. 

The traditional handicraft industry was in the 
part governed by certain social and cultural norms. 
Individual groups or castes of people had their own 
particular skills and thereby became associated 
with a particular type of handicraft. However, this 
tradition is fast disappearing. 

The present day industry uses Bambusa vul- 
garis for more modem products such as baskets, 
vases, pencil and pen holders, kitchen containers, 
wall plaques, table mats and lamp shades, all of 
which have a decorative-cum-utility value. 
Dendrocalamus giganteus is also sparingly used in 
combination with other raw material such as rattan, 
wood and cloth. 

Processing for both species is simple. 
Ochlandra stridula is simply cleaned and split into 
long strips. Bambusa vulgaris is cut into small 
pieces and boiled or steamed with water and pre- 
servative chemicals. The material is dried over a 
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fire, sand-papered and lacquered. The products 
made from O. stridula are strictly of utility nature 
and are used in rural areas whereas more sophisti- 
cated products are made of B. vulgaris to cater to 
the urban sector and the tourist market. The mon- 
tane bamboo Davidsea attenuata is also worthy of 
mention and is used for the weaving of crude bas- 
kets for packing and transport of flowers and 
vegetables. 

Housing and Construction 
The use of bamboo in housing and construction 

is limited. In areas where Ochlandra stridula grows 
freely, whole culms have been traditionally used as 
wattle; strips for tats, blinds and inner partitions; 
and leaves for thatching, particularly among the 
low income groups. In other rural areas, B. vulgaris 
is widely used as wattle for crude temporary con- 
structions such as out-houses, barns, shelters during 
harvest time, watch huts, fencing and props. It is 
often used for small bridges and as water pipes. The 
major demand for bamboo in housing is as scaf- 
folding supports and props in the building sector 
within urban and new development areas. 

Availability of Raw Material 
The availability of Ochlandra stridula for the 

handicraft industry is fast decreasing. The raw 
material has to be transported from far distances at 
an increasingly high cost. The current methods of 
harvesting are also wasteful. Only the young pli- 
able culms are used while the mature culms are 
discarded, even though these can be used for other 
purposes. Although on an island-wide basis 0. 
stridula is becoming scarce, it can still be found 
abundantly in a few localized areas. In the planta- 
tion areas for instance, it is often considered as a 
weed and its eradication is promoted. Consequently 
in these areas, there is often a misconception that 
this resource is plentiful. 

Bambusa vulgaris appears to be still plentiful. 
Earlier, this bamboo material was transported to the 
city in large quantities down the rivers during the 
rainy season. It is now largely transported by road 
and its supply and marketing is, therefore, more 
regulated and non-dependent on the rainy season. 
Transport by road, however, increases the cost of 
the material. A small quantity of bamboo material 
stili arrives in the city in the form of floats for 
timber transportation down the rivers. For both O. 
stridula and B. vulgaris, a small but significant 
number of people are engaged either full-time or 
part-time in harvesting, transporting and market- 
ing. 

In recent times there is an increasing trend 
towards the substitution of bamboo with newer 
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materials such as plastic bags and kitchen items, 
cernent and brick walling and clay tiles for roofing. 
Bean vine sticks in the upcountry are now largely 
being substituted by stems of the grass species 
Arundo donax. In the rural sector bamboo con- 
tinues to be used only if other sources of hardwood 
are not readily available. However, new uses of 
bamboo are also developing such as the use of 
yellow bamboo in the manufacture of low-cost 
coffins due to shortage of hardwoods. 

Recommendations 

It is clear that the under-utilization of bamboo 
in Sri Lanka is largely due to paucity of suitable 
local species. However, there is much potential for 
intensifying the use of bamboo by promoting the 
cultivation of economically valuable exotic species 
that have already been established and by the intro- 
duction of potential newer species into the country. 
A number of recommendations are made in this 
paper towards promoting the cultivation and 
utilization of bamboo. 
1. Initiate a quantitative island-wide assessment 

of raw material availability, and supply and 
demand trends. 

2. Establish guidelines for sustained manage- 
ment of existing wild resources, in particular 
for the native Ochlandra stridula. 

3. Promote the cultivation of useful species close 
to major use locations (this is comparatively 
easy as mass-propagation techniques for the 
extensively used Ochlandra stridula and 
Bambusa vulgaris have been perfected under 
the auspices of the IDRC project) along river 
and stream reservations, drainage lines, 
channel bunds, paddy field bunds and in other 
water-logged areas. 

4. Promote cultivation of bamboo in mixed 
species plantations and among monocultures 
of pines, eucalypts and acacias to improve 
their diversity. 

5. Promote the substitution of hardwood timbers 
with bamboo for semi-permanent or temporary 
construction purposes. 

6. Provide access to raw material on state lands, 
plantations and community projects to the rural 
people. 

7. Initiate a programme of research to improve 
the durability, strength, service life and other 
useful characteristics of bamboo for construc- 
tion purposes. (Some programmes have 
already been initiated by the National Building 
Research Organization, the Department of 
Small Industries and National Housing 
Development Authority.) 
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8. Initiate programmes to popularize bamboo for 
large scale non-traditional or non-familiar uses 
such as structural components in housing, 
raw material for the paper industry and for 
production of edible bamboo shoots. 

9. Restrict import of raw materials such as 
Tabashir (an extract of Bambusa bambos which 
is used in indigenous medicine) by promoting 
programmes for its cultivation in the country. 
(The Ministry of Indigenous Medicine has 
already initiated a programme for propagation 
of Bambusa bambos with seeds obtained front 
India.) 

10. Initiate an active programme for introduction 
of newer species of utility value to supplement 
the present supply of bamboo raw material. 
A few species worthy of investigation are: 
Bambusa polymorpha, B. tulda, B.nutans, 
Dendrocalamus strictus, D. hamiltonii, 
D. brandisii, Gigantochloa atter and G.laevis. 
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Status of Bamboo Research and Development 
in Thailand 

Boonchoob Boontawee 
Division of Silviculture, Royal Foi-est Department, 

Ministry of Agriculture and Co-operatives, Thailand. 

Abstract 

The distribution of bamboos in Thailand is described in this papes The development of 
research work on bamboos with regard to management of national bamboo forests, 
Bamboo propagation and growth studies is outlined. Three living collections of bam- 
boos have been established. The areas of current and future research on the economic 
bamboo species are also discussed. 

Introduction 

Thailand is one of the richest areas for bamboo 
species in Asia with 12 genera and 41 species 
(Smitinand & Ramyarangsi, 1980; Ramyarangsi, 
1985). Due to the different climatic conditions from 
wet tropical to dry tropical in the south of the 
country to dry tropical (monsoon) in the north, the 
bamboo species that grow in the wet tropical area 
are différent from those in the monsoon areas. 
Some species are, however, common to many parts 
of the country such as Bambusa blumeana, B. nana, 
B. vulgaris, Dendrocalamus asper, D. 
membranaceus, D. strictus, Thyrsostachys oliveri 
and T. siamensis. 

Bamboo grows naturally in the mixed 
deciduous and tropical evergreen forests or semi- 
evergreen hill forent, especially in the central high- 
land where the rainfall is between 1000 and 2000 
mm. However, the natural distribution of bamboo 
in these forests has been greatly altered by human 
intervention. 

Bamboo is an important raw material for both 
rural and industrial use in Thailand. It is estimated 
that the annual production for the intemal market 
is around 600 million culms worth more than US$ 
7 million. Thailand exports bamboos and bamboo 
products such as bamboo board, fish rods and 
edible bamboo shoots to various countries, worth 
about US$ 500 000 annually since 1973. It has now 
been realized that the bamboo forests of Thailand 
are not fully and efficiently utilized to their full 
potential. Research on the bamboos will indeed 
contribute greatly to the economy of the rural 
people and to the country as a whole. 

Research and Development of Bamboo 

In the past, cultivation of bamboo was prac- 
tised mostly by the rural people. Little technical 
work was done on bamboo due to plain ignorance 
and the prevailing attitude of taking bamboo for 
granted. In 1964, research work was started by 
the Royal Forestry Department (RFD) and Food 
and Agriculture Organization (FAO) specialists for 
improving the growth and yield of natural bamboos 
through silvicultural treatments for pulp and paper 
production. The first bamboo experimental station, 
the Hin-Lap Research Station, was established in 
order to study methods of propagation, cultivation 
and plantation. Subsequently bamboo research in 
Thailand has been continuously conducted and can 
be divided into four phases (Anonymous 1981-84, 
1985, 1986). 

Phase I (1964-1967) 

The research projects during this three year 
period were conducted in the Hin-Lap Research 
Station in the Kanchanaburi region where large and 
compact bamboo forests occur naturally. Japanese 
bamboo experts as FAO specialists were associated 
with these projects. The main activities are detailed 
below. 

Survey on management of natural bamboos for 
pulp andpaper-making 
Initially, there was only one mill in Kanchanaburi 
making paper from bamboos. Many bamboo 
species in Thailand are suitable for pulp-making 
such as Bambusa arundinacea, B. tulda, 
Dendrocalamus longispathus, D. membranaceus, 
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D. strictus and Schizostachyum zollingeri but 
occur in limited quantities (Ueda, 1966). In com- 
parison, Thyrsostachys siamensis thrives almost 
everywhere in the central and northern parts of 
Thailand. It even occurs in dry and poor soil and 
was the main species used for paper and pulp. The 
management for increasing the growth and yield of 
bamboos was based on the cutting cycle. In the 
natural forests, T. siamensis culms generally die 
when they become over-aged (more than six to 
seven years old). The over-aged culms need to be 
cut and utilized before they die. A well-managed 
and skillfully cut bamboo forest usually has few 
dead culms. A three-year cutting cycle is suitable 
for improving productivity. 

Studies on bamboo propagation 
Asexual propagation: Experiments were con- 
ducted with rhizome and culm cuttings of T. 

siamensis, B. arundinacea and D. longispathus. 
The results showed that the one-year-old rhizome 
or culm has the most vigorous sprouting activity. In 
comparison, the two-year-old culms had diminish- 
ed sprouting activity. The culms lose their sprout- 
ing ability when these are five to six years old. 
Sexual propagation: The propagation of bamboos 
using seeds was also tried. Seed samples of T. 

siamensis were obtained from villagers who use 
bamboo seeds for feeding hogs. None of the seeds 
germinated. An attempt was made to carry out a 
germination test of B. arundinacea seeds in dif- 
ferent media but with unsatisfactory results. The 
failure to obtain seed germination could have been 
due to lack of experience in seed storage methods 
resulting in poor or no viability. 
Planting trials: Seedlings obtained from the natural 
forest were planted in order to study the growth of 
new shoots. The survival rate of the planted see- 
dlings was high with very satisfactory shooting 
though watering was necessary during the dry 
season. 
Thinning trials: In a thinning trial, it was found that 
the cutting of all culms older than three years was 
the best method. 

Phase II (1967-1982) 

Bamboo research work was at its peak during 
the end of 1969. There was close co-operation 
between Thai and Japanese scientists, with a train- 
ing course on Silviculture and Management of 
Bamboos being arranged in the beginning of 1969. 
The main research work carried out during this 
phase was as follows: 

Effect of light intensity on growth of seedlings 
The results of this study revealed that 100 percent 
light interception retarded increase in leaf number 

Proceedings of the Int'l Bamboo Workshop, Nov 14-18, 1988 

whereas 20 percent light interception limited the 
development of roots and rhizomes. 

Shooting capacity 
The shoot production in B. arundinacea, B. tulda, 
B. vulgaris and T. siamensis were studied. 

Shoot growth 
Shoot growth of T. siamensis during the night was 
two to three times greater than that during the day. 

Intercropping of bamboos and legumes 
No significant result was found in comparison with 
monoculture of bamboos. 

Phase III (1983-1986) 

The work during this phase was greatly aided 
by grants from the International Development Re- 
search Centre (IDRC) of Canada. The work ac- 
complished is summarized below: 

Living bamboo collections 
The collections have been set up in three regions of 
the country: North, at Mae-Sa Botanical Garden in 
Chiangmai; Central, at Hin-Lap Research Station 
in Kanchanaburi; and South, at Songkla Forest 
Research Station in Songkla. 
The living collections at Kanchanaburi and 
Songkla are on flat land whereas that at Chiangmai 
is in a hilly area. The area of each living collection 
is 3.2 ha (20 rai) and has been planted with 20 
bamboo species, one rai for each species with dif- 
férent spacings depending upon the nature of each 
bamboo species. 

Edible bamboo plantations 
Edible bamboo plantations were established in four 
different locations: Chiangmai, Kanchanaburi, 
Songkla and Khonkaen (in the North-east) with an 
area of 50 rai or 8 ha in each location. The purpose 
of the experiment was to intensify and promote the 
use of local species for the production of edible 
shoots. Bambusa arundinacea, D. strictus and D. 
asper were planted on the farm at Chiangmai 
whereas B. arundinacea, B. blumeana, B. bur- 
manica and D. asper were planted at 
Kanchanaburi. More species have been introduced 
to the farm in Songkla, i.e., Arundinaria suberecta, 
B. arundinacea, B. blumeana, B. burmanica, D. 
asper, D. brandisii, Gigantochloa albociliata and 
T. siamensis. The farm at Khonkaen was planted 
with four bamboo species: B. burmanica, D. asper, 
D. strictus and T siamensis. 

During this period, other research work con- 
ducted by the RFD was as follows: 
1. Identification of some Thai bamboos. 
2. Seed collection, germination, seed sowing 

medium and seed storage. 
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3. Survey and studies on natural bamboo 
forests. 

4. Exploration of bamboo forest using remote 
sensing. 

Phase IV (1986-1989) 

Research projects under the responsibility of 
the RFD have been continuously conducted. 

Increase in the area and number of species in the 
living bamboo collections in the North and North- 
east regions 
The total planted area in both regions was 60 rai 
(9.6 ha). The living bamboo collections were lo- 
cated at the Dong Lam Seed Orchard, Khonkhaen 
province and at Thung Salang Luang, Phisanulok 
province. 

Plantation 
Trial plantations were also established at the loca- 
tions mentioned above. The total area of each 
location was 48 rai (7.7 ha). The four species 
planted at each site were Bambusa blumeana, B. 
nana, Dendrocalamus asper and Thyrsostachys 
oliveri. 

Propagation methods 
Seed and vegetative propagation by conventional 
and tissue culture methods have also been inves- 
tigated. Economically important bamboo species, 
namely, B. blumeana, B. nana, B. vulgaris, 
Cephalostachyum pergracile, D. asper, D. bran- 
disii, D. giganteus, D. membranaceus, T. oliveri 
and T. siamensis were selected for study. 

Conclusion 

The RFD is well aware of the importance of 
bamboos both in the present day national economy 
and in the future. Thus, the following research 
projects have been planned. 

Arboretum Trial 
This will be done in addition to the living bam- 

boo collections which have already been supported 
by the IDRC. The aim of this trial is to collect all 
bamboo species within the country as well as exotic 
bamboos for planting at specific areas for further 
studies. 
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Research on Economic Bamboo Species 

At least five species in each region will be taken 
up for study and research will be conducted in the 
following areas. 
Ecology: Natural regeneration, flowering and seed 
setting. 
Seed: Storage, seed pretreatment, seed sowing 
medium, germination, seedling growth and 
development, light and water requirements in rela- 
tion to bamboo seedlings. 
Vegetative propagation: Rooting media, rooting 
hormones, light intensity, watering, vegetative 
propagation via tissue culture. 
Planting and tending: Spacing, weeding, watering 
and fertilizing. 
Production and utilization: Harvesting methods, 
harvesting time, cost-benefit ratio analysis. 
Studies on natural bamboo forests: Management 
on sustained yield basis, harvesting methods and 
timing, enrichment planting and natural regenera- 
tion. 
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Bamboo Research in the Philippines 
F.O. Tesoro and Z.B. Espiloy 

Foi-est Products Research and Development Institute (FPRDI), 
College, Laguna 4031, Philippines. 

Abstract 
This paper presents a summary of importantfindings, current research efforts and future 
research thrusts with reference to production and utilization aspects of bamboo in the 
Philippines. 

Introduction 

Bamboo is used in nearly every aspect of daily 
life. Its importance is better felt and understood in 
areas where it abounds or where timber and other 
traditional construction materials are not readily 
available or are extremely expensive. It supports 
many major industries such as housing and con- 
struction, handicraft and furniture, fishing, banana, 
food production and paper (Anonymous 1979). 
Bamboo has also been used for musical instru- 
ments, for ornamental purposes and as a landscape 
material. As a reforestation species, it helps control 
erosion and stabilize river banks. It also helps 
preserve the ecological balance of an area. Bamboo 
has become a popular material for these and other 
purposes because of its availability, workability 
and low cost. Unlike timber which requires a grow- 
ing period of 20 years or more, bamboos can be 
harvested for use at the age of three years. 

According to an inventory of bamboos by Shar- 
ma (1985), the Philippines has 55 species. Large 
tracts of bamboos occur in the northem provinces 
on marginal lands, courses of streams and rivers, 
village homelots and hillsides. Several climbing 
species of bamboos such as Dinochloa sp. form 
dense thickets in the forest in the southern regions. 
Bamboos occur over an area of 7924 ha which is 
0.03 percent of the land area (Anonymous 1984 
a,b). According to an estimate, there are 428 182 
harvestable culms of bamboo, but this does not in- 
clude the considerable number of bamboo on 
privately owned lands (Anonymous 1986). 

Bamboo Production 

Bamboo Distribution and Natural Habitat 

According to Uchimura (1978), extensive bam- 
boo forests are more or less confined to within 

15-25° on either side of the equator. The Philippine 
Archipelago is located from 5 to 20° north of the 
equator and has climatic conditions favourable to 
the growth of bamboos. 

Depending upon the species, bamboos grow on 
areas from sea level to as high as 2800-3200 m. 
They thrive best on well-drained sandy loam to 
clayey loam derived from river alluvium or from 
underlying rocks having a pH of about 5.0-6.5. 

Regeneration, Cultural Management and 
Plantation Establishment 

Generally, bamboos can be regenerated by 
asexual propagation using rhizome and culm cut- 
tings. Layering and grafting can also be done. How- 
ever, sexual propagation by seeds as studied by 
Caleda (1964), Lapis (1978) and Uchimura (1978) 
is also feasible although not quite practical due to 
the great length of flowering cycles. 

Rhizome cuttings (Uchimura, 1978) are widely 
used in non-clump forming bamboos. The clump- 
forming type of bamboos are regenerated using 
cuttings. In the Philippines, quite a few investiga- 
tions have been done in this area. Villamil (1915), 
Mabayag (1937), Cabanday (1957), Solarta (1959), 
Agleam (1960), Suzuki and Ordinario (1975), 
Uchimura (1978) and Palijon (1983) conducted 
studies on propagation by cuttings and layering of 
different bamboo species. The effects of growth 
regulators on the rooting and sprout development 
of bamboo cuttings were studied by Suzuki and 
Ordinario (1975), Bumarlong(1977), Uchimura 
(1978) and Palijon (1983). A project on bamboo 
propagation techniques was also undertaken jointly 
by the UPLB College of Forestry and the Tropical 
Agriculture Research Center of Japan, with the aim 
of obtaining information on various aspects of bam- 
boo production and utilization. 

Despite the presence of several privately 
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-owned bamboo plantations in the Philippines, not 
much research has been conducted in so far as 
plantation establishment is concemed. 

However, quite a few studies have been carried 
out on the cultural management of bamboos in 
plantations. According to Chinte (1965), bamboo 
plantations can be established in logged-over areas 
having well-distributed rainfall throughout the 
year. Cleaning after planting is very essential for 
survival and development of a bamboo plantation. 
The annual yield of air-dry bamboo per ha of a three 
to four-year-old plantation was found to be 6000- 
6900 kg for Bambusa vulgaris and 660-1070 kg for 
Gigantochloa aspera. Removal of spines and cut- 
ting of the culms close to the ground increased the 
number of shoots each year and reduced the per- 
centage of shoot mortality (Ordinario,1978). 
Decongestion of the clumps by removing high 
stumps from previous harvesting and cutting of 
deformed and overmature culms resulted in higher 
culm production (Robillos, 1984). 

Bamboo Utilization 

Anatomical Properties 

The first study on comparative vascular 
anatomy of five bamboo species, Bambusa 
blumeana, B. vulgaris, Dendrocalamus merril- 
lianus, Gigantochloa laevis, and Schizostachyum 
lumampao was by Velasquez and Santos (1931). 
Grosser and Zamuco (1971) and Zamuco and Ton- 
gacan (1973) opined that bamboos could be iden- 
tified and segregated based on the shape, size and 
arrangement of the vascular bundles. Quite a few 
investigations were done on bamboo fibre mor- 
phology. Milan (1957) reported that the average 
length of intemode fibres in the three age classes 
of B. vulgaris was 2.33 mm compared to 1.20 mm 
in the node and 0.45 mm in the septa. In the study 
conducted by Tamolang et al. (1957), the fibre 
length of 13 species ranged from 1.36 to 3.78 
mm. Zamuco (1972) reported that the length and 
percentage composition of fibres varied in the 
horizontal and vertical directions within the inter- 
nodes as well as from the base, middle to top por- 
tions of -the culm. Using these findings, bamboo 
could be apportioned to obtain maximum utiliza- 
tion. Espiloy (1983) showed that fibre length in B. 
blumeana increased from internode 2 of the butt 
portion to intemode 18, after which it decreased. 
With increasing distance from the butt, there was a 
slight decrease in mean fibre diameter and mean 
cell wall thickness. 

Chemical Properties 
Monsalud and Nicolas (1958) found that bam- 
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boos contain more ash, silica and pentosans than 
woods. Semana et al. (1967) found that the Philip- 
pine bamboos had higher ash and silica content 
than those of Asian bamboos, but lower lignin con- 
tent than the Indian species. The silica content in- 
creases in a linear fashion from intemode 2 of the 
butt portion (1.6%) to intemode 30 (9.9%) in B. 

blumeana (Espiloy, 1983). Shoots of three age 
levels (7, 10 and 15 days after emergence) of dif- 
ferent bamboo species were chemically analyzed 
by Gonzales and Apostol (1978) for nutrient com- 
ponents. Results showed that the age level had no 
relation to the nutrient contents of the shoots which 
were largely similar. 

Physical and Mechanical Properties 

According to Espinosa (1930), a piece of B. 
blumeana about 30 cm in circumference when 
loaded at the centre on a spart of 1.5 m can support 
500 kg and when used as a post or column about 
1.2 m high can support 4000 kg. The variability of 
specific gravity among clumps, among culms and 
along the culm length of B. blumeana was studied 
by Espiloy (1983). Variations among culms within 
clumps and internode were found to be significant. 
Specifc gravity increased from intemode 2 to 14 

and then remained more or less constant up to 
internode 30. 

The mechanical properties of six species, name- 
ly, B. blumeana, B. vulgaris, D. merrilianus, G. 
aspera, G. laevis and S. lumampao have been 
studied so far at the FPRDI as reported by 
Siopongco and Munandar (1987). Results of these 
studies (Espiloy & Sasondoncillo, 1976, 1978; 
Espiloy et al., 1979; Espiloy & Robillos, 1985) 
showed a general increase in strength properties 
towards the top portion of the culm. This trend 
could be attributed to the corresponding increase in 
specific gravity and fibrovascular bundle frequen- 
cy (Espiloy et al., 1986). 

Durability, Seasoning and Preservation 
Bamboos are very susceptible to attack by 

decay fungi such as the soft rot, brown rot and white 
rot (Liese, 1970) and powder post beetles, par- 
ticularly Dinoderus minutus Fabr. (Casin & Mos- 
teiro, 1970). Observations have indicated that the 
starch in bamboo contributes to its susceptibility to 
attack by beetles (Liese, 1970). Under ordinary 
conditions, the natural service life of bamboo when 
used in contact with soil is one to three years and 
four to seven years when used indoors (Casin & 
Mosteiro, 1970). Materials exposed to fumes in 
kitchens in rural homes have a service life extend- 
ing from 10 to 15 years. Under marine-water con- 
ditions, bamboo has been reported to have a life 
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expectancy of only six months. A study by de- 
Guzman (1978) tentatively classified the resistance 
of some bamboo species to fungal attack based on 
percentage weight loss of the specimens after a 
four month exposure. In a study conducted by Vil- 
laflor (1988) regarding construction and evaluation 
of bamboo houses for demonstration purposes, the 
sidings made from B. vulgaris deteriorated in six 
months whereas those made from B. blumeana and 
G. levis are still in good condition. 

In the processing of bamboo for any use, drying 
is necessary. Bamboo culms, according to Casin 
and Mosteiro (1970), can be thoroughly dried in a 
dry, well-ventilated shed in about two to four 
months, while kiln drying of bamboo takes about 
vine days. Prior to machining, processing and 
finishing, the bamboo should be dried to turn out 
products that are durable, stable and of high quality 
(Anonymous 1984). 

Factors that improve the durability of bamboos 
include non-chemical (curing, smoking, white- 
washing and soaking) and chemical methods (non- 
pressure by fumigation, brushing and spraying, butt 
treatment, green-tank method, Boucherie method 
and the pressure method) (Casin & Mosteiro, 
1970). As reported by Garcia and Tesoro (1979), 
dipping of B. vulgaris in various solutions of water- 
soluble preservatives (CCA, FCAP-type A and 
Tanalith-C) each at a single test concentration of six 
percent and soaking in fresh running water for 
varying durations (1 day and 1, 2, 3, 4 and 8 weeks) 
were equally effective and provided significant 
protection against powder-post beetles. Preserv- 
ative treatment of green bamboo culms with zinc 
chloride, CCA, copper sulphate, boric acid and 
borax applied by the Boucherie process and its 
various modifications as well as soaking and spray- 
ing had been investigated by Laxamana (1966). As 
reported by Pangga (1937), coaltar, crude table salt 
and Paris green were used as preservatives for 
treating B. blumeana ports against subterranean 
termites. 

Spray treatment of split or whole sections of 
bamboo with five percent DDT or BHC in kerosene 
was al so effective against powder-post beetle infes- 
tation. This prophylactic treatment to newly-felled 
bamboo provides temporary protection and is par- 
ticularly useful in the forest while the bamboo is 
awaiting transportation. 

Bamboo as a Concrete Reinforcement 

Purugganan et al. (1959) found that bamboo 
reinforcement in concrete beams considerably in- 
creased the load-carrying capacity of members 
over that of members without reinforcement. Con- 
crete members reinforced with well- dried bamboo 
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splints treated with a thin coat of asphalt emulsion 
withstood loads better than members with un- 
treated splints. 

Bamboo Parquet 
FPRDI bas developed a bamboo parquet block 

which was granted Utility Model Patent No. 386 by 
the Philippine Patent Office. D. merrillianus, B. 
blumeana and G. aspera have been found suitable 
for the manufacture of parquet flooring material 
(Jaranilla & Laroya, 1966). 

Laminated Bamboo 

Laminated bamboo sheets, panels, boards, 
flitches and other forms of construction material for 
structural and decorative parts of bouses, boats and 
furniture have been developed by FPRDI and were 
granted Utility Model Patent No. 43 by the Philip- 
pine Patent Office. 

Bamboo Strips for Aircraft 
A study was conducted by de-Leon (1956) 

using bamboo-woven mat glued to wood or 
laminated to another bamboo mat for use as stress- 
skin covering for light aircraft. Its fatigue strength 
under bending stress was found to be much higher 
than that of wood, and the bond strength of bam- 
boo to bamboo was comparable to that between 
bamboo and wood. 

Pulp and Paper 
In the early 1960s, quality unbleached kraft 

paper was manufactured by the Bataan Pulp and 
Paper Mills Inc. with bamboo as the principal raw 
material. This marked the first time that paper was 
manufactured out of bamboo in the Philippines. 
However, the mill stopped using bamboo because 
of inadequate supply and the silica problem. How- 
ever, in the following years, FPRDI researchers 
(Nicolas & Navarro, 1964; Escolano et al., 1964, 
1972; Gonzales & Escolano, 1965; Monsalud et al., 
1965; Semana 1965; Semana etal., 1967; 
Bawagan, 1968) Escolano & Semana 1970 have 
shown the suitability of some Philippine bamboos 
such as Bambusa arundinacea, B. blumeana, B. 
multiplex, B. tulda, B. vulgaris, B. vulgaris var. 
striata, Dendrocalamus merrillianus, Gigan- 
tochloa aspera, G. laevis, Phyllostachys nigra, 
Schizostachyum diffusum and S. lima for pulp and 
paper manufacture. 

Bamboo-craft and Furniture 
Ella et al. (1982) have produced exquisite 

novelty products. The bamboo strips were dyed, 
woven and glued to fashion out barrettes of intricate 
designs such as rings and brooches of various pat- 
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teins, for example, bumble bee, butterfly, fish and 
flower. Tongacan et al. (1987) reported that novelty 
products like ash trays, jewellery boxes, etc. can be 
made from bamboo stumps and rhizomes. Studies 
on some basic characteristics and working proper- 
ties of bamboo for fumiture (Eala et al., 1987) and 
development of techniques for flattening of bam- 
boo for fumiture components (Laxamana & Tavita, 
1987) were conducted at FPRDI. In conjunction 
with the government thrust to accelerate country- 
side development, FPRDI conducted non-format 
short-course training on bamboo handicraft 
wherein the basic fundamentals in weaving bam- 
boo crafts, namely, bamboo placemats, 
lampshades, fans and baskets, were taught. 

Thereis an intensive information dissemination 
campaign and technicial assistance rendered by 
FPRDI to bamboo furniture manufacturers in the 
areas of production technology, design, quality and 
marketing aspects (Garcia,1986; Robillos, 1986). 

Current Research on Bamboo 

Bamboo is classified as a top priority research 
commodity by the Philippine Council for Agricul- 
ture, Forestry and Natural Resources Research and 
Development (PCARRD) which sets the national 
research priorities in the Philippines. To date, there 
are a total of 25 on-going research studies, 19 of 
which deal with bamboo production and six with 
bamboo utilization (Table 1). The different re- 
searches are being carried out by the Ecosystems 
Research and Development Bureau (ERDB), the 
Forest Products Research and Development In- 
stitute, the College of Forestry and Institute of Plant 
Breeding of the University of the Philippines at 
Los Banos (UPLB). The researches on bamboo at 
UPLB-College of Forestry have been taken over by 
ERDB. 

Research Thrusts and 
Recommendations 

Bamboos are the fastest-growing and highest- 
yielding renewable natural resource and if 
managed on the sustained-yield basis, can be an 
inexhaustible source of goods and services. Unfor- 
tunately, the extent of harvesting is more than what 
the bamboo forest resource can produce. As a 
result, reproduction cannot keep up with exploita- 
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tion. A bamboo forest can be restored and made 
productive if exploitation is controlled and com- 
bined with natural and artificial regeneration. 

An assessment of past researches on bamboo 
reveals that there are still gaps in the production and 
utilization aspects that need further investigation. 
There is also insufficient information on the actual 
extent and distribution of the différent species of 
bamboos in the Philippines. Thorough and satis- 
factory taxonomic and phenology studies of the 
Philippine bamboos are needed. Propagation tech- 
niques have been developed for a few species only. 
No attempt has, thus far, been made on the genetic 
improvement of the various species with respect 
to rate of growth and resistance to pests and dis- 
eases. Factors affecting growth and development 
such as spacing, site preparation and fertilization 
are suggested for further study using other bamboo 
species. 

Generation of information on utilization has 
been confined to very few species. The lesser-used 
or untapped species need to be studied intensively 
to develop them as possible substitutes for the 
commonly-used species. Product development 
and improved utilization should be pursued. Better 
uses of the tremendous waste incurred in the har- 
vesting and processing of bamboos should be con- 
sidered for energy generation and biofertilizer 
production. The lesser-used species need to be ex- 
amined for their structural, chemical, physical and 
mechanical properties. Studies on economics and 
on available preservatives should be made with 
emphasis on suitability and environmental safety. 
Studies on the use of bamboo in housing and con- 
struction including jointing methods, design 
criteria and construction systems should be 
vigorously pursued. 

Furthermore, through a systematic dissemina- 
tion and promotion campaign, the results of re- 
search and development activities should reach the 
end-users. This could be done through various 
means such as the print and broadcast media, tech- 
nical manpower development, technical assistance, 
industry linkages and cooperative projects with 
media-related organizations, and educational, re- 
search and development institutions. The ultimate 
aim of this mode of technology transfer is at reach- 
ing the widest audience and the largest number of 
end-users and consequently, having them adopt the 
technologies developed. 
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Table 1. List of on-going research on Philippine bamboo (as of 1988) 

Title Implementing agency 

Bamboo production 

1. Establishment of bambusetum and palmetum at ERDB Central 
Experiment Station 

2. Clump development, yield and economic rotation of selected 
commercial bamboo species in newly-established plantation as 
affected by cultural operations 

3. Rhizome and clump development and production of planting stocks 
from rhizome and branches of selected bamboo species 

4. Bamboo expansion programme 

5. Evaluation of different technology transfer schemes in disseminating 
bamboo production technologies in regions 5 & 6 

6. Optimum cutting intensity and cutting interval of bamboo 

7. Verification of propagation techniques and plantation establishment 
of bamboo in Talakag, Cosina, Bukidnon 

8. Tissue culture of bamboo 

9. UNDP-FAO bamboo research and development programme 

ERDB 

ERDB 

ERDB 

ERDB 

DENR 

DENR 

DENR 

UPLB-IPB 

a. Specimen collection, classification and identification of the 
different bamboo species in the Philippines 

b. Determination of chlorophyll distribution of selected bamboo 
species in immature culms and its components 

c. Studies on the role of culm sheath in culm development of selected 
bamboo species 

d. Microflora associated with rhizosphere of bamboo species 

e. Isolation and identification of different diseases of bamboo in 
the Philippines 

f. Screening of different culture media for callus initiation and 
differentiation of bamboos 

g. Site characterization for bamboo plantation establishment 

h. NPK requirements of some bamboo species 
Phase I. Nursery experiment under Los Banos condition 

i. Influence of hormone concentrations and sources on the survival and 
growth of culm cutting of some bamboo species in different soit media 

j. Bamboo growth and development as affected by types of planting stocks 
and methods of planting 

k. Bamboo utilization and documentation B 

Bamboo utilization 

1. Relative susceptibility of bamboos and palms to powder-post beetles and termites FPRDI 

2. Physico-mechanical, chemical and anatomical structure relationship of 

3. 

Philippine bamboos and palms FPRDI 

Finishing techniques for local species of bamboo FPRDI 

4. Preservative treatment of bamboos for banana props FPRDI 

5. Service tests on treated poles and composite railway ties, bamboos for 

6. 

fishpens, and thinnings and branches for vegetable props FPRDI 

Design and development of improved roof trusses from bamboo, 
coconut wood and wood FPRDI 

ERDB (formerly FORI), Ecosystems Research and Development Bureau; FPRDI, Foi-est Products Research 
and Development Institute; DENR, Department of Environment and Natural Resources; (JPLB-IPB, University 
of the Philippines at Los Banos-Institute of Plant Breeding. 

19 



BAMBOOS Current Research 

References 

Agleam, R.B. 1960. Propagation of bolo (G. levis) by 
various forms of cutting and layerage (thesis un- 
published). 

Anonymous 1979. Bamboos: State of the art on their 
property, growth requirements and utilization. PCARRD, 
Los Bancs, Laguna, Philippines. 

Anonymous 1984a. The Philippine recommends for 
bamboo. PCARRD Tech. Bull. Ser.No.53.pp. 70. 

Anonymous 1984b. Philippine Forestry Statistics. 
ERDB Library, College, Laguna, Philippines. 

Anonymous 1986. Philippine Forestry Statistics. 
ERDB Library, College, Laguna, Philippines. 

Bawagan, P.V.1968. Studies on bamboo (B. hvulgaris) 
cellulose and its isolation by analytical and industrial 
methods. Philippine Lumberman 14:18-34. 

Bumarlong, A.A. 1977. Effects of growth regulators on 
the rooting of B. blumeana cutting (unpublished). 

Cabanday, A.C. 1957. Propagation of kawayan-tinik (B. 
blumeana) by various methods of cutting and layerage. 
Philippine Forestry 13: 81-97. 

Caleda, A.A. 1964. Planting bamboos by seeds at Con- 
suelo Reforestation Project 1, Sta. Fe, Nueva Viscaya. 
Research Note No. 67. Bureau of Forestry Research, 
Philippines. 

Casin, R.F. & Mosteiro, A.D. 1970. Utilization and 
preservation of bamboos. Wood Preservation Report 5 : 

86-92. 

Chinte, F.O. 1965. Bamboos in plantation. Forestry 
Leaves 16: 33-36. 

Eala, R.C.; Robillos, Y.U. & Palisco, J.G. 1987. Some 
basic characteristics and working properties of 
modified and commercial species of bamboos for furni- 
ture (unpublished). 

Ella, A.B.; Tongacan, A.L. & Joven, M.L. (Jr.) 1982. 
Philippine bamboo products: A major contributor to 
the country's economy. NSTA Technol. J. 7: 34-37. 

Escolano, J.O.; Nicolas, P.M. & Tadena, F.G. (Jr.) 
1964. Pulping, bleaching and papermaking experiment 
of B. blumeana. Philippine Lumberman 10: 33-36. 

Escolano, J.O. & Semana, J.A. 1970. Bag and wrap- 
ping papers from B. vulgaris. Philippine Lumberman 
16: 36-38. 

Escolano, J.O.; Villanueva, E.P. & Nicolas, P.M. 1972. 
Philippine pulp materials for newsprint. Philippine 
Lumberman 18 : 25-30. 

Espiloy, Z.B. 1983. Variability of specific gravity, silica 
content and fiber measurements in kawayan-tinik 
(B. blumeana). NSTA Technol. J. 8: 42-74. 

Proceedings of the Int'l Bamboo Workshop, Nov 14-18, 1988 

Espiloy, Z.B.; Ella, A. B. & Floresca, A.R. 1986. 
Physico-mechanical properties and anatomical structure 
relationships of two erect bamboo species. Philippine 
Lumberman 32. 

Espiloy, Z.B. & Robillos, Y.U. 1985. The physico- 
mechanical properties of bayog (D. merrillianus) (un- 
published). 

Espiloy, Z.B. & Sasondoncillo, R.S. 1976. Some bio- 
physical and mechanical properties of B. vulgaris. 
Kalikasan, Philippine J. Biol. 5: 375-386. 

Espiloy, Z.B. & Sasondoncillo, R.S. 1978. Some char- 
acteristics and properties of giant bamboo (G. aspera). 
FORPRIDE Digest 7:34-36. 

Espiloy, Z.B.; Valmonte, A.D. & Tongacan, A.L. 1979. 
Some physical and mechanical properties of Buho (S. 

lumampao). FORPRIDECOM. Technical Publ. Series: 
WTD-1. 

Espinosa, J.C. 1930. Bending and compression strength 
of the common Philippine bamboo. Philippine J. Sci. 
41: 121-135. 

Garcia, C.C. 1986. An economic analysis of the bam- 
boo furniture industry. FPRDI J. 15 : 67-76. 

Garcia, M.L. & Tesoro, F.O. 1979. Efficacy of non- 
pressure treatment of bamboo against powder-post 
beetles (unpublished). 

Gonzales, E.V. & Apostol, I. 1978. Chemical properties 
and eating qualities of bamboo of different species (un- 
published). 

Gonzales, J. & Escolano, J.O.1965. The fiber fractions 
of G. aspera sulfate pulp and their strength properties. 
Philippine Lumberman 11: 14-20. 

Grosser, D. & Zamuco, I.G.(Jr.) 1971. Anatomy of 
some bamboo species in the Philippines. Philippine J. 
Sci. 100: 57-72. 

Guzman, E.D. de 1978. Resistance of bamboo to 
decay fungi (unpublished). 

Jaranilla, E. & Laroya, I.M. 1966. Technical and 
economic aspect of bamboo parquet block production 
(unpublished). 

Lapis, A.B. 1978. Reproduction of bamboo by seeds. 
Canopy 4: 7. 

Laxamana, M.G. 1966. The preservation of bamboo. 
Wood Preservation Report 1: 2, 10. 

Laxamana, M.G. & Tavita, Y.L.1987. Development of 
techniques for flattening of bamboo for furniture com- 
ponents (unpublished). 

Leon, A.J. de 1956. Studies of the use of interwoven 
thin bamboo strips as stress-skin covering of aircraft. 
Philippine J. Sci. 85: 329-340. 

Liese, W. 1970. Natural decay resistance of some Philip- 
pine bamboos (unpublished). 

20 



BAMBOOS Current Research 

Mabayag, P. 1937. Propagation of B. blumeana by 
cuttings. Makiling Echo 16: 64-65. 

Milan, F.D. 1957. Fiber length and fiber characteristics 
of B. vulgaris (unpublished). 

Monsalud, M.R.; Bawagan, P.V. & Escolano, J.O. 
1965. Properties of wrapping papers from Philippine 
fibrous raw materials as related to pulp blending. Philip- 
pine Lumberman 11: 10, 12, 14, 16, 54, 55. 

Monsalud, M.R. & Nicolas, P.M. 1958. Proximate 
chemical analysis of some Philippine barks, woods and 
bamboos. Philippine J. Sci. 87: 119-141. 

Nicolas, P.M. & Navarro, J.R. 1964. Standard cold- 
soda pulping evaluation of Philippine woods and bam- 
boos. TAPPI 47: 98-105. 

Ordinario, F.F. 1978. Sustained-yield treatment of B. 
blumeana (unpublished). 

Palijon, A.M. 1983. Nursery propagation and field 
planting of kawayan-tinik branch cuttings (unpublished). 

Pangga, G.A. 1937. Preservatives for wooden and bam- 
boo posts against ground-inhabiting termites. Philippine 
Agriculturist 25: 680-685. 

Purugganan, V.A. et al. 1959. Research study on the 
use of bamboo as reinforcement in Portland cernent 
concrete. Research Section. Division of Material Testing 
and Physical Research Bureau of Public Highways. 
Manda, Philippines. 

Robillos, Y.U. 1984. Treatment of kawayan-tinik (B. 
blumeana) clumps for sustained-yield. FPRDI J. 13: 
39-57. 

Robillos, Y.U. 1986. Selected factors affecting the level 
of innovativeness of bamboo fumiture manufacturers. 
FPRDI J. 15:51-66. 

Semana, J.A. 1965. A study of the variables in the 
sulfate pulping of G.aspera. Indian Pulp & Paper 20: 1-9. 

Semana, J.A.;Escolano, J.O. & Monsalud, M.R. 1967. 
The kraft pulping qualities of some Philippine bamboos. 
TAPPI 50: 416- 419. 

Sharma, Y.M.L. 1985. Inventory and resource of bam- 
boos.:4-17 In Rao, A.N.; Dhanarajan, G. & Sastry, C.B. 
(eds) Recent Research on Bamboos. CAF, China and 
IDRC, Canada. 

Proceedings of the Int'I Bamboo Workshop, Nov 14-18, 1988 

Siopongco, J.O. & Munandar, M. 1987. Technology 
matinal on bamboo as building material. UNDP/UNIDO 
Regional Network in Asia for Low-Cost Building 
Materials Technologies and Construction Systems. 
Prepared in co-operation with FPRDI, Philippines and 
the Institute of Human Seulement, Indonesia. pp. 93. 

Solarta, F.M. 1959. Propagation of boho (S. lumampao) 
by various methods of cutting 'and layerage (un- 
published). 

Suzuki, T. & Ordinario, F.F. 1975. Propagation of 
some bamboo species in the Philippines by various 
methods of planting cuttings (unpublished). 

Tamolang, F.N. et al. 1957. Fiber dimensions of certain 
Philippine broad-leaved woods and bamboos. TAPPI 40: 
671-676. 

Tamolang, F.N. (et al.) 1980. Properties and utilization 
of Philippine erect bamboos. 

Tamolang, EN.; Lopez, F.R.; semana, J.A.; Casin, 
R.F. & Espiloy, Z.B. 1980. Properties and utilization of 
Philippine erect bamboos. In Lessard, G. & Chouinard, 
A. (eds) Bamboo Research in Asia. IDRC, Canada. 

Tongacan, A.L.; deVela, B.C. & Mosteiro, A.P. 1987. 
Novelty products from bamboo stumps and rhizomes 
(unpublished). 

Uchimura, E. 1978. Ecological studies on cultivation 
of bamboo forest in the Philippines. Bull. No. 301. 
Forestry and Forest Products Research Institute. Ibaraki, 
Japan. 

Velasquez, G.T. & Santos, J.K. 1931. Anatomical 
study on the culms of five Philippine bamboos. Natural 
Appl. Sci. Bull. Univ. Philippines 1:281-315. 

Villaflor, A.A. 1988. Construction and evaluation of 
bamboo houses for demonstration purposes (un- 
published). 

Villamil, A. 1915. Bamboo planting ai the College of 
Agriculture. Philippine Agriculturist & Forester 4: 43- 
44. 

Zamuco, LG.(Jr.) 1972. Fiber length variability in 
relation to the anatomical structure of bamboo. FPRDI 
Tech. Note. No. 115. FPRDI Library, College, Laguna, 
Philippines. 

Zamuco, I.G.(Jr.) & Tongacan, A.L. 1973. Anatomical 
structure of four erect bamboos in the Philippines. Philip- 
pine Lumberman 19: 22, 24, 26, 28 and 31. 

21 



BAMBOOS Current Research Proceedings of the Int'I Bamboo Workshop, Nov 14-18, 1988 

Bamboo Resource in the East African Region 
B.N. Kigomo 

Kenya Forestry Research Institute, 
Nairobi, Kenya. 

Abstract 

The high rate of increase in human population in the East African countries and 
accompanied migrations have resulted in increasingly greater pressure being exerted 
than ever before on natural resources. Among the local renewable resources, bamboo 
is an important though undeveloped plant material with a high potential for increased 
productivity. It is also amenable to general management and integration intofarming 
systems as a multipurpose resource species. In comparison with the continent of Asia, 
Africa has a small bamboo cover. The continent has only 1.5 million hectares which is 
predominantly distributed in the eastern part. The total world cover is 14 million 
hectares of which 80 percent occurs in tropical and subtropical Asia. Of the estimated 
total of 1250 bamboo species in 75 genera, only 43 species in 14 genera are found in 
Africa. Forty of these are distributed predominantly in Madagascar; the other three 
being East African mainland species. The information available on the utilization of 
these species and the attempts made on theirmanagement are reviewed. Research aimed 
at developing mission -oriented as well as integrated management strategies are 
proposed and the potential for expansion of local and exotic bamboo germplasm is 
discussed. 

Introduction 

Bamboos occur in the natural vegetation of the 
tropical, subtropical and temperate regions, but are 
found in great abundance in tropical Asia. While 
bamboo taxonomy is still incomplete, it tas been 
recorded that 75 genera and 1250 species occur in 
the world (Sharma, 1980, 1987). Only 14 genera 
and 43 species occur in Africa, all of which are 
mainly distributed in the East African region. The 
East African bamboo cover (and therefore African 
cover) totals about 1.5 million hectares compared 
to the world cover of 14 million ha (Sharma, 1980; 
Jiping, 1987; Kigomo, 1988). Eighty percent of the 
world bamboo resource is distributed mainly in the 
South Asian tropical region. Africa and South 
America are thus poorly endowed with bamboo 
resources while there is total absence of the 
resource in the Union of Soviet Socialist Republics 
(USSR), North America, Central and South 
Australia and the regions near the poles. 

Although diversified skills in the use of bamboo 
are not as developed as in Asia, bamboo is among 
the most important grasses to the rural people of the 
East African region. The goods and services from 

bamboo cater to the needs of both village and large 
scale national farming development. These also 
contribute and assist in providing employment, 
basic human needs such as food, construction 
material for shelter and other consumer goods. 
Apart from providing and diversifying employ- 
ment opportunities and allowing better income dis- 
tribution through its wide uses, bamboo plays a 
crucial role in protecting environmental degrada- 
tion especially in combating soil erosion in the 
steep East African highlands, in landscaping, as 
windbreaks and hedges and in reforestation 
programmes. 

There is already pressure on the existing cover 
of East African bamboo and a need, therefore, to 
protect and manage properly the remaining scat- 
tered bamboo resource. With the ever-increasing 
human population in this region, the principal prob- 
lem is of maintaining and managing natural resour- 
ces both for present and future needs. To be able to 
achieve this, generation of information on the 
proper management of this resource is a prereq- 
uisite. Also expansion of the bamboo resource 
through cultivation of local and exotic materials 
will be essential for meeting the needs of the future. 
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Distribution of Indigenous Bamboos of 
Eastern Africa 

There has been no proper inventory of bamboo 
resources in Africa. While 43 species have been 
documented as being native to eastern Africa, 
several species under the genera Arundinaria, 
Oreobambos and Oxytenanthera have been 
described as occurring more widely (Fig. 1). The 
rest of the 40 species under 11 genera occur prin- 
cipally in Madagascar. Important genera include 
Cephalostachyum, Decaryochloa, Hickella, 
Hitcheckella, Nastus, Perrierbambus, Pseudocoix 
and Schizostachyum (Anonymous 1985). 
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Distribution of patches of bamboo in eastern 
Africa occurs from the temperate highland forest 
zone of Ethiopia and upper reaches of the Nile river 
in the north, to the Basutoland highlands, Natal and 
Madagascar in the south. In contrast with the for- 
mation of bamboos in Asia, the East African species 
form vast pure stands of single species or are in 
association with other trees as an understorey. The 
distribution and characteristics of the better docu- 
mented bamboo species and genera are outlined 
below. 

Arundinaria alpina K. Schum 

This is distributed between 2290 and 3360 m 

Meditteranean Sea 

KEY TO SPECIES 

- A. Jpi 
* O. buchwaldii 
Â - O. ayssinica 
O - Other barnboo and 

reed species 

Fig. 1. Distribution of bamboo species in East Africa (in mainland Africa, O- includes distribution of 
reed species.) 
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above sea level. It occurs gregariously (not in 
clumps) within mountain forests in tropical Africa 
(Wimbush, 1945; Dale & Greenway, 1961). This 
species is found growing in the highlands of 
Ethiopia, Southern Sudan, Congo, Zaire, Rwanda, 
Uganda, Kenya, Tanzania and Zambia. A species 
of Arundinaria was collected as far south as Cape 
Province, Natal but this was not confirmed as A. 

alpina (Phillips, 1926). Sterile specimens resem- 
bling A. alpina have been collected in Malawi 
(Clayton, 1970). The occurrence of A. alpina in 
Malawi has, however, been confirmed by Chapman 
and White (1970) who noted its growth in scattered 
clumps in broad-leaved montane forest formations. 
Clayton (1970) has also recorded the occurrence of 
A. alpina in Cameroun suggesting this to be its 
most westerly natural occurrence. 

In Ethiopia, A. alpina occurs in the high- 
lands (Mooney, 1963). In Kenya, this is the only 
indigenous bamboo species and occurs in irregular 
patches in the central highlands, particularly in 
Timboroa plateau (31,000 ha), Aberdare range 
(65,000 ha) and in Mount Kenya, Elgon, and Mau 
range (51,000 ha). The total cover area of A. 
alpina in Kenya is about 150,000 hectares. In 
Uganda, this species grows in Ruwenzori, western 
Elgon, and Mounts Virunga and Mgahinga (Eggerl- 
ing, 1947; Clayton, 1970). In Tanzania, it grows in 
Mbulu, Arusha and Mbeya districts on the high- 
lands of Iringa, Lukwangule and Ulugurus, and 
Mount Meru (Brenan & Greenway, 1949; Clayton, 
1970). It is interesting that this bamboo species 
does not occur on Africa's highest mountain, 
Kilimanjaro (Wimbush, 1945) and yet is abundant 
on Mount Meru, only 48 km away. 

Oxytenanthera abyssinica (A. Rich) Munro 
This is a medium-sized bamboo (8-16 m in 

height), widely distributed in eastern Africa. The 
young culms are usually semi-solid whereas the 
older culms are almost completely solid . It occurs 
in open areas in forests and often by rivers at 
altitudes between 1100 and 2100 m. The species 
has not been recorded in Kenya (Dale & Greenway, 
1961; Kigomo & Kamiri, 1985) but occurs in other 
East African countries from Ethiopia in the north 
(Mooney, 1963) to Malawi, Zambia and Zimbabwe 
in the south (Williamson, 1974). 

In Burundi, the species occurs around Bunjum- 
bura and Lake Mossor regions at about 1600 m and 
1400 m, respectively. In Ethiopia, its occurrence is 
on the hillside and savanna woodlands. It is the 
most hardy of the three commonly occurring East 
African bamboo species. In Tanzania, the species 
is found on poor soils and in dry forest formations. 
0. abyssinica has a wider distribution in Lindi, 
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Kigoma and Usaramo regions. Occurrence in 
Uganda is mainly in western Nile, Acholi, 
Karamoja and Mount Elgon regions. 

In Malawi, Zambia and Zimbabwe, O. abys- 
sinica is common at the medium altitude in semi- 
deciduous dry forest formation. In Malawi, 
however, the species extends into more forested 
areas especially on hillsides more exposed to the 
suri. O. borzii Matter, a smaller and less extensive 
species, grows in Ethiopia (Mooney, 1963). 

Oreobambos buchwaldii K. Schum 

With the exception of Kenya, Oreobambos 
buchwaldii is indigenous to East Africa and occurs 
mainly between 300 and 1930 m. The green hollow 
culm of the species which may reach 18 m in height 
is weak and poorly erect (Clayton, 1970). In 
Burundi, the species occurs in a patch along river 
Kitima in Bubanza region. In Malawi and Zambia, 
it occurs widely between 400 and 1950 m. It is 
more common in open areas along rivers in the 
forest patches of the shire highlands in Malawi. 

In Tanzania, Oreobambos occurs between 450 
and 1000 m in solitary clumps, and in more open 
parts of the evergreen forests of the East Usambaras 
and Tukuyu highlands. Some clumps are reported 
to occur scattered in Ifakara vegetation at 300 m. 
The growth of the species in Uganda is less 
vigorous and the maximum height attained is about 
12 m. Clumps are reported to occur in forest 
swamps around Mengo, Masaka, Bunyoro and 
scantily in Busonga forent districts. 

Other Important Species 

In addition to the three species described above, 
there are 40 less vigorous bamboo species dis- 
tributed predominantly in Madagascar. Other tall 
grass (Gramineae) species of nome economic im- 
portance in eastern Africa include the `mauritianus 
reed' which is mainly represented by Phragmites 
mauritianus Kunth. Culms of this species grow to 
9 m in height. This species is widely distributed 
within the dry and warm regions of East Africa 
especially on lakes and river shores. Phragmites 
produces erect culms with short internodes. 
Another common tall grass is the `common reed', 
Phragmites communis Trin. (Edward & Bogdan, 
1951; Bogdan, 1958). This species also grows 
along rivers in the drier areas of Kenya, Tanzania 
and Uganda (Clayton, 1970). 

Utilization and Importance of Bamboo 

Local Domestic Uses 

Fencing 
The uses of indigenous bamboo have been main- 

24 



BAMBOOS Current Research 

ly confined to local needs. As a result, nowhere has 
specialization reached the Oriental scale. The main 
uses of bamboo are for fencing of homesteads and 
farms. The large size of culms of O. buchwaldii 
and also of A. alpina allow their use in fencing for 
protection against pigs and other animais. 

Construction 
Split and whole culms are widely used in the 
construction of residential houses, huts and farm 
granaries. Large bamboo culms are most suitable 
but in drier climatic regions, reed grasses, mainly 
the `common' and `mauritianus' reeds are used in 
building walls of huts, roofing, fish traps and fen- 
ces. 

Handicraft 
Split culms of bamboo and reed are used in the 
production of handicraft articles such as mats and 
various utility baskets. In East Africa, tea pick- 
ing baskets are predominantly made of split bam- 
boo. 

Water harvesting 
In some drier regions, split bamboos have been 
used in the harvesting of rain water from house- 
roofs. In Tanzania, A. alpina has been used exten- 
sively as water pipes (Lipangile, 1984). About 
100,000 people scattered in 28 villages were being 
supplied with water through a network of 150 km 
of bamboo pipelines by 1985. More people are 
expected to be covered by the project. 

Pulp and paper 
In contrast with the Asian bamboo resource, the 
African bamboo has not been exploited in the 
manufacture of pulp and paper. The average cel- 
lulose content of air-dry bamboo of A. alpina is 47.5 
percent (Wimbush, 1945). Pulp manufactured 
from it gives a high class paper. 

Food andfoliage 
Young shoots and grains of O. abyssinica are eaten 
as food in Tanzania and by the Acholi of Uganda 
particularly during famine times. The grain is 
cooked in the same way as rice and is said to taste 
much like it. While mature foliage of reed species 
are unpalatable, regrowth following cutting is of 
fairly good nutritive value to livestock. Leaves and 
small branchlets of A. alpina are edible and are also 
of nutritive value (Ayre-Smith, 1963). 

Brewing 
In Ubena, Songea and Usangara areas of Iringa 
province of Tanzania, O. abyssinica is cultivated 
by the Wakinga, Wahehe, Wapegwa and Walpera 
for the production of bamboo wine. Tips of young 
shoots are cut off and the stem portion bruised 
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every morning and evening for about a week. The 
exudate is collected and allowed to stand for two 
days to ferment. The fermented liquid can be kept 
for up to two weeks. 

Medicinal 
Roots of reed species are reported to be used as 
medicine for treating various maladies (Brenan & 
Greenway, 1949). 

Utilization problems 
Utilization of local bamboo, especially A. alpina, 
is limited by borer beetles, particularly Dinoderus 
minutus (Peake, 1948). Although use of chemicals 
for treatment of bamboo against insect attacks has 
been recommended, it is noted that soaking split 
bamboo in plain water for two or more months is 
the best method; a treatment discovered from the 
fact that bamboo used for rafts is immune to insect 
attack. The greatest handicap to the diversified 
utilization of the local bamboo resource however, 
is the lack of traditional skills. 

Water and soif conservation role 
Bamboo cover in the East African region occurs on 
the rugged highlands, escarpments and mountains. 
These are also the main water catchment areas and 
are prone to soil erosion if not properly covered. 
Bamboo cover on these lands is, therefore, of 
paramount importance in conservation. 

The rote of A. alpina in the conservation of 
watershed areas has been investigated against ex- 
otic softwoods by Pereira (1952). A bamboo crop 
of more than three years will intercept more mois- 
ture and consume less water than a cypress crop of 
about the same age. This suggests that natural 
bamboo cover remains superior in the conservation 
of catchment areas. 

Current Management of Bamboo in 
East Africa 

Indigenous Bamboo 

Exploitation of indigenous stands of bamboo 
is not controlled by a management order. Selection 
cutting of the best culms is the common form of 
harvesting. A short-term investigation onA. alpin 
with the objective of finding factors influencing 
production of new culms was undertaken by Wim- 
bush (1945). He noted that an undisturbed bamboo 
crop of this species has about 10,000 to 17,000 
culms per hectare and can produce about 100 ton- 
nes air-dry weight of culms. 

Production of new culms is influenced by the 
amount of rainfall occurring during the previous 
one or two years. Abnormal drought may result in 
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Table 1. 
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Bamboo species introduced in arboreta and botanic gardens in East Africa 

Bamboo species Trial site Source of Remarks 
germplasm 

Arundinaria alpina Muguga Indigenous 2000 m asl, medium size 

A.falcata Entebbe India Small 

A.fortunei Entebbe Small 

Bambusa vulgaris Muguga, Entebbe Ornamental Big-yellow/ 
Amani and Zomba Asian bamboo green stems 

B. multiplex Amani and Zomba India and China Small 

B. nana Entebbe Burma Very small 

B. nutans Well.ex Amani India Small to medium 

B. bambos Amani Thailand Big 

Chimonobambusa Amani India Small 
hookeriana 

Dendrocalamus Entebbe, Amani Burma `Giant bamboo'. 
giganteus (but died after Much smaller 

flowering), Zanzibar. in Entebbe 

D. strictus Amani and Entebbe India and Burma Medium to large. 
Drought tolerant 

Gigantochloa aspera Amani Java Big 

G. atter Amani Tropical Asia Big 

Melocalamus compactiflorus Entebbe Burma Medium 

Oxytenanthera abyssinica Muguga Zimbabwe Medium 

Phyllostachys aurea Entebbe, Amani China and Medium, `yellow 
Japan stemmed bamboo' 

P. henonis Entebbe China Small 

P. kumasaka Entebbe China Very small 

P. nigra Zanzibar China and Pemba Medium Japan 

P. hambusoides Sieb Amani China Small to medium 

P. sulphurea Entebbe China Small 

Phragmites mauritianus Amani Indigenous Small to medium 

Shibatea kumasasa Amani Japan `Dwarf bamboo' 

Thysanolaena maxima Amani Tropical and `Tiger grass', 
subtropical Asia Small 

T. agrostis Entebbe Subtropical Asia Small 

Amani Arboretum - in North Tanzania; Entebbe Botanic Gardens - in South Uganda; Muguga Arboretum - in 
Central Kenya; Zomba Arboretum - in Malawi. (Source - personal observations; Dale, 1954; Williams, 1974; Wil- 
liamson, 1974). 

only sparse production. Clear-cutting depressed 
the rate of recovery of bamboo after cutting. It took 
eight or vine years to obtain full-sized culms after 
clear-cutting. When 10 percent of old culms are left 
standing evenly distributed, full-sized new culms 
may appear in the seventh or eighth growing season 
following cutting. If 50 percent of the number of 
culms are left standing, evenly distributed, the 
recovery period may be as short as three or four 
years. The cutting cycle is governed by rainfall, 
cutting intensity and, therefore, recovery period. 

For A. alpin, it is seen that the cutting cycle is 14 
years and may be as long as 21 years on poor sites 
where recovery to the normal full size is delayed. 
Fires also lengthen the recovery period of 
regenerating shoots of A. alpina (Phillips, 1961). 
Regenerating shoots are small, more per hectare 
and are also more variable. This will mean a longer 
cutting cycle fora crop that has gone through a fire. 

There does not seem to be any management 
work undertaken on the other two common East 
African species, O. buchwaldii and O. abyssinica. 
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Eggerling and Dale (1951) reported that flowering 
in O. abyssinica occurs in large areas about once 
every seven years. After flowering the clumps die 
and new shoots appear after a year. Observations 
by Williamson (1974) in Malawi, however, indi- 
cated that flowering took place sporadically or in a 
gregarious manner alter which the plants died. The 
lack of proper information on the biological and 
regeneration dynamics of local bamboo species in 
natural conditions limits proper management of the 
resource on a sustained yield basis. 

Introduction of Exotic Bamboos 

As a result of lack of serious interest in bamboo 
in the part, East African foresters and farmers have 
been slow in promoting indigenous bamboo and 
wherever necessary, in introducing exotic ones. 

Table 1 summarizes information on Asiatic 
(Oriental) bamboo species that have been intro- 
duced in the East African arboreta and botanic gar- 
dens (Williams, 1949; Dale, 1954; Williamson, 
1974). Few sources of germplasm introduced in 
1930s and 1940s have been used in the expansion 
and establishment of various other trials in ar- 
boreta. Sources of seed and propagation materials 
and methods of establishment have not been 
properly documented. 

Only two species, O. abyssinica (Zimbabwe 
source) and B. vulgaris (Indian source via Entebbe 
botanic gardens) have been introduced in Kenya. 
More species have been introduced in Uganda and 
Tanzania and these are doing well although many 
of them attain a smaller size when compared with 
their growth in native sites. 

Overview and Recommendations 

With the ever-increasing human population in 
the East African countries, the bamboo resource 
will inevitably continue to be under pressure. Bam- 
boo is a valuable raw material with many excellent 
properties. But goods and services from the bam- 
boo resource will not be sustainable unless several 
technical problems are addressed to and ap- 
propriate technologies developed to pave way for 
resource availability to all, both now and in the 
future. 

Among the several needs is the development of 
an information base to enable efficient silvicultural 
interventions and utilization. This can be achieved 
through a strong research and development 
programme on bamboo. Such a programme should 
urgently address: 
1 Problems of management of indigenous bam- 

boo species and stands for developing suitable 
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and sustainable cutting programmes; 
2 Introduction of suitable and more versatile 

exotic bamboo species in différent ecological 
zones, also with a view of diversifying 
materials; 

3 Research on identifying suitable propagation 
materials and appropriate establishment 
techniques for different materials and sites; 

4 Research on suitable silvicultural interven- 
tions and sustainable cutting techniques of 
cultivated species ai différent sites of 
introduction; 

5 Appropriate transfer of technology through 
training in utilization skills for diversification 
of production obtainable from bamboo; and 

6 Need for short-term socio-economic and 
ecological studies aimed ai monitoring, 
evaluating and re-directing the needs and 
checks on intensive cultivation of the selected 
bamboo species in différent farming systems. 
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Genetic Wealth of Bamboos in India and 
their Conservation Strategies 
T.A. Thomas, R.K. Arora and Ranbir Singh 

National Bureau of Plant Genetic Resources, 
New Delhi 110 012, India. 

Abstract 
There is an urgent need for collecting the available variability in bamboo along major 
environmental gradients. Conservation of bamboo is possible by both in situ and ex 
situ methods. Ex situ conservation of bamboo can be done through seed Banks, clone 
banks, bamboo gardens or in vitro culture techniques. Research on genetic diversity 
needs to be carried out on distribution, provenances, genecology, reproductive biology 
and breeding systems. Basic studies on the sampling method for ex situ conservation, 
determination of location and size of conservation plots in ternis of both area and 
population size are needed to obtain viable self-sustaining gene pools. A long-term 
strategy to develop bamboo gardens should be adopted for conservation pur poses in 
which stands must represent différent ecotypes and gene combinations without regard 
to commercial applications. National bamboo reserves in différent countries should be 
established. The existing indigenous collections available in the arborata arefew and 
need to be strengthened through exploration and introductions. Regional bamboo 
gardens should be established and exchange of germplasm encouraged. In vitro gene 
Banks should be established for bamboo conservation and for- facilitating exchange of 
materials. The available genetic diversity should be properly documented and con- 
served. 

Introduction 

Cultivation and utilization of bamboo are 
linked with mankind ever since the beginning of 
civilization. Because of its use as a long fibre raw 
material in the pulp and paper industry, bamboo has 
achieved the status of a versatile industrial material. 
In addition to its increasing demand in the paper, 
pulp, food and cottage industries, its high calorific 
value of 4600 to 5400 k. cal/kg makes it a good 
source of energy. 

Bamboos are distributed both in the hills and 
plains in the tropical as well as sub-tropical regions 
of South and South-east Asia. Over 75 genera and 
1250 species of bamboos are reported to occur in 
the world (Sharma, 1987). About 130 species 
belonging to 24 genera of bamboos have been 
reported from India (Sharma, 1987). Out of these, 
20 are indigenous and four are of exotic origin. 

Diversity in India 

India is the second richest country in bamboo 

genetic resources after China. These countries 
together hold more than half the total bamboo 
wealth distributed all over the world. 

In India, the tropical moist-deciduous forests of 
the north and the south and the deciduous and 
semi-evergreen regions of North-east India are 
regions of bamboo diversity. Over 58 species of 
bamboo belonging to 10 genera are distributed in 
the North-eastem States alone. 

Bamboo generally forms an understorey in the 
natural forests. These are distributed in the States 
of Andhra Pradesh, Arunachal Pradesh, Assam, 
Bihar, Himachal Pradesh, Madhya Pradesh, 
Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, 
Tripura, hills of Uttar Pradesh and West Bengal. 
These also occur in the Andaman and Nicobar 
islands, Orissa, the Western and Eastern Ghats. 
Very few species occur in the North-western 
Himalayas. 

Need for Collection 

With increased population pressure, natural 
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stands of bamboo are being indiscriminately eut for 
fuel, wood and furniture, and for obtaining cultiv- 
able lands. The common practice of jhum cultiva- 
tion in the North-eastern States has resulted in 
genetic erosion of several bamboo species. Over- 
exploitation of some species has also endangered 
some valuable germplasm collections. Efforts 
have been initiated by the National Bureau of Plant 
Genetic Resources, New Delhi and its stations in 
Trichur, Shillong and Ranchi, as well as the ICAR 
research complex for hill region (Arunachal 
Pradesh Centre) under the Indian Council for 
Agricultural Research (ICAR) to collect and build 
up genetic diversity of bamboo for evaluation and 
maintenance. Germplasm collections are being es- 
tablished for genetic evaluation at the New Delhi, 
Trichur and Ranchi centres. 

Bamboo plants vary greatly in height, mor- 
phological characters, flowering and reproductive 
behaviour. The plants vary from very small to tall 
giant types. Though bamboos are in general less 
susceptible to diseases and pests, the germplasm 
will be evaluated for some pests and diseases which 
commonly attack bamboo plantations. The 
germplasm will also be evaluated for a minimum 
set of descriptors and information will be docu- 
mented for utilization of promising types in the 
bamboo improvement programme of the country. 

Conservation of Bamboo Germplasm 

One of the most serious factors contributing to 
the destruction of bamboo wealth is shifting cul- 
tivation. This has resulted in the elimination of 
some of the valuable germplasm from natural 
habitats. Secondly, over-exploitation of some 
species for fuelwood and in the cottage industry 
has endangered others. Since natural variation is 
the basic genetic material required for selection 
and improvement, conservation of available 
genetic diversity needs to be accorded the highest 
priority. 

Strategies for Conservation 

In Situ Conservation 

Conservation of wild bamboo species in 
natural ecosystems needs to be donc. This method 
helps in the preserving of interspecific and in- 
traspecific genetic variability. The conservation 
of provenances in natural habitats is the best gene 
conservation method provided full protection is 
given. The major limitation of in situ conservation 
is that natural stands of bamboo are scattered in 
pockets over large areas and it is difficult to declare 
several bamboo reserves. However, in places 
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where large areas of natural bamboo reserves occur 
together, National Bamboo Reserves can be 
declared. 

Ex Situ Conservation 
Seed banks 
Ex situ conservation through seeds is the easiest 
and cheapest method. However, bamboo seeds 
remain viable for short periods. While the initial 
viability is good, the seeds rapidly lose germina- 
tion vigour. The life span of bamboo seeds varies 
from species to species and is reported to be 30 to 
35 days for Bambusa tulda, 55 days for 
Dendrocalamus longispathus and 65 days for B. 
arundinacea var. spinosa. Seed viability of B. tulda 
stored in a desiccator over silica gel can be in- 
creased to 18 months (Banik, 1987). By storage of 
seeds under suitable temperature and moisture, the 
longevity of Dendrocalamus strictus seeds could 
be extended up to 34 months (Gupta & Sood, 
1978). 
Bamboos are known for their irregular flowering. 
Whereas some species are annuals, most are peren- 
nial or flower once in a life-time. The availability 
of seeds and their supply is thus uncertain and 
irregular. Moreover, regeneration of bamboo 
plants from seeds will not produce truc to type 
plants. 

Clone banks 
Bamboo plantations can be raised by rooted cut- 
tings and suckers through vegetative methods. 
The advantages of using clonal germplasm raised 
from cuttings or clumps for conservation are sub- 
stantial. Such clonal banks of bamboo germplasm 
will be useful in genetic conservation. 

Bamboo gardens 
Bamboo gardens can be established in différent 
regions for conservation. The replicated 
germplasm lines of bamboo of known origin from 
different provenances can be used for basic and 
applied research work and will also provide 
material for germplasm exchange. 

In vitro conservation 
Considering the limitations of seed and vegetative 
methods of ex situ conservation, tissue culture 
methods are quite promising. In vitro culture work 
has been started in some Asian countries such as 
India, Malaysia, Japan, Thailand and others (Mehta 
et al., 1982; Vasil, 1982). The excellent work on 
bamboo micropropagation by Mehta et al. (1982) 
in Delhi University using seeds of Bambusa arun- 
dinacea resulted in callus which differentiated into 
many embryoids. These regenerate into plantlets in 
vitro. This work has laid the foundation for bam- 
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boo micropropagation and in vitro conservation. 
Similarly, using vegetative material, studies have 
been made on callus formation in Schizostachyum 
and Thyrsostachys (Dekkers et al., 1987). 

There are several advantages in the 
micropropagation of bamboo through tissue cul- 
ture. It is very useful in germplasm collection, 
conservation and their regional exchange. It is also 
a quick method of propagation and enables high 
multiplication rates. Besides, large numbers of ac- 
cessions can be conserved in a small space. Both 
in situ and ex situ conservation strategies should 
form an integral part of a programme for main- 
tenance of bamboo genetic resources. 

Systematic work on bamboo research under the 
ICAR was inititated under the All India Coor- 
dinated Research Project on under-utilized and 
under-exploited plants during 1982 at the research 
centre at Arunachal Pradesh. The main objective 
of the programme was to work on quick-growing 
annual, biennial and perennial bamboos suitable 
for cottage and paper industries.The work on col- 
lection and establishment of native species from the 
North-eastern region started in 1984. Genetic 
resources from the southern region are being col- 
lected and maintained at the National Bureau of 
Plant Genetic Resources station at Trichur (Kerala). 
Work on micropropagation of bamboo species 
through tissue culture at the Department of Botany, 
University of Delhi under a project from the 
Department of Biotechnology has resulted in the 
successful production of bamboo plants. These tis- 
sue culture-raised plants have been planted at the 
Issapur Farm of NBPGR, New Delhi for field 
testing under a collaborative programme. About 
40 plants of Bambusa arundinacea and 
Dendrocalamus strictus were transplanted in the 
field during November, 1987. Most of the plants 
have established very well. Plants vary in height, 
leaf size, culm diameter and tillering. One-year- 
old plants show variation in height from 90 to 310 
cm; culm diameter from 6 to 29 mm; leaf length 
from 6.1 to 17.3 cm and leaf width 1.2 to 2.5 cm. 
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Plants transplanted during winter remained dor- 
mant and rapid vegetative growth was observed 
from Match onwards. More plants have been 
transplanted this year. Data will be recorded on 
différent morpho-agronomic characters. 

Research Needs 

There is a need for developing commercial 
cultivars suitable for différent agro-climatic condi- 
tions for industrial usage and edible purposes. 
Evaluation studies, particularly on breeding for 
improved types, timber engineering, pulp and 
paper technology, need to be done. Silvicultural 
and tissue culture techniques for quick multiplica- 
tion require more attention. 
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Arundinaria alpina in Kenya 
James Maina Were 

Kenya Foi-est Research Institute, 
P.O. Box 20412, Nairobi, Kenya. 

Abstract 

The occurence, habit, growth, flowering and conservation of Arundinaria alpina in 

Kenya are described. 

Occurrence 

Arundinaria alpina (K. Schum : African alpine 
bamboo) is the only indigenous bamboo in Kenya. 
It grows in the Mau range, Arbedare mountains, Mt. 
Kenya, Mt. Elgon and in the Timboroa (Kaptagat) 
plateau. Smaller stands are found in the Taita and 
Shimba hills. It usually occurs in the montane bam- 
boo forest type vegetation. In its natural environ- 
ment it grows together with several tree species 
including Hagenia abysinica, Juniperus procera, 
Ocotea usambarensis, Podocarpus gracilior and P. 

milanjianus. The wildlife associated with bamboo 
forests include elephants, buffalo, bush-bucks and 
sykes monkeys which use it as a food source. 

Description 

The genus Arundinaria comprises bamboos 
that are shrubby (tree-like) with woody culms, lep- 
tomorphic rhizomes and leaf blades disarticulated 
from the leaf sheath. They have paniculate or 
racemose inflorescences with one or more flowered 
spikelets. All flowers are hermaphrodite, reduced 
cylindrically and more or less compressed. The 
genus has about 150 species growing in the warm- 
temperate and sub-tropical regions of the world. 

Arundinaria alpina is a gregarious bamboo 
with stout woody rhizomes. The culms are usually 
2-20 min height and 5-13 cm in diameter. They are 
erect, evenly spaced, green becoming yellow or 
brown and downy when young. The culms are 
thick-walled with several branches at each of the 
upper nodes. The culm sheaths are covered with 
reddish-brown bristly hairs or are glabrescent, 
tipped with a linear acute blade and fimbriate 
lateral auricles. The leaf blades are narrow, linear 
lanceolate, 5-20 cm long and 6-15 cm wide, 
glabrous with conspicuous transverse veins and 
narrowed apically to a fine bristle up to 2 cm long. 

Panicles are terminal on branches and branchlets 
are 5-15 cm long. Spikelets are 1.5-4 cm long and 
3-4 mm wide with 5-10 florets having 4-8 mm 
long glumes. 

It flourishes best on deep volcanic soil rich in 
humus while it is usually poorly developed or ab- 
sent on rocky soils. Arundinaria alpina varies 
greatly in size and its culms can be relatively short 
and slender at high altitudes. 

Growth 

The mature bamboos produce shoots every year 
throughout the rainy season. The shoots attain full 
height in 2-4 months but they are softer and less 
woody than older culms. The culms stay in the 
clump for 7-14 years and eventually die (slowly). 
If the older culms are not removed from the clump 
they restrict the development of the rhizome system 
and subsequent emergence of new shoots. Produc- 
tion of new culms is influenced by two major 
factors: ample soil moisture and good rainfall. 

Flowering 

Regeneration of bamboos in nature largely 
relies on yearly emergence of new shoots and to a 
very small extent on reproduction by way of seed. 
In Kenya, past observations put the flowering cycle 
of A. alpina in the Arbedare ranges at 40 years; 
flowering occurring in patches of 0.5-5 ha and ex- 
tending over several hundred hectares of forest at a 
time. In the same forest area, flowering of bam- 
boos has been observed continuously from 1986 to 
this year (1988), again in patches over fairly large 
areas. 

In the Kaptagat forest area, flowering has been 
observed from 1987 till now (1988). Usually seeds 
can be obtained if there is a dry period after the 
`long rains' and just before the `short rains'. In the 
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Mt. Elgon area, flowering is said to occur every 15 
years, usually in limited patches. Till 1970, no 
instance of gregarious flowering was recorded. 

Utilization 

Arundinaria alpina is used in Kenya for fencing 
(mostly untreated) and construction of nursery 
beds, bouses (in very remote areas), basket weav- 
ing, covering coffee, etc. In old times bamboos 
were used for carrying arrows and storage of food 
materials (in hollow cut culms). At present, it is 
used for making curios, omamental baskets, tooth 
picks, lampshades, pen-holders, etc. 

This bamboo bas been tested (elsewhere, not in 
Kenya) and shown to produce high quality pulp. It 
does not peel very well and hence its use in 
plywood is limited. In other places, bamboos are 
used for a whole range of purposes including scaf- 
folding, paper-making, as vegetable (shoots), rein- 
forcement of concrete, wooden products, fodder, 
floor tiling, roof-lattices, pillars, rafters, ceilings, 
bamboo plywood, etc. The list of possible uses of 
bamboo is very long as it is a very versatile 
material. 
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Conservation of Bamboo Forests in 
Kenya 

From the early 1950s, bamboos in Kenya were 
being cleared to provide land for establishment of 
exotic softwood tree plantations (mainly Cupressus 
lusitanica, Pinus patula and P. radiata). This went 
on up to the early 1980 s when it was stopped 
completely. The major reason behind the move 
was that a lot of areas were being left bare as 
bamboo was considered to be a "minor forest 
product". The plant was threatened as no re-plant- 
ing of bamboo was usually done. 

Further in the mid-1980s, the forest department 
closed most of the natural forest areas and as some 
of these have bamboos, it bas been a great step 
towards their conservation. Right now foresters in 
the field are being encouraged to plant bamboos (in 
areas they occur) as part of their annual afforesta- 
tion and reforestation exercise. 

There is a proposal to establish more nature 
reserves in areas where bamboos occur, as a means 
of in situ conservation. Ex situ conservation of 
bamboo is being undertaken by growing them in 
existing arboreta and by the establishment of 
separate "bamboo arboreta" in several ecological 
zones all over the country. 
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Bamboo (Dendrocalamus strictus) Resources 
of the Outer Himalayas and 

Siwaliks of Western Uttar Pradesh: 
A Conservation Plea for Habitat Restoration 

S. Narendra Prasad 
Wildlife Institute of India, P.O. New Forest, 

Dehradun 248 006, India. 

Abstract 

Bamboo (Dendrocalamus strictus has been an important component of the habitat of 
large wild herbivores including the Asiatic elephant (Elephas maximus) in the forest 
divisions of Lansdowne and Kalagarh in the Outer Himalayas and Siwaliks of western 
Uttar Pradesh. These two divisions form the crucial and the only possible corridor 
between the Corbett and Rajaji National Parks and also represent the northern-most 
limit of the distribution of Dendrocalamus strictus in India. An analysis of the annual 
out-turn of bamboo exploited in the two divisions over 60 years shows a drastic decline 
of resources. This was confirmed by the results of a rapid field survey. Excessive 
exploitation in the past, coupled with mass flowering and death, followed by a serious 
failure of regeneration have all but decimated the resource. Immediate conservation 
action is needed not only for- the restoration of the habitat of bamboo in the fi-agile 
ecosystems of the Outer Himalayas and Siwaliks but also for identifying in situ 
conservation reserves. A possible restoration measure is to carry out extensive planting 
of bamboo, with the active participation of the local people who have a stake in the 
development and utilization of the resource. 

Introduction 

The fragile mountainous ecosystems of the 
Outer Himalayas and Siwaliks in western Uttar 
Pradesh harbour bamboo (Dendrocalamus strictus) 
as one of the components of the habitat of large wild 
herbivores. Its widespread occurrence coupled 
with its extensive utility have resulted in exploita- 
tion from time immemorial. Therefore, there is 
urgent need to document instances of serious 
threats to bamboo populations and suggest conser- 
vation measures. In this paper, the status of bam- 
boo resources of Lansdowne and Kalagarh forest 
divisions of the Outer Himalayas and Siwaliks is 

described. These two divisions are the vital habitat 
link for the Asiatic elephant (Elephas maximus) in 
the Corbett and Rajaji National Parks (Johnsingh et 
al., 1988), apart from the fact that this area is the 
northern-most limit of the range of D. strictus in 
India. 

Study Area 

The forest divisions of Lansdowne (30° 8' and 
29° 37' N lat; 78°9' and 78° 43' E long) and 
Kalagarh (29° 26' and 29° 48' N lat; 78° 33' and 
79° 26' E long) nestle in the outer Himalayan tract 
as well as on the northern flanks of the Siwaliks in 
the districts of Pauri Garhwal and Bijnor covering 
an area of 1760 km2 (Srivastava, 1974; Mathur, 
1979). The forests of Kalagarh are contiguous with 
that of Ramnagar division and the Corbett National 
Park. The altitude varies from 300 to 1300 m. The 
upper parts consist of shallow rocky slopes of shale 
with limestone and sandstone. The Siwalik region 
also includes the upper Siwalik conglomerates, 
middle Siwalik sandrock and the lower Siwalik 
sandstone. The mean annual rainfall of the tract 
varies from 1300 mm (Kalagarh) to 2200 mm 
(Lansdowne). The rainy months are from June to 
October. The monthly mean minimum and maxi- 
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muni temperatures are 0 C (in January) and 47 C 
(in April). 

Occurrence of Bamboo 

The occurrence of bamboo varies from a con- 
sociation (in bamboo brakes) to scattered clumps in 
the moist deciduous to dry and moist Siwalik 
vegetation types. The areas of occurrence in each 
of the two divisions of Lansdowne and Kalagarh, 
are given in Table 1. It is obvious that bamboo 
occupies a significant part of the forest area. 

Exploitation of Bamboo Stocks 

The bamboo forests are managed on a four-year 
cutting cycle. The extraction commences by the 
third week of October and ends by February 
(Srivastava, 1974) and is confined to removing 
culms with a length 3-4 m. It is also prescribed that 
for every new culm present in a clump, six old 
culms should be retained and the remaining be 
extracted. In addition, operations such as removing 
the malformed, bent culms from the congested 
clumps are also prescribed. 

Out-turn of Bamboo in the Lansdowne 
Division 

The results of such exploitation from the late 
1910s to 1980s are given for the Lansdowne 
division in Table 2. It is evident that there has been 
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a sudden and drastic decline of the resource during 
the period 1962-73. While the average annual out- 
turn until 1962-63 worked out to be 7.37 million 
bamboos, by 1972-73 the out turn was a mere 0.89 
million, registering an eight-fold decrease. 

Out-turn of Bamboo in the Kalagarh 
Division 

Table 3 gives data on the average annual out- 
turn of bamboo in the Kalagarh division. The ex- 
treme reduction of the resource is evident from the 
twenty-fold decrease registered in a span of merely 
six decades. From an average annual out-turn of 
about two million bamboos the extraction was a 
mere 0.1 million in 1978-79. 

Present Status of Bamboo Resources 

Against an estimated availability of 21200 ton- 
nes of bamboo from Lansdowne and Kalagarh 
divisions in 1950 (Srivastava, 1974; Mathur, 1964), 
the present day production is a mere 1000 tonnes. 
This is due to an almost total disappearance of the 
stocks. In order to assess the status of the stocks, a 
rapid `road transect' of about 50 km in length was 
travelled in April 1988 from the north-western park 
of Lansdowne division to south-east of Kalagarh 
division. After every 300 meters, the locality was 
scanned on either side of the road to a distance of 
30 meters, for the presence of significant patches 
of bamboo. It was an extraordinary coincidence 

Table 1. Area under bamboo (Dendroc 
Lansdowne (modified from Sr 
Mathur, 1979) divisions 

alamus strictus) i 

ivastava, 1974) a 
n the constituent 
nd Kalagarh (mo 

ranges of 
dified from 

Division Range Area 
(ha) 

Area under 
bamboo (ha) 

Percent area 
under bamboo 

Lansdowne Chandi 14341 6442 45 

Gohri 18019 12517 69 

Kothri 
Kotdwara 
and 

17000 14244 84 

Lansdowne 10550 9212 87 

Laldhang 19253 12161 63 

Average for the division 69.6 

Kalagarh Adnala 15242 11422 75 

Dhara 19267 17588 91 

Mandai 14484 9267 64 

Palain 11543 9029 78 

Sonanadi 24160 20661 85 

S.P. Dun 14890 10452 70 

Average for the division 77.2 

35 



BAMBOOS Current Research 

Table2. Out-turn of bamboo 
(Dendrocalamus strictus) in the 
forest division of Lansdowne 

Period Average annual Tons 
number of 
bamboos 
extracted (x 106) 

1919-21 4.9 9840 

1922-38 7.5 15160 

1939-40 7.9 15800 

1940-41 9.4 18720 

1941-42 9.6 19120 

1942-43 7.9 15720 

1943-44 8.5 17080 

1944-45 6.4 12880 

1945-46 6.4 12800 

1946-47 7.4 14760 

1947-48 6.0 12000 

1948-49 8.1 16080 

1949-50 5.9 11800 

1950-51 8.7 17520 

1951-52 6.6 13200 

1952-53 6.8 13760 

1953-54 7.8 15680 

1954-55 6.8 13760 

1955-56 9.6 19200 

1956-57 7.9 15960 

1957-58 8.1 16280 

1958-59 6.9 13960 

1959-60 6.6 13280 

1960-61 7.3 14680 

1961-62 5.0 10040 

1962-63 7.1 14240 

1962-73 0.8 1780 

1973-81 0.9 1800 

that out of the 155 stations of sampling, not a single 
significant bamboo patch was observed. There 
were, however, occasional clumps which were 
highly congested and degraded. In order to verify 
these results, four `foot transects' each covering a 
length of at least two km were laid in the once rich 
bamboo areas of Kunaun, Bedasni, Chandi and 
Hazara blocks. In addition, 14 plots each at least 
256 m2 were also laid in areas presently known to 
show traces of bamboo. 

While the findings of the `foot transects' once 
again confirmed the observations on the 50 km 
`road transect', the results of 14 plots indicated 
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densities ranging from a minimum of zero to 500 
clumps/ha (Table 4). There seems to be a dif- 
ference in density between the différent cover 
types, the highest being in open canopy condition 
and the lowest in case of Lantana-dominated cover. 
The observed densities are nome of the highest 
estimates comparable to those observed elsewhere 
(Prasad, 1985). These estimates are a pointer to the 
fact that given optimum conditions of habitat, bam- 
boo can locally dominate and be of importance to 
wild herbivores even at this stage of apparent 
resource decimation. It is of course next to impos- 
sible to expect regeneration in areas totally lacking 
in bamboo, but restorative measures such as exten- 
sive planting in proper habitats would go a long 
way in re-establishing the bamboo crop. That 
bamboo can have a good potential for growth can 
be inferred by examining the growth (new culm/old 
culm) ratios for 21 clumps in Ranipur area 
(Siwaliks). The mean ratio was 0.18 with a mini- 
mum of 0.08 and a maximum of 1.0. Since bamboo 
exhibits a unique growth phenomenon of exponen- 
tial increase, this rate of growth would enable the 
culm population to double within 3 to 4 years 

Table 3. Out-turn of bamboo 
(Dendrocalamus strictus) in the 
forest division of Kalagarh 

Period Average annual Tons 
number of 
bamboos 
extracted (x 106) 

1918-19 to 1920-21 2.3 4600 

1921-22 to 1926-27 2.3 4600 

1927-28 to 1935-36 1.1 2200 

1936-37 to 1939-40 1.6 3200 

1940-41 to 1945-46 2.3 4600 

1946-47 to 1950-51 2.6 5200 

1951-52 to 1953-54 2.1 4200 

1954-55 to 1963-64 2.0 4000 

1965-66 2.1 4200 

1966-67 2.2 4400 

1970-71 1.7 3400 

1971-72 1.9 3800 

1972-73 2.8 5600 

1973-74 2.2 4400 

1974-75 1.5 3000 

1975-76 1.8 3600 

1976-77 2.0 4000 

1977-78 0.6 1200 

1978-79 0.1 200 
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Table 4. Bamboo (Dendrocalamus strictus) population densities in Siwalik (Ranipur) and 
outer Himalayan (Kunaun) ranges in relation to plant cover 

Locality Sampling 
( 2) 

Density (clumps/ha) 
area m 

Immature 
<3m height 

Mature 
>3m height 

Total 

Ranipur 540 445 55 500 
(open canopy condition) 

540 185 130 315 

Teak plantation 576 260 

Bombax ceiba plantation 1024 117 

Lantana dominated area 256 234 

256 156 

Sal open canopy 256 117 

256 78 

Lantana dominated area 256 39 

256 0 

256 0 

Kunaun open canopy 320 125 

400 150 

Chandi open canopy 256 312 

provided this growth rate continues and there are 
minimal biotic interférences in the form of grazing, 
fire, lopping and large scale extraction. 

Again, careful management practices such as a 
complete ban on extracting the flowered and dead 
clumps for a period of three years and imposing 
rotationàl grazing or fencing should be adopted. A 
thorough examination for regeneration in the 
flowered areas revealed that while no seedling oc- 
curred in open areas, there were three instances of 
flowered and dead clumps harbouring seedlings. 
There were of course a large number (26) of 
flowered and dead clumps with no seedlings at all. 
It appears that due to heavy grazing prevalent in 
these localities, dead clumps offer a `refugium' for 
regeneration. Therefore, there exists a strong case 
for retaining flowered and dead clumps in the 
remaining bamboo areas. Since, the flowered and 
dead clumps constitute no more than 10 percent of 
the clump population, retention of these clumps 
would perhaps not affect the availability of bamboo 
for local inhabitants. 

Even before launching an extensive planting, 
there should be an immediate effort to collect 
germplasm (in the case of bamboo by way of 
vegetative propagation) from all known areas of its 
occurrence. This is imperative as we are likely to 
lose various flowering cohorts of D. strictus per- 

manently. The three most crucial reasons for such 
an effort are:. 
1. These flowering cohorts represent a spectrum 

of genetic diversity of the northern-most 
population of D. strictus adapted to low and 
high temperatures at higher altitudes. 

2. Together, a collection of various cohorts in a 
given locality can withstand the onslaught of 
biotic and climatic disturbances better than a 
single cohort could. 

3. True northem-most populations have the 
relatively rare characteristic of long intemodes 
and hollow culms (Deogun, 1937). 

Conclusion and Suggestions 

The northern-most population of 
Dendrocalamus strictus has shrunk both in its ex- 
tent of occurrence as well as in the total density. 
Although there has been no industrial pressure on 
the resources unlike in rest of the country (Prasad, 
1984), the decimation here is attributable to the 
combined pressures of local over-exploitation and 
severe grazing. The proposed conservation 
measures include: 
1. Establishment of bamboo plantations utilizing 

various cohorts found locally. 
2. Setting up of in situ bamboo conservation 

areas wherever feasible. These areas are, 
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tentatively, Ranipur (Rajaji National Park); 
Luni in Laldhang range; parts of Gwalagarh, 
Sattikhala, Saneh in the ranges of Kotdwara 
and Kothri (Lansdowne division); parts of 
Sonanadi, Dhara, Mandai, Adnala and Palain 
ranges of Kalagarh division. In these 
localities, ideally, extraction should not be 
carried out considering the very thin base of 
the bamboo genetic resource. In case a 
complete ban on extraction is not feasible, a 
drastic reduction in the intensity of felling 
and lengthening of the felling cycle should be 
enforced. 

3. Immediate collection of germplasm and 
vegetative propagation of various cohorts of 
this tract. 

4. Involvement of local people not only in raising 
plantations but also in active management. 
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Abstract 
Among the 136 species comprising the 21 genera of bamboos recordedfrom India, 24 
species consisting of eight genera are known to occur in peninsular India. Of these, 
nine species of Ochlandra which are reeds are used in thepulp andpaper industry and 
for- mat and basket-making in the traditional industrial sector in Kerala. Five species 
of Ochlandra, O. beddomei. O. ebracteata, O. seti era, O. sivagiriana and O. talbottii 
are reported to be endangered and restricted in distribution. In this papes; the distribu- 
tion of Ochlandra spp. in Kerala is discussed and management strategies to be adopted 
are suggested. 

Introduction 

Bamboo plays an important role in the lives of 
people, particularly in the rural areas. It has been 
put to use for various purposes both in the tradition- 
al as well as in the modem sectors. Prior to its use 
as a raw material for the paper industry, the entire 
deciduous forest tracts of India were rich in bamboo 
stocks. The opening up of the forest for timber 
extraction and for raising of teak plantations 
favoured the growth of bamboo species. The early 
working plans of the forest department, in fact, 
prescribed the eradication of bamboo, identifying 
it more as a weed of the teck plantations (Kadambi, 
1949). However, the use of bamboo as an industrial 
raw material has entirely changed this picture. 

The first bamboo-based paper mill in India was 
established in 1919 (Prasad & Gadgil, 198 1). Since 
then, bamboo stocks all over the country have been 
rapidly depleted and the paper industry which ear- 
lier used to depend on bamboo for 100 percent of 
its requirement has reduced its demand to 50 per- 
cent, having switched over to the use of other 
softwoods. While the industries can afford to do 
so, the traditional users cannot and hence they have 
to go through considerable hardship (Gadgil & 
Prasad, 1978). 

Although bamboo has been the subject of a 
number of investigations, the emphasis has been on 
the utilization aspects (Varmah & Bahadur, 1980). 

A few silvicultural investigations have also been 
carried out (Deogun, 1937; Kadambi, 1949; Bhar- 
gava, 1956: Seth & Mathuada, 1956). In com- 
parison, ecological studies on bamboo are rare. A 
study by Prasad and Gadgil (1981) indicated that of 
the three major growth forms of bamboo species in 
India, 45 percent constitute the free forms which are 
found to be most abundant in deciduous forests 
while 36 percent of the species are of shrub forms, 
found in restricted habitats such as stream banks or 
in the ecotones of evergreen forests. The remaining 
19 percent are climbers and occur in closed canopy 
evergreen forests. Heterogeneity in the densities of 
bamboo population is attributed to the diverse in- 
fluences of biotic factors on the establishment and 
growth of bamboo stands. 

Distribution 

Bamboo forms a significant composent of the 
natural vegetation in India, particularly in the dry 
and moist deciduous forests and in montane, sub- 
tropical, temperate and alpine forests. It occurs as 
an important associate in southem hill-top forests, 
tropical evergreen forests, west coast tropical 
evergreen forests, wet bamboo brakes, west coast 
semi-evergreen forests, moist teak-bearing forests, 
dry bamboo brakes and reed brakes. 

Ochlandra travancorica is the most important 
associate of the tropical evergreen forests and at- 
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tains maximum growth in the very wet type of 
evergreen forests. In the evergreen types, the most 
important associations of Ochlandra include 
Hopea parviflora, Cullenia exarillata, Canarium 
strictum, Dipterocarpus indicus, etc. In the semi- 
evergreen type, the associations include both 
evergreen and deciduous species in the top canopy 
such as Terminalia spp., Xylia sp., Sterculia sp., etc. 
Ochlandra being shade-tolerant, grows well even 
under the closed canopy of evergreen forests. In 
the tropical wet evergreen forests, the reed- 
Calophyllum association, a localised edaphic 
climax type is observed. Here the reeds are found 
occurring in considerable stretches in marshy areas. 
The canopy of trees chiefly belong to Calophyllum 
elatum, Hopea glabra, Bischofia javanica and 
Eugenia spp. The reed-Poeciloneuron association 
is again found to be an edaphic climax prevailing 
under conditions of heavy rainfall where the soit 
tends to be marshy. Near the summit of the hills 
and along the higher slopes of various mountain 
ranges at an elevation of 1000 m and above, exten- 
sive areas are covered with reeds as seen at 
Bonacaud and Kakki areas of Kerala forests. 

Gamble (1896) described a total of 74 species 
of bamboo from India. Subsequently, considerable 
work has been done on the taxonomy and distribu- 
tion of bamboos, adding new records and a few taxa 
to the Indian bamboos (Chatterji & Raizada, 1963; 
Raizada & Chatterji, 1963; Bahadur & Naithani, 
1976; Bahadur, 1979; Bahadur & Jain, 1980; Var- 
mah & Bahadur, 1980). Among the 136 species 
comprising the 21 genera of bamboos so far 
recorded from India, 24 species consisting of eight 
genera are known to occur in peninsular India. Of 
these, vine species of Ochlandra constitute the 
reeds used in the pulp and paper industry and for 
mat and basket-making. 

From the Kerala forests, six species and one 
variety of Ochlandra have been reported so far 
(Table 1 ; Fig.1). The most common ones, O. 

Table 1. Distribution of Ochlandra in Kerala 

Species 

Ochlandra beddomei 

0. ebracteata 

0. setigera 

0. scriptoria 

0. travancorica 

0. travancorica 
var. hirsuta 

0. wightii 

Forest division 
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travancorica (Bedd.) Benth. ex Gamble and O. 
scriptoria (Dennst.) C.E.C. Fisher, are widespread, 
extending throughout the Western Ghats. The 
small-sized reed occurring along most of the river 
and stream banks is O. scriptoria. Species such as 
0. beddomei, Gamble, O. ebracteata Raizada & 
Chatterji and O. setigera Gamble are restricted to 
a few localities only. However, during recent sur- 
veys, O. setigera was located at Nilambur and O. 
sivagiriana Camus has been located at Sholayar. 

Since the reeds occur in patches in the forests, 
no reliable information is available on the extent of 
reed resources. It was estimated that there are 185 
km2 of reed areas in the Kerala forests 
(Chandrasekharan, 1973). However, significant 
changes have taken place since then accelerated by 
various factors like fire, over-exploitation and other 
reasons. The survey of the Forest Department 
(1975-76) in the Thenmala Forest Division showed 
that at Thenmala, Achankoil and Arienkavu, there 
are 56 km2 of reed area under différent forest types, 
of which 45 km2 occur as scattered patches and 11 

km2 area are densely populated. 
In general, the forest divisions of Malayatoor, 

Ranni, Konni, Trivandrum, Thenmala and Punalur 
are comparatively rich in reed resource. A large 
portion of the ridges forming the northern, eastem 
and southern sides of the Kulathupuzha valley of 
Trivandrum division are covered entirely by reeds. 
In the semi-evergreen forests of the Malayatoor 
division, especially around the proposed Pooyam- 
kutty hydroelectric project, reeds occur in large 
patches. Large scale reed extraction is carried out 
from the Pooyamkutty area and from Pambum- 
kayam belt of Mankulam special division for in- 
dustrial purposes. 

Management 

The management of bamboos and bamboo 
reeds has been attempted in Kerala for a long time. 

Konni, Wynad, Nemmara, Palghat and Quilon 

Trivandrum 

Nilambur 

Kozhikode, Chalakkudy, Palghat, Konni, Malayattur, Ranni, Trivandrum 
and Thenmala, at low elevations on stream-sides 

Plain and hills of Kerala and throughout the Western Ghat 

Thenmala, Ranni, Konni and Trivandrum 

Achankoil and Thenmala 
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Fig. 1 Distribution of Ochlandra spp. in Kerala. 
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Regular working circles with more or less similar 
prescriptions have been constituted in every work- 
ing plan. The management, in general, involves a 
selective felling system with a felling cycle of four 
years. The following felling rules are prescribed. 
1. Culms less than two years old should not be 

cut and removed. 
2. All the new culms and 25 percent of the old 

culms should be retained. 
3. No clump should be clear-felled except after 

flowering and when seeding has been 
completed. 

4. Culms should be cut as low as possible leaving 
one internode above ground. 

5. Cutting should begin from the side opposite 
to where new sprouts are emerging. 
Traditional users opt for the selective felling 

system, as immature culms are unsuitable for bas- 
ket-weaving. However, with the emergence of the 
pulp and paper industries as the major consumer of 
reeds, the system has suffered badly and payment 
based on weight favours a system of clear-felling. 
In spite of incorporating the felling rules in the 
agreement executed with the agencies, these are not 
scrupulously followed. The same area is exploited 
year after year by various agencies. 

Conclusion 

In the absence of any systematic management 
based on long term planning, the bamboo/reed 
resource in the State has been severely depleted 
owing to the following reasons. 
1. Decline in the extent of natural forests as a 

result of agricultural extension, river valley 
projects, expansion of man-made forests. 

2. Biotic factors such as fire and grazing. 
3. The unscientific working of bamboo areas. 
4. Lack of effort to take up compensatory 

planting. 
A high level expert committee constituted by 

the Government of Kerala during 1986 emphasized 
the need to conserve the bamboo/reed natural 
resources and its scientific management (Nair, 
1986). Considering the multifarious uses of these, 
the committee suggested two strategies: conserva- 
tion of reed resources and extending it to new areas 
to ensure a steady supply of the raw material to 
different consumers. Very little work has been done 
on reed ecology, microclimate and edaphic condi- 
tions favouring regeneration and associations. In 
order to effectively manage the existing resources, 
the following points need to be given emphasis. 
1. Streamlining reed extraction to ensure that 

exploitation is limited to the increment. 
2. Protecion of reed areas from fire and other 
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biotic factors. 
3. Periodic assessment of growing stocks. 
4. A separate felling series to be allocated to 

meet the demands of the traditional and 
modem sectors. 
The reed resources of the State are being 

depleted at a rapid rate. Construction of river val- 
ley projects invariably leads to the loss of prime 
reed areas. However, it will be worthwhile to at- 
tempt planting of reeds in the catchment areas of 
the river valley projects which would also help in 
preventing soil erosion. 

It is imperative that the production of bamboo 
and reeds in Kerala is increased by intensive cul- 
tivation by resorting to plantation forestry. 
Suitable high-yielding species should be selected 
or introduced to Kerala to enhance the annual 
yield. 
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Bamboo Resource in the Homesteads of Kerala* 
C.N. Krishnankutty 

Division of Management, Kerala Forest Research Institute, 
Peechi 680 653, India. 

Abstract 

Homesteads in Kerala are a source of bamboo resources. The species most commonly 
found is Bambusa arundinacea. Other species like B. vulgaris and Dendrocalamus 
strictus are sparselyfound in homesteads. A sample survey with a stratified three- stage 
sampling procedure has been conducted to gather information on the extent of area 
occupied by bamboo, stocking, density and availability in the homesteads as well as on 
the quantity of bamboo used for construction and other purposes by the household 
sector in Kerala. The results of the survey indicate that bamboo occupies an area of 581 
ha with 39 million culms in the homesteads. The harvest during the year 1987-88 was 
9.1 percent of the growing stock. It also reveals that the quantity of bamboo used during 
1987-88 was around 3.2 million culms mainly for house construction and as a support 
for the banana crop. 

Introduction 

Bamboo as a forest produce has many uses. In 
Kerala, it occurs in the forests and is also raised in 
homesteads. In the homesteads it is either found 
mixed with a large number of other species of trees 
or purely in patches. Bamboo harvested from the 
homesteads is mainly used by the household sector 
for house construction and in making farm imple- 
ments, mats, fences, baskets and other handicrafts 
and as supporting poles for agricultural crops. 

A sample survey has been conducted to quan- 
tify the stocking, density and availability of bam- 
boos in the homesteads and the quantity of bamboo 
used for construction and other purposes by the 
household sector in Kerala during the year 1987- 
88. In this paper the results of the survey are dis- 
cussed. This information will be of considerable 
importance in formulating any plantation forestry 
or homestead cultivation programme with bamboo. 

Methods 

A stratified three-stage sampling procedure was 
adopted for selection of the sample. The revenue 
villages in Kerala were classified based on popula- 
tion densityl and the percentage2 of dry-land area 
under agricultural 

use3 

to total area under aricul- 
tural use in each village; thereby 15 strata were 
formed. Revenue villages in each stratum were 
treated as first-stage units for sampling. Out of the 
total number of villages in Kerala, 2.5 percent were 
distributed in différent strata approximately in 
proportion to the dry-land area under agricultural 
use in each stratum. In all, 30 villages were selected 
and distributed in the différent strata, thus ensuring 
that at least one village was included from each 
stratum. The villages in each stratum were chosen 
at random. Census villages or desoms were taken 
as the second-stage units of sampling since several 
desoms form a revenue village. One desom each 

* KFRI scientific paper no. 182 
1 The various classes are 500, 500-1000 and 1000 persons per sq. km. The village-wise population 

density was computedfrom the data given in the report, Census of India 1981, Series-10, Kerala, 
Paper 3. 

The différent classes are 0-50, 50-70, 70-80, 80-90 and 90-100. 

The dry-land area under agricultural use was calculatedfrom the data available in the files of the 
State Land Use Board. 

A two-way stratification was adopted since the stocking of bamboo depends on the extent of dry-land 
area under agricultural use and the intensity of bamboo-use partly depends on population density. 

2 

3 

4 
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Table 1. Average number of bamboo 
clumps per hectare and number 
of culms per clump in différent 
strata 
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Table 2. Area (in ha) occupied by bamboos 
under various culm-diameter 
classes in différent strata 

Stratum Culm diameter classes 
S Stratum Average no. of Average no. of ( ;1) 

(Sil) clumps/ha culms/clump 5 cm 

S11 27.0 11.5 S11 6.3 

Sit 7.0 7.1 S12 7.0 

S13 2.9 8.0 S13 8.9 

S21 35.6 10.2 S21 18.3 

S22 4.1 12.1 S22 25.5 

S23 2.1 15.4 S23 11.1 

S31 0.1 5.9 S31 0.0 

S32 3.4 7.6 S32 16.1 

S33 3.3 12.4 S33 9.0 

S41 1.3 7.9 S41 12.1 

S42 1.3 5.7 S42 6.8 

S43 0.1 11.6 S43 0.3 

S51 0.6 8.5 S51 12.3 

S52 0.9 9.8 S52 3.5 

S53 0.2 4.3 S53 0.1 

Sÿ indicates the (i j),h stratum where i stands for the 
différent classes of percentage of dry-land area under 
agricultural use to total area under agricultural use 
and j stands for différent classes of population density 

was randomly selected from the chosen revenue 
villages. The homesteads where bamboo grows and 
the households where bamboo was utilized for 
constructing houses5 or for other purposes during 
the year 1987-88 formed the third-stage units of 
sampling for estimating the growing stock, and the 
removal of bamboo from homesteads and the quan- 
tity of bamboo used by the household sector, 
respectively. Twenty five homesteads were ran- 
domly selected from each of the chosen desoms for 
assessing the stocking and removal of bamboo. Out 
of the 20 households selected from each desom, 10 
were randomly selected from the list of households 
where bamboo was utilized for house construction 
and the remaining were chosen at random from the 
list of households where bamboo was used only for 
purposes other than houle construction. 

Results and Discussion 

The results presented in this paper are based on 
the data pertaining to 27 villages out of the 30 

Total 137.3 
(23.6)+ 

T l 
5-10 cm 10 cm 

ota 

17.4 4.8 28.5 

13.5 N 20.4 
4.1 N 13.0 

82.9 N 101.2 

66.5 N 92.0 
54.8 1.7 67.6 

1.2 N 1.2 

22.0 N 38.1 

54.2 N 63.2 
26.9 N 39.1 

26.0 2.0 34.8 

3.2 N 3.5 

33.9 0.8 47.0 
25.4 2.1 30.9 

0.3 N 0.3 

432.2 11.4 580.9 
(74.4) (2.0) (100.0) 

*, diameter at breast height; N, not in the sample; per- 
centage of total 

selected. The most common species of bamboo 
found in the homesteads of Kerala is Bambusa 
arundinacea. It is widely distributed and frequent- 
ly cultivated in the homesteads. Species like B. 
vulgaris and Dendrocalamus strictus are also 
sporadically found in homesteads. 

The average number of clumps per ha of dry- 
land area under agricultural use and the culm den- 
sity as determined in various strata of Kerala range 
from 0.1 to 35.6 clumps and 4.3 to 15.4 culms per 
clump, respectively (Table 1). The total area oc- 
cupied by bamboo in the homesteads of Kerala is 
estimated to be about 581 ha (Table 2). Results of 
the assessment of bamboo stock in the homesteads 
of Kerala reveal that the total standing crop is 
around 39 million culms (Table 3). This, in terms 
of oven-dried tonnage, amounts to around 0.33 
million tonnes6. The harvest during 1987-88 is 
estimated to be around 3.6 million green culms 
which accounted for 9.1 percent of the present 
growing stock. 

s Houses include building or sheds used for residential and non-residential purposes. 

6 The conversion rate used was one tonne of oven-dried bamboo culms is equivalent to 50 numbers of 
green culms with culm-diameter above 10 cm or 100 numbers with diameter between 5 and 10 cms 
or 200 numbers with diameter below 5 cms. These conversion rates are provisional estimates. 
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Table 3. Growing stock of bamboo 
(number of culms in thousands) 
coming under various culm- 
diameter classes in différent strata 

Stratum Culm diameter classes 
S T t l ( ;i) 

5 cm 5-10 cm 10 cm 
o a 

Si 

S12 

S13 

S21 

S22 

S23 

S31 

S32 

S33 

Soi 

S42 

S43 

S51 

S52 

S53 

409 

808 

1091 

2268 

2026 

798 

12 

1939 

1003 

920 

528 

44 

1153 

282 

7 

1570 

869 

193 

6069 

3854 

2799 

45 

989 

3286 

1099 

1460 

114 

1561 

1250 

8 

74 

N 
N 
N 
N 
64 

N 
N 
N 
N 

110 

N 
49 

126 

N 

2053 

1677 

1284 

8337 

5880 

3661 

57 

2928 

4289 

2019 

2098 

158 

2763 

1658 

15 

Total: 13288 25166 423 38877 
(34.2) ((4.1) (100.0) 

N, not in the sample; *, percentage of total 

The use of bamboo for construction and other 
purposes by the household sector in Kerala during 
the year 1987-88 is estimated to be 31 million 
metres which is equivalent to 3.2 million culms7. 
As indicated in Table 4, bamboo is mainly used for 
the construction of houses and as supports for the 
banana crop. 

Conclusion 

The homesteads of Kerala are abundant in bam- 
boo resources and account for 39 million bamboo 
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Table 4. Pattern of bamboo-use* by the 
household sector in Kerala 

Use Percentage of total 
quantity used 

House construction 28.16 
Supports for crops 26.02 
Fencing 9.21 

Cattle stays 7.38 
Ladder 4.13 

Plucker 2.77 
Farm implements 0.29 
Others+ 22.04 

Total 100.00 

*, bamboo-thorn is not included; + includes household 
articles and utensils, mats, basketries, fishing gear, 
long pole of boatman, etc. 

culms. During 1987-88, the harvest from home- 
steads and the quantity of bamboo used by the 
household sector were 3.6 and 3.2 million culms, 
respectively. A major share of the total quantity of 
bamboo was used for constructing houses or as 
supporting poles for various agricultural crops. 
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Utilization of Remote Sensing Data in 
Identifying Bamboo Brakes* 

A.R.R. Menon 
Kerala Forest Research Institute, Peechi 680 653, 

Kerala, India. 

Abstract 
The possibility of utilizing remote sensing data to identify bamboo brakes was inves- 
tigated. The study showed that large scale aerialphotographs can be used to determine 
bamboo resources with reasonable accuracy (>85%). 

Introduction 

The spatial distribution of forests along with 
their composition, ecological characteristics and 
economic properties is the most crucial information 
needed for the successful planning and execution 
of forestry-related programmes in the country. 
Such information is most conveniently represented 
in the form of maps which earlier had to be 
generated through costly ground survey methods. 
The efforts required, in terms of time and money 
for the vegetation map preparation can be consid- 
erably reduced if we rely on remote sensing data, 
coming in the form of aerial photographs and satel- 
lite information (Lillesand & Kieffer, 1979; Swain 
& Davis, 1978). 

Information extraction from remotely-sensed 
data requires the aid of several techniques 
(Townshend & Justice, 1981). This paper attempts 
to study the feasibility of using large scale aerial 
photographs and satellite information in determin- 
ing bamboo brakes in the natural forests of the 
Western Ghats. As a case study, about 30 sq. km. 
of Attappady Reserve was selected and various 
land cover types were mapped. 

Study Area 

The Attappady Reserve lies between 11° 05' to 
11°08'N lat and 76° 30'to 76° 33'. E long in Palghat 
district of Kerala State. The area is rugged, hilly 
and well-drained, with an elevation of 250 m to 
1500 m above m.s.l. The average annual rainfall in 
the area is about 2000 mm and the average monthly 
temperature ranges between 15 to 30 C. 

Method 

To meet the aim and objectives of the survey, 
standard remote sensing techniques were adopted. 
Black and white aerial photographs in the scale of 
1:15 000 (approx.) with 60 to 80 percent forward 
overlap, 10 to 40 percent lateral overlap and 23 x 
23 cm format size were used for the study. The 
photostratification scheme was adopted for the pur- 
pose of interpretation. Various photoelements such 
as tone, texture etc. were used as the basis, and the 
structural classification scheme was slightly ar- 
bitrary in nature: for example plant height was into 
three classes as height class 1, 2 and 3 of < 15 m, 
15 to 25 m and > 25 m respectively; crown density 
into five classes as density clans A, B, C, D and E 
with percentage density of 5-20, 21-40, 41-60, 61- 
80 and > 80 (Fig. 1). 

Plantations were classified into two major 
groups as young (< 5 m height) and old (> 5 m 
height). The moist deciduous forest was further 
classified into two major groups as forests with 
bamboo (2% as MB; 50% as BM) and those without 
bamboo (MD). The land cover type map (1:25 000) 
thus prepared was further field checked and neces- 
sary corrections made. The extent of land in 
various categories was calculated using the dot grid 
method with 0.2 mm dot grid (Table 1). 

An attempt was also made to delineate moist 
deciduous forest with bamboo from Landsat MSS 
CCTs of March 1987, using suitable classification 
algorithms. Subsequently, training sets were fed to 
a computer system (VIPs Numelec 2000 
Pericolour) and the percentage distribution of 
pixels in the training sets to different cover types 
were evaluated. 

* KFRI scientific paper no. 181 
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Table 1. Distribution of cover classes from 
aerial photomaps 

Class Area Percentage 

(km-) 

Moist deci 
without ba 

duous forest 
mboo 6.39 21.12 

Moist deci 
with bamb 

duous forest 
oo (> 50%) 1.52 5.02 

Moist deci 
with bamb 

duous forest 
oo (< 50%) 1.15 3.80 

Evergreen forests 11.10 36.69 
Scrub 3.32 10.98 

Blanks 2.52 8.33 
Plantations 0.88 2.91 

Rocks 3.05 10.08 
Agriculture 0.21 0.69 
Habitations 0.03 0.01 

Terraced la nd 0.08 0.26 

Total 30.25 99.99 

Table 2. Distribution of pixels of training 
sets in bamboo-clad areas 

Class No. of Percentage 
pixels 

Moist deciduous forests 
with bamboo 56 68.3 

Wet evergreen forests 12 14.6 

Dry deciduous/open forests 7 8.5 

Moist deciduous forests 
without bamboo 3 3.7 
Teak plantation 1 1.2 

Crop land 1 1.2 

Reject 2 2.4 

Results 

The percentage distribution of différent cover 
classes (Table 1) in the area reveals that the moist 
deciduous forent occupies about 30 percent of the 
total study area. 21.12 percent of the area is under 
moist deciduous forests without bamboo and 8.82 
percent with bamboo cover. 5.02 percent of the 
land have bamboo with 50 percent crown density 
and 3.82 percent has 2 percent crown density 
coverage. Other land types distribution data are 
recorded in Table 1. 

Since the radiance value, as recorded on 
Landsat MSS CCTs, is dependent on the amount of 
green biomass present in the area (Tucker et al., 
1983), in digital analysis the accuracy of classifica- 

Proceedings of the fnt'1 Bamboo Workshop, Nov 14-18, 1988 

tion mainly relies on the training set selection of the 
respective class. In the present study, the training 
sets fed to the computer had a coverage of 82 pixels 
and the distribution of these pixels with respect to 
D.N. values shows that 68.3 percent are classified 
correctly as moist deciduous forest with bamboo. 
14.6 percent of pixels are in the wet evergreen class, 
3.7 percent in moist deciduous forests without bam- 
boo, 8.5 percent in dry deciduous forests, and 1.2 
each in teak plantation and plant class. The reject 
threshold was 2.4 percent (Table 2). 

Conclusions 

A number of land use and land cover classifica- 
tion systems have been proposed from time to time. 
They cannot, however, yield maps of high accuracy 
in all regions of the country as discrimination 
among cover type is highly dependent on the 
fidelity of the spectral measurements that are 
recorded by the sensor (Singh, 1987, 1988). Hence 
in the present study greater stress is given to the use 
of large scale aerial photographs, rather than satel- 
lite information. The study reveals that the poten- 
tiality of large scale aerial photographs in 
identifying bamboo-clad areas is immense and the 
aerial photographe of more than 1:15 000 scale can 
conveniently be used as a tool for determining 
bamboo brakes. The lighter tope of bamboo mixed 
areas in the aerial photographe when compared to 
the moist deciduous forests without bamboos, and 
the smooth a texture than the semi-evergreen cover 
type are some of the identifying photoelements in 
the study. In 1:15 000 and 1:10 000 scaled aerial 
photographs, the texture is more coarse than that of 
teak and rubber plantations (Tomar & Masilkar, 
1972). The moist deciduous forests without bam- 
boo show medium texture and darker tone than 
those with bamboo mixing. Similarly, the moist 
deciduous forests with bamboo show darker tone 
than those of the rubber plantations in large scale 
aerial photographs. A casual observation of ground 
stereograms of the area revealed that bamboo 
patches are more or less stellate in appearance, and 
stand out prominently in the case of moist 
deciduous forests. 

The use of photographs and imageries taken in 
the correct season are vital since most of the works 
are based on visual interpretation techniques. The 
tonal and textural variations during the flowering 
season of bamboo is yet another tool for proper 
identification in aerial photographe. This study 
also takes into consideration the use of large scale 
aerial photographs for determining the bamboo 
resources in inaccessible areas with a reasonable 
(more than 85%) accuracy limit. 
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Population Aspect of the Phenological Behaviour 
of Bamboo Germplasm 

Sudhir Kochhar, Bhag Mal and R.G. Chaudhary 
ICAR Research Complex for N.E.H. Region, Arunachal Pradesh Centre, 

Basar 791 101, India. 

Abstract 
Bamboo germplasm studies were taken up under an All India Coordinated Project atSiang district due to theprevalence of more than 15 species in this small pocket alone. 
Thirty-one distinct types have been established at the Arunachal Pradesh Centre bamboorium in singles or duplicates. Comparative population studies for Bambusa 
tulda, Dendrocalamus hamiltonii and B. allida at West Siang and North Lakhimpur 
showed little interspecific and more intraspecific variation for seven clump management 
andfive culm morphological traits in the base population sampled at W. Siang. Inter se associations among these traits show possibility of improvement through selection for 
individual traits vis-a-vis single plus bamboos or polymorphs. Internode volume was found to be a better selection criterion than length or girth alone. A phenological 
quotient isproposed as an index for decision-making in cutting management. The vigour of one-year-old nodal plants was more than of seedlings. Chemical mutagenesis has 
been initiated in B. 12allida for plant improvement studies. 

Introduction 

Although reports on the status of research, in- 
ventory, production and utilization aspects of In- 
dian bamboos are recorded in literature (Tomar, 
1974; Varmah & l3ahadur, 1980; Gaur, 1985; Var- 
mah & Pant, 1981; Sharma, 1987; Thomas et al., 
1987), these are inadequate. Studies were taken up 
on bamboo germplasm under an Ail India Co-or- 
dinated Project at the A.P. Centre located at Basar, 
from 1984 (Anonymous 1988). The primary objec- 
tive was to identify fast-growing species for higher 
biomass production of good quality. A review of 
available diversity indicates the occurrence of 
about 125 species of bamboos all over India. 

Nearly 60 species occur in the North-eastem 
region alone (Varmah & Bahadur, 1980; Gaur, 
1985; Shukla, 1986). Survey and collection ex- 
peditions for bamboos in West Siang district of 
Arunachal Pradesh have revealed the occurrence of 
more than 15 species/types, in one district alone. 
At present 31 distinct bamboo types in singles or 
duplicates, from five States of North-eastern India 
have been established at the A.P. Centre bam- 
boorium (Table 1). The materials have attained one 
to three years of age. Preliminary data have been 
recorded on 12 species which are three years old 

and the plants classified into three categories: tall 
and shy prolific, medium tall and medium prolific, 
and short and highly prolific (Kochhar & Rai, 
1988). 

A preliminary appraisal of the available diver- 
sity and distribution of bamboo types showed that 
there is ambiguity in the taxonomic classification. 
Kochhar (1986a,b) cited the example of 
Dendrocalamus hamiltonii which was called dif- 
ferently in seven different dialects of the North- 
eastern Hill Region (NEH). All of these are not the 
earlier recorded synonyms for the species. Reports 
are available in literature where the criteria for 
classification have varied from flowering to culm 
sheath characteristics, anatomical characteristics, 
cytology and electrophoretic pattern (Alam, 1982; 
Gaur, 1985; Liese, 1985; Varmah & Bahadur, 
1980). However, none of these classifications 
gives a foolproof key to bamboo identification 
under field conditions because of changes in clump 
morphology with the microclimatic changes in dif- 
ferent niches, particularly at the vegetative stage. 

Cultivation Practices 

Prasad and Kochhar (1986a,b) outlined an ex- 
perimental approach for bamboo preservation and 
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Table 1. 

Proceedings of the lntl Bamboo Workshop, Nov 14-18, 1988 

List of bamboo germplasm in the Arunachal Pradesh Centre bamboorium 
(September 1988) 

Genus Species Local name No. of 
clumps 

Place of collection 

Arundinaria callosa Tao (A.G.) 1 West Siang 
griffithiana Boji (A.G.) 1 -do- 
hirsuta Sejnaka (Kh.) 2 Khasi Hills 

Bambusa balcoa Boluka (Ass) 2 Assam 
khasiana Tabum (A.G.) 1 West Siang 
multiplex Hedge 1 Accession 
nana 2 Accession' 
nutans Mokal (Ass) 2 Assam 
pallida Bijuli (Ass) 

ESO (A.G.) 
3 West Siang 

teres 2 Khasi Hills 
tulda Jati (Ass) 

Ejo (A.G.) 
3 West Siang 

Cephalostachyum fuschianum 
pergracile 

Taok (A.G.) 
Madang (A.M.) 

1 West Siang 

Dendrocalamus giganteus 
hamiltonii 

Aphi Bo(Naga) 
Kako (Ass) 

2 Nagaland 

Eni (A.G.) 2 West Siang 
hookerii Seijong (Kh) 2 Khasi Hills 
membranaceous Katva (Hindi) 1 Accession 
sikkimensis Egi(A.G.) 2 West Siang 

Phyllostachys manu Tabo (A.G.) 2 -do- 
reticulata 1 Accession 

Pseudostachyum polymorphum Tador (A.G.) 2 West Siang 

Botanically unidentified types: 

Boom 2 Tripura 
Bushy Dwarf 1 Shillong 
Hard jati 1 Nagaland 
Khupri 1 -do- 

Murli 2 Assam 
Paura 2 Tripura 
Tachur 1 West Siang 
Tajir 2 -do- 

Tapin 1 -do- 

Bee 2 L. Subansiri 

A.G., Adi Gallong; Accession', collected from WK, Chessa (Arunachal Pradesh); A.M., Adi Minyong; 
Ass, Assamese; Kh, Khasia 

cultivation in the NEH region. They observed a 
higher variation in clump characteristics over other 
culm morphological traits in four species of plus 
bamboos. The authors further discussed the need 
for a minimum sample size of 20 clumps for getting 
unbiased statistical parameters. The possible oc- 
currence of polymorphic forms was propounded. 
Inventory classification of bamboos based on 
maturity class, soundness and weight of culms, 
clump size, age, length, diameter, etc. was proposed 
by Tomar (1974) for bamboo forest management. 
VonCarlowitz (1985) proposed a multiple tree 
database in relation to taxonomy, location, 

biophysical data, phenology and morphology. 
Preparation of a data book-cum-descriptor class 
catalogue is under way in which source, planting 
and phenological data; morphological charac- 
teristics of rhizome, culm, branches, leaf sheath, 
leaf and flower; histological characteristics; pulp 
and wood quality parameters and cutting manage- 
ment data are indexed for long-term comparative 
analysis of the species. 

In situ population studies of three species of 
bamboos in mid-hill and valley conditions have 
been undertaken to determine the population struc- 
ture of cultivated bamboos both between and 
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Table 2. Comparative means ± S.E., range and coefficient of variation for various clump 
characteristics in cultivated bamboos of West Siang and plus bamboos of 
North Lakhimpur 

Location 
Trait Species West Siang North Lakhimpur 

X ± S.E. Range C.V. X ± S.E. Range C.V. 

Clump Bt 15.39 ± 0.40 9.9-21.0 20.4 19.14 17.0-24.0 10.3 
height (m) Dh 13.51 ± 0.37 9.1-17.0 14.8 21.00 20.0-23.0 - 

Bp 14.13 ± 0.39 7.5-18.5 21.3 17.93 17.0-20.0 3.7 
Pooled 14.42 ± 0.23 7.5-21.0 20.3 

Clump Bt 9.98 ± 0.43 4-17 36.6 25.13 18.0-45.0 27.4 
circum- Dh 8.70 ± 0.45 4-12 35.3 15.75 8.0-24.0 
ference (m) Bp 9.54 ± 0.44 3-16 40.5 20.93 13.0-30 22.2 

Pooled 9.47 ± 0.26 3-17 38.2 

Number of Bt 51.80 ± 0.95 18-81 35.1 81.32 193-721 61.7 
culms/clump Dh 51.33 ± 1.39 16-92 63.5 45.75 71-177 - 

Bp 46.00 ± 0.78 24-85 33.7 21.13 132-640 45.4 
Pooled 49.56 ± 0.59 16-92 39.3 

Number of Bt 8.00±0.42 4-15 43.5 6.59 0-23 91.2 
fresh Dh 9.80 ± 0.60 3-19 48.2 0.79 0-2 
sprouts (WS) Bp 9.25 ± 0.44 3-16 46.3 5.73 0-20 113.0 
/No.of dry 
culms (NS) Pooled 8.95 ± 0.28 3-19 48.2 
per clump 
Number of Bt 13.70 ± 0.56 2-27 45.4 49.68 21-109 50.2 
young culms Dh 14.13 ± 0.73 4-29 57.3 14.00 7-30 - 

per clump Bp 12.80 ± 0.59 5-30 53.8 53.07 19-120 55.5 
Pooled 13.49 ± 0.36 2-30 52.1 

Number of Bt 15.40 ± 0.56 6-26 40.1 228.59 100-400 34.7 
old culms/ Dh 13.47 ± 0.66 5-28 47.8 84.50 58-105 
clump Bp 11.85 ± 0.50 6-28 41.5 91.07 50-450 56.4 

Pooled 13.58 ± 0.36 5-28 44.3 

Number of Bt 15.10 ± 0.65 5-41 56.0 93.72 5-300 88.8 
cut culms/ Dh 13.93 ± 0.73 3-30 59.6 46.50 6-90 - 

clump Bp 12.10 ± 0.46 3-20 35.2 71.26 10-200 67.7 
Pooled 13.48 ± 0.36 3-41 54.1 

Bt, Bambusa tulda; Dh, Dendrocalamus hamiltonii; Bp, Bambusa pal ida 

within various species for detecting polymorphic 
forms for improvement through selection. Table 2 
gives data on clump characteristics in cultivated 
bamboos of W. Siang (Basar) as well as of plus 
bamboos of N. Lakhimpur (near Chessa) for Bam- 
busa tulda, B. pallida and Dendrocalamus hamil- 
tonii. A perusal of the table shows that the mean 
clump expression of all the three species growing 
in W. Siang are similar for seven traits. The slightly 
lower value for clump height (m) of D. hamiltonii 
in W. Siang (13.51±0.37) in comparison with the 
corresponding values for B. tulda (15.39±0.40) and 
B. pallida (14.13±0.39) is due to the semi-drooping 
habit of D. hamiltonii. The corresponding mean 
expression for clump height at N. Lakhimpur is 
higher for all species than in W. Siang, probably 
due to the more favourable agro-climatic condi- 

tions for these species in the valley than in the 
mid-hills. D. hamiltonii gave the highest mean 
culm height (21.0 m) followed by B. tulda (19.1 m) 
and B. pallida (17.9 m) at North Lakhimpur. The 
range for clump height shows much variation 
within the three individual species but an overlap- 
ping range is observed in pooled analysis. 

A moderate level of coefficient of variation 
(C.V.) suggests the possibility of improvement 
through selection. The C.V. for B. tulda and B. 
pallida for plus bamboos of N. Lakhimpur is low 
which confirms their non-random sampling. The 
C.V. for D. hamiltonii was not computed and means 
for individual traits are found to be slightly affected 
upwards or negatively due to small population size 
(less than 20 clumps per species). Sampling size 
is, therefore, important in population improvement 
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Table 3. Comparative means, range and coefficient of variation for various culm 
characteristics in cultivated bamboos of West Siang and plus bamboos of 
North Lakhimpur 

T i 

West Siang North Lakhimpur 
ra t 
(cm) Species X ± S.E. Range C. V. X Range C.V 

Culm girth Bt 24.24 ± 0.50 12.2-31.2 20.6 27.69 25.5-30.0 5.00 
Dh 29.32 ± 0.60 21.0-40.0 18.4 52.90 49.0-55.0 - 

Bp 24.49 ± 0.50 17.2-34.0 20.2 27.61 24.3-29.0 4.99 
Pooled 25.71 ± 0.32 12.2-40.0 21.6 

Culm Bt 2.67 ± 0.15 2.0-3.5 16.6 1.84 1.5-2.5 15.1 
thickness Dh 2.86 ± 0.22 2.0-4.0 26.4 2.00 2.0-2.0 - 

Bp 2.12 ± 0.17 1.2-3.4 26.3 1.80 1.5-2.0 13.6 
Pooled 2.52 ± 0.11 1.2-4.0 26.3 

Hollow of Bt 1.80 ± 0.20 1.3-4.2 42.6 
culm Dh 3.67 ± 0.32 1.3-8.0 42.7 

Bp 2.14±0.18 1.1-4.0 30.3 
Pooled 2.44 ± 0.15 1.1-8.0 52.5 

Culm Bt 7.72 ± 0.28 3.9-9.9 20.6 8.81 8.1-9.5 
diameter Dh 9.28 ± 0.34 6.7-11.8 18.7 16.83 15.6-17.5 

Bp 7.79 ± 0.28 5.5-10.8 20.2 8.79 7.7-9.2 
Pooled 8.17 ± 0.18 3.9-11.8 21.6 

Intemode Bt 33.71 ± 0.45 30-42 12.2 41.27 37-47 5.5 
length Dh 31.48 ± 0.69 27-37 9.2 30.00 28-32 

Bp 33.89 ± 0.49 28-45 14.5 34.47 29-43 11.1 
Pooled 32.62 ± 0.33 28-45 18.3 

studies. A similar trend is observed for within and 
between (pooled) species mean expression for 
clump circumference. At W. Siang, the range is 
wide and hence the C.V. is higher. The circum- 
ference of the plus bamboos clumps at N. Lakhim- 
pur was much higher than that at Basar. This can 
be partially attributed to age of clumps, fertility of 
soil and favourable climatic conditions at the 
former location. Nonetheless, further studies are 
needed to ascertain such confounding at the 
population level which may be due to genome/en- 
vironment interaction or the occurrence of 
polymorphic forms (varieties) of potential use. 
Data on number of culms per clump show that the 
average size of the clump in B. tulda and D. hamil- 
tonii was 51.80 ± 0.95 and 51.33 ± 1.39 culms, 
respectively, whereas clumps of B. pallida were 
marginally smaller (46.00 ± 0.78). The range of 
culms per clump for the three types showed the 
occurrence of even smaller clumps in the first two 
species in comparison with B. pallida. Since the 
co-efficient of variation for all the species varies 
from moderate to high, the population can as such 
be treated in equilibrium. A few confoundings in 
such sample data may be the number of seedlings 
planted in individual pits and age/health of seed- 
ling; alternately, size and vigour of rhizome if 
planted through vegetative means or edapho- 

climatic factors can be considered. Aperusal of the 
culm management characters shows a wide range 
and coefficient of variability for number of fresh 
sprouts, and young, old and cut culms in W. Siang, 
but the means and standard errors were again 
similar for all the three species. These characters 
can, therefore, be dependent on the cutting manage- 
ment of the base population. It is seen from the 
pooled analysis that nearly aine new culms are 
growing in a fully grown clump of B. tulda, D. 
hamiltonii or B. pallida whereas the proportionate 
occurrence of young, old or cut culms is about 1.5 
times this figure in W. Siang. Seth and Mathauda 
(1956) and Sharma (1987) have stressed the 
proportionate retention of young and old culms for 
maintaining high economic returns and quality of 
the produce under différent cutting practices. In the 
present case, corresponding values for plus bam- 
boos at N. Lakhimpur show that the size of the 
Bambusa clumps is much higher as compared with 
D. hamiltonii (145.75 culms/clump). Culm 
management characters also show a similar trend. 
The number of dry culms/clump were recorded at 
N. Lakhimpur instead of fresh sprouting as at W. 
Siang. This is due to the phenological stages of the 
bamboos under study at the two sites. The results, 
nonetheless, indicate the differential adaptability 
and vigour of theee species in mid-hills (W. Siang) 
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Table 4. Interrelationships among various culm morphological characters in three species of 
bamboos at Basar 

Character Type Intemode length Culm thickness Diameter of hollow 

Culm girth Bt 0.09 -0.06 0.04 
Dh 0.57 0.18 0.46 
Bp 0.32 0.30 -0.46* 

Internode Bt 0.13 0.27 
length Dh 0.10 0.26 

Bp 0.47* -0.15 

Culm thickness Bt 0.16 
Dh 0.21 
Bp -0.06 

For critical value of r see table 5. 

and valley land (N. Lakhimpur) conditions. The 
choice of species for commercial cultivation may, 
therefore, vary from place to place within a small 
geographical region. 

The comparative mean expression and 
variability for culm morphological characters in the 
three species at the two locations is presented in 
Table 3. A perusal of the table shows higher culm 
girth of 52.90 cm for D. hamiltonii at N. Lakhim- 
pur as compared with 29.32 ± 0.60 cm at W.Siang. 
On the other hand, internode length was slightly 
lower at N. Lakhimpur. Internode volume may, 
therefore, be a more stable character in D. hamil- 
tonii than its length or girth. 

Corresponding figures for B. tulda and B. pal- 
lida for culm girth and internode length at the two 
locations are marginally higher for plus bamboos 
at N. Lakhimpur than the bamboos at W. Siang 
(Table 2). It can, therefore, be concluded that the 
culm morphological characters are less affected by 
the environnent in comparison to clump morphol- 
ogy and management traits. Interrelationships for 
various morphological and cutting management 
traits are also computed for W. Siang data and 
presented in Tables 4 and 5. Inter se associations 
among internode length, culm thickness, diameter 
of hollow and culm girth show non-significant and 
low r-values. This indicates that there is a pos- 
sibility for improvement through a selection of 
individual traits. Moderate r-value for correlation 
between internode length and culm girth (0.57) and 
between diameter of hollow and culm girth (0.46) 
in D. hamiltonii indicates that internode volume is 
a better selection criterion than individual com- 
posent traits. Table 5 shows that clump size is 

positively correlated (r=0.88**) with the number of 
culms for D. hamiltonii whereas these values were 
low to moderate in the case of Bambusa spp. Inter- 
relationships of culm girth, internode length, thick- 

ness and diameter of hollow with clump size and 
number of culms show a significant positive cor- 
relation between clump circumference and inter- 
nodelength (0.70**), and diameter of hollow (0.69*) 

and a moderate value (0.48) in the case 
of culm girth in B. tulda. Culm thickness was 
negatively but insignificantly associated (r=0.16) 
with clump size. Thus, it is important to maintain 
an optimum size of the clump to get thicker culms 
whereas direct selection can be practised for other 
characters in B. tulda. In D. hamiltonii the correla- 
tion between clump size and diameter of hollow 
was negative (-0.22). In B. pallida the correlation 
matrix was similar for girth and hollow and varied 
for intemode length and culm thickness as com- 
pared with B. tulda. The interrelationships of culm 
morphological characters with clump size or num- 
ber of culms may be determined further in relation 
with completely mature clumps and samples at the 
growing stage to determine selection criteria. Fur- 
ther, the association pattern of cutting management 
composent traits with number of culms is highly 
correlated in all the species except for a low value 
of r in B. pallida for number of cut culms and total 
culms/clump (0.25). This clearly shows consisten- 
cy in cutting management of cultivated bamboos 
irrespective of species under cultivation in W. 
Siang. The corresponding matrix is, however, sot 
similar when clump circumference is used for com- 
putations hence further sampling is required. 

Cultivation Propagules 

Bamboo propagation is by and large from seed, 
offsets, cuttings and layers (Varmah & Pant,1981). 
Prasad and Kochhar (1986) reviewed these 
propagation practices. Selection criteria regarding 
the vigour of the propagule and its relation with 
adult plant performance have been reported in 
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Table 5. Character association for clump site and number of culms/clump with various culm 
characteristics and cutting management parameter 

Character Clump circumference 
Speciesfrype Bt Dh 

Number of culms 
Bp Bt Dh Bp 

Culm morphological characters 

Girth 0.48* 0.18 0.45 -0.42 0.64 0.34 

Intemode length 0.70** 0.07 0.08 -0.04 0.01 0.14 

Culm thickness -0.16 0.19 0.23 0.19 0.89 0.45 

Diameter of hollow 0.69 -0.22 0.77** 0.35 0.12 -0.20 
** 

* ** * Number of culms/ 
clump 

0.33 0.88 0.45 0.33 0.88 0.45 

Cuttingmanagement parameter 

Cut -0.06 0.62* -0.27 0.79** 0.91** 0.25 

Old 0.66** 0.59* 0.55* 0.61** 0.94** 0.76** 

Young 0.55* 0.20 0.47* 0.86** 0.74** 0.89** 

Juvenile 0.32 0.32 0.53 0.60** 0.89** 0.71** 

YN 

Critical value 

20 15 20 20 15 20 

ofr-at5%level 0.44 0.51 0.44 0.44 0.51 0.44 

- at 1% level 0.56 0.64 0.56 0.56 0.64 0.56 

literature for selection in favour of erect types 
(Kondas et al., 1973 a,b), right-handedness 
(Bahadur et al., 1978) and one-year-old seedlings 
in preference to two-year-old ones (Varmah & 
Bahadur, 1981). Raising of seedlings from chemi- 
cal treatment of culm cuttings is successful in cer- 
tain species (Waheed Khan, 1972, Surendran et al., 
1983). Sharma (1986) reported 77 percent success 
in growth of nodal plants of D. hamiltonii. Studies 
are being carried out at the A.P. Centre using two- 
noded culm cuttings of B. tulda. Table 6 shows a 
comparison between the morphological characters 
of one-year-old seedlings raised from seed (B. pal- 
lida) and through chemical treatment (B. tulda) for 
six characters. The number of culms is around four 
in both cases but greater consistency is seen for 
seedlings raised from seed (C.V.= 8.7). The mean 
maximum culm height was greater for nodal plants 
whereas the mean average culm height was com- 
parable for seedlings (96.48 ± 0.63 cm) and nodal 
plants (98.00 ± 1.58 cm) in the first year of growth. 
Intemode length in the two cases was also com- 
parable (Table 6). The number of roots was found 
to be highly variable (C.V. = 57.8 and 95.1) but 
mean values were similar in seedlings (24.13 ± 
0.41) and nodal plants (22.70 ± 1.29). Root length 
on the other hand varied considerably between the 

two seedling types. The mean root length in nodal 
seedlings was higher (27.53 ± 0.62 cm) than in 
seedlings (15.51 ± 0.63 cm) but the coefficient of 
variation was comparable. This can be attributed 
to the application of growth-inducing chemicals to 
nodal plants. The vigour of one year-old seedlings 
may also be improved if boric acid at 100-200 ppm 
or other growth regulators are applied at the six to 
nine months stage. 

Improvement Studies 

A glance at the collections at the A.P. Centre 
shows a wide variation in morphological traits of 
the vegetative propagules (rhizomes) collected 
during different expeditions, namely, culm 
diameter (0.5-16.5 mm), culm thickness (0.5-3.3 
cm), hollowness (0.3-12.5 cm), internode length 
(6.0-52.0 cm) and other characters. These traits 
are directly related to the utility aspect of the 
species. It is proposed to work out an index for 
determining the phenological stage of individual 
clumps/population to facilitate decision-making in 
cutting management or during replanting. A 
phenological quotient (P) can be derived from 
simple or weighted analyses of (i) key to growth 
stage of individual clump and culms within a 
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Table 6. Morphological characters of one year old seedlings raised from seed and through 
chemical treatment of two nodal cuttings at Basar 

Character Seedling 
type 

X ± S.E. Range C.V. 

Number of culms/ Seed 4.17 ± 0.16 2-7 8.68 
seedling Nodal 4.00±0.33 1-7 35.36 

Culm height Seed 130.46 ± 0.90 84-261 30.34 
maximum (cm) Nodal 143.00 ± 1,82 58-220 30.12 

Culm height Seed 96.48 ± 0.63 60.5-147.3 19.76 
average (cm) Nodal 98.00 ± 1.58 54-149 30.50 

Intemode Seed 16.13 ± 0.27 8.5-29.0 22.72 
length (cm) Nodal 13.60 ± 0.59 8.3-24.7 33.33 

No. of roots Seed 24.13 ± 0.41 11-45 57.82 
Nodal 22.70 ± 1.29 2-42 95.08 

Root length (cm) Seed 15.51 ± 0.26 8.8-26.8 32.30 
Nodal 27.53 ± 0.62 6.0-42.0 37.94 

clump, (ii) proportionate number of culms in dif- 
ferent growth stages, (iii) weighted mean for in- 
dividual culm-class and (iv) expected maturity 
span left to be completed after a particular cutting 
operation. 

Further, in order to attain the ultimate objective 
of fast-growth and early maturity for obtaining 
vigorous and better quality types, a chemical 
mutagenesis programme bas been designed and 
undertaken on B. pallida. Initial observations show 
segregation in M-1 for seedling height, leaf size, 
etc. The studies are continuing. 
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Abstract 
Slash and burn is the prevalent agricultural practice inNorth-eastlndia. The secondary 
succession after this man-made disturbance is rapid. The plant communities are 
continually developing, changing and disappearing, giving way to another community. 
Bamboos are one community which prevails on these lands fora longer period of time 
due to their longevity and fast growth. The species seen in North-east India are 
Dendrocalamus hamiltonii, Neohouzeua dulloa and Bambusa khasiana. Their varied 
densities, growth patterns and adaptability towards a changing environment help in 
community stabilization. The greater affinity of bamboos towards cations, particularly 
potassium, helps to conserve these elements. The present study investigates the role 
played by bamboos in succession, especially in the conservation of nutrients, which is 
an important factor in the management of successionalforests in North-east India. 

Introduction 

It is generally accepted that mort types of 
vegetation are subject to temporal changes both in 
species composition and in the relative importance 
of constituent life forms. These changes are of two 
kinds: successional and cyclic. The successional 
change is characterized by progressive alteration in 
the structure and species composition of vegetation 
(Clements, 1916; Watt, 1947). Bamboos are one 
community that colonizes disturbed lands in the 
tropics (Drew, 1974; Soderstrom & Vidal, 1975). 
Troup (1921) and Haig et al. (1958) also stated that 
as a result of shifting agriculture, huge expanses of 
grass and bamboo forests have been established in 
Asia. In North-east India, bamboos constitute the 
major vegetation after slash and burn agriculture 
(Ramakrishnan et al., 1981; Toky & Ramakrish- 
nan, 1983a). Due to their adaptability (Rao & 
Ramakrishnan, 1987; 1988a, b) and nutrient con- 
servational role (Toky & Ramakrishnan, 1982; 
Rao & Ramakrishnan, 1988c), they play a special 
role in succession. The present study deals with 
the yole of bamboos in succession. 

Methods 

The study was done at different places in North- 
East India during 1983-85 and a summary of obser- 
vations is presented here. The vegetation 
association was analysed in the 1, 5, 10, 15, 20, 25 
and 60-year-old fallows using thirty 10 x 10 m 
quadrats for shrubs and trees and thirty 1 x 1 m 
quadrats for herbaceous vegetation. Biomass es- 
timations were done by the destructive method for 
herbs and bamboos and a linear regression 
(diameter at breast height and plant weight) was 
determined for trees and shrubs (Rao, 1986). The 
chemical composition was analysed using techni- 
ques suggested by Allen et al. (1974). 

Results and Discussion 

The farming settlements in the humid tropics 
follow traditional bush-fallow agriculture also 
called as slash and bum agriculture or shifting 
cultivation. This process, locally called `jhum', 
involves slashing of forest vegetation, burning it 
and cropping for a short period followed by a 
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Climax 

Macaranga denticulata communities 
colonised after a prolonged weed (Im- 
perata cylindrica) stage on sites where 
cetrinella grass was cultivated for a 
longer duration (Fig. 1). The bamboo 
community of North-east India is chiefly 
Dendrocalamus hamiltonii Nees and 
Am., Neohouzeua dulloa A. Camus and 
Bambusa khasiana Munro. If the 
jhum cycle was shortened repeatedly, 
succession would be arrested indefinitely 
at the weed stage (Saxena & Ramakrish- 
nan, 1984). This was also noted in the 
`Lua' forest in Thailand (Zinke et al., 
1978) and further, environmental 
degradation due to prevailing climatic 
conditions may lead to permanent deser- 
tification (Ramakrishnan, 1985). 

Clements (1916) and Odum (1969), 
proposing a `relay floristic model' 
pointed out that each set of species makes 
the environnent less favourable for itself 

Pattern of secondary succession in North-east India. and more favourable for those that fol- 

regeneration (fallow) period till the next cropping. 
This cycle was previously long (about 30 yr); how- 
ever, under present conditions it has been reduced 
to as low as four to five years. Shorter cycles 
adversely affect the quality of environment both in 
terms of soil fertility and vegetal cover (Toky & 
Ramakrishnan, 1983a, b; Mishra & Ramakrishnan, 
1983a, b). 

The pattern of secondary succession in the fal- 
low during the first few years when weed species 
dominate, varies considerably depending upon the 
length of jhum cycle and the intensity, type and 
duration of cropping. Thus, Toky and Ramakrish- 
nan (1983a) reported four types of weed com- 
munities during early succession. This phase is 
gradually replaced by the bamboo community, 
shrubs and trees. Though bamboo replaced the 
weed community, it was observed that pure 

low. Egler (1954) suggested mat Me in- 
itial floristic composition' dominates the sub- 
sequent stages of succession after a major pertur- 
bation. Saxena and Ramakrishnan (1984) found 
that the early stages of secondary succession fol- 
lowing the burning, tended to conform closely to 
the initial floristic composition model under shorter 
jhum cycles but followed the `relay floristics 
model' under longer jhum cycles. Further the 
studies in North-east India showed that species 
diversity increased while dominance decreased 
during secondary succession (Toky & Ramakrish- 
nan, 1983a; Mishra & Rama-krishnan, 1983a). 

The importance value index of vegetation (IVI) 
shows that bamboo density increased till 25 years 
of fallow re-growth and drastically decreased in a 
60-year-old one (Table 1). The detailed vegetation- 
al analysis (Rao & Ramakrishnan, 1987) shows the 
predominantly R-strategists (weeds) were dis- 

Table 1. IVI values of vegetation and percentage contribution (parenthesis) in jhum fallows 

Fallow age (yr) 
Component 

1 5 10 15 20 25 60 

Herbs 258.31 246.70 200.76 143.12 91.36 58.18 108.86 
(85.97) (81.96) (66.92) (44.77) (30.44) (19.38) (36.31) 

Bamboos 12.28 19.87 50.26 95.56 127.72 139.57 9.31 
(4.09) (6.60) (16.75) (31.90) (42.56) (46.48) (3.11) 

Shrubs & 29.88 34.42 48.98 60.93 81.03 102.55 181.66 
trees (9.95) (11.44) (16.32) (20.34) (27.00) (34.16) (60.59) 
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Table 2. Biomass (kg/ha) in différent jhum 
fallows 

Component 
Fallow age (yr) 

5 10 15 

Herbs 413 65 35 
Bamboos 796 2825 4925 
Shrubs & trees 757 2200 4715 

placed by more competitive K-strategists (bam- 
boos and perennial weeds) and the succession in- 
volves the C-S-R-strategies of Grime (1979). 

Standing biomass contribution by the ruderal 
(R-) strategists (herbs) reduces drastically with in- 
crease in fallow age while competitive (C-) 
strategists (bamboos) and stress-tolerant (S-) 
strategists (trees and shrubs) contributed more 
(Table 2). Bamboos, with their plasticity in ar- 
chitecture (Rao & Ramakrishnan, 1988a), create 
shade and reduce nutrient availability, thereby af- 
fecting the reproductive efforts of ruderals. While 
the biomass contribution of bamboos increases up 
to 25 years of fallow regrowth (Rao & Ramakrish- 
nan,1988a), in a 60-year-old fal- 
low, shrubs and trees contribute 
more (Singh & Ramakrishnan, 
1982). 

A sharp increase in the above 
ground biomass occurs during 
secondary succession. Accord- 
ing to Lugo (1973) the maxi- 
mum biomass value for tropical 
forests is approached in about 30 
years at a level of 250 t/ha. The 
rate of accumulation of biomass 
is faster in the early stages of 
succession but may decline in 
the subsequent years. The rate 
also depends upon the type of 
initial vegetation established 
and on other environmental con- 
ditions (Uhl & Jordan, 1984; 
Toky & Ramakrishnan, 1983a; 
Mishra & Ramakrishnan, 
1983a). It is noted that the 
slower growth rate of shrubs and 
trees, in comparison to herbs 
during the early stages of suc- 
cession is due to the heavy loss 
of photosynthate for supporting 
structures ai the expense of leaf 
area. The competitive bamboos 
have rapid rates of dry matter 
production, continuous stem ex- 
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tension and leaf production during the growing 
period and rapid phenotypic adjustments in leaf 
area and shoot morphology in response to shade 
(Rao & Ramakrishnan, 1988a, b). 

While losses of nitrogen, phosphorus, calcium 
and magnesium were found to diminish with fallow 
age (Fig. 2), losses of potassium increased up to 20 
years of fallow re-growth (Toky & Ramakrishnan, 
1983b). Nitrogen, phosphorus and potassium are 
the most essential elements in tropical soils. After 
burning, nitrogen is volatilized (Allen, 1964; 
Knight, 1966; Debell & Ralston, 1970) and phos- 
phorus is fixed into unavailable forms or volatilized 
(Lloyd, 1971; Gebhardt & Coleman, 1974; Tinker, 
1977; Parfitt & Lee, 1979; Mishra & Ramakrish- 
nan, 1983b; Swamy, 1986). Loss of potassium 
through run off and percolation is higher than cal- 
cium and magnesium because of its easily soluble 
nature (Allen, 1964; Lloyd, 1971). While the 
reduction of losses in nitrogen, phosphorus, cal- 
cium and magnesium is due to their accumulation 
in standing biomass, the continued potassium los- 
ses can be attributed to the high turnover of this 
element through bamboo leaf litter. 

5Yr lOYr 

1 d 
Cd'Mcj'K' N4NPO4P Cô* Mg K' N03PO P 

Fig. 2. Loss of nutrients thrrough water firom jhum fallows. 
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Table 3. Density of elements (kg/ha) in the vegetation in jhum fallows 

Fallow age 
(yr) 

Element Herbs Bamboos Shrubs & 
trees 

Total 

Nitrogen 6.3 48.5 20.6 75.4 
Phosphorus 8.9 15.5 6.7 31.4 

5 Potassium 9.6 175.4 96.4 281.3 
Calcium 3.7 18.7 90.8 112.9 
Magnesium 4.8 12.7 60.4 77.8 

Nitrogen 1.0 155.6 106.8 263.3 
Phosphorus 1.3 41.3 23.2 65.9 

10 Potassium 0.9 487.0 307.8 795.7 
Calcium 0.6 51.9 296.8 349.3 
Magnesium 0.8 41.3 137.7 179.9 

Nitrogen 0.7 217.2 133.2 351.1 
Phosphorus 1.0 63.1 39.3 103.5 

15 Potassium 0.9 772.5 369.4 1246.3 
Calcium 0.4 85.4 306.1 391.9 
Magnesium 0.4 65.7 137.3 203.4 

Table 4. Inventory of nitrogen and phosphorus in total vegetation and in the bamboo 
component (parentheses) in different jhum fallows 

Fallow age (yr) 
Inventory 

5 10 15 

Nitrogen 

Above ground biomass (kg/ha) 75.4 263.3 351.1 
(48.5) (155.6) (271.2) 

Release through litter (kg/ha) 36.7 77.2 88.9 
(17.1) (47.2) (74.9) 

% annual turnover 48.6 29.3 25.3 
(35.2) (30.5) (34.5) 

Annual nutrient accumulation (kg/ha) 12.0 20.7 17.4 
(6.3) (15.8) (6.8) 

Enrichment ratio 6.3 12.8 20.2 
(7.7) (9.9) (31.8) 

Phosphorus 

Above ground biomass (kg/ha) 31.1 65.6 103.5 
(15.6) (41.3) (63.1) 

Release through litter (kg/ha) 16.6 13.0 24.9 
(3.3) (5.9) (11.2) 

% annual turnover 53.2 19.7 24.0 
(21.0) (14.2) (17.7) 

Annual nutrient accumulation (kg/ha) 0.7 5.2 6.8 
(0.3) (4.6) (3.3) 

Enrichment ratio 45.3 12.7 15.2 
(62.3) (8.9) (19.1) 
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Table 5. Inventory of potassium, calcium and magnesium in total vegetation and in the 
bamboo component (parentheses) in different jhum fallows 

Fallow age (yrs) 
Inventory 

5 10 15 

Potassium 

Above ground biomass (kg/ha) 281.3 795.7 1246.3 
(175.4) (487.0) (772.5) 

Release through litter (kg/ha) 45.4 69.3 102.9 
(20.4) (58.8) (82.7) 

% annual turnover 16.1 8.7 8.3 

(11.7) (12.1) (10.7) 

Annual nutrient accumulation (kg/ha) 53.6 118.2 113.7 

(31.0) (54.7) (52.3) 

Enrichment ratio 5.3 6.7 9.3 
(5.7) (8.9) (14.8) 

Calcium 

Above ground biomass (kg/ha) 112.9 349.3 391.9 
(18.4) (51.9) (85.4) 

Release through litter (kg/ha) 39.2 49.9 55.3 
(2.5) (8.1) (13.4) 

% annual turnover 34.7 14.3 14.1 
(13.7) (15.7) (15.7) 

Annual nutrient accumulation (kg/ha) 3.8 17.8 30.8 
(0.3) (5.7) (5.7) 

Enrichment ratio 30.2 19.7 12.7 
(57.6) (9.1) (15.1) 

Magnesium 

Above ground biomass (kg/ha) 77.8 179.9 203.4 
(12.7) (41.3) (65.7) 

Release through litter (kg/ha) 21.4 21.6 26.8 
(2.7) (7.7) (12.6) 

% annual turnover 27.5 12.0 13.2 
(21.0) (18.6) (19.2) 

Annual nutrient accumulation (kg/ha) 1.6 2.8 2.8 

(0.2) (0.5) (0.7) 

Enrichment ratio 50.4 63.8 72.2 
(63.4) (87.9) (91.3) 

The density of elements in the standing biomass 
is given in Table 3. Competitive bamboos store 
more nitrogen, phosphorus and potassium than 
stress-tolerant shrubs and trees while the reverse is 
true for calcium and magnesium. While the 
amount of nitrogen and phosphorus held in the 
above ground biomass and that released through 
litter improved in older fallows, the annual turnover 
percentage of nitrogen declined with fallow age 
while that for phosphorus declined in the 10-year 
old fallow and improved in a 15-year-old one 
(Table 4). Whereas the enrichment ratio for 

nitrogen improved, that for phosphorus remained 
more or less constant. Potassium, calcium and mag- 
nesium held in above ground biomass and released 
through litter improved with fallow age (Table 5). 
Annual nutrient accumulation improved with fal- 
low age and the enrichment ratio for the three 
elements showed improvement. Among the three 
bamboo species, N. dulloa was a more efficient 
conserver of nitrogen, phosphorus and potassium, 
as is evident from tissue concentration (Rao, 
1986). Bamboos thus play an important nutrient 
conservational role in these ecological conditions. 
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The observations from the present study show 
that the bamboos follow a strategy of faster uptake 
and storage of essential eements and a quicker 
turnover to supplement the soil flux, thus efficient- 
ly dominating the stress tolerant shrubs and tree 
species for a long duration. Bamboos promote 
stability in the ecosystem through regulation of its 
functions like other competitive early successional 
species. 

References 

Allen, S.E. 1964. Chemical aspects of heather burning. 
J. Appl. Ecol. 1: 347-367. 

Allen, S.E.; Grimshaw, H.W.; Parkinson, J.A. & 
Quarnby, C. 1974. Chemical Analysis of Ecological 
Materials. Blackwell Sci. Publ. Oxford. pp 575. 

Clements, F.E. 1916. Plant succession: Analysis of the 
Development of Vegetation. Carn. Institute Wash. Publ. 
pp. 512. 

Debell, D.S. & Ralston, C.W. 1970. Release of nitrogen 
by burning light forest fuels. Soil Sci. Soc. America Proc. 
34:936-938. 

Drew, W.B. 1974. The ecological role of bamboos in 
relation to the military use of herbicides on forests in 
South Vietnam. Natn,. Acad. Sci.; Nat. Res. Council, 
Wash. D.C. pp. 14. 

Egler, F.E. 1954. Vegetation science concepts 1. Initial 
floristic composition-a factor in old field vegetation 
development. Vegetatio 4:412-417. 

Gebhardt, H. & Coleman, N.T. 1974. Anion adsorp- 
tion by allophanic tropical soils. III. Phosphate adsorp- 
tion. Soil Sci. Soc. America Proc. 38: 255-261. 

Grime, J.P. 1979. Plant Strategies and Vegetation 
Processes. John Wiley & Sons. Chichester. pp. 222 

Haig, I.T.; Hubermann, M.A. & Din, U.A. 1958. FAO 
Forest Products Study 13 (also in Trop. Silviculture). 

Knight, H. 1966. Loss of nitrogen from the forest floor 
by burning. Forest Chronical 42: 149-152. 

Lloyd, P.S. 1971. Effects of lire on the chemical status 
of herbaceous communities of the Derbyshire Dales. J. 
Ecol. 59: 261-273. 

Lugo, A. 1973. Tropical ecosystem structure and lune- 
tien. In Farnworth, E.G. & golley, F.B. (eds) Fragile 
Ecosystems. Springer-Verlag, Berlin. 

Mishra, B.K. & Ramakrishnan, P.S. 1983a. Secondary 
succession subsequent to slash and burn agriculture at 
higher elevations of North-east India. I. Species diversity, 
biomass and litter production. Acta Oecologia Oecologia 
Applicata 4: 95-107. 

Mishra, B.K. & Ramakrishnan, P.S. 1983b. Secondary 
succession subsequent to slash and burn agriculture at 

Proceedings of the Intl Bamboo Workshop, Nov 14-18, 1988 

higher elevations of North-east India. II. Nutrient cy- 
cling. Acta Oecologia Oecologia Applicata 4: 237-245. 

Odum, E.P. 1969. The strategy of ecosystem develop- 
ment. Science 164: 262-270. 

Parfitt, R.L. & Lee, R. 1979. The efficiency of utiliza- 
tion of P in superphosphate. New Zealand J. Exptl. 
Agriculture 7: 331-336. 

Ramakrishnan, P.S. 1985. Cherrapunji. A wet desert? 
Expanse: 65-67. 

Ramakrishnan, P.S.; Toky, O.P.; Mishra, B.K. & 
Saxena, K.G. 1981. Slash and bum agriculture in North- 
eastern India.:570-587. In Mooney H.A.; Bonnicksen, 
T.M.; Christensen, N.L.; Lotan J.B. & Reiners W.A. (eds) 
Fire Regimes and Ecosystem Properties. USDA, Forest 
Service, General Technical Report, No 26, Honolulu, 
Hawaii. 

Rao, K.S. 1986. Eco-Physiological Attributes of Bam- 
boo Forests in Successional Communities in North-East- 
ern India. Ph.D. Thesis. North-Eastern Hill Univ., 
Shillong, India. 

Rao, K.S. & Ramakrishnan, P.S. 1987. Comparative 
analysis of the population dynamics of two bamboo 
species, Dendrocalamus hamiltonii and Neohouzeua 
dulloa, in a successional environment. Forest Ecol. & 
Management 21: 177-189. 

Rao, K.S. & Ramakrishnan, P.S. 1988a. Architectural 
plasticity of two bamboo species (Neohouzeua dulloa. A. 
Camus and Dendrocalamus hamiltonii Nees & Arn.) in 
successional environments in North-east India. Proc. In- 
dian Acad. Sci. (Pl. Sci.) 98: 121-133. 

Rao, K.S. & Ramakrishnan, P.S. 1988b. Leaf 
dynamics of two bamboo species ( Neohouzeua dulloa 
A. Camus and Dendrocalamus hamiltonii Nees & Am.) 
in successional environments in North-east India. Proc. 
Indian Natn. Sci. Acad. 54B: 63-69. 

Rao, K.S. & Ramakrishnan, P.S. 1988c. Role of bam- 
boos in nutrient conservation during secondary succes- 
sion following slash and burn agriculture (jhum) in 
north-eastern India. J. Appl. Ecol. (in press) 

Saxena, K.G. & Ramakrishnan, P.S. 1984. Herbaceous 
vegetation development and weed potential in slash and 
bum agriculture (jhum) in N.E. India. Weed Res. 24: 
135-142. 

Singh, J. & Ramakrishnan, P.S. 1982. Structure and 
function of a sub-tropical humid forest of Meghalaya. I. 

Vegetation biomass and its nutrients. Proc. Indian Acad. 
Sci. (Pl Sci.) 91: 241- 253. 

Soderstrom, T.R. & Vidal, J.E. 1975. An ecological 
study of the vegetation of the Nam Nagum reservoir 
(Laos)-A Report. Mekong committee. Smithsonian of- 
fice of Ecology. pp. 46. 

Swamy, P.S. 1986. Ecophysiological and Demographic 
Studies of Weeds of Successional Environments after 

64 



BAMBOOS Current Research 

Slash and Bum Agriculture in North-eastern India. Ph.D. 
Thesis. North-Eastern Hill Univ., Shillong, India. 

Tinker, P.B. 1977. Economy and chemistry of phos- 
phorus. Nature 270: 103-104. 

Toky, O.P. & Ramakrishnan, P.S. 1982. Role of bam- 
boo (Dendrocalamus hamiltonii Nees & Arn.) in conser- 
vation of potassium during slash and burn agriculture 
(jhum) in north-eastern India. J. Tree Scientists 1: 17-26. 

Toky, O.P. & Ramakrishnan, P.S. 1983a. Secondary 
succession following clash and burn agriculture in north- 
eastern slash and burn agriculture in north-eastern India. 
I. Biomass, litterfall and productivity. J. Ecol.71: 735- 
745. 

Toky, O.P. & Ramakrishnan, P.S. 1983b. Secondary 
succession following slash and burn agriculture in north- 
eastern India. II. Nutrient cycling. J. Ecol. 71 : 747-757. 

Proceedings of the Int'I Bamboo Workshop, Nov 14-18, 1988 

Troup, R.S. 1921. The Silviculture of Indian Trees. 
Clarendon Press, Oxford. 

Uhl, C. & Jordan, C.F. 1984. Succession and nutrient 
dynamics and burning in Amazonia. Ecology 65: 1476- 
1490. 

Watt, A.S. 1947. Pattern and process in the plant com- 
munity. J. Ecol. 35: 1-22. 

Zinke, P.J.; Sabhastri, S. & Kunstadter, P. 1978. Soil 
fertility aspects of the `Lua' forent fallow system of 
shifting cultivation.In Kunstadter, P.; Chapman, E.C. & 
Sabhastri, S. (eds) Farmers in the Forest. East-West 
Centre, Honolulu. 

65 



Flowering Characteristics of some Bamboos 
in Thailand 
Anan Anantachote 

Department of Foi-est Management, Faculty of Forestry, 
Kasetsart University, Bangkok 10903, Thailand. 

Abstract 

Flowering of bamboos occurs every year in Thailand. The earliestflowering period, 
from flower initiation to seeding starts in October and ends in February. In general, 
bamboos start flowering by late November or early December which continues till 
MarchlApril. Three patterns offlowering were observed: clumpflowering, culmflower- 
ing and continuousflowering. With the exception of the continuousflowering pattern, 
ail bamboos die after the flowering period. The morphological characteristics of the 
inflorescence and seed of bamboos are distinctively différent. However, it was noticed 
that large-si.ed bamboos produced smaller seeds than small-sized bamboos. Those that 
flowered gregariously and have the clump flowering pattern produced more viable 
seeds than bamboos thatflowered sporadically. 

Introduction 

Flowering of bamboos after extended intervals 
has long been recognized. With the exception of 
one or two species, bamboo clumps die after 
flowering. There is no scientific method available 
to predict the flowering cycle of bamboos unless 
the year of seed production is known. Since bam- 
boo has become commercially important among 
other tree species, an investigation on the most 
suitable propagating material, the seed, is impor- 
tant. Its distinct flowering characteristics were also 
studied. 

Flowering Patterns 

Unlike other plants, flowering can be con- 
sidered as one of the most distinct characteristics of 
bamboo. Bamboos have considerably long flower- 
ing or seeding cycles and it is impossible to predict 
exactly when flowering is likely to occur. In some 
areas where forest fire causes severe damage, 
flowering can be initiated by the underground 
rhizome (Figs.1 A-D,2 A-C). 

In general bamboo flowers both gregariously 
and sporadically. They basically exhibit three pat- 
terns of flowering. 

Flowering Period of Bamboo 

In Thailand, sporadic flowering of bamboo oc- 
curs every year in different geographic locations. 
The period from flower initiation to seeding takes 
approximately five months. The earliest flowering 
starts in October and ends in February. In some 
locations, bamboo comes to flower in November 
or December and sets seed in March or April, 
correspondingly. It has been noticed that most bam- 
boos in the northern and north-eastern parts of 
Thailand flower earlier than those in the central and 
southern parts. It bas also been observed that most 
bamboos in the southern part seldom flower 
whereas those in other parts of the country, flower 
every year. 

Clump Flowering 
When bamboos reach the flowering stage, 

flower buds are initiated instead of vegetative buds. 
Every culm in the clump flowers (Fig. 3A,B). Bam- 
boos which belong to this flowering pattern are B. 
arundinacea, B. nutans, Cephalostachyum 
pergracile, C. virgatum, Dendrocalamus asper, D. 
hrandisii, D. strictus, Gigantochloa albociliata and 
G. hasskarliana. 

Culm Flowering 

In sympodial bamboos, there are some species 
which take more than a year to complete flowering. 
During the flowering period, it is observed that 
some culms continued to grow vegetatively while 
the others flower and die. Thus, culms that do not 
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Fig. ]A-D. Flox°ering severely danmaged clump of (A,B) Bambusa autans and 
(C,D) Gigantochloa liasskarliana. 
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Fig. 2A-C. Flowering of transplanted culnis of Thv,rsostachrs siamensis. 
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Fig. 3A-D. Clump flowering pattern of (A,B) Bambusa arundinacea and 
(C,D) Dendrocalamus endrocalarnus as er. 
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Fig. 4 A-D. Continuous flowering of Schi_ostach}uni brachycladum. 
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Fig. 5 A-C. Morphological characteristics of inflorescence and seed of Bambusa 
arundinacea. 
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Fig. 6 A-C. Morphological characteristics of inflorescence and seed of 
Dendrocalamus strictus. 

72 



BAMBOOS Current Research Proceedings of the Int'I Bamboo Workshop, Nov 14-18, 1988 

Fig. 7 A-C. Morphological characteristics of inflorescence and seed of 
Cephalostachvum pergracile. 
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Fig. 8 A-C. Morphological characteristics of inflorescence and seed of 
Gigantochloa hasskarliana. 
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flower in the first year did so in the following year 
or two years later (Fig.C,D). However, the whole 
clump will die after every culm has flowered. This 
pattern of flowering is observed in Dendrocalamus 
asper and Thyrsostachys siamensis. 

Continuous Flowering 

In general, bamboos die after flowering. How- 
ever, it was observed that Schizostachyum 
brachycladum continuously flowered. In addition 
to vegetative growth, flowering was seen to occur 
in some parts of the culms within the clump (Fig. 
4A-D). Species which exhibit this flowering pat- 
tern seem to grow continuously and do not die after 
flowering. 
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Seed Production 

Collection of bamboo seeds in Thailand is car- 
ried out every year from Bambusa arundinacea, 
Dendrocalamus strictus, Gigantochloa albociliata 
and G. hasskarliana. The morphological charac- 
teristics of the inflorescence and seed of these 
species are shown in Figures 5 to 8. Among the 
species, flowering and seed characteristics are dis- 
tinctively différent and can be used for identifica- 
tion. It has been observed that large-sized bamboos 
produced smaller seeds when compared to small- 
sized ones. 
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Scope for Change in the Management of 
Natural Bamboo Stands 

Ram Prasad 
State Foi-est Research Institute, Jabalpur, Madhya Pradesh, India. 

Abstract 
A proposai is made for modification in the management practice of bamboo, forests. 
Clear felling of congested clumps should lie carried out. Sporadically flower-ed clumps 
should lie worked on a priority basis irrespective of whether the particular coupe is due 
f or wor-king or not. The flowered areas should be treated so as to retain the number of 
seedlings necessary for restocking the area and their growth ensured by opening up the 
canopy, soil working and weeding. Adequate protection should lie provided against 
bioticfactors to allow adequate regeneration. Besides, other bamboo species also need 
to lie propagated through the establishment of plantations. 

Introduction 

Bamboo is a very important forest produce. It 
plays a vital role in the socio-economics of the rural 
population. In India, bamboos have a wide range of 
distribution forming an understorey in several 
forest types. The tropical moist deciduous forests 
of northern and southern India and the deciduous 
and semi-evergreen forests of north-eastern India 
are the natural habitats of bamboos. The total forest 
area covered by bamboos in the country is about 
9.6 million hectares (Sharma, 1985). This is about 
12.8 percent of the total forest area of the country. 
In Madhya Pradesh (M.P.), the bamboos cover 
more than 1.8 million hectares of area (Dutta & 
Tomar, 1984). The major species are Bambusa 
arundinacea, Cephalostachyum pergracile, 
Dendrocalamus strictus and Oxytenanthera 
nigrociliata. Of these, only D. strictus is exploited 
on a commercial basis as the other species are found 
only in small patches. B. arundinacea occurs in 14 
districts of the State. Oxytenanthera nigrociliata 
occurs only in Bastar and Raipur districts. 
Cephalostachyum pergracile occurs only in Bastar 
district. 

In Madhya Pradesh, bamboo forests are 
managed on scientific and systematic lines for the 
supply of raw material to the paper mills and to 
meet the requirements of the rural population. 

This paper outlines a proposal for modifica- 
tion in the management practises of bamboo forests 
of Madhya Pradesh. These modifications can also 
be made applicable to the bamboo forests in other 

States in India and countries having bamboo 
forests, provided the local conditions are 
favourable. 

Present Status of Management of 
Bamboo Forests 

Till 1970, the bamboo forests were being 
worked through a contractor system, but at present, 
these are being worked departmentally. The felling 
cycle has been fixed at four years throughout the 
State. The bamboo forests have been categorised 
as under: 
Type I 

Good quality bamboos with high density (Hoshan- 
gabad, Betul and Chhindwara districts) 

Type II 
Bamboo forests of inferior quality and of low den- 
sity (Bastar, Chhindwara, Seoni and North Raipur 
districts) 

Type III 
Good quality bamboos on slopes (Bastar and 
Kanker districts) 

Type IV 
Bamboos with high density but in scattered 
patches (Bastar district). 

For the purpose of bamboo working in the 
coupe, the area is differentiated into the above types 
purely based on the density and height of bamboos. 
Thereafter, the marking of bamboos to be retained 
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in each clump is done with black paint at breast 
height. The number of culms for retention in a 
clump is written on a prominent reserved culm of 
the clump. Records of both the culms to be felled 
and those to be retained are maintained. The mark- 
ing of the culms is based on the following rules 
1. One and two-year-old culms will not be eut 

under any circumstances. 
2. Rhizomes will not be dug out and exposed. 
3. The height at which the culm will be eut shall 

not be less than 15 cm or more than 45 cm 
and in no case will the culm be eut below the 
first prominent node. 

4. All eut debris will be kept at least one meter 
away from the clump. 

5. Felling of bamboos will not be done in the 
period between 1 July and 15 October. 

6. Clumps showing sporadic flowering will 
invariably be eut provided they have shed the 
seed. 

7. In the event of gregarious flowering, all 
flowered clumps irrespective of their location 
in the coupe under working or elsewhere will 
be clear-felled after they have shed their seed. 
Disposal of such bamboos to be is expeditious- 
ly arranged so that they do not deteriorate and 
also cause a fire hazard. 

8. Felling of bamboos should be completed by 
the end of March. 

9. Bamboo forests should be strictly protected 
from fires and in no case should forest fires 
occur during the year of working and in the 
subsequent year. 

10. Grazing will not be allowed during the rains 
in the worked up bamboo forests in the first 
year. 

11. A clump shall be distinguished as an inde- 
pendent one, where its periphery is easily 
differentiated from adjacent clumps 
irrespective of its distance from others. 

12. The minimum number of culms to be retained 
in a clump of various quality classes is as 
under: 
Quality I 20 culms 
Quality II 15 culms 
Quality III 10 culms 

13. The retained culms should be well-spaced 
and preferably at the periphery. These are 
retained in order of preference as shown below: 
a) one-year-old culms, 
b) two-year-old culms, 
c) young green bamboos, 
d) older live bamboos, and 
e) others as per availability. 

14. The commercial fellings are done only in the 
Type-I (well-stocked and well-grown bamboos) 
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areas. In the other type areas, only cultural 
operations consisting of felling of dead, dying, 
over-mature, burnt, broken and damaged 
bamboos are done. Congested clumps are 
clear-felled by forming triangular segments 
and the clump is clear-felled over three felling 
semons. 

15. The Type-IV areas are supplemented by 
establishing plantations of bamboos. 
The above mentioned bamboo management 

rules came into force in the year 1974 (Anonymous 
1974). 

The result of the Departmental working in the 
bamboo forests of the State has been a continuous 
increase in the yield. The yield data for some years 
have been shown in Table 1. 

Although, the present working of bamboo 
forests is quite satisfactory, practical and scientific, 
the present yield of bamboos is not sufficient for 
fulfilling the requirements of the paper mills and 
other users. The results of a study on the require- 
ments of bamboos in the State for various purposes 
on the basis of the 1971 census of human popula- 
tion are as under (Lal & Joshi, 1977): 
House-making, repairs, etc. 172 200 tonnes 
Pan growers 6 000 tonnes 
Cottage industry 125 900 tonnes 
Small industries 164 412 nos. 
Big industries 230 000 nos. 

Efforts, therefore, need to be made for increas- 
ing the yield of bamboos in the State. On the basis 
of the recent research findings there is scope for 
amendments in the present management practices. 

Proposed Amendments to Rules for 
Management of Bamboo Forests 

Clear-felling of Congested Clumps 

Congested clumps pose a problem not only for 
the felling of the culms but also of fire as they 
contain dead and dry culms. In the present manage- 
ment rules, the whole clump has to be clear-felled 
in three fellings. First the clump has to be divided 
into three parts and then one part is to be worked in 
one season. This results in unnecessary retention 
of the dead and dried culms in a clump for quite a 
long period. A study conducted in Shahdol district 
(Prasad, 1987) has shown that clear-felling of the 
congested clumps and allowing the new shoots to 
come up is more beneficial than the prevalent prac- 
tice of working the congested clumps. This is 
because the congested clumps do not allow new 
shoots to come up easily; even if any shoot comes 
up it becomes malformed. On the other hand, if 
the clump is clear-felled in one stroke, good quality 
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Table 1. The yield figures of bamboo for différent years (in tonnes) 

Year Commercial 

bamboo exploitation 

Industrial 

bamboo exploitation 

Total exploited 

bamboo 

1973-74 25961.5 87206.0 113168.6 

1974-75 24553.9 346668.2 371222.2 

1975-76 42421.5 283970.1 326391.7 

1976-77 83421.7 308758.2 392179.9 

1977-78 82183.0 276852.7 359035.7 

1978-79 106391.0 294230.0 400621.0 

1979-80 101089.3 260660.0 361749.3 

1980-81 84782.0 183179.0 267961.0 

1981-82 97286.0 191838.0 289124.0 

1982-83 99141.0 180923.0 280064.0 

1983-84 77157.0 160221.0 237378.0 

1984-85 138512.0 197771.0 336283.0 

1985-86 138000.0 211000.0 349000.0 

culms can be obtained in greater numbers after 
four years. 

Working of Sporadically-flowered Clumps 

Although gregarious flowering in bamboo 
takes place at an inter-val of 25-40 years or more, 
sporadic flowering can be observed at any time in 
between two successive gregarious flowerings. 
Sometimes the number of clumps affected by 
sporadic flowering is quite high. But sporadic 
flowering occurs only in patches. In the present 
management rules, provision for felling of the 
(sporadically) flowered clumps is there only for 
those falling within the coupe. This provision 
needs to be amended and if the number of such 
clumps in a locality is reasonably high, they should 
be worked out. This will not only reduce wastage 
but also the fire hazard. 

Treatment of Flowered Areas 

So far, différent management practices have 
been applied for the restocking of the gregarious- 
ly-flowered areas of bamboo. In addition to the 
complete closure of the area from biotic inter- 
férence, in some places, working of soit in strips 
has also been resorted to. A study was carried out 
in the flowered areas of Jabalpur district by 
Hakeem (1985). This revealed that if (i) the 
canopy of the upper storey is lightly opened in the 
areas after the working of bamboo, (ii) the new 
seedlings that corne up are retained at a rough 
spacing of 4 x 4 m, and (iii) soit working and 

weeding around the adopted bamboo seedlings are 
done in the first and second year, then the area can 
be restocked in a comparatively shorter period. As 
against the plantation cost of Rs 4000/ha, the ex- 
penditure in this case is only Rs 650/ha. This 
method is cheaper and also enables quicker res- 
tocking of the flowered area. 

Protection Against Biotic Factors 
Biotic factors play a negative role as far as the 

regeneration of bamboo is concerned. In the 
present management rules, provision for control of 
grazing in the felled coupes of bamboo is only for 
the first rainy season. This is insufficient. A study 
carried out on the effects of closure of flowered 
areas of bamboo against grazing (Prasad, 1985) 
has shown that in a period of three years, as against 
3944 established bamboo seedlings in the un- 
protected areas, 8293 seedlings were found estab- 
lished in protected areas. It is, therefore, proposed 
that the flowered areas should be closed from graz- 
ing for five years. This will certainly allow the 
continued growth of new seedlings and shorten the 
Lime required for restocking of the area. 

Propagation of Various Species 

In Madhya Pradesh only D. strictus has been 
given attention as it occurs naturally in large areas. 
Plantations of Bambusa arundinacea, B. vulgaris 
and D. strictus have been raised at Jabalpur. Their 
growth data (Table 2) show that each of them can 
be planted in that locality. It is, therefore, proposed 
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Table 2. Growth data for différent species of bamboo at Jabalpur 

Species 
Two years age 
Survival Height 

Four years age 
Survival Height 

% (m) % (m) 

Dendrocalamus strictus 95 2.42 95 4.42 

Bambusa vulgaris 100 3.09 97 4.18 

Bambusa arundinacea 97 2.62 96 4.86 

that other species of bamboos should also be 
propagated through plantations. 

The above proposais though mainly intended 
for the bamboo forests of Madhya Pradesh can be 
applied to other States also. It is hoped that the 
application of the above amendments/prescriptions 
will add to the quantity (yield) and quality of bam- 
boos. 
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Management of Bamboo Forests* 
A. N. Chaturvedi 

Tata Energy Research Institute, 
9 Jor Bagh, New Delhi 110 003, India. 

Abstract 
Bamboos are poor man's timber: They are used for cottage industries and a large 
number of tribals depend on them. They are also used for manufacture of paper. 
Natural bamboo forests have been worked in India on cutting cycles of two to four years. 
The fi-equency of cutting cycles is based on working convenience. Periodicflowering 
coupled with misuse and lack of protection has reduced the extent of bamboo 
forests. Sonie foresters believe that bamboo rhizomes extend outwards and young bam- 
boo culms depend on the support of the old eulms. Studies have shown that the 
development of new culms is not peripheral. Culms older than two years do not affect 
the production of new culms. The productivity of bamboo forests depends on the 
production and size of new culms. Clump age is controlled by the genetics of the seed 
but culm age depends on the provenance and climatic conditions. Removal of dry culms 
increases the production of new culms. Vegetative reproduction methods have been 
worked out for several bamboo species but the success depends on the age of 
the culm and the season of cutting. Tissue culture work has succeeded only with 
juvenile seedlings. 

Introduction 

Bamboo forests occupy large tracts of land in 
India. Bamboos have also been planted in a suffi- 
ciently large scale in many States of the country. 
Among the many bamboo species found in India, 
the oves of commercial importance are Bambusa 
arundinacea, B. tulda, B. vulgaris, Dendrocalamus 
strictus, Melocanna baccifera, Ochlandra travan- 
corica, Oxytenanthera stocksii and Thyrsostachys 
oliveri. 

The flowering cycles of these bamboos vary 
from 7 to 60 years except for Bambusa vulgaris 
which has not gregariously flowered in India for the 
past 90 years. Bamboo forests were managed 
primarily for local use till about the year 1940 
when it started being extensively used as a raw 
material for paper production. Much larger forest 
areas started being worked to meet the increasing 
demand of bamboos for the paper industry. 

Flowering and Growth 

Bamboo differs significantly from other 
vegetation in its flowering behaviour. Generally, 

most bamboo species flower gregariously at fixed 
intervals and all culms including those of the cur- 
rent year die after flowering. The majority of the 
bamboos fall between the two states of constant 
flowering and constant sterility. An example of the 
former is Bambusa atra and that of the latter, B. 
vulgaris. Some bamboos die within two years of 
flowering like, B. arundinacea, while others do not 
die but their growth slows down during the flower- 
ing period as in Phyllostachys and Arundinaria. 
Most bamboo species have a more or less defined 
flowering cycle of 3, 7, 11, 15, 30, 48, 60 or 120 
years. This flowering is like an alarm dock set to 
go off at a particular time in the entire population 
of a given species raised from the same seed source. 
No matter where they are situated all these bam- 
boos would start flowering at the same time. Seeds 
of Thyrsostachys oliveri that flowered in Burma in 
1891 were sown at Calcutta and Dehradun, 1500 
km away from each other. The clumps raised from 
these seeds flowered simultaneously at Calcutta 
and Dehradun in 1940. These flowered again in 
1987-88. This indicates a flowering cycle of about 
48 years. Dendrocalamus strictus is known to 
flower both sporadically and gregariously at long 

* Published in Indian Forester 114: 489-495 (1988) 
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intervals of 20-65 years. The period between two 
gregarious flowerings over the same area for a 
species is called its physiological cycle. This cycle 
is more or less constant for a particular provenance 
of a given species. In case of sporadic flowering, 
only the culms that flower die and not the entire 
clump. This is the case with Bambusa vulgaris 
where only sporadic flowering has been noticed. In 
the case of gregarious flowering, the whole clump 
dies including the rhizome after the ripe seeds have 
fallen. 

Clump and Culms 

Most bamboo species of commercial impor- 
tance form clumps in India. The new seedling 
produces rhizomes which develop into culms. 
New rhizomes are produced from the previous 
year's rhizomes and the number of new rhizomes 
formed may vary from one to many. Some see- 
dlings fail to produce clumps. This may be due to 
a selfing depression. Unlike a tree, bamboo does 
not acquire more girth as it grows; the new sprouts 
emerge with full diameter. It reaches full height in 
60 to 120 days. In India, new culms generally 
appear during the rainy season. An unusual rain 
during the winter months may induce the emer- 
gence of new culms. Though the culms do not 
grow in diameter after sprouting, they continue to 
change in density and strength properties. Two 
kinds of buds are observed on the rhizomes, the 
scaly pointed buds and the flat buds. The former 
develop into rhizomes and the latter into culms. 
The scaly buds are formed during the summer 
months while the flat culm buds develop during the 
winter months. The culm buds emerge out of the 
soil with the early rains and grow rapidly. It is 
mostly the youngest rhizomes which produce the 
culms; they give rise to either scaly pointed buds 
or flat buds at a time and seldom do both of these 
develop simultaneously. In rare instances where 
climatic conditions are very favourable, three-year- 
old rhizomes may produce culms. The culms are 
very tender during the growing period. They are 
sometimes cut and made into vegetable or pickles. 
At this stage there is no terminal bud in the culm. 
Height growth is caused by the successive elonga- 
tion of the internodes. The basal internode is the 
first to grow and the top-most one the last. How- 
ever, several internodes from the bottom upwards 
grow simultaneously and 40-50 percent of the daily 
increment in height is contributed by only four to 
six internodes. The internodes are enclosed in 
sheaths. It is usually after completion of 65-75 
percent of their height that the intemodes become 
visible above the edges of the sheaths. Early ex- 
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posure of intemodes from the sheaths results in 
stunted growth of the culm. The base of an inter- 
node is the most active part so far as growth is 
concerned. The age of an individual culm is not 
related to clump age. Culms are tender during the 
first year. They grow tough during the second year 
and are mature in the third year, when they acquire 
full density and strength. After this age they start 
changing colour. Depending on the climatic con- 
ditions and the species, culms dry up in 4 to 12 

years. They die earlier in dry localities and have a 
longer life in moist areas. 

Rhizomes 

Rhizomes generally grow at an upward inclined 
angle. The angle of the incline depends on the 
species and the conditions of the soil. During this 
period of growth any exposure to sunlight stops 
rhizome development. Consequently, the bamboo 
clumps that are covered with earth or humus 
produce more culms whereas in areas where soil 
erosion takes place, the production of new culms is 
reduced. Rhizome development is not peripheral as 
generally believed. Rhizomes may develop in any 
direction and the culms may appear from anywhere 
in the clump provided overhead light is available 
for the emergence of the culm. It is only in con- 
gested clumps that the new culms appear to grow 
at the periphery. 

Coppicing 

The green culms produce coppice shoots after 
cutting. These are thinner than the culms and are 
sometimes referred to as switches. These are 
covered with culm sheaths and are sometimes dif- 
ficult to distinguish from the actual culms. Coppice 
shoots are also produced by injury to young culms 
and green culms of all ages may produce coppice 
shoots. If dry culms are not removed from a clump, 
the coppice shoots produced in such a clump may 
cause congestion. 

Congestion 

Congestion in bamboos is one of the most 
serious problems in clump management. Damage 
by man is probably one of the main causes of 
congestion in bamboos. Also heavy and irregular 
cutting make the bamboos non-workable while 
non-working of clumps causes further congestion. 

Working Plan Prescription 

In several working plans for the management of 
bamboo plantations, it is laid down that the first 
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working should start from 10-12 years after plant- 
ing. This is very undesirable and most clumps are 
found congested in the very first year of working. 
In most bamboo forests, the cutting cycle ranges 
from three to four years. It is also prescribed that 
a coupe which is not worked in the year when it is 
prescribed will only be worked when it is due in the 
next cycle. This results in the presence of many dry 
culms as well as a large number of coppice shoots 
which develop from the dying culms. Many work- 
ing plans also prescribe retention of a minimum 
number of old culms varying from 6 to 10 for 
providing support to the new culms. Development 
of new culms, however, takes place near the pre- 
vious year's culms. Consequently, culms older 
than three years do not provide any support to the 
new culms. 

Desired Prescription for Management 

The following rules should be applied for ob- 
taining high productivity with the desired quality 
of culms. 
1. All bamboo culms above three years should 

be harvested. 
2. Harvesting should preferably be done each 

year. In natural forests where harvesting every 
year is not possible, it should be done in 
alternate years. In the intervening years where 
work is done after a gap, all the coppice shoots 
should be removed and intensive cultural 
operations carried out. 

3. Where congestion has already set in, the con- 
gested culms must be removed even if it leaves 
only the current year's culms. 

4. Where the young culms are twisted from the 
top they should be cut so that the new culms 
grow freely. 

5. No felling operations should be carried out 
between April and October. 

6. Bamboo areas should be strictly protected 
from grazing. 
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7. Mounding or heaping earth around the bam- 
boo culms should be carried out each year 
before the rainy season. 

8. Trees providing light shade to bamboos 
should not be removed as bamboos grow better 
under the shade of trees such as neem, siris, 
amla and other light-crowned species. 

9. In no case should bamboo clumps be clear- 
felled. The clear-felled clumps generally 
degenerate into a bushy form. 

Aerial Seeding 

Aeri al seeding for the regeneration of bamboos 
was carried out over vast areas in Maharashtra. 
This turned out to be a total failure. Although 
germination of the seeds was fairly high in certain 
protected pockets, these bamboos did not form 
clumps as the rhizomes got exposed to the sun and 
died. 

Genotypes 

When attempting a plantation of bamboos, it is 
essential that the proper genotype is used. Planting 
can be done either by seed or through rooted culm 
cuttings. Bamboos are also often planted through 
rhizome offsets. This method, however, has limited 
use because of the limited availability of the plant- 
ing material. Rooted culm cuttings can be success- 
ful with most bamboo species. The age of the culm 
and the period when these cuttings are put out for 
rooting are important considerations. Two-year- 
old culms and the spring season have been found to 
give best results. 

Tissue Culture 

Several groups in India have worked on the 
tissue culture of bamboos. The success in produc- 
ing plantlets has been only from juvenile seedlings. 
Efforts to produce plantlets from mature culms 
have not been successful so far. 
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Horse-shoe Harvesting Trials in Natural 
Gigantochloa hasskarliana Stands 

Wisut Suwannapinunt 
Department of Silviculture, Faculty of Forestry, 
Kasetsart University, Bangkok 10903, Thailand. 

Abstract 

Harvesting trials were conducted in the natural Gigantochloa hasskarliana stand at 
Thong-pha-phum, Kanchanaburi, using the completely randomized design with six 
treatments which varied in the intensity of harvesting in each clump. The production of 
bamboos was measured and analysed by analysis of variance. The results indicated 
that clear-cutting killed the bamboo plants, but selection cutting of those culms older 
than three years increased their production. 

Introduction 

Bamboo in Thailand is not only a "rural plant" 
but also an "industrial plant". As a rural plant, it 
plays a direct role in the normal daily life of the 
rural people. They make extensive use of bamboo 
as a building material and for manufacture of farm 
implements and household utensils. Bamboo 
shoots are an important food of the rural people, 
particularly in the rainy semons, and are freely 
collected from the natural forests. As an industrial 
plant, bamboo is a raw material of the pulp and 
paper industries and fumiture manufacturers. 

It is estimated that about 600 million culms of 
bamboo are cut each year in Thailand. Some 7000 
tonnes of bamboo poles and stalks valued at USD 
730 000 were exported in 1980. The harvesting of 
bamboo is not supervised by any authority, nor any 
tending is ever practised. The tremendous amount 
of both bamboo culms and shoots taken out from 
the natural stands without any silvicultural practice, 
has resulted in depletion of the bamboo resource, 
resulting in a shortage in several areas of the 
country. 

With these considerations in mind, horse-shoe 
harvesting trials were conducted in a natural stand 
of Gigantochloa hasskarliana (Kurz) Back. ex. K. 
Heyne at Thong-pha-phum, Kanchanaburi, to 
determine the most effective means of increasing 
production. 

14° 40' N lat and 99° 50' E long. It is about 225 m 
above the sea level. The topography of the study 
area is plain with a gentle slope (15%). The high 
annual rainfall of more than 2500 mm is evenly 
distributed during late April to October. The annual 
mean temperature is 28 C with a maximum of 35 C 
and a minimum of 12 C. The soil is about 70 cm 
deep with a clayey loam texture and high organic 
matter content. 

Method 

The method of harvesting bamboo clumps in 
the shape of a horse-shoe as shown in Figure 1 was 
used in the experiments which were to determine 
the optimum intensity and age of the bamboo culms 
to be harvested in a clump. The experiments were 
carried out in a natural bamboo stand of G. hasskar- 
liana. A completely randomized design with five 
replications was used in the trial. The treatments 
included the following levels of cutting in each 
clump: 
Ti = 50% cutting of culms older than two years, 
T2 = 100% cutting of culms older than two years, 
T3 = 50% cutting of culms older than three 

years, 
T4 = 100% cutting of culms older than three 

years, 
T5 = 100% cutting of all culms at any age or 

clear-cutting, 
Con = control or no cutting. 

Site Description 

Thong-pha-pum, Kanchanaburi, is located at 
Thirty clumps of G. hasskarliana were 

selected for uniformity, and a treatment was ran- 
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Fig. 1. A cross-section of a bamboo clump. At left is a clump before harvesting; at right is the same 
one alter horse-shoe harvesting. 

domly applied to each clump. The number and 
diameter at breast height of the new culms 
produced each year were measured. The data were 
analysed by the analysis of variance. 

Results and Discussion 

From the six treatments including the control, 
it was found that clear-cutting (T5) completely 
destroyed the G. hasskarliana clumps. One year 
alter they were clear-cut, the plants could not give 
rise to any new shoot that could develop into a new 
culm. Small branches were found at the cut ends 
of the culms in each clump and the plants remained 
in this "grass-like" condition. Two years later the 
branches bore flowers and fruits and finally died. 
Similar results were reported in Thyrsostachys 
siamensis by Suwannapinunt et al. (1978; 1982). 

Among the first four treatments and the control 
(Ti, T2, T3, T4, and Con), the harvesting methods 
had no effect on the size of the new culms produced 
annually. This was because the G. hasskarliana 
stands used were mature. The average dbh of the 
culms was 10.0 cm. 

The harvesting methods clearly affected the 
production of new culms as shown in Figure 2. 
When all culms older than three years and which 
are physiologically inactive (Ueda, 1960; 1968) 
were harvested in T4, the plants produced more 
culms in the following years. On the other hand, 
when more young culms, which are physiological- 
ly active (Ueda, 1960; 1968) were harvested in T2, 

the bamboo plants produced comparatively fewer 
culms in the following years. In the case of T3 

where some inactive old culms were taken off and 

some left, the production decreased in the follow- 
ing years. In the control where no harvesting was 
carried out, the annual production of culms 
remained constant. 

Figure 3 depicts the average total production in 
three years. Statistical analysis shows a highly sig- 
nificant différence in the production. From further 
analyses by the LSD, the following is found: 

Treatments 
Con T2 Ti T3 T4 

Average 
total 
number 17 21.2 23.0 23.2 27.2 
of new 
culms 
produced 

(underline means non-significant différences) 

It is quite clear that harvesting of G. hasskar- 
liana should be donc by cutting culms older than 
three years while leaving the younger ones since 
these are physiologicaly more active, have 
vigorous rhizomes and can produce more culms 
(Ueda 1960; 1968). In management, therefore, the 
selection system with a three or four year rotation 
should be recommended and those culms more 
than three years old should be harvested from each 
clump. Since G. hasskarliana has a sympodial 
type rhizome and older culms are inside the clumps, 
the horse-shoe harvesting technique is recom- 
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Fig. 2. Average number of new culms produced each year after treatment of Gigantochloa 
hasskarliana clumps in a natural stand at Thong-pha-pum, Kanchanaburi. 
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Fig. 3. Average total number of new culms produced in three years after treatment of Gigantochloa 
hasskarliana clumps in a natural stand at Thong-pha-pum, Kanchanaburi. 
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mended. The clump is worked into a horse-shoe to 
enable a man to get into the clump easily and work 
on all three sides. 

Conclusion 

By clear-cutting all culms in Gigantochloa 
hasskarliana clumps, the plants could not foret new 
culms and eventually died. On the other hand, by 
selection cutting of culms older than three years in 
each clump, the plants produced more new culms 
which are of the saine size as those cut; hence 
production can be both increased and sustained. 

Proceedings o1 the Int'l Bamboo Workshop, Nov 14-18, 1988 
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Abstract 
Dendrocalamus strictus has two kinds of flowering behaviour, (a) sporadic and ir- 
regularflowering and (b) periodical gregarious flowering. The period of gregarious 
flowering varies from 20 to 75 years depending upon the locality, management prac- 
tices, biotic interférences, etc. Gregarious flowering in bamboos has a tremendous 
impact on the management of bamboo forests. Suggestions are made in this paper for 
effectively dealing with gregariously flowered areas and for ensuring adequate 
regeneration. 

Introduction 

The common bamboo (Dendrocalamus stric- 
tus) occurs in deciduous forests all over India ex- 
cept in North-west Bengal, Assam and moist 
regions of the west coast (Troup, 1921; Varmah & 
Bahadur, 1980). In Madhya Pradesh, it occurs as 
an understorey in the teck, sal and mixed deciduous 
forest types covering an area of about 1.8 million 
hectares (Dutta & Tomar, 1964; Anonymous 
1976). The districts which are rich in bamboo 
forests include Balaghat, Bastar, Bilaspur, Mandla, 
Hoshangabad, Betul, Raipur, Shahdol, Sidhi, 
Panna, etc. In Shahdol it occurs in North Shahdol 
and Umaria forest divisions in an area of about 
42 500 ha. 

Dendrocalamus strictus has two kinds of 
flowering behaviour (a) sporadic and irregular 
flowering and (b) periodical gregarious flowering 
(Brandis, 1906; McClure, 1966). Important char- 
acteristics of sporadic flowering are: (i) scattered 
nature of flowering with only a few clumps in- 
volved in flowering, (ii) only a few culms flower in 
a clump, (iii) the culms may or may not die after 
flowering, (iv) the clump does not die, and (v) 
usually it takes place irregularly almost every alter- 
nate year. 

Gregarious flowering in D. strictus is a recog- 
nized phenomenon. The characteristics of 

* Published in Indian Forester 114: 532-538 (1988) 

gregarious flowering are: (i) flowering occurs al- 
most over the entire area, (ii) it involves almost all 
or some proportion of the culms, (iii) flowering 
takes place in al] the clumps, (iv) flowering is 
followed by the death of the clump, (v) it follows a 
cycle which occurs after a long interval, (vi) it 
progresses in a definite direction like an epidemic 
wave beginning at one definite edge of an area and 
(vii) it takes a few years, commonly between two 
to four years to complete flowering in the area. The 
period between two gregarious flowerings over the 
saure area is believed to be somewhat constant and 
is called the physiological cycle. Différent periods 
for the physiological cycle have been reported for 
different areas. Clements (1956) reported that D. 
strictus introduced in Cuba from the 1912 seeding 
in Garhwal (Uttar Pradesh) flowered in 1956, in- 
dicating a cycle of 44 years. A plantation raised in 
Taiwan in 1912 from seeds obtained from Bihar 
(India) flowered in 1969, showing a physiological 
cycle of 57 years. A plantation of D. strictus raised 
in the Forest Research Institute (FRI), Dehradun, 
during 1937 flowered during 1987 indicating a 
cycle of 50 years. Similarly, différent workers have 
reported different physiological cycles ranging 
from 20 to 100 years for différent areas (Deogun, 
1936; Mathauda, 1952; Kurz, 1975; Varmah & 
Bahadur, 1980; Suri & Chauhan, 1984; Chaturvedi, 
1986). 
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Table 1. Record of gregarious flowering in Madhya Pradesh 

Area/Forestdivision Year of gregarious flowering Physiological 
First Second Third cycle (yr) 

Balaghat (North & South) 1916 1963 47 

Bastar (South) 1948 1981 33 

Betul 1940 1968 28 

Bilaspur and 1895 1960 65 

Bilaspur North Harda 1942 1976 34 

Jabalpur 1930 1965 1985 27 

Khandwa (North & South) 1910 1954 44 

Mandla (South) 1900 1921 1946 23 

Mandla (North) 1930 1967 37 

Raipur 1924 1960 36 

Seonl 1921 1939 1964 21 

Seonl South 1922 1964 42 

Shahdol (Umaria) 1909 1984 75 

Observations on Flowering 

In Shahdol area gregarious flowering took 
place during 1984 and continued up to 1987. There 
is no available record for previous gregarious 
flowering in this area. Enquiries from older persons 
indicated that such flowering took place almost 75 
years ago. The available information on gregarious 
flowering in Madhya Pradesh is summarized in 
Table 1 (Dutta & Tomar, 1964; Anonymous 1976; 
Prasad, 1986). 

It is clear from Table 1 that the period of 
gregarious flowering varies from 20 to 75 years 
depending upon the locality, management prac- 
tices, biotic interferences, etc. Several reasons have 
been put forward to explain the process of 
gregarious flowering. Kawamura (1927) believed 
that gregarious flowering is related to the life cycle 
of the bamboo. Storage of large quantities of starch, 
sugar and other substances in the clumps aid 
flowering (Gamble, 1896; Dutta & Tomar, 1964). 

Similarly, some workers have tried to relate 
gregarious flowering with injury, nutrition, 
climatic conditions, genetical constitution, soil fac- 
tors, etc. (Nicholson, 1922; Patil & Panchal, 1980; 
Hussain, 1980). 

Factors Affecting Gregarious 
Flowering 

Observations taken in the Shahdol area indicate 
that the following factors affect the intensity of 
gregarious flowering: 

(a) age of the crop 

(b) site quality 
(c) management practices 
(d) biotic interférences. 

Age of the Crop 

It is often believed that the period of gregarious 
flowering depends upon the age of the clump. Only 
those clumps which have attained the age of 
physiological maturity flower and subsequently 
die. In natural forests of bamboo which are worked 
under a selection system, it would be wrong to 
presume that most of the clumps are of the same 
age. In good forests, there will be a continuous 
formation of clumps and clumps of all age classes 
would be present as sufficient seeds are available 
from sporadic flowering. If that is the case then 
only those clumps which have reached the age of 
physiological maturity should flower and die and 
gregarious flowering should affect only a small 
proportion of the clump population. Another ex- 
planation which can be given is that most crops are 
from seeds obtained during the previous gregarious 
flowering. In that case it is logical to conclude that 
most clumps are of the same age. More definite 
information would be available in the near future 
from plantations. The plantations which are 12 to 
14 years of age and adjoin the natural forest have 
not shown signs of gregarious flowering. 

Site Quality 

Observations in Shahdol circle indicate that site 
quality has a considerable effect on bamboo flower- 
ing. In the same area, good sites tended to delay 
and decrease the extent of gregarious flowering. 
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Table 2. Period and extent of gregarious flowering in Shahdol circle 

Forest Felling No.of Quality Year of Percentage of 
division series plots of bamboo flowering flowered clumps 

North 1. Ghunghut 10 III 1984 81 

Shahdol 2. Machheha 5 I Not flowered up to 1987 - 

3. Beohari 10 III 1984 90 

Umaria 1. Salkania 10 I 1985 51 

2. Pator 10 II 1984 60 

Observations taken in 45 plots randomly selected 
in five felling series are indicative of this (Table 2). 

(d) creation of a rhizome bank and artificial 
regeneration. 

Management Practices 

In areas where clumps are properly worked, the 
proportion of flowered clumps is comparatively 
less than in areas with unworked and congested 
clumps (Table 3). 

Table 3. Flowering in congested and 
uncongested clumps in Ghunghuti 
felling series 

Category Clump 
(no.) 

Clumps Percentage 
flowered 

Congested 
clumps 

150 148 99 

Uncongested 
clumps 

180 114 63 

Biotic Interférences 

Biotic interférences such as grazing as also the 
incidence of fire increase the intensity of 
gregarious flowering. The bamboo forests located 
near villages have a greater flowering intensity, 
whereas those located in comparatively protected 
areas away from habitation flowered partially. The 
areas with heavy biotic interférence coupled with 
poor site quality had almost 100 percent flower- 
ing. This may be due to the fact that areas subjected 
to heavy biotic pressure did not have younger 
clumps. Most of the existing crop consisted of 
malformed and degraded clumps. 

Management Considerations 

Gregarious flowering in bamboo has a tremen- 
dous impact on the management of bamboo forests. 
The points needing attention are: 
(a) seed collection 
(b) rescheduling of felling operations 
(c) protection of natural regeneration 

Seed Collection 

Bamboo is a commercially and socially impor- 
tant species. It is being planted on a large scale in 
different States. Usually there is a great demand 
for bamboo seeds from several sectors. It is, there- 
fore, necessary to collect as much seed as possible 
after assessing the requirement. The seed would 
also need proper storage for longer viability. 

Seed production potential in Shahdol area was 
assessed by the State Forest Research Institute, 
Jabalpur. Prasad (1986) reported that the average 
seed production in a gregariously flowered area 
varied from 0.9 to 1.5 tonnes ha. Even taking a 
value of 0.6 tonne/ha, the average seed production 
was about 25 000 tonnes. Out of this, about one- 
third to one-fourth of the quantity of seed could 
have been collected. But only about 100 tonnes 
were collected during 1985 and 1986. Although a 
greater amount of seed was available, these could 
not be purchased due to paucity of funds. 

Rescheduling Felling Operations 
After gregarious flowering, the clumps die and 

need to be harvested as quickly as possible. Delay 
in harvesting may result in loss due to rotting and 
fire. The experience in Shahdol circle indicates 
that whereas the annual harvest from the bamboo 
forest was about 10 000 tonnes during normal 
years, about 100 000 tonnes were available for 
harvesting during 1985 due to gregarious flower- 
ing. This necessitated rescheduling of felling 
operations. The whole quantity was removed in 
two years: i.e., 60 000 tonnes in 1985-86 and 40 
000 tonnes in 1986-87. The operation required (i) 
more budget allocation for harvesting, (ii) more 
labour force, (iii) additional organization, (iv) ad- 
ditional support for transport, (v) more number of 
depots, and (vi) arrangements for sale and addition- 
al supplies to paper mills, etc. 

Depending upon the felling cycle one-third or 
one-fourth of the coupes are due for normal work- 
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Table 4. Regeneration count in protected and unprotected areas 

Felling 
series 1986 

Average no. of seedlings 
1987 

Protected Unprotected Protected Unprotected 

Ghunghuti 650 26 150 3.0 

Beohari 450 31 126 4.5 

Salkania 1550 46 700 4.0 

Pator 1050 51 320 3.0 

* Ten plots each measuring 10 x 10 m were maintained 

ing as per working plan prescriptions. Since yields 
are increased several limes due to harvesting of 
dried bamboo, a decision is necessary about the 
working in coupes due in that year. It is better to 
work only with the flowered clumps as otherwise 
the future yield can be considerably affected. 

Regeneration of Bamboo Areas 

Protection of regeneration of bamboo in 
flowered areas is perhaps the most important opera- 
tion because it will decide whether bamboo forests 
will again appear in the area. Since abundant seed 
is available near the flowered clump, sufficient 
regeneration usually springs up in the area except 
where the soil is deficient or the soil surface is too 
hard. In most places seedling regeneration cornes 
up in large numbers, several time more than that 
required for restocking the area. 

The area also needs protection from grazing and 
fire. Due to grazing pressure and other socio-politi- 
cal problems it is not possible to close the entire 
area from grazing. In Shahdol, after persuading 
and discussing with the local people, il was decided 
to close half of the area in each felling series for 
grazing. Cattle proof trenches were dug and the 
closed areas were notified. Additional organiza- 
tion in the form of grazing watchers and fire 
watchers were deployed and effective protection 
was ensured. 

Regeneration assessment was donc in protected 
and unprotected areas in some felling series in 
1986 and in 1987 during the month of May-June 
which indicated that sufficient regeneration existed 
in the protected area (Table 4). 

It is clear that in the unprotected areas, 
regeneration is poor. The seedlings existed only in 
places where some physical and mechanical 
obstruction was provided by stones and boulders, 
bamboo stumps, lops and tops, etc. However, these 
seedlings are likely to be grazed and browsed in the 
subsequent years. On the other hand, in protected 
areas it is expected that enough seedlings exist to 

regenerate the area. Protection of the area for at 
least six to seven years appears essential. When 
protection against grazing and fire is not provided, 
the seedlings are grazed/browsed and killed but the 
rhizome remains alive for some period. Ex- 
perience in Mandla and Betul (both in Madhya 
Pradesh) indicates that even if protection is 
provided after five years of gregarious flowering, 
the regeneration could be revived to some extent. 

Creation of Rhizome Bank and Artificial 
Regeneration of Areas with Deficient Natural 
Regeneration 

New nurseries need to be established and exist- 
ing nurseries expanded to create a large rhizome 
batik to cater to the plantation needs for a few years. 
This is necessary for undertaking plantation of 
bamboo in areas where natural regeneration is defi- 
cient as also to utilize the existing seeds properly. 
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Abstract 
Several clumps of Bambusa tulda Roxb. and Dendrocalamus longispathus Kurz. 
flowered gregariously and then died in différent forest areas of Chittagong and Sylhet. 
The growth of seedlings took place between May and August. The variation in seedling 
(1-2 months old) density (3 to 45/100 cm2) might occur due to variation in availability 
of seeds, physiographic and site conditions. At the early stage of regeneration, partial 
shade from the dead mother clump helped in survival and growth, whereas complete 
shade killed most of the bamboo seedlings. Cutting operations of dead mother bamboo, 
grazing and sometime incidence of forest fires were major disturbances in the rege- 
neration process. At the two tofour leaf stage, 700-1000 seedling per m2 were removed 
from the thickly populated areas and quickly potted in the nursery. These survived well 
(B. tulda, 96% and D. longispathus, 86.6%) in the nursery and were later on planted 
in thefield. Delay in cutting operations of dead bamboos for at least nine months helped 
the regenerating seedlings develop a healthy rhizome system. Weeding and protection 
from grazing are important steps to be taken for the successful natural regeneration of 
bamboo. 

Introduction 

Most of the bamboo species of Bangladesh 
flower gregariously and then die after producing a 
large number of seedlings on the forest floor. These 
generally flower between 7 and 45 years of age, 
although 10-30 year seeding cycles are common 
(Hasan, 1973; Banik, 1980). Therefore, in one 
decade, flowering of any one or more of the bam- 
boo species is not uncommon in Bangladesh and as 
such the occurrence of natural regeneration is also 
not an event of a century as is the case with the 
species of the temperate zones. In this paper, the 
identification of the major factors responsible for 
successful natural regeneration of bamboo and the 
possibility of utilizing the wild seedlings for creat- 
ing man-made bamboo forests have been ex- 
amined. 

Materials and Methods 

Many clumps of mitinga bamboo (Bambusa 
tulda Roxb.) flowered and ultimately died during 
1977 in Shishak area of Chittagong hill tracts, in 

1978-79 in Sagoolal block of Patharia Reserve of 
Sylhet forest, and also in 1983-84 at the Bam- 
busetum of the Forest Research Institute (FRI), 
Chittagong. Large numbers of seedlings ger- 
minated from the seeds shed from the flowered 
bamboo clumps. 

Similarly orah bamboo (Dendrocalamus lon- 
gispathus Kurz.) flowered in Koila block of Chit- 
tagong forest and in the Bambusetum of the FRI 
during 1972-73 and 1977-79, respectively. These 
plants also produced numerous seedlings on the 
forest floor after flowering and then died. Both the 
species flowered in February and started producing 
seeds during May and June. 

The population density of bamboo seedlings of 
these two species were determined after different 
periods under various habitat conditions: full of 
weeds, lesser amount of weeds, under complete 
shade (by neighbouring tree/bamboo crown), and 
partial shade (by dead flowered bamboo clump). In 
each species, counts were made in the Bambusetum 
in ten quadrats of 10 x 10 cm in these habitats. The 
effect of burning due to jhuming and clear-felling 
of the dead mother bamboo clumps on the 
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Table 1. Average density of natural bamboo seedlings (no./100 cm2) under varions site conditions 

Age Full Less P. shade 
(months) weed 

exposed 

weed 
exposed 

& less 
weed 

1 2 1 2 1 2 

3 24.6 25.7 24.9 26.0 27.0 26.7 
6 6.2 4.9 9.2 8.6 14.2 11.4 

12 0.1 0.2 0.3 0.3 0.5 0.6 

C. shade P. shade P. shade & 
& less thinned unthinned 
weed 

1 2 1 2 1 2 

26.0 26.1 13.5 13.2 27.1 26.8 
2.2 3.1 7.5 8.1 8.4 10.3 

0.0 0.0 0.8 0.6 0.4 0.5 

P, partial; C, complete; 1, Bambusa tulda Roxb; 2, Dendrocalamus longispathus Kurz. 

regenerating bamboo seedlings was also observed 
in Koila block of Chittagong forests and Sagoolal 
block at Sylhet. Growth of the seedling height and 
diameter of culm and its production/clump/per year 
were measured at 3, 6 and 12 months of age in the 
above habitats. The wild seedlings of both species 
were thinned out at the two to four leaf stage (30-45 
days of age) from the thickly populated areas to 
minimize inter-seedling competition. During the 
thinning operation, 700-1000 seedlings per m2 
were removed leaving 1300-1400 seedlings per m2. 

The thinned out seedlings were planted within 
36 hours in polyethylene bags (15 x 10 cm) con- 
taining soil and cowdung in the ratio of 3:1. During 
the first two days these potted seedlings were kept 
in the nursery shed for hardening and subsequently 
exposed to direct sunlight. Daily watering of the 
seedlings was done. When 12-14 months old, the 
seedlings were planted in the field at 4 x 4 m 
spacing (625/ha) covering a forest area of 4.05 
hectare during the months of June and July. Sur- 
vival of the seedlings in the nursery bed as well as 
in the field (up to three years) were determined. 
Quarterly weeding operations were carried out up 
to two years of planting. 

Results and Discussion 

Germination of seeds started within a week of 
falling on the ground. A very large number of 
seedlings were produced below the dying mother 

Table 2. 

clump during May-August. Several seeds and ger- 
minating seedlings were carried away by rain 
water, often far from the mother plant. The density 
of seedlings after one to two months was about 
45/100 cm2 in depressions and valley areas and 
lower on the slopes (3/100 cm2). It was also ob- 
served that nome factors like shade and weeds 
influenced the density and survival rate of the 
regenerating seedlings (Table 1). Many seedlings 
died because of suppression and competition by 
weeds. Common weeds were Eupatorium 
odoratum Linn, Imperata cylindrica Beauv, 
Streblus asper Lour, Desmodium trifolium DC and 
Mikania scandense Willd. The number of seedlings 
present per unit area under the dead mother clump 
and also in areas with a lower weed density was 
higher than in areas under complete shade or full of 
weeds (Table 1). Almost ail seedlings died within 
7-12 months under complete shade condition. The 
dead mother clumps provided partial shade to the 
regenerating seedlings and this condition seemed 
to favour the regeneration process. After 12 months 
il was observed that seedling density was better in 
thinned out than in the unthinned areas (Table 1). 
Competition between seedlings was high in the 
unthinned areas and as a result the rate of mortality 
was higher than that in the thinned areas. 

Buming or clearfelling of the dead mother bam- 
boo clumps within one to three months of seed 
germination was found to stop the regeneration 
process by killing amont all the bamboo seedlings. 

Average density of regenerating bamboo seedlings (no./100 cm2) after felling of dead 
mother clump or burning of the areas. Observed after 4 and 10 months of 
regeneration 

1 to 3 months age 6 to 9 months age 
Species 

Buming Clump felled Buming Clump felled 

B. tulda 0 0.09 0.71 0.63 
D. longispathus 0 0.04 0.77 0.58 
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Table 3. Average growth of regenerating bamboo seedlings in différent habitat conditions 

Habitat Age Species Total Culm Remarks 
diti th ) l / l con on (mon s cu m c ump 

(no.) Ht (cm) DMC (cm) 

3 Et 2.0 20.1 0.08 wirey stem 
Dl 2.0 23.0 0.09 

Full weeds 6 Et 1.3 18.1 0.24 same 
(exposed) D1 1.4 20.3 0.28 

12 Et 2.2 16.0 0.28 saine 
Dl 1.9 14.9 0.30 

3 Et 3.0 25.6 0.24 normal stem 
Dl 2.7 26.2 0.26 

Less weed 6 Et 2.6 32.6 0.26 sanie 
(exposed) D1 2.2 30.2 0.30 

12 Et 6.2 34.2 0.36 green strong 
Dl 6.3 32.4 0.38 stem 

3 Et 3.8 25.8 0.12 very wirey 
DI 3.9 24.0 0.11 stem 

Less weed 6 Et 0.0 20.7 0.10 saure 
(complete shade) Dl 0.0 18.4 0.09 

12 Et 0.0 0.0 0.0 all died 
Dl 0.0 0.0 0.0 

3 Et 4.2 25.3 0.31 green strong 
Dl 4.4 24.0 0.29 stem 

Thinned 6 Et 5.8 33.0 0.41 saine 
(Partial shade Dl 5.9 35.2 0.42 
& l d ess wee ) 

12 Et 6.2 60.3 0.58 sanie 
Dl 5.9 62.1 6.60 

3 Et 4.0 31.3 0.25 green 

D I 4.2 35.7 0.27 

Unthinned 6 Et 6.3 38.0 0.30 saure 
(Partial shade Dl 5.6 39.0 0.34 
& l d ess wee ) 

12 Et 6.8 66.7 0.42 same 
D I 6.2 68.2 0.49 

Bt, Bambusa tulda; DI, Dendrocalamus longispathus ; DMC, diameter at mid-culm position 

The effect was not as hazardous if burning was 
done after six to nine months of age (Table 2). 
According te, Troup (1921) and Mc Clure (1967), 
bamboo seedlings generally produce an under- 
ground rhizome after four to six months of age. 
Buming and felling operations after six to nine 
months of age only destroyed the aerial part of the 
bamboo seedlings and within a few months, shoots 
again appeared from the underground rhizome as 

observed by Naito et al. (1968) on Sasa palmata in 
Japan. Ahmed (1954) and Seth (1954) also dis- 
couraged felling operation of dead culms in the 
early stage of the regeneration process. They were 
of the opinion that the dead clumps would consid- 
erably benefit the regenerating bamboo crop and 
lead to a well-developed stand with healthy clumps. 

The condition of the bamboo seedlings was 
found to be better under partial shade and lower 
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Table 4. Survival percentages of the wild bamboo seedlings after potting in the nursery and 
planting in the field 

Species Nursery 

Total Number survived 
seedlings (no.) (%) 

Field 

Survival percentage/yr 
lst 2nd 3rd 

B.tulda 5000 4805 96.1 
D. longispathus 5000 4330 86.6 

weed conditions than under full weeds and com- 
plete shade (Table 3), which indicates that the 
bamboo seedlings require some light at the early 
stage of development. In complete shade, almost all 
seedlings perished after 12 months. In both weed 
conditions, the seedlings survived but the general 
condition of the seedlings was comparatively bec- 
ter in areas with lesser weeds (Tables 1,3). It ap- 
pears that the influence of light on seedling 
mortality and their health is comparatively more 
important than weed competition at least in the 
early stages of regeneration. Felling of the dead 
mother clump if delayed for at least for 9-12 months 
will provide partial shade to the regenerating bam- 
boo seedlings. Seedlings in the thinned area 
showed better diameter growth than those in the 
unthinned areas (Table 3). In both species, seed- 
lings which were thinned out showed a good sur- 
vival percentage both in the nursery and thereafter 
also in the field (Table 4). The ultimate establi- 
shment (survival) of the thinned-out bamboo see- 
dlings in the field was round eight percent in D. 
longispathus and 70 percent in B. tulda after three 
years of plantation. Thinning can, therefore, bc 
useful both for natural regeneration as well as for 
plantation purposes. 

Conclusion 

This study reveals that regenerating bamboo 
seedlings cannot grow under complete shade. Par- 
tial shade and occasional weeding are important for 
successful natural regeneration of bamboo seed- 
lings after each gregarious flowering in the forest. 

88.3 73.4 70.3 
82.4 70.2 68.4 

For providing partial shade to the regenerating 
seedlings, felling of the dead mother clump must 
by delayed for at least vine months. Light thinning 
of bamboo seedlings from densely populated 
regenerating areas did not adversely affect the 
regeneration process and on the other hand, 
decreased competition among the seedlings. In 
addition, 700-1000 bamboo seedlings/m2 were ob- 
tained for further plantation programmes. 
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Abstract 
The growth of Bambusa arundinacea Willd. seedlings in polythene containers of two 
sizes, 13 x 18 and 18 x 40 cm, was studied. The results at the end of one year showed 
581, 212, 177, 170, 111 and 60 percent increase in root biomass, total biomass, shoot 
biomass, root length and the number of roots, respectively, in the larger container. The 
number of shoots and the height of the plants were not influenced by container size. The 
shoot-root-rhizome biomass ratios in smaller and larger containers were 75:10:15 and 
65:22:13, respectively. 

Introduction 

Bamboos are an important forest produce in 
Asia and the Pacific. Though a major portion of the 
requirements are met from the natural stands, the 
increasing demand can be met only through plan- 
tations. For large scale plantations, seedlings are 
more handy than other types of propagules (Kon- 
das, 1982). The success in planting, however, 
greatly depends on the quality of the planting stock. 
The superiority of containerized seedlings over 
bare-rooted seedlings is well-known. Studies on 
the effect of container size on seedling growth of a 
number of species point to the positive effect of 
using larger containers (Funk et al., 1980; Sturion, 
1980; Ward et al., 1981; Wood & Hanover, 1981; 
Arnott & Beddows, 1982; Pratap Singh et al., 
1985). In the present study the growth of Bambusa 
arundinacea Willd. seedlings in containers of two 
sizes bas been examined. 

Material and Methods 

The study was conducted at Nilambur 
(11°17'N, 76°4'E) during 1987-88. Polythene bags 
of two sizes, 13 x 18 and 18 x 40 cm (flat width x 
length) were filled with sandy loam soif collected 
from the moist deciduous forest area in the vicinity. 
All stones, and roots were removed from the soil 
before filling. The bags were provided with a few 
lateral holes at the bottom to drain off excess water. 

The small and large bags contained 690 cm3 (8.3 
cm dia/12.9 cm depth) and 3430 cm3 11.5 cm dia/ 
33.3 cm depth) of soil, respectively. About one cm 
of the bag at the top was left unfilled to facilitate 
watering. Four-day-old seedlings of uniform size 
were potted into polythene bags from a nursery bed 
and the plants maintained in nursery beds for one 
year. At the end of the treatment period, 25 plants 
were randomly selected from each treatment and 
various growth parameters recorded. The plants 
were oven-dried for biomass determination. The 
relationship of all growth parameters to rhizome 
development was studied through multiple linear 
regression analysis. 

Results 

The effect of container size on various growth 
parameters is summarized in Table 1. On the 
whole, the seedlings in the larger containers (T2) 
grew better than those in the smaller ones (TI). The 
increase in total biomass was 212 percent. Other 
parameters which showed a significant increase 
were root biomass (581%), rhizome biomass 
(177%), shoot biomass (170%), length of the 
longest root (111%) and number of roots (60%). 
However, the number of shoots (culms) and the 
height of the tallest shoot (culm) were not affected 
by container size. The better growth in T2 could be 
attributed to the larger volume of soil, facilitating 
greater root development, moisture retention and 

*KFRI scientific paper no. 184 
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Table 1. Comparison of varions growth parameters at the end of one year (X ± S.E.) 

Treatment 

Small polythene 
container Tt 

Large polythene 
container T2 

No. Height Shoot No. Length Root Rhizome Total 
of of tallest biomass of of biomass biomass biomass 
shoots shoot (g) roots longest (g) (g) (g) 
(culm) (culm; cm) root (cm) 

6.08a 72.32a 6.7664a 24.92a 29.08a 0.8876a 1.3356a 8.9896a 
± 0.38 ± 2.14 ± 0.7261 ± 1.56 ± 1.78 ± 0.0746 ± 0.1704 ± 0.9494 

7.92a 70.96a 18.2720b 39.88b 61.24b 6.040b 3.6964b 28.000b 
± 0.53 ± 2.64 ± 1.2723 ± 2.25 ± 3.42 ± 0.7240 ± 0.3046 ± 1.9886 

X, mean values; S.E., standard error; values denoted by the saure letter in a column are not significantly différent; 
number of roots is significantly different at P <_ 0.05 and all other parameters at P <_ 0.01 

Table 2. Multiple linear regression of rhizome biomass (BRh) on other parameters 

Parameter Partial regression coefficient 
Ti T2 

Number of shoots (NS) 0.116821 
* 

0.194644ns 

Height of tallest shoot (HT) 
-0.002883ns -0.021856ns 

Shoot biomass (BS) 0.190889** 0.164393** 

Number of roots (NR) -0.017513ns -0.004694ns 

Length of longest root (CR) 0.011566ns -0.005673ns 

Root biomass (BR) 0.236404ns 0.082412ns 

F value of ANOVA 31.74 84.47 

Coefficient of determination 91.36 73.79 

*,**, significant at P <_ 0.05 and 0.01, respectively; ns, non-significant 

Table 3. Intercorrelation between all growth parameters in Ti (13 x 18 cm) and T2 (18 x 40 cm) 

NS HT BS NR LR BR BRh 

HT TI .349 
T2 .015 

BS Ti .581 .650 
T2 .215 .718 

NR Tl .723 .476 .785 

T2 .733 .379 .644 

LR Ti .210 .113 .159 .183 

T2 .046 -.066 .066 -.110 

BR Tl .662 .492 .834 .807 .235 
T2 .225 .395 .554 .615 .181 

BRh T i .700 .572 .922 .756 .296 .836 
T2 .547 .390 .732 .770 .040 .577 

BT Ti .622 .638 .996 .800 .192 .866 .950 

T2 .300 .651 .937 .744 .113 .798 .819 
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uptake of nutrients. Further, the larger spacing 
between plants in T2 (11.5 cm in T2 as against 8.3 
in Tt) could have enabled better availability of 
sunlight when arranged in the nursery bed. The 
shoot-root-rhizome biomass ratios in Ti and T2 
were 75:10:15 and 65:22:13, respectively. 

An examination of the partial regression coef- 
ficients (Table 2) points to the prominent relation- 
ship between shoot biomass and number of shoots 
on rhizome biomass in Ti whereas in T2, the shoot- 
rhizome biomass relationship alone was 
prominent. 

In correlation analysis (Table 3), rhizome 
biomass was found to be positively correlated with 
shoot biomass (.92), root biomass (.84), number of 
roots (.70) and height of tallest shoot (.57) in Ti and 
with number of roots (.77), shoot biomass (.73), 
root biomass (.58) and number of shoots (.55) in T2. 
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Abstract 

The dynamics of leaf litter in timber stands of Phyllostachys pubescens was studied in 

four locations in South China. Ninety litter traps in 21 blocks and 400 lifter decom- 
position bags in another 20 blocks were set up and continuously monitored over three 
years. Loss of weight as well as leaching of N, P, K, Ça and Mg from the litter were 
determined by periodicfield collections and laboratory analysis. Results indicate that 
there are two annual peaks of litter fall though the dates for these varied with the 
geographic locations of the stands. Litterfall during the first peak was about 80 percent 
of the annual fall. Weight loss of litter was initially rapid but stabilized after 20 weeks. 
Nutrient release differed from element to element and took place after an initial 
accumulation stage. 

Introduction 

The recycled nutrients from decomposing 
forest litter are one of the main nutrient sources for 
maintaining the growth of forest trees (Staaf & 
Berg, 1981; Wareing, in press). It is important to 
study litter decomposition for understanding the 
growth of forest trees in regions where the soil is 
poor and cannot receive nutrients from applied 
fertilizer as well as in other areas where fertilizing 
measures have been adopted. This will provide a 
scientific basis for determining whether an area 
should be fertilized or not. 

Although studies have been carried out on the 
decomposition of litter, most are concentrated on 
the coniferous or broad-leaved forests and not on 
bamboo forests (Berg & Staaf, 1981; Berg et al., 
1981; Will et al., 1983). Information on bamboo 
forests is essential, considering the importance of 
these in South-east Asia. In China, the area under 
bamboo forests is more than 2.7 million ha. In areas 
where bamboo stands are intensively managed, 
applying fertilizer is one of the important measures 
to obtain high yields. This paper reports the results 
of a study conducted on nutrient cycling in stands 
of Phyllostachys pubescens to determine the most 
economical fertilizing method. 

Material and Methods 

Annual Variation in the Quantity of Leaf 
Litter 

Installation of bamboo leaf trap 
The experimental stands were located in Fuyang 
and Anji county of Zhejiang province in the north- 
ern subtropical region, and Fenyi county of Jiangxi 
province and Lianjiang county of Fujian province 
in the middle subtropical region. Five experimental 
plots were randomly selected in each of the above 
four sites and four leaf traps with an area of 0.5 m2 
were installed in each plot. In the last mentioned 
site, experimental plots were selected with cive 
traps for each plot. The traps were designed such 
that once the litter is trapped, it would be retained 
in the containers and the litter within or outside the 
trap would not get intermixed either by the wind 
or small animals or undergo loss from decay due to 
collection of water within them. 

Sampling and weighing 
Leaf litter was collected every fortnight from the 
traps, dried in an electric oven at 85 C for 48h and 
weighed after cooling. 

Decomposition of Leaf Litter 
Preparation of leaf samples 
The fallen bamboo leaves were collected from the 
experimental sites and dried in an electric oven at 
85 C for 48 h. After cooling, a part of the sample 
was analysed for N, P, K, Ça and Mg and the rest 
retained for later use. 

Incubation in Bamboo stands 
In the same five experimental plots at each of the 
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Table 1. Climatic conditions of the experimental sites 

*Average temperature (C) 

Site Annual July Jan. 

Fuyang, Zhejiang 16.1 28.9 3.3 

Anji, Zhejiang 14.5 28.3 2.6 

Fenyi, Jiangxi 17.9 29.0 5.3 

Lianjjang, Fujian 16.9 28.5 9.5 

Table 2. Soil conditions of the experimental sites 

Site Texture pH 

Fuyang, Zhejiang silt or 
clay loam 

Anji, Zhejiang heavy loam, 
light clay 

Fenyi, Jiangxi heavy loam 

Lianjiang, Fujian silt loam 
or clay 

Proceedings of the Intl Bamboo Workshop, Nov 14-18, 1988 

Maximum Minimum Precipitation 
temp.(C) temp.(C) (mm) 

37.8 -8.4 1700.0 

39.2 -8.8 1875.7 

39.9 -8.3 1593.7 

38.0 -3.8 1540.1 

Total Total Exchangeable K 
N % P2 05 % (ppm) 

5.0 0.2068 0.0517 87.38 

5.1 0.1742 0.0699 70.58 

4.9 0.1234 0.0534 67.00 

5.0 0.1449 0.0300 79.50 

sites mentioned above, an area of 1 m2 was random- 
ly selected, cleaned and levelled. Twenty sample 
net bags measuring 15 x 20 or 20 x 25 cm with 1 

mm holes and containing 15 or 27.4 g of dried leaf 
samples, respectively, were laid out on the prepared 
ground. The bags were fixed in place by long iron 
needles. 

Sampling and determination of nutrient content in 
decomposed litter 
After incubation periods of 3, 5, 12, 19, 31, 45, 58, 
71, 84, 97 and 110 weeks, a litter sample bag was 
randomly picked up from each plot. The samples 
were cleaned, dried and weighed. The five leaf 
samples of each site were pooled and the N, P, K, 
Ça and Mg content determined. 

Description of Experimental Site 

The experimental sites (Tables 1 and 2) are 
located in Miaoshanwu, Fuyang county (30°03'N, 
119°57' E) and Hetangwu, Anji county (30°39 N, 
119°41' E) of Zhejiang province in the northetn 
subtropic band, Shangcun, Fenyi county of Jingxi 
province (27°30'N, 114°30'E) and Xiache, Lian- 
jiang county of Fujian province (26023'N, 119022' 
E) in the middle subtropic region. The soil is acidic 
(pH 4.9-5.1) and the texture varies from silt loam 
to light clay. The N content is slightly higher in the 
Zhejiang sites whereas the K content is rich and the 
P content extremely poor in all sites. The soil layer 

in Anji is shallow (less than 30 cm on an average) 
with a high boulder content. The highest site, 
Xiache, Lianjiang county, is located on a slope at 
an altitude of 600 m. Besides, the bamboo culms in 
Fuyang, Fenyi and Lianjiang are generally tall 
whereas those in Anji are shorter and were attacked 
by Pantana sinica Moore and Hipota dorsalis in 
1987. 

Results and Discussion 

Annual Variation in Bamboo Leaf Litter 
Quantity 

Although leaf fall in Phyllostachys pubescens 
stands occurs throughout the year, the quantity 
changes with its growth characteristic and the 
season. Generally, there are two peak values in the 
quantity of litter each year (Fig.1). The first (major) 
one occurs in spring (April, May) and the second 
(miner) one in late autumn (November). The quan- 
tity variation of leaf litter is small between years for 
the even-year stands, but the opposite response is 
obtained for both on-year and off-year stands (Fig. 
2). 

The annual litter quantity and the first peak 
value are usually lower in the on-year than in the 
off-year. In addition, the ratio between the first peak 
value and the annual one in an on-year is also lower 
(17-31%) than in the off-year (43-56%). The 
various management practices (e.g. harvesting of 
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Fig. 1. Dynamics of bamboo leaf lister in différent sites. 
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Table 3. Leaf litter quantity at various sites (kg/ha) 

Site 

Year Fuyang Anji Fenyi Lianjiang 

1986 3098.45 1145.40 923.97 - 
(May-Dec.) (even year) (off-year) (off-year) 

1987 3594.00 2656.58 1755.87 2925.97 

(April-Dec.) (even year) (on-year) (on-year) (off-year) 

1988 1440.18 1507.90 1384.00 197.57 
(Jan.-May) (even year) (off-year) (off-year) (on-year) 

Table 4. Decay and time parameters of leaf litter decomposition in bamboo forests at différent 
sites 

Decay parameters Time parameters (year) 
Site Based on original Specific lors 

dry weight rate Half-life 
(K) (K') (0.6931K) 95% (3/K) 

Fuyang 0.47 0.38 

Anji 0.51 0.40 

Fenyi 0.41 0.33 

Lianjiang 0.71 0.51 

1.46 6.34 

1.37 5.91 

1.70 7.37 

0.98 4.25 

Note: K and K' in the table are calculated from the formula MTIM0 =e-k;K'= 1-ek`, where MT is the dry weight 
of leaf litter incubated ut a certain time; Mo is the initial dry weight of leaf litter: 

uncut bamboos) did not significantly affect litter 
quantity and its time of occurrence. However, 
damage by pests and diseases significantly in- 
creased the litter quantity in the Anji experimental 
site even in an on-year (see Figs.1 and 2, and Table 
3). 

Decomposition of Bamboo Leaf Litter in 
Phyllostachys pubescens Stands 

Effect of site conditions on the decomposition rate 
of bamboo leaf litter 
The site conditions significantly affected the 
decomposition rate as can be seen from Figures 3 

and 4, and Table 4. The leaf litter decomposition 
rate in various sites is in the order, Lianjiang, Anji, 
Fuyang, Fenyi (relative rate is 1: 0.8: 0.7: 0.6). 
Lianjiang is located in the South-east coast at a high 
altitude. The constant temperature and high 
humidity there may favour the development of 
certain kinds of microbes so that the resulting 
population can decompose the material faster than 
if the température fluctuates. Anji is located in the 
North-eastem part but receives a high amount of 
precipitation. In addition, top-cutting was carried 
out there and the soil contains a lot of boulders. The 
temperature and high moisture conditions could 
have favoured the high decomposition rate. In 

Fuyang and Fenyi, however, the bamboo stands 
have dense canopies with no top-cutting. The 
temperature in the forest is lower; besides Fenyi is 
located inland where the annual temperature fluc- 
tuates widely. This probably inhibits the growth 
and activity of microorganisms. 

Dynamics of nutrient elements during decomposi- 
tion of bamboo leaf-litter 
It is known that during decomposition of leaf litter, 
the nutrient elements go through three stages of 
leaching, accumulation and release. In the present 
study it was observed that the concentrations of N, 
P and K were initially low for a short period but 
increased gradually; that of Ça and Mg reduced 
rapidly in the initial ten-week period of incubation 
following which the loss was slower (Fig. 5). 

The increment or reduction in the concentration 
of a certain element cannot completely determine 
the stage of decomposition of the element in the 
decomposing litter. For this, the ratio between the 
actual remaining value of the element in the 
residual litter and the initial value of the saure 
element before decomposition needs to be calcu- 
lated. 

Both Figures 6 and 7 show that when the 
mineral constituents are followed over a three-year 
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Fig. 3. Weight loss of leaf litter when decomposed in bambooforests at various sites. 

Fig. 4. First order kinetics of leaf litter decomposition of bambooforests at various sites. 
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Fig. S. Concentration variation of the main elements in the decomposed leaf litter residue of 
P. pubescens. 
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Fig. 6. Decomposed stage of main nutrient elements in the residual bamboo leaf litter. 
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Fig.7. Dynamics of nutrients in bamboo leaf litter decomposed over three years. 

period in decaying bamboo leaves, N, P, and K 
show a rather high increase. The differences in the 
quantity of the saure element in various sites is 
probably a reflection of the différence in leaching 
intensity of the whole decomposition process 
(Fig.6). 

Conclusions 

Bamboo leaf-litter occurs over the whole year, 
but has two annual peaks - in spring (April or May) 
and late autumn (November). The annual quan- 
tity of leaf-litter is greatly affected by both the 
biological properties of bamboo and the environ- 
mental conditions; an attack of pests or disease 
significantly increases the amount of lister. The 
decomposition of bamboo leaf-litter includes three 
stages of leaching, accumulation and release. N, P 
and K usually have a long accumulative stage, 
while Ça and Mg are released very early. Tempera- 
ture and precipitation significantly affect the 
decomposition of bamboo leaf litter, for they in- 
fluence the level of the microbial population. 
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Abstract 

Investigations were carried out to determine the effect of varying spacing andfertility 
levels on the growth and nitrogen uptake of bamboo. Afield experiment was conducted 
on the bamboo, Dendrocalamus strictus (Roxb.) Nees with three spacings 1 x 1, 2 x 2 

and 3 x 3 m and two fertilizer levels: 100 + 50 + 50 kg and 200 + 100 + 100 kg 

NPKIha per year on clayey loam soil. In the Gloser spacing treatment (1 x 1 m), 9.9 
culms per clump were obtained as compared to 6.5 and 5.2 in the medium (2 x 2 m) 
and wider (3 x 3 m) spacing treatments, respectively, at 572 days after planting. The 
closer spacing resulted in a higher leaf area (LA) per clump, leaf area index (LAI), leaf 
area duration (LAD), rate of dry matter production (DM) and ci-op growth rate (CGR), 
which were instrumental in increasing total dry matter (TDM) production. TDM 
increased from 4 tonnes/ha in the control to 12.5 tonnes/ha with an application of 100 
+ 50 + 50 kg NPK/ha per yean 

Introduction 

The most common bamboo in India is 
Dendrocalamus strictus (Roxb.) Nees which is 
found in the deciduous forests. The productivity of 
this species is low. An experiment was conducted 
to investigate the effect of spacing and fertilizer 
levels on the growth of bamboo during 1977 at the 
Forest Research Station, Prabhunagar, near Dhar- 
wad, Karnataka. 

Methods 

The experiment was conducted on a clayey 
loam soil belonging to the oxisols order. The 
physico-chemical analysis of the soil is presented 
in Table 1. The experimental site lies between 
latitude 15°24' and 15°29' N, and longitude 74°49' 
and 74°53' E. The mean annual rainfall of the area 
is 948 mm with heavy rains in July. The highest 
mean monthly temperature was recorded during 
May (31.2 C) and the lowest mean monthly 
temperature during the month of December (12.2 
C). 

The experiment comprised three spacing treat- 
ments, 1 x 1 2 x 2 and 3 x 3 m and two fertilizer 
levels, 100 kg N2+ 50 kg P205 + 50 kg K20 /ha per 
year and 200 kg N + 100 kg P205 + 100 kg K20/ha 

per year and the unfertilized control. The experi- 
ment was laid out in a split-plot design with four 
replications in plots measuring 18 x 18 m. One- 
year-old seedlings of bamboo were planted on 1 

July, 1977. Fertilizers (urea, single superphosphate 
and muriate of potash) were applied on 20 August, 
1977 and on 5 July, 1978. 

The diameter of the culms was measured at the 
base, 5 cm above the first visible mode. Leaf area 
per clump was computed from the oven-dry weight 
of the leaves in the clump and leaf area was deter- 
mined with the help of a planimeter. LAD was 
worked out as per the formula suggested by Power 
et al. (1967). CGR was worked out using Watson's 
formula (1952). 

Results and Discussion 

Effect of Spacing 

An increase in the number of culms per clump 
and a corresponding enlargement in the height and 
diameter of the clumps were noted in the closer 
spacing treatment as compared to medium and 
wider spacing treatments at 207, 388 and 572 days 
after planting (Table 2). Kim et al. (1976) observed 
better establishment of Phyllostachys nigra and P. 
edulis as the plant density was increased from 500 
to 2000 plants/ha. 
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Table 1. Physical and chemical analysis of the soif at the experimental site 

Depth (cm) 
Property 

0-15 15-30 30-60 

Physical properties (%) 

Coarse rand 14.09 15.01 14.57 

Fine sand 22.88 22.55 23.26 

Silt 30.83 32.73 33.05 

Clay 32.10 30.96 30.90 

Chemical properties 

Organic carbon (%) 0.63 0.64 0.60 

Total nitrogen (%) 0.044 0.030 0.032 

Available phosphorus (ppm) 4.93 - - 

Available potassium (ppm) 118.0 - - 

pH (1:2.5 soil: water suspension) 7.6 7.7 7.5 

FC(millimhos/cm at 25 C) 0.0115 0.075 0.092 

CFC (meg/100 g) 31.42 - - 

Table 2. Number of culms per clump, average height and diameter of culms of bamboo as 
influenced by spacing and fertilizer levels 

Days after planting 

Treatment 207 388 572 

No. 
of Height 
culms/ of 

Dia- 
meter 

No. 
of 
culms/ 

Height 
of 

Dia- 
meter 

No. 
of 
culms/ 

Height 
of 

Diameter 
of culms 

clump culms 
(cm) (cm) 

of culms clump culms 
(cm) (cm) 

of culms clump culms 
(cm) (cm) 

(cm) 

Spacing (m) 

1 x l 3.60 101.26 0.87 7.78 153.82 1.23 9.88 185.98 1.38 

2 x2 1.73 91.00 0.72 4.88 112.25 0.93 6.40 123.75 1.04 

3 x3 1.75 88.54 0.68 4.70 109.20 0.89 6.20 119.38 0.99 

L.S.D.(0.05) 1.24 NS 0.15 0.41 21.34 0.15 2.34 32.57 0.20 

Fertilizer levels (kg/ha/year) 

N P2O5 K2O 

0 0 0 1.95 75.96 0.67 4.76 102.84 0.84 5.87 110.07 0.92 

100 50 50 2.56 106.72 0.84 5.61 136.78 1.11 6.92 161.42 1.25 

200100 100 2.56 98.12 0.77 6.91 135.65 1.10 9.69 157.62 1.24 

L.S.D.(0.05) NS 16.43 0.10 1.38 17.45 1.11 1.94 27.94 0.16 

NS, Not significant 
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Table 3. Leaf area (LA) (dm2/clump) and leaf area index (LAI) of bamboo as influenced by 
spacing and fertilizer levels 

Treatment Days after planting 

207 388 572 

LA LAI LA LAI LA LAI 

Spacing (m) 

1 x 1 28.9 0.29 370.3 3.70 477.4 4.77 

2 x 2 14.5 0.04 228.2 0.57 241.1 0.85 

3 x 2 11.3 0.01 170.6 0.19 287.4 0.32 

L.S.D.(0.05) 11.9 0.12 NS 0.60 98.1 0.28 

Fertilizer levels (kg/ha/year) 

N P205 K20 

0 0 0 12.9 0.07 89.6 0.47 129.4 0.68 

100 50 50 20.0 0.11 299.3 1.86 410.4 2.37 

200 100 100 21.8 0.15 380.2 2.13 566.1 2.89 

L.S.D (0.05) NS NS 120.3 0.58 127.3 0.71 

NS, not significant 

Table 4. Effect of spacing and fertilizer levels on the leaf ares duration (LAD:days), rate of 
dry matter production (DM: g/clump/day) and crop growth rate (CGR:mg/dm2/day) 

Treatment 
Planting to 207 days 208 to 388 days 389 to 572 days 

LAD DM CGR LAD DM CGR LAD DM CGR 

Sôacing (ml 

1 x 1 42 0.44 5.0 361 2.91 44.6 779 10.72 108.4 

2 x 2 15 0.20 0.5 55 1.99 8.3 131 6.60 18.6 

3 x 3 13 0.14 0.2 18 0.98 1.8 47 6.34 7.7 

L.S.D. (0.05) 13 NS 3.2 46 1.02 5.5 66 NS 38.8 

Fertilizer levels 
(kg/ha/year) 

N P205 K20 
0 0 0 19 0.13 0.8 49 1.14 10.1 106 1.77 12.7 

100 50 50 23 0.32 2.2 179 2.02 20.8 389 9.94 54.4 

200 100 100 28 0.32 2.7 206 2.72 23.8 462 11.95 67.6 

L.S.D. (0.05) NS 0.19 NS 53 0.73 9.0 107 4.42 34.0 

NS, not significant 
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Table 5. Effect of spacing and fertilizer levels on total dry matter (TDM) production and 
nitrogen uptake (kg/ha) 

Days after planting 

207 

Treatment TDM 

388 572 

TDM TDM 

(g/ 
clump) 

(tonnes/ 
ha) 

Nitrogen 
uptake 
(kg/ha) 

(g/ 
clump) 

(tonnes/ 
ha) 

Nitrogen 
uptake 
(kg/ha) 

(g/ 
clump) 

(tonnes/ 
ha) 

Nitrogen 
uptake 
(kg/ha) 

Spacing (m) 

1 x 1 114 1.14 10.73 641 6.41 42.08 2613 26.13 38.51 

2 x 2 64 0.16 1.77 425 1.06 5.79 1638 4.09 7.39 

3 x 3 52 0.06 0.68 229 0.25 1.75 1395 1.55 3.78 

L.S.D. (0.05) 42 0.50 4.18 205 1.58 15.03 NS 8.12 14.23 

Fertilizer levels 
k alyear) 

N P205 K20 

0 0 0 49 0.27 2.62 255 1.71 9.32 581 4.00 6.44 

100 50 50 89 0.51 4.51 456 2.70 18.87 288 12.51 16.15 

200 100 100 90 0.58 6.05 583 3.31 21.43 2781 15.26 27.09 

L.S.D. (0.05) NS NS NS 123 0.53 5.80 851 6.17 10.91 

NS, not significant 

Increased LA per clump and LAI were ob- 
served in the Gloser spacing treatment as compared 
to wider spacings (Table 3). Niciporovic (1960) 
opined that if the crop could achieve an optimum 
LAI within a very short period and then maintain it 
throughout the growing season, enormous yields 
could be achieved. Arnon (1975) observed that as 
long as LAI is less than one, son-te of the incident 
solar energy which is not intercepted by the leaves, 
reaches the soil. Under wider spacings, during 
much of the growing season, much of the solar 
energy was not made use of by the canopy, because 
of the very low LA and LAI. This was reflected in 
the significant positive correlation (r = 0.6529) 
between LAI and TDM. Closer spacings also 
resulted in higher LAD, rate of dry matter produc- 
tion and CGR (Table 4). As a result of the higher 
LA per clump, LAI, LAD and CGR, the TDM 
production in Closer spacing increased over wider 
spacing (Table 5). 

The nitrogen uptake was also higher under 
Closer spacing (Table 5). Moursi (1974) observed 
that dense planting results in good ramification of 
roots within the soil, which mostly accounts for the 
increased capacity of roots per unit soil volume to 
absorb nutrients and water. A slight reduction in 

the nitrogen uptake in all the spacings at 572 days 
as compared to that at 388 days was probably due 
to the periodic shedding of leaves by the bamboo. 

Effect of Fertilizer Levels 

Application of 200 kg N, 100 kg P205 and 100 
kg K20/ha per year, increased the number of culms 
produced at 388 and 572 days after planting over 
the unfertilized control. The number of culms 
produced per clump at 572 days was 9.7, whereas 
it was only 5.9 in the unfertilized control. An 
improvement in the height and diameter of the 
culms in the fertilized plots was noticed. Ferrer 
(1949) recorded a higher number of new shoots of 
bamboo in fertilized clumps than in the control. 
Ueda (1960) observed that one year after the ap- 
plication of fertilizers , the number of culms 
produced by Leleba multiplex increased several 
times as compared to the culms produced in the 
non-fertilized plots. Suzuki and Narita (1975) 
reported that the number of sprouts from the fertil- 
ized plots was 1.7 to 1.9 Limes that of the control. 

Fertilizer levels did not significantly influence 
the TDM production in the early stage of the crop 
(Table 5). This may be because there was no 
marked increase in the LA per clump, LAI, LAD 
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and CGR (planting to 207 days). At later stages 
(388 and 572 days), however, there was an im- 
provement in TDM production after the application 
of fertilizer. The TDM production at 572 days after 
planting increased from 4.0 tonnes/ha in the unfer- 
tilized control to 12.5 tonnes/ha after fertilizer 
treatment (100 kg N, 50 kg P205 and 50 K20/ha per 
year). Increase in the dry matter production due to 
fertilizer application has been observed by many 
workers (Anonymous 1957 a,b; 1958). Hsieh 
(1970) also reported significant increases in the 
yield of bamboo (Sinocalamus latiflorus) in 
response to combined application of N, P and K. 

The increased TDM production due to fertilizer 
application at later stages was due to the increased 
LA, LAI and LAD per clump. The improvement 
in leaf characteristics after fertilizer treatment may 
have resulted in greater and more efficient intercep- 
tion of solar radiation over the extended growing 
season and which ultimately might have resulted in 
increased biomass production. Watson (1952) em- 
phasized the importance of the size and activity of 
the leaf surface as the two components goveming 
crop growth rate. There was an increase in the 
uptake of nitrogen by the plants, to the extent of 150 
and 320 percent with the application of medium 
and high levels of fertilizers, respectively. 
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Effect of N, P and K on Growth of Bambusa 
arundinacea Seedlings in pots* 

Thomas P. Thomas 
Division of Soil Science, Kerala Forest Research Institute, 

Peechi 680 653, Kerala, India. 

Abstract 

A 33 factorial experiment with N, P and K was conducted on the growth of Bambusa 
arundinacea seedlings in pots. N was applied at 20, 40 and 60 g, P at 9, 18 and 27 g 
and K at 25, 50 and 75 g per pot to B. arundinacea seedlings and the biomass estimated. 
The results indicate thatN, P and K atall levels and combinations increased the biomass 
production significantly over the control except for N3 P3 K3 which showed a retarding 
effect. Among levels 1, 2 and 3, a significant différence was observed only in the case 
of N and specifically in shoot and rhizome production. Interaction between N and P was 
significant in the production of leaf, shoot, root and rhizome while K interacted with N, 
P and NP in the production of shoots. N was found to be the most important element for 
enhancing biomass production, while P was effective in combination with N. K exerted 
only a minimum influence. N2P3K, was selected as the best treatment combination 
through ranking of the treatments. 

Introduction 

The most common species of bamboo in Kerala 
is Bambusa arundinacea. It grows well on acidic 
non-calcareous soils of varying texture formed 
mainly from granitic gneisses and basait and 
prefers humid conditions. It tolerates water-logging 
to some extent (Khader Hussain, 1980). Although 
B. arundinacea thrives on a variety of soils, its 
growth is reduced on coarser soils of low nutrient 
status and moisture. It is generally found on soils 
rich in organic matter, nitrogen, iron, aluminium, 
manganese and potassium (Yadav et al., 1963). 
From a study of the chemical composition of plant 
ash, Varitseva (1977) came to the conclusion that 
bamboo falls in the group of Mn-Al-Fe-Si loving 
plants. 

Being an extremely fast-growing species, bam- 
boo can be expected to consume large quantities of 
nutrients. Studies carried out elsewhere have 
shown that the supply of nutrients considerably 
increases growth and biomass production 
(Anonymous 1961; Adamson et al., 1978; Khader 
Hussain 1980; Madhusoodhana Rao et al., 1980; 
Patil et al., 1980; Uchimura, 1980; Kinhal, 1985; 
Huang, 1987; Qiu & Maoyi, 1987; Shi et al., 1987). 

The present study was undertaken to determine the 
influence of various levels of nitrogen, phosphorus 
and potassium on the growth and biomass produc- 
tion of seedlings of B. arundinacea. 

Material and Methods 

Subsoil from the campus was used for the ex- 
periment. This was donc in order to determine the 
response on poor soils so that the results could be 
applied while planting in degraded sites. The sub- 
soil is acidic sandy loam with medium gravel con- 
tent, massive structure, rich in sesquioxides, and 
poor in organic carbon and nutrients. It was sieved 
through an 8 mm sieve, mixed thoroughly and filled 
into concrete pots of 35 cm height and 26 cm 
internai diameter. The pot could contain 21 kg of 
soil. Six-month-old seedlings of B. arundinacea 
raised in polybags were transplanted in the concrete 
pots on 5 February, 1988. Nitrogen, phosphorus 
and potassium were applied at three levels each in 
a3 3 factorial design with three replicates. Fertilizer 
was applied one month after transplanting in the 
form of a band around the plant and covered with 
soil. N was applied at levels of 20, 40 and 60 g, P 
at 9, 18 and 27 g and K at 25, 50 and 75 g per pot. 

* KFRI scientific paper no. 183 
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Table 1. Analysis of variance - biomass production 

Proceedings of the Int'I Bamboo Workshop, Nov 14-18, 1988 

Source Leaf 
F values 
Shoot Root Rhizome 

N 2.2540 6.9090** 1.3648 6.4604** 

P 0.7270 2.5261 1.0227 1.4473 

K 1.1168 1.3558 0.0592 2.1988 

NP 7.3782** 12.9909** 4.9278** 5.8905** 

NK 0.7075 4.2335** 0.0606 2.3245 

PK 1.2954 4.9978** 0.1378 0.6386 

NPK 0.7456 2.7951 * 0.5463 0.7774 

*, significant at 5%; **, significant at 1 % 

A control was maintained separately. Watering was 
done to maintain soil moisture. 

The plants were harvested seven months after 
transplanting, washed clean, the leaf, shoot, root 
and rhizome separated and oven-dried at 80 C for 
24 h. The data were analysed statistically using 
analysis of variance and Duncan's new multiple 
range test (Keppel, 1973). Ranking of treatments 
was dope with respect to each character and the best 
treatment combination selected. 

Results 

Leaf 

Significant increases in leaf biomass occurred 
at all levels of N, P and K over the control (Fig.1). 
The increase by Ni, P1 and K1 when compared with 
the control was 133, 131 and 136 percent, respec- 
tively. Although the second levels of N, P and K 
produced slightly higher yields than the first, the 
third level was not as effective. There was no sig- 

nificant différence among the three levels of N, P 
or K while the interaction between N and P was 
significant. 

Shoot 

N, P and K produced significantly higher shoot 
biomass at all levels when compared with the con- 
trol (Fig. 2). Ni increased il by 256 percent over the 
control. The increase by P1 was 235 percent and 
that by Ki, 229 percent. The use of the second level 
of all the three elements was slightly most effective 
in improving growth. There was a significant dif- 
ference between the three levels of N on shoot 
biomass and all the three elements interacted sig- 
nificantly in shoot production. 

Root 

Ni, Pi and K1 increased it by 153, 150 and 152 
percent, respectively, over the control (Fig. 3). N2, 
P2 and K2 brought about a further increase in root 
growth as compared to the first level whereas the 

60.00 
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third level either decreased il or did not cause any 
increase. The différences between the first, second 
and third levels were not significant whereas inter- 
action between N and P was significant. 

Rhizome 

Rhizome growth increased significantly at ail 
levels of N, P and K in comparison with the control 
(Fig. 4). The increase by Ni, Pi and Ki over the 
control was 109, 135 and 123 percent, respectively. 
There was a notable increase in rhizome growth at 
the second level over the first for ail the three 
elements. N levels differed significantly in their 
effect on rhizome production whereas there was no 
significant différence between the P and K levels. 
Interaction was significant only between N and P. 

Discussion 

N, P and K at ail levels and combinations sig- 
nificantly enhanced growth and dry matter produc- 
tion of B. arundinacea seedlings over the control. 
Among the treatments, no significant differences 
were observed except with N, which showed a 
significant effect in shoot and rhizome production. 
Significant interaction occurred only between N 
and P in increasing the dry matter yield of leaf, 
shoot, root as well as rhizome, whereas in shoot 
production, N, P and K interactions were sig- 
nificant. N bas previously been found to improve 
the growth of other species of bamboo (Adamson 
et al., 1978; Patil et al., 1980; Shi et al., 1987; Qiu 
& Maoyi, 1987). P was also found to be useful, 
though its effect was significant mostly in combina- 
tion with N. This interaction was consistent for ail 
the growth parameters considered. K appeared to 
be less essential than N and P. It, however, exerted 
a greater influence on shoot production where it 
interacted significantly with N, P and N X P. Huang 
(1987) also observed the interaction between N, P 
and K on the growth of Phyllostachys pubescens. 

The best treatment combination was found to 
be N2P3K1 by the ranking of treatments. It in- 
creased the yield of leaves, shoot, root and rhizome 
by 221, 410, 235 and 183 percent, respectively, 
over the control. Considering the high content of Fe 
and Al in the soil used in the present study, it is 
possible that the availability of P was low resulting 
in a better response when P3 was added. The 
highest level combination N3P3K3 was detrimental 
to biomass production. 

Conclusion 

The results of this study indicate that N, P and 
K application can boost the growth and biomass 

Proceedings of the lnt'l Bamboo Workshop, Nov 14-18, 1988 

production of B. arundinacea seedlings. Among 
the three elements, N bas been found to exert the 
greatest influence, followed by P and K. N x P 
interaction was significant in the production of leaf, 
shoot, root and rhizome biomass. 
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Abstract 

Fertilization experiments were conducted on Thyrsostachys siamensis, Dendrocalamus 
asper, Bambusa sp. and D. strictus in three-year-old plantations at Dong-larn in 
Khon Kaen. The randomized block design with four treatments was used in these 
experiments. The treatments were différent fertilization rates of 15-15-15 NPK fertilizer 
at 0, 100, 200 and 300 kg/ha. The results showed that 100 kglha of fertilizer was 
sufficient for increasing the production of Thyrsostachys siamensis, Dendrocalamus 
asper, and Bambusa sp. However, for Dendrocalamus strictus, 200 kg/ha offertilizer 
wasfound to be necessary. 

Introduction 

Traditionally, bamboo has been referred to as a 
minor forest produce. However, the status of bam- 
boo has changed considerably and it is rapidly 
emerging as an important plant group in many 
forestry programmes. During the past few decades, 
several Asian countries have embarked on large- 
scale cultivation of economically important 
species. In Thailand, the species include Thyrso- 
stachys siamensis, Dendrocalamus asper; Bambusa 
sp. and D. strictus. While conventional silvicultural 
treatments or tending operations are being carried 
out in these plantations, fertilization has never been 
attempted. Experiments were, therefore, carried 
out in the bamboo plantations to determine the 
optimum level of fertilizer needed for increasing 
production. 

for uniformity and divided into ten and seven 
groups or blocks, respectively, with four clumps in 
each block. The randomized block design with four 
treatments was used in these experiments. The 
treatments comprised the following fertilization 
rates with 15-15-15 NPK fertilizer: 0, 100, 200, 
300 kg/ha. 

The crown size of each selected plant (clump) 
was measured and its crown cover area calculated. 
The fertilizer was applied according to the treat- 
ment and the crown cover area. The application was 
carried out successively once a year in 1986 and 
1987 at the beginning of the growing season. The 
number and diameter at breast height (dbh) of new 
culms produced were measured and analysed by 
the analysis of variance. 

Results and Discussion 

Materials and Method 

The experiments were carried out on four bam- 
boo species at Dong-larn plantation in Khon Kaen. 
The species included Thyrsostachys siamensis, 
Dendrocalamus asper, "Pai Warn" (Bambusa sp.) 
and D. strictes. These were planted in 1983 and 
were, therefore, three years old when the studies 
were first begun in 1986. Their planting spacings 
are 4 x 4, 8 x 8, 8 x 8 and 4 x 4 m, respectively. 
Forty plants of T. siamensis and D. strictus, and 28 
plants of D. asper and Bambusa sp. were selected 

The 15-15-15 NPK fertilizer showed a sig- 
nificant effect in increasing the yields of Thyrsos- 
tachys siamensis, Dendrocalamus asper, Bambusa 
sp. and D. strictus (Table 1). The effects are shown 
clearly in Figure 1 and their statistical analyses by 
the method of the least significant difference (LSD) 
are given in Table 2. A significant effect of the 
fertilizer on the size of new culms annually formed 
was obtained in T. siamensis (Table 1), but not in 
the case of D. asper, Bambusa sp. and D. strictus 
(Table 1). Further analyses by the LSD test revealed 
that the mean value of the control in T. siamensis 
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Table 1. Analysis of variance (F-values) of number and dbh of new culms 

Species No. of culms Dbh 

Thyrsostachys siamensis 6.22** 5.54** 

Dendrocalamus strictus 
12.85** 

1.35°, 

Bambusa sp. 
12.07** 

0.97ns 

Dendrocalamus asper 3.12* 0.75n* 

*, significant; **, highly significant; ns, non-significant 

Table 2. Comparison (by least significant différence LSD) of mean number of new culms 
produced by four bamboo species treated by 15-15-15 fertilizer at différent rates 

Fertilizer rates (kg/ha) 

Species Control(0) 100 200 300 

Thyrsostachys siamensis 10.0 14.5 14.9 14.8 

Dendrocalamus asper 3.1 4.3 5.0 5.4 

Bambusa sp. 18.0 23.7 25.7 27.3 

Dendrocalamus strictus 5.2 6.7 7.4 7.9 

mean values not underscored by a continuous line are significantly différent at the 95% confidence level 

differed significantly from the means of the treat- 
ments at 100, 200 and 300 kg/ha, but the latter were 
not significantly différent among themselves. 

In Thyrsostachys siamensis, Dendrocalamus 
asper and Bambusa sp., 100 kg of 15-15-15 NPK 
fertilizer/ha was adequate for increasing their 
production. Though the higher rates of 200 or 300 
kg/ha seemed to increase their yield, statistical 
analyses showed insignificant differences especial- 
ly in the yields of T. siamensis and Bambusa sp. For 
D. strictus also, fertilization at 100 kg/ha increased 
its yield but this did not differ significantly from 
that of the control (Table 2). In comparison, the 
treatments 200 and 300 kg/ha differed greatly from 
the control, but not significantly from that of the 
treatment 100 kg/ha. 

The size of the new culms produced annually 
by the bamboos seems to be affected by the strength 
of their underground rhizomes and food produced 
by their mother culms (Ueda, 1960, 1968; Suwan- 
napinunt et al., 1982). When the bamboos grow to 
their maturation stage, their culm size becomes 
constant; no amount of fertilization will enhance 

their size but will rather affect their yield (Ueda, 
1960). The plants used in these experiments were 
three years old and all the species, excepting Thyr- 
sostachys siamensis, were regenerated by offset 
planting. The former will reach maturation early 
and their sizes were, therefore, nearly similar to 
those of the mature plants. Fertilization of 
Dendrocalamus asper, Bambusa sp. and D. strictus 
did not, therefore, yield significant results. How- 
ever, for T. siamensis, the plants were regenerated 
from the seedlings and fertilization caused a 
marked effect on the size of the new culms. 

Conclusion 

The use of 15-15-15 NPK fertilizer had a 
pronounced effect on the yield of Thyrsostachys 
siamensis, Dendrocalamus asper, Bambusa sp. and 
D. strictus. Fertilizer application at 100 kg/ha is 
sufficient to increase the yield of T. siamensis, D. 
asper and Bambusa sp. For D. strictus, use of 200 
kg/ha of 15-15-15 NPK fertilizer was found to be 
appropriate. 
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Abstract 

Fertilizer trials were carried out in stands of Phyllostachys pubescens in the South-east 
part of China. A total of 40 plots were laid out, each measuring 400 m2. Three treatments 
at two levels were carried out: (1) fertilizer (two levels), (2) fertilizer application time 
(spring and autumn) and (3) fertilizer application method (infurrows or stumps). The 
fertilizers used were compounds of N, P, K and Si. Results showed that spring application 
in furrows at 375 kglha gave a yield of 7870 kg of culms. This gave the farmers a net 
income of RMB 830.00 or USD 225.00. 

Introduction 

The nutrients needed for the growth of trees 
mainly corne from mineralization of soil, rain, 
decomposition of litter, soil animais and microor- 
ganisms, fertilization, and from nutrient mobiliza- 
tion among the organs or tissues of the trees. 
Among these, the only factor which cari be control- 
led artificially is fertilization. In China, fertilization 
is carried out to increase the productivity of Phyl- 
lostachys pubescens. 

Since the development of the fertilizer industry 
in China and with increasing demand of bamboo 
materials, the fertilized area of the forests under 
bamboo has expanded. A number of fertilization 
studies of bamboo stands have been carried out in 
the past 30 years, to arrive at economic levels for 
bamboo forests. It is with a similar purpose that the 
current investigation was undertaken. 

Experimental Sites 

Four experimental sites were established during 
the spring of 1985: (1) Miao Shan Wu, Fuyang 
county, Zhejiang province (30° 03' N, 119° 57' E), 
(2) Hetangwu, Anji county, Zhejiang province (30° 
39' N, 119° 41' E), (3) Shangcuen, Fenyi county, 
Jiangxi province (27° 30' N, 114° 30' E), and (4) 
Xiache, Lianjiang county, Fujian province (26° 23 
N, 119° 22'E). 

All the sites are located in the main productive 
region of P. pubescens. The soils found here are 
silty loam, heavy loam, clay loam or light clay soil 

which show strong acidity (pH 4.9- 5.1). The soils 
in Zhejiang are rich in nitrogen while the soils in 
Jiangxi or Fujian province have a lower concentra- 
tion of nitrogen. Though ail the soils in the region 
are rich in potassium, they are deficient in phos- 
phorus. Besides, the soil layer is less than 30 cm 
deep on an average and contains large quantities of 
grave], especially at the experimental site of Anji, 
Zhejiang province. The density of the standing 
bamboo is consequently low with around 2250- 
3000 culms/ha, and the brow-height girth is small 
(31.7 cm). Tables 1 and 2 give details on the climate 
and soil conditions at the experimental sites. 

Design and Method of Experiment 

Selection of the Experimental Plot 

Unlike trees, P. pubescens has an underground 
rhizome which enlarges and grows laterally. Be- 
sides, as the bamboo groves are often distributed on 
hills and mountains with a complex topography, it 
is necessary to determine the optimum area of the 
experimental plots. So several bamboo stands with 
size of 40 x 40 or 32 x 32 m were randomly selected 
and divided into equal plots of 4 x 4 m. The total 
productivity - the yield of ail standing culms, and 
the current year's productivity - the yield of new 
culms were determined in ail the plots and the 
coefficient of variability (C.V.) calculated. The 
conjunctive plots were then put together step by 
step and the yield and C.V. recalculated each time. 
Figures 1 and 2 show the relationship between plot 
area and C.V. It is seen that the C.V. of yield of new 
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Table 1. Climatic conditions at the experimental sites 

Site Average temperature (C) 

Annual July Jan. 
Highest 
temperature (C) 

Lowest 
temperature (C) 

Anji, Zhejiang 14.5 28.3 2.6 39.2 -8.8 

Fuyang, Zhejiang 16.1 28.9 3.3 37.8 -8.4 

Fenyi, Jiangxi 17.9 29.0 5.3 39.9 -8.3 

Lianjiang, Fujian 16.9 28.5 9.5 38.0 -3.8 

Precipitation 
(mm) 

1875.7 

1700.0 

1539.7 

1540.1 

Table 2. Soil conditions at the experimental sites 

Site Texture 
pH 
(water extract) 

Total 
N (%) 

Total 
P2O5 (%) 

Exchangeable 
K(ppm) 

Anji, 
Zhejiang 

heavy loam 
light-clay 5.1 0.1742 0.0699 70.58 

Fuyang, 
Zhejiang 

silt loam 
clay loam 5.0 0.2068 0.0517 87.38 

Fenyi, 
Jiangxi heavy loam 4.9 0.1234 0.0534 67.02 

Lianjiang, 
Fujian 

silt loam 
silty clay 5.0 0.1449 0.0300 79.53 

Cv (%) 50-v A 
C 

40 

30 o-- o 
0 

o 
b ti 

200 400 600 800 S (M2) 

Fig. 1. C.V. of total standing culms in plots with différent areas. A, B and C are sites at Anji, Fuyang 
and Fenyi, respectively. 
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Fig. 2. C.V. of new culms in plots with différent areas. A, B and C are sites at Anji, Fuyang and Fenji, 
respectively. 

culms or total standing culms reduces when the plot 
area is broadened. Based on the result obtained and 
taking into account the growth characteristics of the 
rhizome system, the optimum area of the ex- 
perimental plots was determined as 400 m2. 

Establishment of Buffer Zone and Isolating 
Ditch 

A buffer zone with a width of 10 m was made 
between the conjunctive plots and an isolation ditch 
40 cm avide and 50 cm deep was dug in the middle 
of the zone. The treatment within the buffer zone 
was similar to that in the conjunctive plot. 

Experimental Design and Data Processing 

This was based on the methods of Steel and 
Torrie (1960) and Zhac and Yu (1984). 

Experimental design 
Fifteen plots, located at each experimental site, 

were divided into three blocks each. Each block 
included a control plot (without fertilization) and 
four plots with the experimental combination of 
two fertilizing Limes (February- March, August- 
September), two fertilizing methods (fertilizing in 
furrow or in stump), and two levels of fertilization 
(N P K Si compound fertilizer at 375 or 750 kg/ha 
(see Table 3). All the treatments were randomly 
arranged in each block. The fertilization was car- 
ried out annually according to the design beginning 
from the autumn of 1985. 

Data processing 
Observations were made on shoot production and 
number and the yield of current culms, une year 
after the fertilization treatment. Using the product 
of the standing culm number (N), the average 
diameter of ail culms at breast height (dbh) and the 
average height of ail clear culms (Hc) in each plot 
before treatment as a covariate, the analysis of 
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Table 3. Fertilization treatments in P. pubescens timber stand 

Factor 
Treatment 1 2 3 Description of treatments 

1 1 1 1 Spring and furrow application 375 kg/ha 

2 1 2 2 Spring and stump application 750 kg/ha 

3 2 1 2 Autumn and furrow application 750 kg/ha 

4 2 2 1 Autumn and stump application 375 kg/ha 

5 0 0 0 Control (unfertilized) 

Table 4. Adjusted yield in différent plots (kg) 

Treatment 1 2 3 4 5 6 7 8 Mean Percentage 

A(1) 1348.2 1089.8 1313.4 1230.8 1038.5 906.3 1003.7 851.5 1097.8 129.5 

A(2) 1541.4 1376.1 942.8 1155.9 1050.7 774.0 973.3 839.3 1081.7 127.6 

A(3) 1030.7 1069.0 1028.1 871.5 1231.6 721.0 872.3 813.2 954.7 112.6 

A(4) 1281.2 1068.1 943.7 1020.2 1216.0 750.5 910.6 754.9 993.2 117.2 

A(5) 858.4 1035.9 721.8 940.2 801.0 761.0 778.4 883.6 847.5 100.0 

T(R) 6059.9 5638.9 4949.8 5218.6 5337.8 3912.8 4538.3 4142.5 39798.6 

Table 5. Visible analysis of plot yield after fertilization 

Factors (1) 

Treatment 
(2) (3) 1 2 3 4 5 6 7 8 T(T) 

(1) 1 1 1 1348.2 1089.8 1313.4 1230.8 1038.5 906.3 1003.7 851.5 8782.2 

(2) 1 2 2 1541.4 1376.1 942.8 1155.9 1050.7 774.0 973.3 839.3 8653.5 

(3) 2 1 2 1030.7 1069.0 1028.1 871.5 1231.6 721.0 872.3 813.2 7637.4 

(4) 2 2 1 1281.2 1068.1 943.7 1020.2 1216.0 750.5 910.6 754.9 7945.2 

K 1 17435.7 16419.6 16727.4 5201.5 4603.0 4228.0 4278.4 4536.8 3151.8 3759.9 3258.9 33018.3 

K2 15582.6 16598.7 16290.9 

M 1 1089.7 1026.2 1045.5 

M 2 973.9 1037.4 1018.2 

R 115.8 11.2 27.3 
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Table 6. Table of variable analysis according to table 5. 

Source SS DF MS F Fa 

Blocks 855389.9122 7 122198.5589 7.94 F0050, 21) = 4.32 

Factor A 107311.862 1 107311.8628 6.97* Fo.010, 21) = 8.02 

Factor B 1002.4003 1 1002.4003 0.07 Fo.05(7, 21) = 2.49 

Factor C 5954.1328 1 5954.1328 0.39 Fo.Oi(7, 21) = 3.64 

Error 323334.3666 21 15396.8746 

Total 1292992.6747 31 

covariance for the current culm yields in all plots 
was carried out. If the F-test was significant, 
the adjusting regression coefficient would need to 
be calculated for adjusting yields of current culms 
to comparable levels. Visual and variance analysis 
of the adjusted yield data was also done. 

Other measures 
In order to enable direct utilization of the ex- 
perimental results, all the experimental plots were 
managed based on silvicultural measures generally 
practised in P. pubescens stands which included 
soil-loosening, weeding, removing the dying-back 
shoots, cutting the the tops of bamboo and harvest- 
ing them in the appropriate season. 

1200 

1000 

cm 800 

600 
w 
r 

400 

200 

0 l 

Results and Discussion 

The F test of the regression variance analysis of 
current culm yields was significant (F=205.97**) 
and hence the adjusting co-efficient b was calcu- 
lated (b = 0.1303). The adjusted yields of all ex- 
perimental plots are given in Table 4. 

It was seen that the fertilizing Lime has a statis- 
tically significant effect on the new culm yield. 
Application of the N P K Si compound commercial 
fertilizer in early spring (about one month before 
bamboo shoots emerge out from the ground 
towards the end of February) was found to be better 
than applying in autumn (at the stage of différen- 
tiation of the bamboo shoot bud: Tables 5, 6; Fig. 

Al A2 81 82 Cl C2 

Spring Autumn Furrow Stump 375kg/ha 750kg/ha 
TIME METHOD DOSAGE 

Fig. 3. Effect of factor levez on yield (A:time; B: method; C: dosage). 

125 



BAMBOOS Current Research Proceedings of the Int'I Bamboo Workshop, Nov 14-18, 1988 

Table 7. Table of variable analysis 

Source SS DF MS F Fa 

Blocks 764280.56 7 109182.94 6.24** Fo.0i(7,28) = 3.36 

Treatments 331617.07 4 82904.27 4.74** Fo.0i(4,28) = 4.07 

Error 490173.38 28 17506.19 

Total 1586071.01 39 

Table 8. Qs values 

P 2 3 4 5 

Qs (.05) 2.90 3.50 3.87 4.12 

Qs (.01) 3.91 4.49 4.84 5.09 

LQs (.05) 135.66 163.73 181.03 192.73 

LQs (.01) 182.91 210.04 226.41 238.11 

Table 9. Results of Qs test 

Treatment x X-847.5 X-954.7 X-993.2 X-1081.7 

1 1097.8 250.2 143.1 104.6 16.1 

2 1081.7 234.2 127.0 88.5 

3 993.2 145.6 38.5 

4 954.7 107.1 

5 847.5 

Table 10. Shoot formation in P. pubescens timber stand after fertilization 

Block 
Treatment 1 2 3 4 5 6 7 8 Mean Percentage 

1 107 100 112 48 42 62 84 55 76 140.7 

2 133 112 86 53 48 58 54 81 78 144.4 

3 116 130 136 53 46 62 62 89 87 161.1 

4 83 64 93 40 47 47 47 69 62 114.8 

5 64 95 77 27 25 55 43 48 54 100.0 
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Table 11. New culms formed in P. pubescens timber stand after fertilization 

Block 

Treatment 1 2 3 4 

1 62 52 58 27 

2 59 53 49 31 

3 65 64 56 29 

4 50 39 35 22 

5 33 48 38 15 

5 6 7 8 Mean Percentage 

28 38 51 35 44 141.9 

27 31 40 39 41 132.2 

32 30 41 44 45 145.2 

24 29 33 39 34 109.7 

15 30 38 37 31 100.0 

3). It is also seen that applying compound commer- 
cial fertilizers at 375 kg/ha in furrow and of 750 
kg/ha in stump in spring significantly increased the 
yield of P. pubescens (Tables 4, 7-9). 

The number of bamboo shoots and percentage 
of grown-up new culms are not the only factors 
determining yield. Yield also depends on the 
quality of culm such as culm circumference, length 
and thickness of culm wall. From a comparison of 
data in Tables 4, 10 and 11 il can be seen that culm 
yield in treatment 3 is lower than that in the other 
treatments, although the highest number of shoots 
and highest percentage of grown-up new culms 
were recorded in this treatment. The yields of 
fertilized plots were higher than in the unfertilized 
control plot. 

The present study has shown that the applica- 
tion every spring of 375 kg/ha of compound fer- 
tilizer in furrow or 750 kg/ha in stump in the main 
productive regions of P. pubescens, such as in 
Zhejiang, Jiangxi and Fujian provinces gives the 
highest obtainable increment in bamboo tituber 
yield of 46.9 percent and 54.3 percent, respectively. 
After deducting the cost of management (including 
fertilizer, loosening of soil, harvesting, weeding 
and other costs), the net profit can be as much as 
842.20 yuan/ha and 797.70 yuan/ha, respectively. 
The application of 375 kg/ha of compound fer- 

tilizer in spring is recommended for timber stands 
of P. pubescens. 
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A New Approach to the Management of 
Bamboo Stands 

A.C. Lakshmana 
Foi-est Department, Bellary Circle, Bellary, Karnataka, India. 

Abstract 

Experiments were conducted to determine the effect of soif working, application of 
fertilizer, inverted V-shaped thinning and irrigation on the productiviry of Bambusa 
ai-undinacea. The improvement in productivity more than justifies the cost involved for 
the above operations. The employment and income generated by bamboo cultivation 
by adoption of the above cultural practices are discussed. 

Introduction 

About 50 years ago, the forests throughout 
Karnataka State were rich in bamboos. The 
availability of an abundant stock of this raw 
material prompted the forester to propose schemes 
for its economic utilization. One of them was the 
setting up of paper mills, and in due course, these 
were established at Bhadravathi and Dandeli. 
Today, there is a serious shortage of bamboo and 
the requirements of neither of the mills nor of the 
other users are being adequately met. Since natural 
regeneration of bamboo is slow and some bamboo 
species flower at very long intervals, efforts were 
made to raise plantations in the 1960s. However, 
the progress has been slow due to the prohibitive 
cost and paucity of funds. Between 1970 and 1980, 
the author made an attempt, on a small scale, to 
raise plantations through nursery- raised seedlings, 
stem cuttings and rhizome plantings. Although 
each of these methods has nome advantages and 
gave good results, the area in which the attempt was 
made was small, the gestation period long and, 
therefore, could not, be sustained due to paucity of 
funds. Attempts to introduce Bambusa vulgaris, B. 

polymorpha and B. brandisii and a few other 
species by early foresters have met with success in 
so far as growth stocking and performance are 
concerned. Here again, the areas where the trials 
were conducted have been small. An alternative 
approach for a more effective and less expensive 
solution to the problem has been tried by the author 
by conducting experiments in the Chickmagalur 
and Shimoga districts. A brief account of this study 
is given here. The mean annual rainfall in the 
experimental site ranged from 800 to 1400 mm. 

Methods 

Three sets of experiments were done. The first 
set involved (a) soil working, (b) fertilizer applica- 
tion and (c) protection. The second set involved, in 
addition to the above three parameters, irrigation 
(401 water per clump once a month). The third set 
in addition to the parameters in set I, included 
inverted V-shaped thinning. 

In experiment I, the soil around the bamboo 
clumps was dug to a depth of 35 cm and a width of 
1 m. Fertilizer was applied to the clumps (0.5 kg 
of 15:15:15 NPK per clump) during the 1986 rainy 
season and observations were made at monthly 
intervals. 

These treatments were carried out during the 
years 1986 and 1987. The size of each expérimen- 
tal set varied from 25 to 40 clumps. The trials were 
conducted over relatively small areas and the 
results suffer from this limitation (wherever more 
data are available, these are also fumished). Data 
on yield (number of clumps, length, girth and 
weight) were collected. For the purpose of com- 
parison, the number of culms produced during 1985 
was taken as control. 

Results and Discussion 

Experiment I 

Soil working, application of fertilizer and 
provision of protection to the plants considerably 
increased productivity (Table 1). Whereas the 
new culm production was only 1.0 culm per clump 
during the control year 1985, after treatment, culm 
production went up to 2.1 culms per clump (in 
1986). 
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Table 1. Effect of soif working, fertilizer application and protection on culm production 

Name of forest No. of New culms produced 
division clumps 1985 1986 

Bhadravathi 7400 6554 18958 

Shimoga 28815 32226 59924 

Koppa 30000 28934 60732 

Total 66215 67714 138614 

New culms per clump 1.02 2.09 

Increase over 
1985 production 

12204 

27698 

31798 

71700 

Table 2. Rate of growth of new shoots (cm/24 h) observed in 1986 

No. of 25.8.86 26.8.86 Mean increase 
Treatment culms measured in height per day 

Control 23 89.0 96.7 7.7 

Treated 25 113.1 123.8 10.7 

Table 3. Effect of irrigation, soil working, application of fertilizer and protection on culm 
production 

Treatment No. of clumps No. of culms No. of new culms New culms/clump 

Control 102 1714 132 1.3 

Trial 1 40 472 150 3.8 

Trial 2 40 543 117 2.9 

Trial3 40 651 173 4.3 

Trial4 40 495 162 4.1 

Trial 1 - 0.5 kg NPK; Trial 2 - 1 kg NPK; Trial 3 - 0.5 kg of urea and rock phosphate; Trial 4 -1 kg of urea and 
rock phosphate 

The rate of growth of new shoots observed in 
a control plot and a treated plot is given in Table 2. 
In the control plot, the average rate of growth was 
7.7 cm in 24 h, whereas in the treated plot it was 
10.7 cm. It was further seen that the average height 
of culms was 89 cm in the control plot whereas it 
was 113 cm in the treated plot. 

Experiment II 

Il can be seen front Table 3 that the control plot 
produced 1.3 culms /clump and the treated plots 
yielded 2.9-4.3 culms /clump. The yield was better 
when 0.5 kg of fertilizer was applied than when 1.0 
kg was applied. Also, urea and rock phosphate 

gave a better performance than NPK. 
Ten culms each were measured for their 

average girth and height in the control and treated 
plots. A notable improvement in both diameter and 
height was observed in the treated plots (Table 4). 
In their formative years, bamboo clumps grow 
taller at a rapid rate, but it is to be noted that in the 
present experiments, the bamboo clumps were over 
20 years of age when these experiments were 
begun. 

Bamboos were felled during 1988 to record 
their length, girth, weight, etc. The average weight 
of each green bamboo was 47.5 kg. If provision is 
made for 45 percent moisture content, the air dry 
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Table 4. Height and diameter of culms in bamboo will weigh about 23 kg. At the rate of 100 
control and treated plots bamboos/ha during the control year, the yield is 2.3 
(average of 10 culms) tonnes. During the year in which treatments were 

given this increased to 4.6 tonnes/ha at the rate of 
Treatment (m) Girth (cm) 200 bamboos/ha. 

Control 4.7 

Treated 6.9 

au" 
Fig. 1. Banff arundinaceo chmip one vear (A) and tn'o vears (h) after treatment 

Experiment III 
Seventeen clumps of Bambusa arundinacea, 

and 25 clumps of Dendrocalamus strictus were 
treated with inverted `V' thinning instead of the 
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Table 5. Effect of inverted `V' thinning on culm production 

Control Treated 
Clumps New 

culms 
Culms 
/clump 

Clumps New 
culms 

Culms 
/clump 

Bambusa arundinacea 17 71 4.3 17 61 3.6 
Dendrocalamus strictus 25 165 6.6 25 212 8.8 

Table 6. Cost of treatment in rupees for a 20 ha plot with 100 clumps/ha 

Item Cost 

Cost of 15:15:15 NPK fertilizer at 0.5 kg/plant for 2000 clumps 3100 
Digging the soil, fertilizer application for 2000 clumps at Rs. 3 per clump 6000 
Fencing or cattle-proof trenching 29000 
Watchers (3) for 6 months 7137 

44237 or Rs. 2211/ha 

traditionally practised horseshoe- 
shaped thinning. The inverted `V' 
thinning is casier to execute in the 
field. 

In the case of Bambusa arun- 
dinacea no improvement was ob- 
served (Table 5; Fig.1A, B). The 
clumps treated with inverted V- 
shaped thinning produced only 3.6 
new culms/clump in comparison to 
4.3 in the control. As the thinning 
intensity was not recorded, it is dif- 
ficult to know the real effect of thin- 
ning on each clump. In the case of 
Dendrocalamus strictus, there were 
6.6 culms/clump during 1986 and 8.5 
culms/clump during 1987 after `V' 
thinning was carried out (Fig.2). 

A survey of the bamboo clumps 
revealed that dry, dead and damaged 
culms forma substantial portion of the 
total culms. In Chickmagalore dis- 
trict, the survey revealed that 28 per- 
cent of the total culms in a clump were 
dry, dead and damaged. During the 
process of thinning all such material 
will be extracted resulting in cleaning 
of the clumps. This operation will 
assist the clump in putting out new 
culms and at the saine time give 
protection from fire. In addition, it 
gives an intermediate yield of bam- 
boos. 

Fig. 2. Dendrocalamus strictus clump showing V-shaped 
thinning. 
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Table 7. Mandays generated/ha 

Item Rs Mandays 

Soil working and fertilizer application, Rs 3/clump x 100 clumps 300 23 

Inverted `V' thinning and congestion removal, Rs 6/clump x 100 600 46 

Digging cattle-proof trenches Rs 71m3 or Rs 1750/ha 1750 135 

Watchmen (3) for 6 months, mandays 540/for 20 ha 27 

Total 231 

Table 8. Income generated in treated areas 

Rs. 

a) 150 culms to Madars produce 150 mandays 2250 

b) 50 culms to agarbathi workers produce 
1. For sticks 50 x 23 kg = 1150 kg 

6 kg = 1 manday 
191 mandays at the rate of Rs 4/kg of sticks 4600 

2. For application of gigatu to 1150 kg of stick 
1 kg = 1 manday = 1150 mandays 
At the rate of Rs 7/kg 8050 
Mandays 1491 Rs. 14900 

Investment 

The cost of giving protection, soil working and 
fertilizer application to a plot of 20 ha is around 
Rs.44 237 as shown in Table 6. This works out to 
Rs. 2212/ha. 

Employment and Income Generation 

Tables 7 and 8 give an idea of the employment 
and additional income that bamboo cultivation 
could generate. At the rate of two culms/clump and 
100 clumps in one hectare the yield will be about 
200 clums/ha. Out of this, if 50 clums are supplied 
to the agarbathi industry, and 150 bamboos to 
Madars, the income generated is given in Table 8. 

The tending and other practices produced two 
culms/clump, which yields 4.6 tonnes/ha of air dry 
bamboo as against 2.3 during the control year. The 
tending and other practices generates 231 mandays 
of employment per hectare (Table 7). The income 
and mandays this generates through the agarbathi 
industry and application of gigatu is also surpris- 
ingly high and is 1491 mandays valued at Rs 14 

900/ha. Thus, an investment of Rs. 2211 /ha (Table 
6) is capable of generating within 36 months, far 
more mandays and income than most industrial 
investment returns can match. 

These bamboo tending practices suggested im- 
prove the forest stand and also the whole ecosys- 
tem. They are capable of wiping out the bamboo 
shortage within a limited period. Increased bam- 
boo yields support the Madar and other backward 
classes and tribal people who entirely depend on 
bamboos for their livelihood. In addition, bamboos 
support the agarbathi and silk industry which bring 
in foreign exchange. 
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Techniques for Seed Storage of 
Thyrsostachys siamensis 

Sakonsak Ramyarangsi 
Divisions of Silviculture, Royal Forest Department, 
Ministry of Agriculture and Cooperatives, Thailand. 

Abstract 
The effect of seed moisture content and storage temperature on the viability of Thyrso- 
stachys siamensis seeds was studied. The study showed that seed viability can be 
extended by reducing the initial moisture content before storing. Seeds stored at low 
temperatures (2-4 C and -5 C) maintained a high percentage of viabiliry for up to 27 
months. 

Introduction 

Thyrsostachys siamensis is a deciduous bam- 
boo. Culms are 7-12 m tall, erect, rot branching till 
high up, 4-8 cm in diameter and usually covered 
with persistent old culm sheaths. It is generally 
used for making umbrella handles, handicrafts, in 
house construction, the pulp and paper industry etc. 
In Thailand, it is one of the commercially important 
bamboos and the main raw material for the rural 
industries. It occurs in the dry forest areas in the 
North, North-east and central parts of Thailand. 
Sometimes it occurs as pure stands in the central 
highland forest especially in Kanchanaburi 
province. 

T. siamensis is a sporadic flowering type bam- 
boo, which usually flowers during November and 
February, depending on the location. Seeds can be 
collected during January to April. The quality of 
seeds is mainly dependent on their maturity and 
collection conditions. Seed germination is strongly 
correlated with moisture content (Anantachote, 
1985). The size and shape of seeds also varies 
within species. Big seeds show a higher percentage 
of germination as compared to the smaller ones. 
Seed germination ranged from 7 to 86 percent 
(Anantachote, 1985). Seeds collected from 
Petchaburi province showed 86 percent germina- 
tion while those from Lampang province showed 
only 7 percent germination. 

Material and Methods 

Seeds of T. siamensis were collected from 
Kanchanaburi province in February 1986. These 

were divided into five groups and the moisture 
content reduced to 10.2, 7.8, 7.5, 7.3 and 5.9 per- 
cent, respectively. The moisture content was calcu- 
lated on a wet weight basis. The five groups of 
seeds were packed in sealed polyethylene bags for 
use in experiments. 

Experiment I 

This was set up to investigate the effect of room 
and low temperature on seed viability. The five 
groups of seed were stored for 27 months under 
three different conditions: at room temperature (25- 
30 C), cold room (2-4 C) and deep freezer (-5 C). 

Experiment II 
This was carried out to differentiate the effect 

of low temperature on seed viability when stored 
under cold room and deep freezer conditions. The 
five groups of seeds were stored for 27 months 
under two différent conditions: cold room (2-4 C) 
and deep freezer (-5 C). 

For each treatment, four replications of 100 
randomly selected seeds were tested for germina- 
tion after 0, 3, 6, 9, 15, 21 and 27 months of storage. 
All seed samples were separately sown in sterilized 
sand in plastic boxes in controlled environment 
germinators with 90 percent relative humidity, a 8 

h daily photoperiod at 30 C and 12 h of darkness at 
20 C. Results were expressed in terms of percent- 
age of germination. 

Results 

The initial germination of the five groups was 
89.0, 92.3, 92.8, 88.5 and 95.5 percent, respectively 
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Table 1. Average germination percentage of Thyrsostachys siamensis seeds of five différent 
initial moisture contents (MC) stored under three différent conditions for 27 months 

Storage Initial 
temperature MC Months 

(%) Initial 3 6 9 15 21 27 

25-30 C 10.2 89.0 89.0 60.2 32.7 1.5 0 0 

7.7 92.2 84.7 85.2 74.5 17.0 0 0 

7.5 92.7 92.5 90.2 78.0 30.5 0 0 

7.3 88.5 87.0 88.5 82.5 26.2 0 0 

5.9 95.5 90.0 86.5 82.7 71.5 1.2 0 

2-4 C 10.2 89.0 88.2 82.7 86.0 89.2 90.7 89.7 

7.7 92.2 87.5 91.2 90.0 92.7 92.2 89.2 

7.5 92.7 91.2 92.0 89.2 92.5 96.0 89.7 

7.3 88.5 91.0 91.5 86.5 94.7 94.7 92.5 

5.9 95.5 90.7 92.5 88.2 91.2 93.7 91.0 

-5 C 10.2 89.0 93.2 88.7 89.0 90.2 90.0 89.7 

7.7 92.2 89.7 87.5 87.7 94.7 89.5 90.0 

7.5 92.7 86.2 90.2 92.0 93.7 92.7 89.5 

7.3 88.5 90.7 91.2 95.2 93.5 87.7 89.7 

5.9 95.5 89.2 94.0 83.7 89.7 92.2 91.2 

Percentage germination of seeds stored at 2-4 C and -5 C were average of two sets of seed samples 

Table 2. Analysis of variance of Thyrsostachys siamensis seeds stored for three, six and vine 
months under 15 treatment combinations 

Source of 3 Months 6 Months 9 Months 
variation DF F DF F DF F 

Treatment 29 1.082 44 3.514** 59 10.625% 

A 4 2.441 4 9.444** 4 24.22*' 

B 2 0.134 2 5.53** 2 41.655** 

C 1 2.717 2 6.696** 3 27.002** 

AB 8 0.42 8 2.115** 8 10.975** 

AC 4 2.912 8 4.179** 12 5.502** 

BC 2 0.134 4 3.674** 6 16.011** 

ABC 8 0.42 16 1.708** 24 4.825** 

Error 90 135 180 

Total 119 179 239 

A, initial moisture content; B, storage temperature; C, storage time 
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Table 3. Analysis of variance of Thyrsostachys siamensis seeds stored for 3 and 27 months in 
the cold room and deep freezer 

Source of 
variation 

3 Months 
DF F 

27 Months 
Df F 

Treatment 19 0.977 69 1.314 

A 4 1.189 4 3.287* 

B 1 0.002 1 0.03 

C 1 1.097 6 2.707 

AB 4 0.43 4 0.943 

AC 4 2.311 24 1.391 

BC 1 0.002 6 0.899 

ABC 4 0.432 24 0.778 

Error 60 210 

Total 79 279 

A, initial moisture content; B, storage temperature; C, storage time 

(Table 1). The germination of seeds with the highest 
moisture content and stored at room temperature 
was found to be lowest after six months. Seeds 
stored in the cold room and deep freezer remained 
viable at all moisture content levels until 27 
months. 

Experiment I 
The results of the analysis of the variance of the 

seed viability data are presented in Table 2. This 
shows that with the increase in storage time, the 
influence of temperature and moisture content are 
marked. 

Experiment II 
The analysis of variance showed that the dif- 

ferent treatment factors were not significant at three 
months (Table 3). The initial moisture content and 
storage time influenced seed viability when stored 
for 27 months. 

Conclusion 

Seeds of Thyrsostachys siamensis can be stored 
for about 27 months under controlled conditions. 
Seed viability can be extended by reducing the 
initial moisture content before storing, which helps 
in maintaining viability for up to nine months. 
Seed samples stored at room temperature lost their 
viability within 21 months. In comparison, seeds 
stored for 27 months under low temperature, such 
as in the cold room (2-4 C) and deep freezer (-5 C) 
can maintain a high percentage of viability (89.2- 
92.5) and were able to germinate within three to 
four days. 
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Vegetative Propagation of Ochlandra 
travancorica and O. scriptoria by Culm Cuttings* 
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Kerala Forest Research Institute, 
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Abstract 

Experiments on vegetative propagation of the bamboo reeds, Ochlandra travancorica 
and O. scriptoria, were carried out at monthly intervalsfrom June 1981 to May 1982 
by rooting culm cuttings. For enhancing the rooting response, four growth regulating 
substances, indoleacetic acid (IAA), indolebutyric acid (IBA), naphthaleneacetic acid 
(NAA) and coumarin were used. Observations on rooting, the number and height of 
shoots were recorded after six months. In both species, rooting occurred only between 
February and June. O. travancorica was most responsive to coumarin 10 ppm and 
NAA 100 ppm inApril, whereas O. scriptoria was responsive to IBA 100 ppm in Mai-eh. 
A field trial was conducted using O. travancorica to compare the growth of clumps 
raised from seedlings and rooted cuttings. Observations after two years showed that 
the growth of cuttings treated with NAA 100 ppm was better in terms of number and 
height of culms per clump. 

Introduction 

Ochlandra travancorica (Bedd.) Benth. ex 
Gamble and O. scriptoria (Dennst.) C.E.C. Fisher 
are the two commercially important bamboo reeds 
found in the evergreen and semi-evergreen forests 
of southem India. O. travancorica is an erect 
shrubby or arborescent species found in the plains 
and bills up to an altitude of 1500 m above sea level, 
whereas O. scriptoria which is gregarious and 
shrubby in nature, is generally found on the river 
banks. Bamboo reeds form an important raw 
material for both traditional and modem industries. 
Mat-weaving and basket-making are the main 
source of livelihood for a large number of rural 
familier. About 93 percent of the total yield is 
supplied to modem industries, especially the paper 
and pulp industry (Nair & Muraleedharan, 1983). 

The annual yield of reeds in Kerala is decreas- 
ing considerably. In 1981-82 the total production 
in the State was about 18 000 tonnes. This fell to a 
mere 6000 tonnes by 1983-84 (Anonymous 1982; 
1984). To meet the ever-increasing demand for 
bamboo reeds it has become necessary to augment 
the production by both protecting natural regenera- 
tion and raising plantations. A regular seed supply 
is a major problem for bamboos because of their 

long flowering intervals. O. travancorica is 
monocarpic and flowers at an interval of seven 
years. O. scriptoria is reported to flower annually 
but no viable seeds have been obtained so far 
(Gamble, 1896). 

Various methods of vegetative propagation like 
offset planting, layering, rooting of culm and 
branch cuttings are used for propagation of bam- 
boos. The success and limitations of such propaga- 
tion methods have been reviewed by Banik (1980) 
and Hasan (1980). 

The present study was conducted with the ob- 
jective of developing suitable methods for the 
propagation of bamboo reeds by rooting culm cut- 
tings. Cuttings were treated with various growth 
regulating substances (GRS) and the experiments 
were repeated at monthly intervals for a period of 
one year to see whether the GRS or the season of 
extraction has any influence on rooting. 

Materials and Methods 

Preparation of Cuttings and Treatment with 
GRS 

Approximately two to three-year-old culms of 
0. travancorica and O. scriptoria were extracted 
from healthy clumps. The top thin part of the culm 

* KFRI scientific paper no. 185 
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bearing leaves was discarded and the branches 
removed without damaging the axillary buds. 
Two-nodal cuttings were made leaving about 5-7 
cm on each side beyond the node. Cuttings with 
healthy axillary buds were selected and an opening 
made in the centre of the internode into the cavity. 
The cuttings were divided into nine groups of ten 
each. Two concentrations (10 and 100 ppm) of four 
growth regulating substances, indoleacetic acid 
(IAA), indolebutyric acid (IBA), naph- 
thaleneacetic acid (NAA) and coumarin were used 
for treating the cuttings, while one set was main- 
tained as control (treated with water). About 100 
ml of the solution was poured into the culm cavity 
and the opening closed by wrapping and tying with 
a polythene strip. 

Nursery Preparation and Planting 

One week prior to planting, the nursery beds (10 
x 1 m) with garden soil were drenched with 0.01 
percent (active ingredient) aldrex (National Or- 
ganic Chemical Industries, Bombay) and 0.05 per- 
cent bavistin (BASF India Ltd., Bombay) to 
prevent termite and fungal attack, respectively. 

Treated cuttings were placed horizontally on 
the nursery beds ensuring that the opening faced 
upwards and covered with a uniform layer of soil 
(2-3 cm deep). The beds were irrigated every morn- 
ing and evening and provided with a thatch to 
prevent scorching by the sun. Fresh cuttings were 
collected at monthly intervals from June 1981 to 
May 1982, and the treatments repeated to study the 
effect of season on rooting. 

m 
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Field Trial 

Rooted cuttings of O. travancorica were 
prepared in the nursery in March-April 1983 as 

mentioned earlier. Only two GRS, which appeared 
promising from the nursery experiments (IBA and 
NAA 100 ppm) and a control were used for the 
treatment of cuttings. Seedlings were also main- 
tained in the nursery under similar conditions for 
about one year. About four hectares were cleared of 
undergrowth near the natural habitat of reeds in 

Vazhachal, Chalakudy Forest Division and plant- 
ing done in a randomized block design. Each block 
had four treatments [cuttings treated with water 
(control), IBA 100 ppm, NAA 100 ppm and see- 
dlings] with 20 plants per treatment at a spacing of 
4 x 4 m. 

Observations 
Observations on the percentage of rooting/sur- 

vival, number and height of shoots per cutting were 
recorded after six months in the nursery and after 
two years in the case of field trials. The data were 
statistically analysed using analysis of variance and 
Duncan's new multiple range test (DMRT) after 
applying appropriate transformations (Keppel, 
1973). The data on temperature and rainfall for the 
nursery experiments are given in Figure 1. 

Results 

Within two weeks of planting, the cuttings 
sprouted at the nodal region and slender roots ap- 
peared after a month at the lower portion of the 

Fig. 2. Cuttings of Q. travancorica in nursery beds after one year 
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0.17,1, 

Table 1. Percentage of rooting in bamboo reeds Ochlandra travancorica and O. scriptoria in 
response to various growth regulating substances (n = 10) 

Ochlandra travancorica 
Treatment ppm Feb. Mar. Apr. May June 

Control 20 

IAA 10 10 

IAA 100 

IBA 10 20 

IBA 100 10 

NAA 10 30 

NAA 100 20 

Coumarin 10 30 

Coumarin 100 20 

30 40 40 

40 - 30 

30 30 10 

30 30 40 

20 40 20 

40 40 40 

30 50 20 

50 50 40 

40 40 50 
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Ochlandra scriptoria 
Feb Mar Apr. May June 

50 10 10 10 

30 10 20 - - 10 

40 20 30 10 - 10 

20 10 20 - - 30 

20 40 50 

30 30 40 

10 30 40 10 

10 - 10 

20 - 10 

*, For both species no rooting was obsewed in any treatment fi-om July to January 

10 

20 

Table 2. Analysis of variance (F-value) of number and height of shoots (sprouts) in bamboo 
reeds (Ochlandra travancorica and O. scriptoria) 

Source 
0. travancorica 

Number Height 

Month 11.67 5.74 

GRS 5.26* 36.49** 

Concentration 0.55"5 0.05ns 
** ** 

Month x GRS 4.52 2.65 

Month x Concn. 2.19"1 10.33** 

Concn.x GRS 1.06,1, 26.46** 
Month x GRS 

x Concn Control/ 3.51 10.80 * 

treated Control/treated/ 10.46** 85.31 
month 

Month 1.93,11 

**, P <_ 0.01; *P <_ 0.05; ns, not signifi'cant 

sprouts. Generally, rooted cuttings took about three 
to six months for profuse rooting and rhizome 
formation followed by the emergence of numerous 
new shoots within a year in the nursery beds 
(Fig.2). 

Percentage of Rooting 

The rooting response of cuttings for various 
treatments is given in Table 1. Rooting was ob- 
served only in cuttings collected between February 
and June in both the species. In O. travancorica, 
four treatments (coumarin 10 ppm in March, NAA 
10 and 100 ppm in April and the control in June) 

0. scriptoria 

Number Height 

1.61"1 14.20** 

2.41"1 6.76** 

0.51"' 1.44"S 

0.08"1 5.38** 

0.40"1 4.88** 

0.18"s 5.03%% 

0.22"1 

0.89,11 

2.64 

4.7 

1.43"1 0 87ns 

gave 50 percent rooting. However, in O. scriptoria, 
only IBA 100 ppm applied in March gave the best 
response. 

Number of Shoots 

In O. travancorica more shoots emerged from 
cuttings treated with the GRS (Fig. 3). The ob- 
served F values (Table 2) for various factorial ef- 
fects showed that the interaction between month, 
GRS and concentration was significant indicating 
that the performance of GRS at the two levels used 
was not consistent over the various months. A large 
number of treatments were detected as superior by 
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Table 3. 
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Growth of Ochlandra travancorica raised from seedlings and rooted culm cuttings 

Treatment % Establishment No. of sprouts Height of sprouts (cm) 

Seedlings 76.7 5.2 93.0 

Control 81.7 7.9 111.9 

IBA (100 ppm) 85.0 6.5 119.8 

NAA (100 ppm) 85.0 9.2 160.2 

*, Mean of 60 plants 

DMRT and three of them which gave higher mean 
values are indicated in Figure 3. The maximum 
number of shoots obtained in the control was 12 
while a treatment with IAA 100 ppm in March gave 
21 shoots. But cuttings of O. scriptoria did not 
show any significant increase in shoot production 
with GRS. 

Height of Shoots 

The height of shoots was enhanced as a result 
of the GRS treatments in both bamboo reeds (Fig. 
4). The results of analysis of variance indicated 
that the interactions were significant. The three 
superior treatments as indicated by DMRT for O. 
travancorica were IAA 100 ppm in April and both 
coumarin 10 ppm and NAA 100 ppm in April and 
May. O. scriptoria gave the maximal response to 
IAA 100 ppm during March and June and IBA 10 
ppm in February. 

Since no treatment gave all the desired positive 
responses, a selection had to be made giving more 
preference to the percentage of rooting. For O. 
travancorica, two treatments, coumarin 10 ppm 
and NAA 100 ppm gave 50 percent rooting in April 
with taller shoots than in the control. The same 
treatments also produced more shoots. Though 
none of these treatments were able to increase the 
percentage of rooting, these can be used to increase 
the vigour of rooted cuttings. In O. scriptoria, 
treatment with IBA 100 ppm in March, resulted in 
50 percent rooting with taller shoots. 

Field Establishment 

All the four treatments showed a fairly higher 
rate of survival (75-85%) and the differences be- 
tween treatments were not significant (Table 3). 
Clumps developed from rooted cuttings had a 
greater number of culms than those from seedlings 
(Fig.5). Of the three treatments, NAA 100 ppm 
produced the maximum number of shoots and also 

caused a significant increase in the height of the 
culms. 

Discussion 

The results indicate that like bamboos, bamboo 
reeds can also be propagated vegetatively using 
culm cuttings and used for establishment of planta- 
tions. Rooting and sprouting of cuttings of both 
species varied with the month of treatment and 
GRS. Rooting occurred only during the summer 
months (Feb-June) and cuttings treated with GRS 
showed enhanced vigour over the untreated ones. 
Earlier reports from the Philippines on Bambusa 
blunieana and B. vulgaris (Bumarlong & 
Tamolang, 1980) and our work on B. arundinacea 
and B. balcoa (Surendran et al., 1983; 
Seethalaksmi et al., 1983) have shown that GRS 
can be used for enhancing the rooting response of 
various bamboo species. Seasonal variation in root- 
ing response has been earlier observed by White 
(1947) and Gupta and Pattanath (1976). This effect 
is more pronounced in bamboo reeds rince in the 
control as well as in treated cuttings, rooting occurs 
only between February and June. During this 
period, higher temperature (between 23-34 C) and 
lower rainfall (0 to 900 mm) were observed. The 
other factors that influence rooting may be the 
endogenous levels of GRS and nutrients. Variation 
in the effect of auxins during different months have 
been observed earlier by Nanda (1970) who found 
that an auxin may stimulate rooting in one season 
but may be ineffective in another and at times, even 
inhibiting in yet another season. 

The rooting response may also have some bear- 
ing on the growth phase of bamboo reeds. The 
reason why no rooting was obtained during the 
monsoons may be that the axillary buds remain 
dormant during this period when the new culms 
develop. 
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Fig. 5. Field established cutting of O. scriptoria after three years. 
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Evaluation of Bamboo Regeneration Techniques 
B.M Kamondo and A.U. Haq 

Department of Forestry, Moi University, Box 3900, Eldoret, Kenya. 

Abstract 
Regeneration of Arundinaria alpina, the only indigenous bamboo of Kenya, was tried 
through seeds, rhizomes, clumps and cuttings. Growth regulating substances were used 
to root the cuttings. Only rhizomes and clumps gave a reasonable performance. 

Introduction 

The indigenous bamboo species of Kenya is 
Arundinaria alpina which is found distributed at 
altitudes ranging from 2200 to 3350 m above sea 
level. This limited ecological zone is a cause of 
concern because haphazard exploitation of bamboo 
can easily result in its extinction. Other favourable 
ecological zones are mainly located in the Aber- 
dares, Mau ranges, Mt. Kenya and Mt. Elgon. 
These areas were used to support an extensive 
bamboo crop until the 1950s when most of these 
were replaced with fast growing, exotic, softwood 
trees. There, however, has been a major attempt 
during the recent years to revive the bamboo-based 
industries in Kenya. This would provide support to 
the weaker sections of the society. 

Apart from its commercial value, bamboo is 
very effective in tying up the top soil thus prevent- 
ing soil erosion. The indigenous species is quite 
suitable for fragile ecosystems such as swamps, 
canal banks, steep terrain and riverline areas. The 
increasing need for the use of bamboo in afforesta- 
tion programmes mainly in the catchment and 
erosion-prone areas has called for a better under- 
standing of bamboo management. An easy method 
of raising bamboo planting material would, there- 
fore, greatly facilitate the rehabilitation 
programme. 

Extensive studies on bamboo regeneration have 
been carried out in South-east Asia. However, little 
has been done systematically to study bamboo in 
Kenya and it is only recently that the Kenya 
Forestry Research Institute (KEFRI) has under- 
taken a project on the bamboos. 

Regeneration Techniques 

Bamboo regeneration in nature occurs through 
rhizomes and seeds. However, for raising nursery 

stocks, cuttings and clumps have also been tried 
with varying success. Ail the four methods have 
their merits and demerits which are indicated 
below. 

Seed 

Possibilities of raising bamboo plantations 
from seeds are not always practical because of the 
unusually long seeding cycles (Uchimura, 1980). 
In Kenya, most people do not even have a basic 
awareness of bamboo seeds. According to Dutra 
(1938), Arundinaria alpina, introduced in Brazil 
around 1804, flowered in 1836, 1868 and 1899, 
thus giving a seeding cycle of 31-33 years. Working 
with this as a reference point, it would be a lot less 
taxing to deduce the local seedling cycle. In natural 
stands the question of seeding cycle is not as easy 
as it may appear because of the physiological, 
genetical and ecological factors involved in this 
process and the out of phase flowering as reported 
by Prasad (1965). However, Banik (1980) ob- 
served that Bambusa arundinacea flowers from 
February to June in three successive flushes with 
two dormant intervals and further reported that 
seeds from the first two flushes gave better ger- 
mination than the third flush. He reported a seed 
germination rate between 26 and 52 percent in 
varions bamboo species. 

Clumps and Rhizomes 

The use of clumps and rhizomes as planting 
material has proved quite successful. The former 
refers to dug-out clusters of bamboo stalks of the 
mother bamboo cut to a height of about 60 cm while 
the latter are underground offsets which are dug 
out. These are bulky, heavy, difficult to handle and 
transport, and are unsuitable for large-scale plan- 
tation (Hasan, 1980). Considerable work on the 
age, size and the number of rhizomes to be planted 
has been done by Uchimura (1980), Oh and Aoh 
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(1965) and Varmah and Bahadur (1980). 

Cuttings 

The use of branch cuttings instead of offsets, 
could provide a solution to the problems of scarcity, 
bulkiness and weight of planting material but suc- 
cess in propagation has been limited (Hasan, 
1977). It was observed that branch specimens 
take 6 to 30 months to develop into good planting 
material. Experiments carried out in India have 
indicated that culm cuttings could be used for 
vegetative propagation and the month of April was 
found to be the best Lime for propagation by two- 
node cuttings. It was also observed that horizontal 
planting was superior to vertical and oblique 
methods (Varmah & Bahadur, 1980). 

Study Area 

The study was carried out at Moi University 
which is 35 km from Eldoret town located at an 
altitude of about 2100 m above sea level (latitude 
0°2'N and longitude 35°5'E). The mean monthly 
temperature here is 14 C and ranges from 12 to 16 

C. The mean annual maximum temperature range 
is from 6 to 10 C. The mean annual rainfall is 
around 1150 mm while the relative humidity ran- 
ges from 60 to 80 percent. The climate varies from 
humid to dry subhumid type. The basement rock is 
of volcanic type and the soils are red to deep brown 
friable clay. They are well-drained and deep. 

Material and Methods 

Seeds 

Fresh flowers were collected from the bamboo 
stand at Kaptagat forest and hand-threshed. The 
seeds were planted in a 1 x 1 m plot and watered at 
regular intervals. No pretreatment was given. 

Clumps 
These refer to a dug-out cluster with five stalks 

of the mother bamboo chopped to a height of about 
60 cm. Five such clumps were dug out and planted 
in pits 30 cm deep and 30 cm in diameter. 

Rhizomes 

These are underground offsets of 20 cm length. 
Five such rhizomes were completely buried in pits 
about 30 cm deep and 30 cm in diameter. 

Cuttings 

This refers to a cut branch stalk with two nodes. 
Three treatments were administered by dipping the 
lower portion including one node into rooting pow- 
der. Twenty such cuttings each were dipped into 
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softwood rooting powder and hardwood rooting 
powder separately while twenty cuttings were left 
untreated. The cuttings were buried in a way such 
that the treated node was well below the soil. 
Standard nursery operations like weeding were car- 
ried out and watering was done as required. 

The effectiveness of the four methods of 
regeneration was evaluated in terms of perfor- 
mance in the nursery based on survival counts, rate 
of growth, height and sprouting of new shoots. The 
experiment was carried out for a duration of four 
months. 

Results and Discussion 

Seeds 

At the end of four months it was observed that 
the seeds did not germinate. This might be due to 
ecological différence, inefficient seed handling, 
freshness of the seeds sown or insufficient time 
allowed for germination. Variable results of seed 
germination have been reported in the literature. 
Sa and Joo (1970) reported that seeds performed 
well and provided the most economical method of 
raising bamboo; however, in our study, the experi- 
ment with seeds turned out to be a complete failure. 

Clumps 

The clump performance, in terras of height and 
number of shoots at the end of four months from 
the date of planting, is given in Table 1. An average 
height of 134 cm was recorded with a range from 
111 to 153 cm. The number of shoots varied from 
two to four with an average of three shoots. The 
survival rate of clumps in this study was 100 per- 
cent. 

Rhizomes 

The rhizome performance recorded at the end 
of four months is .ven in Table 2. The average 
height of the tallest shoot was 123 cm and it ranged 
from 115 to 132 cm. The average number of shoots 
obtained was Pive and ranged from three to seven 
shoots. Rhizomes also showed a 100 percent sur- 
vival rate. 

Cuttings 

The performance of the cuttings in the nursery 
was very poor (Table 3). The average percentage 
survival rate varied from 10 to 15. The nature of 
rooting powder used did not result in a significant 
increase in survival. Similar results have been 
reported by White (1947) and Delgado (1949). At 
the end of four months, none of the cuttings had any 
aerial shoots, and hence were uprooted to look for 
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Table 1. Performance of clumps 
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Table 2. Performance of rhizomes 

Height of tallest shoot (cm) No. of shoots Height of tallest shoot (cm) No. of shoots 

121 4 127 5 

137 3 132 3 

Replicate 153 4 Replicate 115 4 

140 2 119 7 

111 4 122 6 

Mean 134 3 Mean 123 5 

Table 3. Performance of cuttings in nursery 

Treatment No. showing survival Height of new shoot No. of new shoots 

Softwood powder 3 

Hardwood powder 2 

Control 3 

*, 20 replicates used per nreatnient 

root sprouts from the buried node and the cluster 
of shoots, which would emerge later as indications 
of potential shooting. 

Conclusion 
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Traditional Vegetative Propagation and 
Tissue Culture of some Thai Bamboos 

Rungnapar Vongvijitra 
Division of Silviculture, Royal Fol-est Departntent, 

Ministry of Agriculture and Cooperatives, 
Thailand. 

Abstract 
Vegetative propagation of some Thai bamboos by traditional methods (offset planting, 
culm and branch cuttings) and by tissue culture was studied. Both offset planting and 
culm cuttings, were effective but expensive. Propagation hy branch cuttings wasfound 
to be ideal for Dendrocalamus asper. The tissue culture study carried out showed that 
callus could be induced from nodes of aseptic seedlings of D. membranaceus. In 
addition, multiple shoots could also be produced from seeds. 

Introduction 

Bamboos are monocotyledonous plants, 
belonging to the Poaceae (subfamily, Bam- 
busoidae). In Thailand, more than 12 genera and 
42 species of bamboos have been recorded 
(Smitinand & Ramyarangsi, 1980). Several 
species are cultivated extensively for their edible 
shoots and mature culms. Some are also grown as 
landscape ornamentals. The economically impor- 
tant Thai bamboos are Bambusa arundinacea, B. 
blumeana, B. nana, B. tulda, Cephalostach-vum 
pergracile and C. virgatum, Dendrocalamus asper, 
D. brandisii, D. hamiltonii, D. membranaceus, D. 
strictus, Thvi:sostachvs siamensis and T. oliveri. 
All these have the pachymorph or sympodial type 
of rhizome (McClure, 1966). 

The most important area of bamboo growth in 
Thailand is in the Kanchanaburi province, 130 km 
west of Bangkok, while Prachinburi province, 135 
km east of Bangkok is well known as the centre of 
bamboo farms. More than 4465 ha of 
Dendrocalamus asper have been raised by private 
farmers for shoot production. Methods for the 
propagation of bamboo by culm and branch cut- 
tings have been developed in this area. It has been 
observed that the farmers in Prachinburi obtain 
additional income by selling a large number of 
branch cuttings of D. asper. The price of a branch 
cutting is presently about 18-25 bahts each (25 
bahts = 1 US $). 

Several studies have been carried out on 
propagation of bamboos by conventional and tissue 

culture methods (Mehta et al., 1982; Vasana, 1985; 
Yeh & Chang, 1986 a,b, 1987; Banik, 1987). In the 
prescrit study, both traditional and tissue culture 
based methods have been investigated (Anan- 
tachote, 1984) for developing improved methods of 
propagation of bamboos. 

Traditional Vegetative Propagation of 
Bamboo 

Planting by Rhizome 

Propagation of bamboo is known to occur 
asexually in the branching of rhizomes. The plant- 
ing of culms with attached rhizomes (offset plant- 
ing) is the best method. The most vigorous 
sprouting activity is seen in one-year-old culms 
(after budding). Cut culms with two to three nodal 
buds are planted in the soil. The underground nodal 
buds grow into rhizome and mots, while those 
above the ground develop into culms. This method 
is successful in bamboo species with thick walls 
such as Thyrsostachvs siamensis and Melocalanius 
compactiflorus. 

In the sympodial bamboos, growth of the culms 
occurs typically with the onset of the monsoon 
(June to October). The rhizome is usually short and 
the sprouts develop close together (within 30 cm), 
resulting in clump formation. The new rhizomes 
and new culms generally develop from a parent 
one-year-old culm. About three to seven large buds 
of the one-year-old parent culm tend to grow simul- 
taneously but only one or two of them are able to 
grow completely. This is the limitation of rhizome 
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plantings. Besides this method of propagation is 
too expensive for large-scale plantations. How- 
ever, a rhizome can be enlarged by skillful cutting 
or fertilizing. 

Culm Cutting 

This is an effective method for propagating 
thick-walled and large-sized bamboos (8-12 cm in 
diameter) such as Bambusa blumeana, B. vulgaris, 
Dendrocalamus latiflorus, etc. One-year-old 
culms are suitable for culm cutting. The cuttings 
should have one or two nodal segments. For single 
node propagation, culms about 40 cm long with a 
node in the middle are used as explants. They are 
planted at an angle of about 45° and at a depth of 
20 cm in the rooting medium. Node sections are 
placed at the same level of the rooting media with 
a bud exposed on the top side. Watering is done 
twice a day. Sprouting of new shoots can be seen 
after two to four weeks. Water, fungicide and insec- 
ticide are regularly applied for 6-12 months before 
transplanting. 

This method also is not popular because it is 
expensive. In addition, there is the limitation of 
using one-year-old culms which can otherwise be 
put to other uses. 

Branch Cutting 
Propagation by branch cuttings is a useful, prac- 

tical and effective method Chat can be easily hand- 
led. It is also ideal for raising commercial 
large-scale plantations. This is normally done in 
the case of Dendrocalamus asper, the species 
which has aerial roots at the base of the lateral 
branch. Bigger branches have more potential for 
rooting than small ones. Rooting is abundant in 
rite husk charcoal medium; the roots are slender, 
thin and long, whereas those in soil are bigger and 
clustered. The rooting efficiency of each species is 
different and depends on culm size and wall thick- 
ness. Thick-walled bamboos possess a higher 
sprouting and rooting ability probably due to more 
food reserves. Branch cuttings and even culm cut- 
tings of thin-walled bamboos such as Cephalos- 
tachyum pergracile are mostly a failure. The 
species which have small branches at the top of the 
culm, such as Thyrsostachys siamensis and T. 

oliveri, can hardly be propagated by this method. 

Propagation by Tissue Culture 
Techniques 

Tissue culture experiments on bamboos were 
carried out in the Central Laboratory of the 
Division of Silviculture, Royal Forest Department. 
The investigation can be divided into two parts, one 
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dealing with callus induction and différentiation, 
and the other with multiple shoot induction. 

Callus Induction and Differentiation 
This study was conducted in order to determine 

means of callus induction from nodes of aseptic 
seedlings of Dendrocalamus membranaceus. Ma- 
ture seeds collected from Kanchanaburi province 
were surface-sterilized with 75 percent ethanol for 
one min, dipped into 10 percent sodium 
hypochlorite for 15 min and then rinsed thoroughly 
in sterile distilled water. Seeds were aseptically 
cultured on a medium containing MS components. 
Cultures were kept under fluorescent light of 2000 
lux, in a 12/12 h day/night regime and at a constant 
temperature of 25 ± 2 C. Nodal segments of asep- 
tically grown seven-day-old seedlings were cut to 
2-2.5 cm and implanted on semi-solid MS media 
containing different concentrations of 2,4-di- 
chlorophenoxyacetic acid (2,4-D) ranging from 0 
to 8x10-5M and 6-benzylaminopurine (BAP) from 
0 to 0.8x10-5M. Callus initiated from the nodal 
segments within six to eight weeks. It was moist, 
yellowish-white to brownish-yellow in colour and 
granular to nodular in texture. The callus could be 
maintained through unlimited subcultures in the 
same medium. Callus formed rapidly on medium 
containing 1 to 1.5x10-5M of 2,4-D and 0.2x10-5M 
of BAP. On media with higher concentrations of 
2,4-D, the callus developed slowly with dark brown 
loft masses. After six to seven months, the white 
and fresh callus was transferred to a medium with 
a lower concentration of 2,4-D (0.5 to 1x10-5M). 
Embryogenic callus formed within three to four 
months. 

Multiple Shoot Induction 
The experiment was set up in order to inves- 

tigate the sprouting possibilities of Dendrocalamus 
membranaceus and D. brandisii seeds. The seeds 
of D. membranaceus were cultured in MS basal 
media supplemented with BAP at différent con- 
centrations ranging from 0 to 6x10-5M, with 1 

percent agar and 3 percent sucrose. After 15 days it 
was found that the seeds had germinated and 
produced multiple shoots in all media containing 
BAP. The best result was obtained with 2x10-5M 
BAP in which the seeds produced three to five 
multiple shoots, 1 to 3.5 cm in length. However, 
after three weeks the base of seedlings turned 
brown. Subculturing was done on the same 
medium. The maximum multiple shoots (25-30 
shoots) were obtained in the medium supplemented 
with 0.5 to 2x10-5 M of BAP within three to four 
months. Concentrations of BAP higher than the 
optimum level produced a lower number of multi- 
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ple shoots. However, rooting was not obtained in 
this medium. For rooting, MS medium with 1x10- 
5M NAA was used. The use of BAP in the root 
induction media inhibited root formation. 

In the case of D. brandisii, vigorous multiple 
shoots (20-30) could be induced in MS medium 
supplemented with 2x10-5M of BAP. The multiple 
shoots showed sustained growth when subdivided 
and transferred to fresh medium of the same com- 
position. Root formation occurred when the mul- 
tiple shoots were transferred to MS medium 
containing lower BAP concentrations or to basal 
MS without any growth regulators. Rooting could 
also be induced in sterile vermiculite soaked with 
water. The plantlets were suitable for transplanting 
to soil and grew well under nursery conditions. 
Preparations for field planting are underway. 

Another experiment to make use of small 
branches in culture was set up. Three species of 
bamboo, Thyrsostachys oliveri, Dendrocalamus 
asper and Bambusa nana were included in the 
experiment. Sections from young branches, about 
3.5 mm in diameter and 1.5-3.0 cm long, were used 
as explants. MS basal medium supplemented with 
varions concentrations of 2,4-D, NAA and BAP 
was used. Both auxin and cytokinin were required 
for optimal sprouting of the axillary buds. 

BAPat 3x10-5 M induced the maximum forma- 
tion of multiple shoots. A small number of sprouts 
survived for longer than two months but later 
turned brown and died. This experiment was 
repeated and the shoots were transferred to a root- 
ing media before they turned brown. The problem 
of rooting is still under investigation. 
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Abstract 
Bamhoo is a critical natural resource which has not easily lent itsel f to modem methods 
of mass propagation and genetic improvement owing to its long vegetative phase and 
monocarpic flowering hehaviour. Methods have heen standardi°ed in our lahoratorv 
to produce plants of Dendrocalamus strictus and Bambusa arundinacea through 
somatic embryogenesis from inflorescences and embrvos, and from chi:ornes, nodes 
and leaf sheaths ofjuvenile plants. Multiple shoots hale heen induced from seedlings, 
and plants have heen raised from them through rooting. Plantlets have also heen 
ohtained from nodes of mature plants of B. vul anis and D. strictus although only 4-10 
percent off them foret mots. Methodsfor the precocious induction of rhizomes have been 
developed to accelerate plantlet growth in the field. Using conventional hreeding 
methods, the genetic improvement of the woody hamhoos lias tilt recently heen difficult, 
hecause of the near impossibility of getting two desirable parents to flower simul- 
taneoushv. Using tissue culture methods, in vitro flowering of somatic embrvos lias heen 
achieved hy us hoth in D. strictus and B. arundinacea within 8-10 weeks of culture. 
Using this method, it should be possible to produce bamboo hybrids. Protoplasts have 
heen isolated juvenile, embryogenic and mature tissues of hamhoos. This opens 
up the possihility of obtaining newer variants and somatic hybrids. Somaclonal cariants 
have also heen isolated. Greater variation, however, needs to he generated and assessed 
for the presence of desirable characters. 

Introduction 

Bamboo is a versatile multipurpose forent 
produce which plays a vital role in our domestic 
economy. In India, the lives of both urban and rural 
people are so dependent upon bamboo that it is hard 
to conceive living without this useful material. 
Elsewhere in the world and particularly in the 
South-east Asian region, bamboo is common as an 
article of daily use. 

In India, the paper industry is largely dependent 
upon bamboo as raw material. India is the chief 
country in Asia which utilizes bamboo for 
manufacture of paper on a large scale. The prin- 
cipal sources of paper pulp of acceptable quality in 
India are D. strictus and B. arundinacea. It is 
estimated that out of an annual production of nearly 
9.5 million tonnes of bamboo in India, about 4.9 
million tonnes are presently being utilized for 
paper-making (Varmah & Bahadur, 1980). This 
yields around 600 000 tonnes of paper pulp per year 
which is very much short of the country's demand. 

The country's requirement in 1984 was 3.5 million 
tonnes which may rise to 4.5 million tonnes by the 
turn of the century (Varmah & Bahadur, 1980). In 
India, the large scale use of bamboo as raw material 
for paper has resulted in a situation where raising 
of new stands has fallen way behind the rate at 
which the clumps are being harvested. Unless these 
bamboo forests corne under enlightened and scien- 
tific management, the future supplies of this 
material to the industry will be jeopardized. 

Conventional Propagation of Bamboos 

Bamboo propagation is by and large through 
seeds, offsets and culm cuttings. If the seed is 
viable, regeneration is normally easy, since their 
small size makes them easily transportable. The 
difficulty which arises in utilizing seeds is their low 
viability, poor storage characteristics and inborne 
microbial infestation. Also, seed availability is un- 
certain due to the long vegetative habit of bamboos 
and often depends on sporadic flowering. Vegeta- 
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tive propagation by offsets and culm cuttings has 
also proved to be of limited value. A drawback in 
this method is that the daughter clumps are prone 
to flowering at the same time as the parent clump. 

Propagation of Bamboos through 
Tissue Culture 

In vitro methods offer an attractive alternative 
to conventional methods for the mass-propagation 
of bamboos. The two principal methods Chat can 
be utilized for this purpose are somatic 
embryogenesis and micropropagation. 

Somatic Embryogenesis 

Somatic embryogenesis is defined as embryo 
initiation and development from cells that are not 
products of genetic fusion. Thus hundreds of plants 
can be obtained from somatic embryos. The follow- 
ing explants can be utilized for somatic 
embryogenesis: 
Juvenile materials: 
1. Zygotic embryo 
2. Immature embryo 
3. Seedling parts - node, leaf sheath, root, 

rhizome 
Tissue-culture raised materials: 
1. Somatic embryo 
2. Parts of plantlets regenerated from somatic 

embryos 
Adult (mature) materials: 
1. Node 
2. Shoot-tip 
3. Leaf sheath base 
4. Rhizome 

With juvenile or tissue-culture raised materials 
of Bambusa arundinacea and Dendrocalamus 
strictus, callusing starts soon after inoculation on 
B5+2,4-D (10-30 pM; Mehta et al., 1982; Rao et 
al., 1985, 1987; Fig. IA-E). The callus bas both 
nodular (compact) and friable regions. On subcul- 
ture, the compact callus gives rise to somatic 
embryos. These arise as protuberances on the sur- 
face of the callus. Several green embryos are ob- 
served in the compact callus. Germination of the 
embryoids takes place on the saure medium. The 
scutellar region of the embryoids can be made to 
proliferate and give rise to a second generation of 
embryoids. Thus, the initial callus phase can be 
kept very short and reduced to the minimum. Once 
the initial crop of embryoids is obtained these can 
be made to `bud' off several daughter embryoids 
and the process repeated ad infinitum. With each 
round of `budding', there is a several-fold increase 
in the number of embryoids, each of which has the 
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ability to give rise to a completely well-formed 
plant. It is important to remember that there is no 
callusing involved throughout and all daughter 
embryoids arise from pre-existing differentiated 
embryoids. Callusing is only in the very initial 
phase when the embryogenic compact callus is 

being formed. 
Somatic embryogenesis has three major ad- 

vantages: 
1. The embryoids have pre-formed shoot and 

root poles thus eliminating the need for a 
rooting step as with shoots. 

2. Multiplication of somatic embryos is very 
rapid. Whereas a nodal or a shoot culture may 
have a few shoots, an embryonic culture will 
have over a hundred embryos. 

3. Maintaining and manipulating embryogenic 
cultures is casier and quicker, and hence less 
labour-intensive and costly than a shoot 
culture. 
To date, somatic embryogenesis has been ob- 

tained in Bambusa arundinacea (Mehta et al., 
1982); Dendrocalamus strictus (Rao et al., 1985), 
B. oldhamii, B. beecheyana, Sinocalamus latiflora 
(Yeh & Chang, 1986a, b, 1987) and Phyllostachys 
hiridis (Hasan & Debergh, 1987). 

There have been nome initial successes with 
explants from mature bamboos. Work in our 
laboratory has shown that embryogenic compact 
callus can be obtained from cultured nodes (Fig. 
2B). Zamora et al. (1989) have also obtained shoots 
from node and rhizome explants. The results are 
very promising and need to be investigated further. 

Embryogenic Suspension Cultures 
The raising of embryogenic suspension cultures 

is an area which deserves more attention than it is 
presently attracting. Once such suspension cul- 
tures are established and methods developed to 
differentiate embryoids in these, the way will open 
up for a truly mass-scale production of bamboo 
plantlets at minimum cost. It would also enable the 
production of artificial seeds (Redenbaugh et al., 
1988). The attempts made so far have not resulted 
in embryogenic suspensions but continuous efforts 
are being made in this direction (Huang et al. , 1988; 
Dekkers, 1989). In our laboratory also, con- 
tinuously growing suspension cultures have been 
established. 

Micropropagation - Nodal Explants 
The technique of micropropagation or in vitro 

vegetative propagation can yield faithful duplicates 
of an original parent plant. In bamboos, the nodes 
bear axillary buds which remain dormant most of 
the year and generally sprout during the rainy 
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D 

Fig. IA-E. Induction of entbrvogenic talus in Dendrocalamus .tri tir . 

A: Embryo, B: Leaf sheath, C: Rhizome, D: Node, E: Root. 
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season; these buds have the capacity to transform 
into complete plantlets (McClure, 1966). There is 
even the possibility of inducing rhizomes in these 
buds. In such cases a separate root formation step 
is not required as the rhizomes are capable of 
producing both culms and roots, thus giving rise to 
complete plants. If successfully established, the 
use of the dormant axillary buds or nodes would 
make available a large presently unusable resource 
for propagation. Thus, the technique of 
micropropagation offers the potential ability to 
raire thousands of plantlets from the nodal regions 
of the existing clumps. 

The results so far (Tikiya, 1984; Jerath, 1986) 
have shown that it is relatively easy to get the 
axillary buds in the nodes of Bambusa vulgaris and 
Dendrocalamus strictus to sprout (Fig. 2A). Multi- 
ple shoots can also be obtained. However, it has 
been difficult to get a sufficiently high percentage 
of them to root. Presently, depending on the 
species, between 4 to 10 percent of the nodal shoots 
can be rooted. This needs to be improved upon. 

Micropropagation - Multiple Shoots From 
Seeds 

Yet another approach is the formation of multi- 
ple shoots from seeds. The multiple shoots can be 
rooted or subcultured to obtain another set of mul- 
tiple shoots. It has been observed that multiple 
shoots are easily induced from zygotic embryos 
and these can be rooted (work in our laboratory; 
Nadgir et al., 1984; Dekkers, 1989). In Bambusa 
arundinacea, 58.4 percent of the seed cultures 
formed multiple shoots on B5 medium supple- 
mented with BAP (10-5M) (Jerath, 1986). 

Induction of Rhizome 

Bamboo seedlings go through a juvenile phase 
with flimsy and short shoots (McClure, 1966). The 
seedlings attain maturity with the development of 
a rhizome which occurs towards the later part of the 
first year. The upward growing portions of the 
rhizomes develop into the tall mature bamboo 
shoots (culms). An evaluation of the published 
literature has shown that the physiology of rhizome 
formation and the factors leading to subsequent 
rapid growth, so often quoted as the prime asset of 
bamboos, are relatively unknown. 

Methods have now been developed to preco- 
ciously induce rhizomes in plantlets from somatic 
embryos and in seedlings (Fig. 2C). The induction 
of rhizomes helps in the early establishment of the 
plants in the field as well as enables earlier culm 
production (Fig. 2D). When done in vitro this 
provides an additional tool for plantlet multiplica- 
tion through excision of the rhizome. The 
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germinating rhizome produces both a shoot and a 
root, giving rise to a complete plantlet. 

In Vitro Flowering of Bamboos 

Flowering has been one of the most puzzling 
aspects of the biology of bamboos and the factors 
that trigger it are perhaps only recently getting to 
be understood. Bamboo hybrids have been ob- 
tained for the first Lime by Guangzhu and Fuqiu 
(1987). The opening of the bamboos to conven- 
tional methods of hybridization is a major advance 
indeed and should pave the way for breeding bam- 
boos better suited to modern needs. 

A method that has much promise in this regard 
is the induction of in vitro flowering. In our 
laboratory, somatic embryos of Dendrocalamus 
strictus and Bambusa arundinacea have been in- 
duced to flower in culture. This can be done at 
different stages of development and an embryoid 
can even directly give rise to a floret (Fig. 3A). For 
this purpose, compact callus with embryos 
developed on B5+ 2, 4 - D (3 x 10-5M) + BAP(10-5 
M) was transferred to B5 + GA3 (10-6M) + ABA 
(5xl0-6M) + ethephon (10-3M) and later subcul- 
tured on B5 + 2, 4-D (10-5M) + BAP (10-5M) + CW 
(5%). Flowering was obtained in 8-10 weeks of 
subculture. Normally spikelets are formed with a 
few florets. Although the plantlet can be very small, 
the florets are of the normal size. The spikelets and 
florets grow normally and the anthers and stigma 
emerge out. The induction of flowering in 
somatic embryos should make in vitro breeding for 
better bamboos possible. Altematively, subsequent 
to flower induction, the bamboo plantlet could be 
potted out and experiments donc under non-sterile 
conditions. We have found that it is possible to pot 
out bamboo plantlets at an initial stage of flowering 
and have the final expression of flowering in the 
growth chamber. 

Protoplasts 

Plant protoplasts offer a number of possibilities 
such as isolation of somaclonal variants, induction 
of somatic embryogenesis and above all of somatic 
hybridization. A number of technical problems still 
need to be solved to enable the development of an 
effective methodology for obtaining high yields of 
developmentally active protoplasts. The results of 
Tseng et al. (1975), Huang (1988), Dekkers (1989) 
and the work in our laboratory have shown that 
serious limitations exist in protoplast isolation and 
culture from both mature and juvenile tissues, and 
embryogenic calli. Progress in the development of 
embryogenic suspension cultures of bamboo will 

certainly 
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61 
Fig. 2. A-D 
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A. Sprouting of axillary bud from cultured node of B. vulgaris. B. Formation of 
compact callusfrom mature node of D. strictus. C. Precocious induction of rhizome 
in seedling of D. strictus. D. Three-year-old tissue culture-raised plants of D. strictus 
in the botanical garden of the Department of Botany, University of.Delhi. 
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Fig. 3. A-D A. An embryoid of D. stricttis florrering soon after germination in culture. 
B. Flowering plantlet of D. r' ctus. C. Close-up offlorets of in vitro flowered 
plantlet of D. strictus. D. Flowering plantlet of B. arundinacea. 
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lead to a breakthrough in protoplast culture as has 
happened in rice and other monocots. 

Somaclonal Variants 

Although the actual benefits from somaclonal 
variants have not matched expectations, this 
remains a promising area worth pursuing. Most 
somaclonal variants have not proved to be of value 
but a few have made it into breeding experiments. 
In the bamboos, it is necessary to generate a whole 
range of variation in order to work towards generat- 
ing the bamboos of the future which will be more 
dedicated to modern applications. 

A few somaclonal variants have been isolated 
in our laboratory. One of them is a plagiotropic 
mutant of Bambusa arundinacea. We have as yet 
not initiated experiments for screening for 
physiological mutants and have only picked up 
those that differ in morphological characters. Ex- 
perimental induction of variation also needs to be 
done. Il can be expected that once methods of 
protoplast isolation and culture are established for 
the bamboos, the work on somaclonal and ex- 
perimentally generated variation will receive a fil- 
lip. 

Conclusion 

Tissue culture work on the bamboos is now 
coming of age with several groups working on it. It 
is heartening that nearly all are Asian groups in 
countries with a strong bamboo culture. Several 
areas of work in the tissue culture of bamboos are 
opening up and much progress can be expected in 
the future. 
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Propagation of Dendrocalamus strictus* 
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Abstract 
The propagation of mort bamboo species is done through seeds, the availabilitv of which 
is unreliable. Vegetative methods are also followed in some cases. Tissue culture could 
complement these vegetative procedures. This papes describes the conditions 
developed for the rapid multiplication of Dendrocalamus strictus through or- 
ganogenesis or embryogenesis using explants seedlings and mature clumps. The 
results of the preliminary pilot scale field studies conducted on these plants are also 
presented. 

Introduction 

Bamboos have a vert' wide spectrum of applica- 
tions in daily life (Varmah & Pant, 1981), but its 
most important use is in the paper and pulp industry. 
It constitutes nearly 70 percent of the raw material 
for this industry. The production of paper and pulp 
has risen from 0.13 million tonnes in 1951 (17 
mills) to 2.65 million tonnes in 1986 (271 mills). 
On the other hand, the capacity utilization of the 
paper and pulp mills has gone down from 90 to 58 
percent in 1986 (Gupta & Shah, 1987), due to a 
steep fall in bamboo supply caused by deforesta- 
tion, over-exploitation, cattle grazing and illicit 
trading. 

Bamboos are mainly propagated by seeds. But 
seed propagation is unreliable due to the long and 
unpredictable flowering habit of the bamboos 
(from 25 to 60 yrs). Besides, the seeds have no 
dormancy period and are viable only for a short 
period (Anonymous 1948). Bamboo is also 
propagated vegetatively by culm cuttings and 
rhizomes. Each bamboo clump on an average, 
gives about 10 culms a year. Considering 30 years 
as the life span of a clump, one would -et not more 
than 300 culms on the whole (Anonymous 1948). 

An alternative method is that of micropropaga- 
tion in vitro. This involves culturing of explants in 
vitro on defined media under sterile and controlled 

conditions and has been extensively utilized for the 
propagation of a large number of plants including 
forent trees (Bozzini, 1980). Being a clonai 
method, it reduces or eliminates the variations in- 
herent in seed-raised plants and has the potential 
for large-scale propagation of `candidate' or `plus' 
or elite trees. In bamboos, `plus' trees are selected 
on the basis of height, internodal length, sparse 
branching, number of culms per clump, interculm 
spacing and resistance to disease and pests. Some 
reports on tissue culture studies with different bam- 
boo species are given in Table 1. 

Dendrocalamus strictus is commercially in 
great demand as it is mostly a solid bamboo. The 
present paper describes studies carried out at the 
National Chemical Laboratory, Pune on 
micropropagation of D. strictus using explants 
from in vitro grown seedlings and embryogenic 
callus. The importance of tissue culture in the case 
of bamboo has been discussed based on prelimi- 
nary pilot scale field studies. 

Materials and Methods 

Seeds of D. strictus collected from forests of 
Uttar Pradesh, Andhra Pradesh and Kamataka were 
used. For mature tissues, lateral branches were 
collected from identified elite trees growing in the 
forests of Andhra Pradesh and Karnataka. All 

*NCL communication no. 4575 
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Table 1. Reports on bamboo tissue culture 

Species Type of work Media Reference 

Dendrocalamus strictus Organogenic culture and MS, KN, BAP, Nadgir et al. (1984) 
plantiet regeneration CM, IBA 

D. strictus Embryo culture White's medium Alexander & Rao, (1968) 

D. strictus Somatic embryogenesis B5, 2,4-D,IBA, Rao et al. (1985) 
and plantiet regeneration NAA 

D. strictus Callus differentiation MS, 2.4-D, CM Dekkers & Rao (1989) 

Bambusa arundinacea Somatic embryogenesis N6, 2,4-D, BAP Mehta et al. (1982) 

B.beecheyana Somatic embryogenesis MS, 2,4-D, KN Yeh & Chang, (1986a) 
and plantlet regeneration 

B. ventricosa Organogenic callus Basal, 2,4-D, Dekkers & Rao (1989) 
BAP 

B. oldhamii Somatic embryogenesis MS, KN, 2,4-D Yeh & Chang (1986 b) 

B. multiplex Protoplasts MS salts, White's Huang (1988) 
x B. oldhamii vitamins, malt 

extract & digestive 
enzymes 

Bambusa, Phyllostach}s Callus cultures No details Huang & Murashige 
and Sasa (1983) 

Phyllostachys viridis Somatic embryogenesis MS (macro), Anas et al. (1987) 
Nitsch 
(micro), 2,4-D 

Sinocalamus latiflora Somatic embryogenesis MS, KN, 2,4-D Yeh & Chang (1987) 

Schizostachyum Organogenic callus Basal, 2,4-D, Dekkers & Rao (1989) 
brachycladum NAA, CM 

Not specified Organogenic cultures No details Prutpongse & 
Gavinlertvatena (1989) 

Not specified Propagation of bamboo No details Gupta & Rawat (1988) 

chemicals used were of analytical grade (British 
Drug House, E. Merck, Sigma and Difco) and 
glassware was of Borosil make. 

MS-5 - MS + BAP (1.0) + KN (0.5) + CM 
(5%) + casein hydrolysate (CH) 
(200) + sucrose (2%) 

Culture Conditions 
All seedling and mature tree cultures were in- 

cubated at 25 ± 2 C with a 16/8 h photoperiod with 
a light illumination of 4.41 w/sec- from cool- 
white fluorescent tubes. 

Media Used 

MS - Murashige and Skoog's basal medium 
(Murashige & Skoog, 1962) 

MS-1 - MS + 6-benzylaminopurine (BAP) 
(0.2%) + coconut milk (CM) (5%) 
+ sucrose (2%) 

MS-2 - MS/2 + sucrose (2%) 
MS-3 - MS (only minerals) + thiamine-HC1 

(40) + inositol (1000) + 2, 4-dichloro- 
phenoxyacetic acid (2,4-D) (3.5) 

MS-4 - MS + kinetin (KN) (0.5) + BAP (1.0) + 
CM (5%) + sucrose (2%) + agar (0.8 %) 

Concentrations given in parentheses are in mg/1 
unless stated otherwise. 

Seedlings 

Organogenesis 
After dehusking, the seeds were treated with 10 
percent Savlon solution for five min followed by 
washing under running tap water to remove traces 
of this antiseptic detergent. Surface sterilization 
was carried out as described earlier (Mascarenhas 
et al., 1981) and the seeds inoculated on White's 
basal medium (White, 1963) with 2 percent sucrose 
and kept for germination in dark. After a week, the 
germinated seedlings were transferred to light for 
healthy development. When the seedlings had at- 
tained a height of about 40-50 mm (in 15-20 days), 
they were transferred to MS-1 liquid medium and 
agitated on a rotary shaker at 120 rpm for multiple 
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shoot induction. Ten to 15 shoots developed in 
30-40 days. 

Subcultures were performed at intervals of 20 
days by separation of the shoots, in groups of three 
to five and transferred to fresh MS-1 liquid 
medium. 

Rooting 

For studies on in vitro rooting, shoots were 
excised and the cut ends dipped in liquid MS-2 
medium containing auxins such as indole-3-acetic 
acid (IAA), indole-3-butyric acid (IBA), indole-3- 
propionic acid (IPA) and a-naphthaleneacetic acid 
(NAA) at different concentrations (0.05 - 5.0 ppm). 
Treatment with auxins was given for varying 
periods of time in dark. They were then shifted to 
the auxin-free MS-2 liquid medium for initiation 
of rhizogenesis and later incubated in light for 
10-15 days for complete plantlet development. On 
attaining a height of about 50-60 mm, plantlets 
were transferred to polybags containing a mixture 
of sterile soil:sand:vermiculite (1:1:1). The plants 
were hardened in plastic trays enclosed with 
polythene sheet to maintain a humidity of about 90 
percent. The humidity was maintained by removal 
of a portion of the polythene sheet and spraying 
water at regular intervals. After 30-40 days when 
new shoots emerged, they were transferred to the 
green house and then to the field. 

Somatic Embryogenesis 

Seeds of D. strictes were surface- steri lized by 
the method described earlier. Embryos from steril- 
ized seeds were dissected out and cultured on MS-3 
medium containing auxin. The callus obtained 
from embryos was transferred to MS-3 medium 
from which auxin had been omitted in order to 
induce somatic embryogenesis. The embryogenic 
callus was confirmed by staining with acetocar- 
mine and Evan's Blue according to the procedure 
described by Gupta and Durzan (1987). 

Mature Trees 

Nodal segments, 10-15 mm in length, were 
collected from the secondary and tertiary branches. 
The surface sterilization method followed for seeds 
was not applicable for nodal segments, rince it 
could not control the fungal and bacterial con- 
tamination. A two-stage sterilization process was 
developed which was effective in partly reducing 
the extent of infection. Segments were first treated 
with streptopenicillin and Benlate (100 ppm each) 
for 1 h with agitation on a rotary shaker, followed 
by HgC12 as described for culture of seeds. 

Segments with the nodal bud included were 
then inoculated on MS-4 semi-solid medium. The 
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buds sprouted within 20-25 days and were then 
transferred to a liquid medium (MS-5) for further 
elongation and multiplication. Experiments on 
subculture and rooting of sprouted shoots are in 
progress. 

Results 

Seedling Culture 

Seeds collected from the différent agencies 
were used for obtaining in vitro seedlings by the 
procedure developed earlier. When these had at- 
tained a height of about 40-50 mm, they were 
transferred to solid and liquid (MS) media,both 
supplemented with different concentration and 
combinations of KN, BAP and CM. The maximum 
number of shoots (10-15) were obtained in MS-1 
liquid medium when the cultures were agitated on 
a rotary shaker at 120 rpm under continuons il- 
lumination (Fig. 1). On agar media, growth was 
poor. Shoots growing on MS-1 liquid medium 
were excised and subcultured to fresh media of the 
same composition. The capacity for shoot multi- 
plication showed a variation among seeds. If trans- 
ferred singly, the shoots failed to survive on 
subculture. Further growth and multiplication 
could be achieved at each passage only if the 
shoots were subcultured in groups of three to four 
each. By this procedure upto eight sub-cultures 
have already been donc. A phenomenon we are 
unable to explain is the ability of some shoot cul- 
tures to survive repeated subcultures. 

A small number of shoots grown in MS- I liquid 
medium in shake flasks also developed mots. 
These could be directly excised and transferred to 

Fig. 1. Multiple shoots fi-onm n seedling. 
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polybags. Shoots which did not show 
rhizogenesis were excised and dipped in MS-2 
liquid medium containing different auxins like 
IAA, IBA, IPA or NAA. Contact of the shoots 
with MS-2 liquid medium containing IBM (0.1 
ppm) resulted in 80 percent rooting within two 
weeks (Fig.2); 80 percent of which kept 48 h in 
dark followed by transfer to auxin-free MS-2 
liquid medium survived in the soit mixture 
(Fig. 3). Tissue culture-raised plants appeared 
similar to normal seedlings and showed no 
visible abnormalities. Several plantlets are 
now undergoing field trials. 

Embryogenic Cultures 

Sixty to 70 percent of the calli obtained from 
embryos on the auxin-containing MS-3 medium 
exhibited selective staining for embryogenic cells. 
On transfer of this callus to the auxin-free MS-3 
medium, somatic embryos differentiated within 
two weeks (Fig. 4) and developed into plantlets 
after a further period of four weeks if left undis- 
turbed on the same medium. Fifty percent of these 
plantlets survived after transfer to the soit mixture 
and are now undergoing field trials (Fig. 5). 

Fig. 2. Rootedplantlet. 

Mature Tree Culture 
Plant material from mature clumps was col- 

lected from `elites' of D. strictus growing in the 
forests. Normal sterilization methods were un- 
suitable for controlling bacterial and fungal con- 

Fig. 3. Tissue culture plantlets in polybags. 

Fig. 4. Embryogenic callus. 
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tamination which obstructed further sprouting. 
Several anti-bacterials like streptopenicillin, 
rifamycin, tetracycline and chloromycetin were 
tried at different concentrations (50-500 ppm) and 
for different durations (30-120 min) in combination 
with the anti-fungal agent, Benlate (50-500 ppm). 
A combination of streptopenicillin and Benlate 
(100 ppm each) for 60 min followed by HgC12 
(0.1%) gave about 50 percent sterile cultures. In 
preliminary experiments, explants from mature 
clumps of D. strictus were inoculated on the same 
media used for seedling explants. These conditions 
were, however, ineffective. Différent concentra- 
tions and combinations of growth regulators were, 
therefore, tested using MS medium. On an agar 
medium, MS-4 containing KN, BAP and CM, 80 
percent of the nodal buds sprouted in three to four 
weeks (Fig. 6). This medium was good only for 
initial sprouting. Subcultures on this medium 
resulted in the browning and death of the sprouted 
shoots which could be overcome by transfer of the 
sprouted buds to MS-5 medium which was addi- 
tionally supplemented with CH. Experiments are 
in progress to standardize optimal conditions for 
subculture, multiplication and rooting. 

Field Evaluation 
A preliminary pilot-scale field-trial was con- 

ducted in July 1983 with seven tissue culture and 
seven seed-raised plantlets, respectively. This was 
not a statistically designed trial but bas yielded 
some interesting information. 

The plants were transplanted from polybags to 
earthenware pots (17 x 20 cm) containing soil and 
sand (3:1) and grown in a glasshouse for nine 
months before planting in the field at a spacing of 
1 m alternately with seedlings of the same age and 
height to serve as controls. All plants received the 
same irrigation and fertilizer doses. 

The most striking différence observed between 
propagules and seedlings was in culm develop- 
ment. Culms formed on all propagules within 16 
months of transplanting to the field, whereas this 
response was observed in only one of the seedlings 
during this period. Further increase in the number 
and diameter of culms and in the length of inter- 
nodes was also found to be higher in propagules 
than seedlings. Comparative growth data for tissue 
culture propagules and seedlings after 16 and 62 
months is given in Table 2. 

The observations recorded over 62 months in- 
dicate that bamboo propagules, though derived 
from seedling explants, exhibit early culm forma- 
tion and the annual increase in number of culms is 
higher than that in seedlings. These results are 
being confirmed at different locations with statisti- 
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Fig. 6. Sprouted budfrom nodal segment. 

cally laid out replicated field trials at 5 m spacing. 

Cost Evaluation of Plants Raised by Tissue 
Culture 

An important factor that influences the useful- 
ness of a nursery process particularly for forest 
trees is the cost of the plants (Donnan, 1986). 
These can be considered secondary if the benefits 
compensate for the high initial costs. In order to 
determine the applicability of tissue culture for 
bamboo propagation, a cost evaluation of tissue 
culture plantlets was carried out by a procedure 
described earlier for Eucalyptus (Mascarenhas et 
al., 1988). These costs were calculated for a 
production of 100 000 plants and included the op- 
erational expenses involving labour, power, chemi- 
cals, glassware, etc. The costs cover all operations 
from culture of primary explants to their planting 
in the nursery and does not include transportation 
costs from the nursery to the respective sites. All 
calculations are based on 80 percent survival of 
tissue culture plantlets when transferred to soil. 
These costs were determined by production of 
plants using a three stage process and through 
somatic embryogenesis. In the normal three stage 
process, the unit colt is Rs. 2.41. Attempts are in 
progress to reduce the three stage to a two stage 
process. Plantlets obtained through somatic 
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Table 2. Comparative field data of D. strictus plants 

Height of No. of intemodes Girth of second Average length of 
No. of culm main culm (m) in main culm intemode from first 10 intemodes 

base (cm) from base (cm) 

16M 62M 16M 62M 16M 62M 16M 62M 16M 62M 
Tissue 4.0 12.0 3.15 9.7 24.0 45.0 6.6 16.1 16.0 20.7 
culture ± 0.597 ± 1.542 ± 0.308 ± 0.850 ± 0.616 ± 1.490 ± 0.784 ± 0.848 ± 0.846 ± 0.870 
plantlet 

Seedling 1 5.0 1.95 4.2 19.0 28.0 4.0 8.2 11.0 15.6 
± 1.732 ± 0.456 ± 2.921 ± 1.038 ± 0.558 

Results are the average data taken after 16 and 62 months of control and tissue culture raised plants. 
± standard error mas not relevant since culm formation occurred in only one control seedling within 16 months; 
M, months. 

embryogenesis cost Rs 0.50 per plant with a sur- 
vival rate of 50 percent. 

Discussion 

Reports on the growth in culture of different 
bamboo species are now gradually increasing al- 
though success with Dendrocalamus strictus is 
still limited . 

Our procedure via organogenesis differs from 
the other reports on D. strictus in that the cultures 
are isolated from seedlings without any callus 
phase. This could eliminate or reduce variability 
that often occurs in callus-derived plants and could 
be of major advantage for clonai propagation. 

Although there are reports on somatic 
embryogenesis from the différent bamboo species, 
success with D. strictus bas been restricted to two 
main groups (Mehta et al., 1982; Rao et al., 1985; 
Dekkers & Rao, 1987). In the former report, induc- 
tion of callus and embryoids was achieved on B5 
(Gamborg et al., 1968) basal medium in the 
presence of 2,4-D. NAA and IBA added to the 
full-strength medium promoted embryoid germina- 
tion and healthy plants developed by transfer to a 
half-strength minerai liquid medium containing the 
above auxins. Dekkers and Rao (1987) used a 
sequential method for plantlet development from 
callus. MS basal medium supplemented with 2,4- 
D resulted in callus induction. Transfer of this 
callus to a medium containing CM and later to a 
plain basal medium resulted in embryoid and 
plantlet development, respectively. 

The present report for complete plantlet 
development via embryogenesis is simple and in- 
volves only two steps. The first step is on a medium 
containing the basal salts and 2,4-D for callus for- 
mation and the second on an auxin-free medium for 

further growth and development of the somatic 
embryos to plants. 

The operational costs for producing tissue cul- 
ture plants of bamboo from seedlings through our 
procedure was found to be about three times higher 
than the cost of Eucalyptus plantlets produced in 
our laboratory (Mascarenhas et al., 1988). This 
increased rate is mainly due to the tact that the 
cultures are produced in shake flasks, involving a 
higher power and labour pool and an in vitro rooting 
step. 

Plants raised through tissue culture, however, 
develop a substantial number of tillers within two 
to three months after transfer to soil. Similar 
rhizomes develop on seedlings after five to six 
months. These can be individually separated and 
transferred to the field within six to eight months. 
This routine could cut down considerably the mi- 
tially higher cost of the tissue culture produced 
plant. 

Conclusion 

Based on the observations of our preliminary 
field trials we foresee several advantages in the 
utilization of tissue culture for D. strictus: 
1. Year-round multiplication of plants by 

organogenesis even from seedlings. This 
would ensure a steady supply of seedlings 
unaffected by the unpredictable flowering 
behaviour. Seed-raised progeny show wide 
variations. This could be prevented by deve- 
loping a suitable method from expiants of elite 
clumps. The studies using somatic embryon 
still require confirmation regarding the clonai 
homogenenity of the plants since these are 
derived through an intermediate callus phase. 

2. Early cuim formation with a steady annual 
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increase in number and size of culms in tissue 
culture raised plants. This observation which 
requires confirmation could cut down the rota- 
tion cycle in bamboo where the culms are har- 
vested two years after formation by the paper 
and pulp industry. It will be interesting to 
observe the influence of gregarious flowering 
in natural stands on the flowering behaviour 
of the tissue culture-raised plants at différent 
ages. 

3. Tissue culture would also enable wide 
hybridizations to be carried out using proto- 
plasts (Huang, 1988). This would result in a 
planned breeding strategy so that useful traits 
can be combined. In vitro flowering could 
also similarly increase the importance of tissue 
culture in bamboo breeding which is complex 
and difficult due to the unpredictable and long 
flowering cycles in the different bamboo 
species. 
We are presently conducting studies to develop 

a process using mature elite clumps whose rooting 
stage is being perfected. Success in this process 
and the growth performance in field would confirm 
whether plants raised by tissue culture from elites 
retain their parental characteristics. 
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Mass-propagation of Bamboos 
from Somatic Embryos and 

their Successful Transfer to the Forest 
1. Usha Rao, I.V. Ramanuja Rao, Vibha Narang, Rekha Jerath and 

K. Gangadharan Pillai 
Department of Botany, University of Delhi, Delhi 110007, India. 

Abstract 
Large numbers of somatic embryos of the bamboo Dendrocalamus strictus and Bam- 
busa arundinacea were obtained by culturing mature embryos and explants from 
aseptically grown seedlings on B5 (Gamborg's medium) + 2,4-dichlorophenoxyacetic 
acid (2,4-D; 10 µM, 30 p.M, 50 p.M and 100 µM). The somatic embryos (embryoids) 
arise as protuberances on the surface of the embryogenic callus in three to four weeks 
of culture. Embryoids were subcultured on a multiplication medium (for mass-propaga- 
tion) while the embryogenic callus was maintained on a 2,4-D supplemented medium. 
After three weeks the embryoids germinated on a germination medium. Rhizomes were 
induced and the plantlets transferred to a potting mixture in earthernware pots (10 cm 
diameter). For the initial 21 days these plants were acclimatized in large indigenously 
fabricated growth chambers with controlled conditions before heing transferred to the 
greenhouse or to thefield. Over 14 000 tissue culture-raised plants have been produced. 
Four to 18-month-old plants have been transferred toforests in several States in India 
for field trials. At ail these locations the test tube plants have been growing well and 
are comparable to or better than the seed-raised bamboo plants. 

Introduction 

Bamboos are a critical natural resource. One of 
their major uses in India is as raw material for the 
production of paper. The mass-scale use of bam- 
boo by the paper mills has led to a situation where 
replacement and raising of new stands has fallen 
way behind the rate at which the bamboo clumps 
are being cut. The peculiar characteristic of bam- 
boos to flower after prolonged periods and then die 
collectively is another factor which has given 
added impetus to the already urgent need for its 
mass-propagation as much of these flowered 
forests are now tiare. In addition, the tremendous 
grazing pressure and forest fires prevent the young 
seedlings from surviving. 

Tissue culture methods offer a means of large 
scale production of plants in the shortest span of 
time. Although development of the tissue culture 
technology, its field-testing and the refinement of 
procedures may be a slow and time-consuming 
process, when once established, mass-production 
on a factory or industrial scale would become pos- 

sible. With several groups in many countries apply- 
ing themselves to the problem, it is only a matter of 
time before the desired results start showing. The 
work of Zamora et al. (1989) from the Philippines, 
Nadgir et al. (1984) and our own work are pointers 
in this direction. 

To allow a valid comparison of costs, the actual 
cost of a plant raised from seed by the forest agen- 
cies needs to be computed taking into account costs 
of the general establishment and infrastructure, in 
addition to other inputs. This is very important 
since it would indicate to the tissue culturist the 
level of efficiency needed to be attained. With 
continuing improvement in the techniques being 
used, the cost of a tissue culture raised bamboo 
plant will get progressively reduced. 

The plantlets produced in this laboratory are 
mostly through somatic embryogenesis from 
juvenile explants. Some plantlets have been 
produced from nodal explants, obtained from ma- 
ture bamboos. This paper briefly outlines the 
progress of work so far in somatic embryogenesis 
of bamboo, the raising of plantlets, their acclimati- 
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zation and transfer to the forests. 

Materials and Methods 

The procedure used for mature embryos of 
Dendrocalamus strictus and Bambusa arun- 
dinacea as explants was essentially similar to that 
described earlier (Rao et al., 1985, 1987). Other 
explants such as the node, leaf sheath, root and 
rhizome were obtained from aseptically-grown 
seedlings. 

The inductive medium consisted of the B5 basal 
medium (Gamborg et al., 1968), sucrose (2%) and 
0.8 percent agar agar (w/v) supplemented with 
2,4-dichlorophenoxyacetic acid (2,4-D) at 10, 30, 
50 and 100 MM. The pH of the medium was ad- 
justed to 5.8 prior to autoclaving at 1.05 kg/cm2 for 
15 min. 

Squash preparations of the embryogenic callus 
were made in one percent acetocarmine and 
photographed in a Zeiss ICM 405 microscope. 
Cultures with différent stages of somatic embryos 
and plantlets were dissected and photographed in a 
Zeiss SV8 stereozoom microscope. 

Results 

Callusing starts soon after germination of the 
zygotic embryo in seeds inoculated on the induc- 
tive medium. The callus increased till day 30 and 
was nodular in appearance. Its colour was white to 
cream with both friable and compact 
(embryogenic) regions. The origin of the 
embryogenic callus was traced to the vascular 
bundles (Fig. 1A,B). Several starch-filled multi- 
cellular structures are seen in the callus (Fig.1C,D). 
Embryogenic callus formed in 60 percent of the 
cultures (Fig.2A). Somatic embryos arise as 
protuberances on the surface of the callus. Several 
small, white to green embryoids with well- 
developed scutella were observed in the compact 
callus. An average of 14.6 embryoids at the 
chlorophyllous stage of the callus were observed 
after dissection of a 30-day-old culture. In most of 
the embryoids, the scutellar region proliferated and 
gave rise to several daughter embryoids, which 
initially appear as buds. 

Embryoids induced on the 2,4-D medium were 
separated aseptically and subcultured on B5 basal 
medium supplemented with or without a low con- 
centration of 2,4-D (Fig. 2B). The embryoids mul- 
tiply on this medium. Whereas some germination 
of embryoids is obtained, the cultures are mostly 
put through a separate germination step. 

The somatic embryos are well-formed and have 
a bipolar structure with a shoot and a root pole. 

Proceedings of the Int'I Bamboo Workshop, Nov 14-18, 1988 

They germinate fairly easily to form plantlets (Fig. 
3A). The plantlets are separated and allowed to 
grow until 8-10 cm tall (Fig. 2C). Once well- 
developed root systems have been formed, the 
plantlets are transplanted to soil. One method of 
ensuring 100 percent survival of the plantlets is to 
induce precocious rhizome formation. Alternative- 
ly rhizome induction can be done after potting. 

The plantlets are removed from the agar 
medium and potted directly into a soil: fine sand: 
farmyard manure (1:1:1) potting mix in 10 cm 
diameter earthenware pots (Fig. 3B). The plantlets 
which are transferred have an average height of 
9.5 cm with two or three leaves. These are then 
maintained in the growth chamber at 90, 80 and 70 
percent RH for one week each (total 3 weeks) 
under 6000 lux from cool-white daylight fluores- 
cent tubes. The temperature of the growth chamber 
is maintained at 29 ± 1 C. Plantlet survival ranges 
between 90 and 95 percent and even reaches 98 
percent if adequate care is taken. As already men- 
tioned, if the plantlets are potted after rhizome 
induction, 100 percent survival can be obtained. 
After hardening, the plantlets are transferred to 
greenhouses where these are maintained for two 
months before repotting into large polybags (Fig. 
3C,D). The plantlets are normally field-planted 
when 8-12 months old. 

Over 14 000 tissue culture raised plantlets have 
been produced so far. Four to 18-month-old 
plantlets have been planted in différent States for 
field trials. At all these locations, the test-tube 
raised bamboo plants have been growing well and 
are comparable to the seed-raised ones. 

Discussion 

Somatic embryogenesis and regeneration of 
plantlets was reported for the first time in the bam- 
boos, Bambusa arundinacea and Dendrocalamus 
strictus by Mehta et al. (1982) and Rao et al. 
(1985). Later Yeh and Chang (1986a,b, 1987) 
reported somatic embryogenesis and plantlet 
regeneration in B. oldhamii, B. heechevana and 
Sinocalamus latif'lora, and Hasan and Debergh 
(1987) in Phyllostachys viridis. 

Tissue culture methods such as somatic 
embryogenesis and subsequent plantlet regenera- 
tion can be useful in raising plantations under cir- 
cumstances where conventional propagation 
materials are limiting. If the costs are brought 
down to comparable levels, it could supplement 
current replanting efforts. Whereas the present 
methods are effective, further optimization and 
simplification of laboratory and acclimatization 
procedures is necessary. 
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Fig. lA-D. A,B. Formation of compact callus along rascular bundle of leaf in 
D. strictus. C,D. Squash preparation of newly formed callus showing 
starch filled multicelled structures (D. strictus). 
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Fig. 2A-C. A. Embryogenic compact callus. B. Callus with differentiating embryoids. C. Mature 

plantlets ready for transfer (All photograph of D. strictus). 

170 



BAMBOOS Current Research 

Fig. 3A-D. 
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A. Plantlets and germinating somatic embryos. B. Newly potted plantlets in the growth 
chamber C. Plantlets ready for repotting into polybags. D. Plantlets in greenhouse 
before transfer to forests. (All photographs of D. strictus). 
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The success of a tissue culture-based mass- 
propagation programme depends in addition to 
regenerating plantlets, on the development of effi- 
cient methods for their transplantation to soil. In 
bamboo, the present method is relatively simple 
and does away with pre-transfer preparatory steps 
such as reduction of sait and sucrose concentrations 
used in the culture medium and prior exposure to 
high light intensities. We are currently in the midst 
of experiments to do away with acclimatization in 
growth chambers. Direct transfer to the green- 
house is now being effected with an average sur- 
vival rate of 78 percent. Even at this level, the 
benefit is that expensive acclimatization chambers 
can be done away with. 
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Diseases of Bamboos in Kerala* 
C. Mohanan 

Division of Pathology, Kerala Foi-est Research Institute, 
Peechi 680 653, Kerala, India. 

Abstract 
Commercially important bamboos, including reed bamboos, namely, Bambusa arun- 
dinacea, Dendrocalamus strictus, Ochlandra travancorica, O. scriptoria and O. ebrac- 
teata are found widely distributed throughout the State of Kerala. Recently, large-scale 
planting of B. arundinacea and other bamboos has been taken up as pure stands or as 
underplantings among teak plantations. The preliminaryfindings of the disease sun'ey 
indicate that bamboos are susceptible to various diseases. A total of 36 fungal 
organisms were found to be associated with diseases of leaf, culm and rhizome. As many 
as 21 pathogens were recorded for thefirst time in bamboos. In the nurseries, diseases 
caused by Rhizoctonia solani, Dactaria sp, Helminthosporium sp. and Alternaria 
alternata were most prevalent. Basal culm decay caused by Fusarium spp., eulm rot 
caused by F. eguiseti, F. oxvsporum, Fusarium sp., culm sheath rot caused by Glomerel- 
la cingulata and Pestaloziella sp., foliar infection by Drechslera sp., Exserohiluni sp., 
Colletotrichum sp. and leaf rust caused by Dasturella sp. were the important diseases 
encountered in plantations and natural stands. Large-scale mortality of young plants 
(1 to 2-year-old) due to rhizome bud rot and subsequent die-back of culms have emerged 
as the most serious disease in plantations warranting detailed investigation. The status 
of bamboo diseases in the State and the symptomatology and etiology of some of the 
important diseases are listed in this study. 

Introduction 

Of about 1250 species of bamboos belonging to 
75 genera, nearly 136 species occur in India. In 
Kerala, bamboos are found distributed right from 
the sea coast to the high ranges; Bambusa arun- 
dinacea (Retz.) Willd., Dendrocalamus strictus 
Nees, Oxytenanthera sp., Ochlandra travancorica 
(Bedd.) Benth. ex Gamble, O. scriptoria (Dennst.) 
Fischer and O. ebracteata Raizada & Chatterji, 
have been found associated with différent forent 
types in the State (Varmah & Bahadur, 1980). 

Considering the role played by diseases in 
decreasing the productivity of bamboos, a sys- 
tematic survey spread out throughout the State was 
conducted in a total of 34 representative areas of 
natural stands and plantations where bamboos are 
raised either purely or inter-mixed with teak (Fig. 
1). Several bamboo nurseries and a few trial plots 
were also surveyed. Observations on disease in- 
cidence and their severity were recorded at periodic 
intervals. Since the failure of bamboo nurseries 

was found to be due to poor emergence of see- 
dlings, a seed pathological study was also under- 
taken. This paperprovides the first tentative check- 
list of diseases along with their incidence and 
severity on various bamboo species in Kerala and 
also information on the role of spermoplane 
microflora of stored seeds of B. arundinacea and 
D. strictus. 

Current Status of Diseases in Nurseries 

Raising vigorous and disease-free planting 
stock has a great impact on field-planting program- 
mes. In Kerala, bare-root bamboo seedlings are 
raised by following the usual forest nursery 
prescriptions. About 1.5 kg of bamboo seeds are 
sown in a standard bed (12 x 1.2 x 0.25 m); shade 
regulation and watering were done as in the case of 
other forestry crops. After 40 days of growth, the 
seedlings were transplanted into polythene bags. 

During the survey, various diseases occurring 
in bamboo nurseries were recorded in the different 

* KFRI scientific paper no. 187 
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1. Bambusa arundinacea 
2. Dendrocalamus strictus 
3. chlandra ebracteata 
4 Ochlandra scriptoria 
5 Ochlandra travancorica 
6. Qytenanthera monostiyma 
7 Thyrsostachys oliveri 

8. Bamboo species 

Fig. 1. Bamboo gron'ing areas in Kerala selected for the disease survey. 
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Table 1. Tentative checklist of nursery diseases of bamboos 

Disease Pathogen/s Bamboo species affected 

Damping-off Rhizoctonia solani state of Thanatephorus cucumeris BA, DS 

Fusarium sp. BA, DS 

F. moniliforme OS 

Seedling stem infection R. solani BA 

Leaf blight Alternaria alternata* BA, DS 
Alternaria sp.* BA 
Colletotrichum gloeosporioides* BA, DS 
Coniothyrium sp. BA 
Curvularia lunata* BA 
Dactylaria sp.* BA, DS, PP 
Exserohilum rostratum* BA, PP 
Helminthosporium sp. BA 

Seedling rhizome rot Graphium sp.* BA 

*, New pathogen record for bamboos; BA, Bambusa arundinacea; DS, Dendrocalamus strictus; PP, Phyllos- 
tach .s pubescens; OS, Ochlandra scriptoria 

localities of the State. Most of the diseases were 
prevalent in almost all the nurseries surveyed, but 
the severity of disease varied from nursery to nur- 
sery depending upon local climatic factors, see- 
dling density, etc. A total of four diseases were 
recorded with which 12 pathogens were associated. 
Of these six pathogens are new records for bam- 
boos (Table 1). 

Damping-off and Seedling Rot 

Poor seedling emergence is generally attributed 
to the poor quality of seeds. Failure of nurseries 
due to post-emergence damping-off is not uncom- 
mon. Damping-off was recorded in nurseries of B. 

arundinacea and D. strictus. Rhizoctonia solani 
(Kuhn state of Thanatephorus cucumeris (Frank) 
Donk), and Fusarium spp. were found to be as- 
sociated with the disease. Seedling rot and stem rot 
were also observed in B. arundinacea nurseries; R. 
solani was found to be associated with these dis- 
eases (Fig. 2A). Seedling infection and subsequent 
rot caused by Fusarium moniliforme Sheldon was 
also recorded in O. scriptoria. 

Foliage Diseases 

Leaf infection occurs either in patches or is 

scattered in the seed beds. The incidence and 
severity of the diseases depend on varions factors. 
Foliage infection caused by R. solani occurred 
usually in patches, especially in heavily watered 
seed beds. The infection originated on the lower 
leaves and later spread to the stem and upper leaves 
resulting in heavy defoliation and seedling mor- 
tality. The other foliar pathogens associated with 

seedling diseases of B. arundinacea and D. strictus 
were Helminthosporium sp., Exserohilum 
rostratum (Drechsler) Leonard, Alternaria alter- 
nata (Fr.) Keissler, Curvularia lunata (Walker) 
Boedijn, Dactylaria sp., Coniothyrium, Col- 
letotrichum gloeosporioides (Penz.) Sacc., etc. 
The infection by these fungal organisms was found 
scattered in the beds. A severe foliar infection 
caused by E. rostratum leading to seedling blight 
was observed in Phyllostachys pubescens. The 
infection which appeared in the bare-root nursery 
seedlings often persisted in the transplanted 
polypotted seedlings. The apparently minor foliage 
infection of the bare-root seedlings resulted in 
severe leaf blotch and subsequent defoliation and 
death on transplantation. 

Current Status of Diseases in 
Plantations 

The planting of bamboos (B. arundinacea and 
D. strictus) in old teak and soft wood plantations 
has been recently taken up in the State. One-year- 
old bare-root or container-grown seedlings are util- 
ized for planting. This is usually done in pits made 
at a spacing of 10 x 10 m after the onset of the 
South-west monsoon (May/June). Top pruning of 
the shoots, about 30-40 cm from the seedling base 
is often done before planting. 

Large-scale mortality was observed in the 
young (1 to 2- year-old) plantations throughout the 
State. Poor establishment of young plantations 
could possibly be due to various factors, which 
include cattle browsing, damage caused by rats, 
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Fig.2. A-E. Seedling stem and leaf infection of B. arundinacea caused by Rhizoctonia solani. 
B. Leaf infection of D. longispathus caused by Helminthosporium sp. C. Rhizome bud rot of 
1.5-vear-old B. arundinacea plant caused by P, thé sp. and Fusarium sp. D. Stem infection 
of B. arundinacea caused by E.pallidoroseum. E. Stem infection of T. oliveri caused by 
Curvularia sp. 
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Table 2. Tentative checklist of plantation diseases of bamboos 

Disease Pathogen(s) Bamboo species affected 

Rhizome bud rot Pythium sp.*, Fusarium sp. BA 
Rhizome decay Pseudomonas sp.* BA 
Basal culm decay F. moniliforme BA, BV 

Culm rot F equiseti* BA, BV, DL 
F oxysporum* TO 
Fusarium sp. BA, DL, DS 

Culm sheath rot Glomerella cingulata* BA, BV, DS 
Pestaloziella sp. BA 

Stem infection F. pallidoroseum* BA 
Colletotrichum gloeosporioides BA 
Curvularia sp.* TO 

Leaf rust Dasturella divina BA, BV, BVE, DS 
Puccinia sp. BA, DL, DB, P, TO 

Leaf spot Alternaria alternata* BA 
Ascomycetes (unidentified) BA, DS, P 
Chaetospermum sp.* BA 
Colletotrichum crassipes* BA 
Curvularia sp.* BA, P 
Dactylaria sp.* BA, BV, DL, DS 
Drechslera sp.* BA, B 
Exserohilum sp.* BA 
Glomerella cingulata* BA, DS, DL, BV 
Helminthosporium sp. BA, DS, TO 
Petrakomyces sp.* BA 
Septogloeum sp* BA 
Stagnospora sp.* BA, P 

Sooty mould Spiropes scopiformis*, BA 
Meliola sp. BA 

*, New pathogen record for bamboos; BA, Bambusa arundinacea; BVE, B. ventricosa; BV, B. vulgaris; 
DB, Dendrocalamus brandisii; DS, D. strictus; DL, D. lof is athus; P, Phyllostachys sp.; TO, Thyrsostachys 
oliveri; B , Bambusa sp. 

pigs and porcupines which gnaw through rhizomes 
and bases of young culms. A total of nine diseases 
were recorded in the plantations with which 25 
pathogens were found to be associated. Of these 
20 are new records for the bamboos (Table 2). 

Rhizome Bud Rot 

Infection of both scaly and flat culm buds in the 
rhizomes of one to two-year-old B. arundinacea 
plants was observed in certain localities. Since the 
rhizomes were very hard and woody, the infection 
usually occurred in the tender rhizome buds which 
resulted in rotting and failure of culm produc- 
tion in the growing season; this also hindered the 
proliferation of the rhizome resulting in stunted 
growth of the shoots (Fig. 2C). Pythium sp. and 
Fusarium sp. were found to be associated with the 
rhizome bud rot. 

Rhizome Decay 

A disease causing discolouration and decay of 
the entire rhizome was observed in one-year-old 
plantations, especially in water-logged areas. A 
bacterium, Psudomonas sp., was found associated 
with this disease. 

Basal Culm Decay 

In growing culms, the `komali' stage is con- 
sidered highly susceptible to fungal infection (Kon- 
das, 1982). It was often observed that the culm that 
had just emerged from the soil was more prone to 
infection. Infection appears as a violet or dirty 
brown discolouration on the culm sheath at the soil 
level. Tissues inside the culm sheath also show 
pronounced discolouration and the rotting is ac- 
companied by a strong pungent smell. The diseased 
culm does rot grow further and becomes entirely 
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decayed in the course of time. F. nroniliforme 
Sheldon was isolated from the diseased and dis- 
coloured tissues; in many cases no fungal organism 
could be isolated from the discoloured tissues. 

Culm Rot 

Rot in emerging culms was observed in many 
bamboo species. Dendrocalamus strictus, B. arun- 
dinacea, B. vulgaris Schr and D. longispathus 
(Kurz.) Benth. were the severely affected species. 
The infection occurred at any spot in the emerging 
culm and was usually predisposed by wounds made 
by the sap-sucking insect (Purohitha sp.). The 
infection manifested itself in the form of small 
spindle-shaped brown lesions on the colin sheath, 
which later coalesced to form large necrotic areas. 
The infection also spreads both upward and 
downward inside the culm sheath causing brown- 
ing and decay of the culm, resulting in various 
deformities (Fig. 3A-D). Two species of Fusarium, 
namely, F. equiseti sp. (Corda) Sacc. and Furaisum 
sp. were found associated with culm rot. In Thyr- 
sostachys oliveri Gamble, culm rot initiated at the 
base of the culm and spread upwards resulting in 
the die-back of the entire culm. F. oxysporum Schl. 
was found linked with the disease. 

Culm Sheath Rot 

Infection of young culm sheaths caused by 
Glomerella cingulata and Pestao--iellcr sp. was 
recorded in B. arundinacea, B. vulgaris and D. 
strictus. The infection was often predisposed by 
injury caused by insects. 

Stem Infection 

Stem infections in the form of longitudinal 
necrotic streaks extending 1-2 m in length on ma- 
ture culms with dark greyish-brown lesions on 
young green branches were commonly observed in 
young plantations of B. arundinacea. Fusarium 
pallidoroseum (Cooke) Sacc. was isolated from the 
infected tissues (Fig. 2D). Stem infection was also 
noticed in young fully grown culms of T oliveri. 
The infection initiated as small dark brown or black 
lesions at the nodal region and spread rapidly both 
in the downward and upward directions, resulting 
in rotting (Fig. 2E). Such weakened culms were 
normally snapped by wind. Curvularia sp. was 
isolated from the infected tissues. In young plan- 
tations of B. arundinacea, the eut ends of pruned 
shoots were found infected with Colletotrichum 
gloeosporioides. The infection spreads towards the 
base, causing the die-back of the shoots. 

Foliage Infection 

Foliage infections were observed in all the bam- 
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boo plantations surveyed. Several fungal or- 
ganisms were found associated with the foliar dis- 
eases. Leaf rust caused by Dasturella divina and 
Puccinia sp. was observed in most of the bamboo 
species surveyed. The foliage infections varied 
from small insignificant lesions to large necrotic 
areas which spread to the entire leaf lamina, thus 
causing leaf blotch and subsequent defoliation 
(Fig.2B). Glomerella cingulata (Stonem.) Spauld 
& Schrenk, Exserohilum sp., Helminthosporium 
sp., Alternaria alternata (Fr.) Keissler, Curvularia 
sp., Dactvlaria sp., etc. were the important 
pathogens linked with the foliage infections of 
bamboos. 

Current Status of Diseases in Natural 
Stands 

The occurrence and distribution of various 
species of bamboos in the State vary greatly 
depending upon the locality and various other 
ecological factors. For example, B. arundinacea 
prefers rich moist soil and grows in moist 
deciduous and semi-evergreen forests, moist val- 
leys and bouse compounds whereas D. strictus is 
found distributed in deciduous forests and dry 
localities. Oxytenanthera sp. occurs in semi- 
evergreen and evergreen forests. Out of nine 
species of reed bamboos, the commercially impor- 
tant species Ochlandra travancorica and O. scrip- 
toria are found in the semi-evergreen and evergreen 
forests of the State while O. ebracteata is confined 
to the semi-evergreen forests in Kottoor reserve 
(Trivandrum Forest Division). 

Almost ail the diseases recorded in the planta- 
tions were also observed in natural stands. In addi- 
tion, diseases such as witch's broom and little leaf 
disease were also observed. A total of seven dis- 
cases were recorded in natural stands with which 
22 pathogens were associated. Of these 12 are new 
records for bamboos (Table 3). 

Basal culm decay was more prevalent in the 
natural stands of B. arundinacea as compared to 
that in the plantations. The disease was also 
recorded in natural stands of Oxytenanthera sp. 
Fusarium spp. were found to be associated with this 
disease. A high mortality of 17.1 to 21.6 percent 
due to basal culm decay was observed in natural 
stands at Noolpuzha (Wynad) whereas a compara- 
tively low mortality (5.4 to 8.0%) was recorded ai 
Muthanga (Wynad) in a two year observation 
period (Table 4). 

Witch's Broom 

This disease, observed in Ochlandra travan- 
corica, O. scriptoria and O. ebracteata, was 
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Fig. 3 A-E. A-D. Various stages of culm rot in B. arundinacea caused by Fusarium equiseti and 
Fusarium sp. E. Witch's broom disease of Ochlandra navancorica caused by 
Balansia linearis. F. Little leaf disease of D. strictus caused by MLO. 
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Table 3. 
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Tentative checklist of diseases of bamboos in natural stands 

Disease Pathogen (s) Bamboo species affected 

Basal culm decay Fusarium spp. BA, OM 

Juvenile culm rot Fusarium sp., Periconia sp. BA 
Leaf rust Dasturella divina BA, DS, OM 

Puccinia sp. DS 

Leaf spot Alternaria sp. BA, DS, A 
Ascomycetes (unidentified) BA 
Curvularia sp.* DS, A 
Dactylaria 

sp.. 

BA, DS, OE, OS,OT 
Drechslera sp. BA 
Exserohilum sp. Os 
F. pallidoroseum BA, DS 
Glomerella cingulata BA, OE, OS, OT 
Helminthosporium sp. BA, OM 
Phomopsis sp BA 
Phyllachora sp. BA, DS 
Pythomyces sp. OS, OT 
Stagnospora sp. BA 

Sooty mould Spiropes scopiformis, Meliola sp. BA, OE, OS, OT 

Witch's broom Balansia linearis' OS, OT 

Little leaf Mycoplasma-like organism DS 

*, New pathogen record for bamboo; BA, Bambusa arundinacea; DS, Dendrocalamus strictes; OE, Ochlandra 
ebracteata; OD, Ochlandra scriptoria; OT, Ochlandra travancorica; A, Arundinaria sp; OM, 0,,L enanthera 
monosti,Pma 

widespread in most of the reed-growing areas. It 
caused profuse growth of axillary shoots and 
pronounced reduction of internodal length and size 
of the stem, sheath and leaves; the normal leaf of 
0. travancorica (40 x 10 cm) was reduced to 3-10 
x 0.5-1 cm due to infection. The fungus Balansia 
linearis (Rehm.) Diehl was seen associated with 
this disease. It produced dark brown to black fruc- 
tifications on the affected leaves and usually spread 
lengthwise from the leaf base to the apex. Often 
the whole leaf appeared to be a fungal fructification 
with the exception of a small portion of the apex 
(Fig. 3E). The infection was recorded throughout 
the year. 

Little Leaf Disease 

The disease occurred only in a few clumps of 
D. strictus. It was characterized by the production 
of a large number of abnormal shoots from the 
nodal region giving rise to a bushy growth. The 
internodes and leaves were stunted (Fig. 3F). 
Usually, only a few diseased culms were observed 
in the clump bearing stunted shoots. Fluorescence 
microscopic studies employing Diene's stain 
(Deeley et al., 1979) showed that the infection may 
be caused by mycoplasma. 

Seed Microflora of Stored Bamboo 
Seeds 

B. arundinacea and D. strictus flower sporadi- 
cally and the flowering occurs in small patches or 
in a few clumps in certain localities. Sporadic 
flowering also occurs in O. travancorica and O. 
scriptoria. Flowering occurs during November/ 
December and seed formation and ripening take 
place in April/May. Generally, the forest nurseries 
are raised during December/January and hence the 
bamboo seeds have to be stored for a considerable 
period of time before sowing is done. Under the 
humid tropical conditions of Kerala , the bamboo 
seeds are vulnerable to fungal infection during 
storage which reduces their viability and vigour. 

Seeds of B. arundinacea stored for four months 
in closed containers at 15 C and 28 ± 2 C and seeds 
of D. strictus stored for thé same period at 28 ± 2C 
were used in the present investigation. In each 
treatment, 200 seeds were tested employing the 
standard blotter technique. A total of 19 fungal and 
two bacterial organisms were encountered on the 
seeds of both the bamboo species. Of these, seven 
were potential seed-bome pathogens capable of 
causing infection in nursery seedlings (Table 5). 
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Table 4. Basal culm decay of B. arundinacea in natural stands at four localities surveyed 
during 1987-1988 

1987 1988 

Locality No. clumps 
observed 

No. new 
culms 

cuim 
mortality 

No. clumps 
observed 

No. new 
culms 

% cuim 
mortality 

Anamari 
(Nilambur) 

104 268 19.4 126 286 13.9 

Noolpuzha 
(Wynad) 

98 368 17.1 92 331 21.6 

Muthanga 68 212 8.01 72 260 5.38 

Thirunelly 
(Wynad) 

114 317 14.5 83 323 19.2 

Fungal species and their frequency of occurrence 
were more in the seeds of D. strictus than those of 
B. arundinacea. A comparatively low incidence of 
seed microflora was observed in seeds stored at low 
temperature (15 C) and a higher percentage of 
germination (82%) recorded as compared to those 
stored at 28 ± 2 C (63 %). A few of the germinated 
seedlings showed severe fungal infection on the 
radicle and coleoptile. Seedling deformity was 
also recorded in some cases due to severe fungal 
infection at the hilum region. 

Discussion 

Earlier, only a few diseases had been recorded 
from other bamboo-growing countries 
(Anonymous 1960; Beradze, 1972; Lan, 1980; 
Boa, 1985b). In Bangladesh, bamboo blight is an 
economically important disease (Boa, 1985a; Rah- 
man, 1985). The growing culms of Bambusa sp. 
are affected by this disease. The sheath rot pathogen 
of rice (Sarocladium oryzae) and Acremonium 
strictum are both linked with bamboo blight, 
though the connection between fungi and disease 
has not been satisfactorily demonstrated (Boa, 
1985a). In India, a few foliar rust diseases caused 
by Dasturella divina, Puccinia sp., and Tunicos- 
pora bagchii have been reported (Bakshi & Singh, 
1967; Singh & Pandey, 1971; Bakshi et al., 1972; 
Bakshi, 1976). 

In the prescrit investigation a total of 36 fungal 
organisms were recorded on bamboos of which 10 

caused various diseases of seedlings in nursery, 25 
in plantations and 22 in natural stands; five 
pathogens were common to nursery, plantation and 
natural stands and 13 were common to plantation 
and natural stands. As many as 21 pathogens were 
recorded for the first time on bamboos. However, 
the pathogenic nature of many of these fungal orga- 

Table 5. Occurrence of spermoplane fungi 
on stored seeds of bamboos 

Microorganism Percent occurrence 
BA DS 

Alternaria spp. 10.5 9.5 

Aspergillus spp. 4 5.5 

Beltraniopsis spp. 2.5 0 

Cercospora sp., 2 3.5 

Chaetomium sp. 3 5.5 

Cladosporium spp. 6 7 

Curvularia spp.' 11 16.5 

Drechslera spp.` 23 24.5 

Dactylaria sp.* 6 8.5 

Epicoccum sp. 0 4.5 

Fusarium spp. 24 29.5 

Memnoniella sp. 2 0.5 

Mucor sp. 0.5 2.5 

Nigrospora sp. 1.5 3 

Penicillium sp. 4.5 6.5 

Periconia sp. 0.5 1 

Phoma sp. 1 2 

Phomopsis sp. 0 1 

Pithomvices sp. 0 1.5 

*, Pathogen recorded on hamboos; BA, Bambusa 
arundinacea; DS, Dendrocalamus strictus 

nisms has not been ascertained. 
In bamboo nurseries damping-off caused by R. 

solani is the major disease as also reported in other 
forestry crops (Sharma et al.. 1984; 1985). With 
the exception of E_xserohilum rostratum and Hel- 
minthosporium sp., the other pathogens caused 
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only very insignificant damage in nursery seed- 
lings. As far as damping-off is concerned it cari be 
effectively controlled by prophylactic fungicidal 
application as also by manipulating nursery opera- 
tions such as shade regulations and watering fre- 
quency. 

In young bamboo plantations, diseases of 
rhizome buds affecting both culm production and 
rhizome proliferation may pose a threat to the 
stand. Basal culm decay caused by Fusarium sp. 
in natural stands and also in plantations is another 
important disease which needs detailed investiga- 
tion. In natural stands of B. arundinacea the per- 
cent mortality of emerged culms due to decay 
ranges from 5.4 to 21.6. The basal culm decay 
caused by F. moniliforme, F. solani and Sclerotium 
rolfsii has been recorded from other countries 
(Anonymous 1960; Lan, 1980; Chen, 1982). Culm 
rot and culm sheath rot are the other important 
diseases affecting most of the bamboo species in 
plantations. The culm sheath plays an important 
role in the development of new culms. The green 
culm sheath and the partially expanded internodes 
that are damaged by the sap-sucking insects, are 
rendered susceptible to fungal infection resulting in 
various deformities leading to the die-back of 
culms. The sap-sucking insects play a major role 
in inciting and spreading the disease within the 
culm and also between the clumps. Since most of 
the bamboo species surveyed are found to be sus- 
ceptible to culm rot, a detailed study on various 
aspects of epidemology is warranted. The 
pathogens associated with the disease, F. equiseti 
and Fusarium sp., sporulate heavily on the dis- 
coloured and decayed culm tissues. 

The witch's broom disease caused by B. linearis 
on Ochlandra spp. and little leaf disease of D. 
strictus were two diseases observed in natural 
stands. Earlier, witch's broom on various bamboo 
species had been reported to be caused by different 
fungal pathogens, namely, Aciculosporium take, 
Epicloe bambusae and Loculistroma bambusae 
from various countries (Shinohara, 1965; Chen, 
1970; Kao & Leu, 1976). A disease similar to little 
leaf disease of D. strictus, observed in a few loca- 
tions in Kerala has also been reported by Bakshi et 
al. (1972) as a disease of unknown etiology. 

From the survey it is apparent that the disease 
situation observed in natural stands is not much 
different from that in plantations. This observation 
is at variance from a general belief that disease 
occurrence will be more in species under cultiva- 
tion than in natural stands because of the long-term 
stability attained by the host and pathogen in a 
natural ecosystem. This may possibly be due to the 
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greater pressure from man and domestic as well as 
wild animais on natural stands of bamboos. 

Seed quality is known to have a great impact on 
the quality of planting stock. The mode of collec- 
tion is vital for obtaining good quality bamboo 
seeds. Usually, bamboo seeds are collected from 
the forest floor and as a result are contaminated by 
plant debris and soil particles. The weather condi- 
tions during seed collection also influence seed 
health. Storage conditions also affect seed viability 
as seeds stored ai a low temperature have higher 
germinability than those stored at a higher tempera- 
turc. Improper seed cleaning and storage proce- 
dures are responsible for the incidence of storage 
microorganisms and low seed viability. The seed 
pathological studies have revealed a large number 
of potential pathogens on the seeds of B. arun- 
dinacea and D. strictus. Earlier, a detailed inves- 
tigation on seed characteristics including seed 
germination and seed-borne fungi of several bam- 
boo species grown in Thailand had been reported 
(Anantachote, 1985). From the preliminary studies 
on seed pathology of bamboos it may be concluded 
that there is an urgent need to standardize methods 
for seed collection, storage and seed certification to 
provide high quality seeds for future bamboo plant- 
ing programmes. 
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Abstract 

A survey of common diseases of bamboos and bamboo-reeds was conducted in certain 
selected areas of Kerala during the year 1987-88. The symptomology and etiology of 
six diseases of bamboos and four diseases of reeds are described. 

Introduction 

Although a large number of saprophytic and 
parasitic fungi have been reported on dead and 
stored bamboo, the amount of information avail- 
able on the pathogens of living bamboos and bam- 
boo-reeds in India is very limited. Preliminary 
observations have shown that about 15-20 percent 
of the bamboos in natural groves are damaged or 
lost every year through various diseases and pests. 
Ravo (1962) reported the occurrence of Ascochyta 
sp. on bamboo from India. In 1984, Boa and Rah- 
man from Bangladesh notified the possible danger 
of "bamboo blight", which is a serious disease of 
bamboo. 

A detailed survey was conducted during 1987- 
88 in the natural groves of bamboos and reeds in 
certain selected plains and forest areas of the Kerala 
State. The results obtained so far are presented in 
this paper. 

Materials and Methods 

The commonly occurring bamboo species both 
in the plains and forests of Kerala are Bambusa 
arundinacea (Retz.) Willd; B. vulgaris Schrader ex 
Wendland and Dendrocalamus strictus Nees, and 
the main species of reeds are Ochlandra travan- 
corica (Bedd.) Benth. ex Gamble and O. rheedii 
Dennst. These were examined in the field for the 
occurrence of diseases. 

Disease Survey and Collection of Specimens 

The disease survey was done over two monsoon 
and one summer season. Groves of bamboos and 
reeds in parts of the plains and forests of 
Trivandrum, Quilon, Kottayam, Idukki, Trichur 

and Palghat districts were periodically observed for 
disease. Appropriate specimens of diseased parts 
such as foliage, branches, culms, sheaths, etc. were 
collected and brought to the laboratory for isolating 
the causal organisms. 

Isolation and Purification of the Casual 
Organisms 

Isolation and purification of the organisme were 
donc following standard laboratory techniques. In 
most cases tissue isolation on potato dextrose agar 
medium was donc. Host extract agar was also tried 
in a few instances. The initial cultures that were 
obtained were purified further by hyphal tip trans- 
fer and single spore isolation techniques and 
through frequent sub-culturing. 

Morphological Studies and Identification of 
the Organisms 

Ten-day-old pure cultures were used for 
detailed morphological studies. For this purpose, 
slide cultures were prepared following the techni- 
ques of Riddel (1950). Small bits of the inoculum 
were inoculated on previously cut sterile agar 
blocks of 6 mm square and 2 mm thick and placed 
over a flamed glass slide. A flamed cover slip was 
put over the inoculated agar block and gently 
pressed. The slide was then placed in a sterile 
petridish over two glass rod pieces kept on a wet 
filter paper round, so that the slide with the inocu- 
lated agar block rested over the glass rod pieces. 
The dish was then incubated at room temperature. 
On the third day the slide was taken out and the agar 
block removed. The growth on the slide as well as 
on the cover slip was wetted with a drop of alcohol, 
mounted in lactophenol and sealed with nail polish 
to make them semi-permanent. The mounts so 
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prepared were observed under a Microstar micro- 
scope with a photographie attachment. The mor- 
phological features were recorded, measurements 
made and microphotographs taken. 

Pathogenicity Tests 

The pathogenicity of the isolates was confirmed 
by artificial inoculation of healthy bamboos and 
reeds. For this purpose, 15-day-old pure cultures of 
the organisms were used. Culture bits and spore 
suspensions in sterile distilled water were inocu- 
lated on both injured and non-injured plant parts. 
Wherever culture bits were used, the inoculated 
portions were covered with wet cotton. In other 
cases the inoculated portions were given a loose 
covering of polythene sheets. In the case of 
Taphrina, extracts of severely infected leaves in 
sterile distilled water were sprayed over the plant 
parts with an atomizer. Identical healthy control 
plants were marked and sprayed with sterile dis- 
tilled water and otherwise treated similarly. Infec- 
tion and development of symptoms were noted 
daily from the fifth day onwards. 

Results 

In bamboo, six diseases, namely, leaf and 
branch blight, grey-blight of culms, abnormal 
defoliation and withered culms, rotting of young 
culms, sooty mould, shrinking and withering of 
basal culms, and in reeds, thread blight and various 
types of leaf and culm blight were observed. 

Among the bamboo diseases, leaf and branch 
blight and culm rotdiseaseswere commonly noted 
in all the three speciesand were particularly severe 
after the rainy season. Among the four diseases 
recorded on reeds, thread blight was a severe dis- 
ease in both species of Ochlandra. 

Bamboo 

Leaf and branch blight 
Three types of leaf and branch blight were com- 
monly noted: 
1. Symptoms: A large number of small longitudinal 
yellow lesions first appear on the leaves. These 
enla- rge in size and turn brown. The leaf margins 
become necrotic extending towards the centre. 
Such leaves are gradually blighted and abscise. 
The branches also become blighted with time. The 
disease can be designated as leaf and branch 
blight. 
Etiology: Ascochyta phaseolarum Sacc. The cul- 
ture which is at first white turns yellow with a black 
tinge from below. Pycnidia spherical to sub- 
globose, light yellow and measure 60-200 µm. 
Conidia straight or slightly bent at one or both ends, 
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hyaline, one-septate. The hyaline globose phialides 
measure 8-9 x 4-7 µm. Conidia measure 13.5 - 15.5 
x 3-5.7µm. 
2. Symptoms: Leaves turn brown in masses from 
the base to the tip of branches, and gradually 
become blighted and abscise. The disease may be 
designated as "brown blight". 
Etiology: Fusarium semitectum Berk and Rav. 
The culture which is white at first and peach 
coloured from below, gradually turns buff brown. 
Sporodochia are absent. Macroconidia are found in 
aerial mycelium from loosely branched coni- 
diophores. Conidia measure 2.5-7.5 x 17-40 gm 
with the foot cell being absent. 
3. Symptoms: Large water-soaked patches appear 
on the leaves. Gradually the leaves fully turn 
papery white and become blighted. Severely af- 
fected branches are also seen. The nature of blight- 
ing is similar to that of leaf and sheath blight of rice. 
The disease may be designated as "leaf and stem 
blight" of bamboo (Fig. 1). 
Etiology: Curvularia lunata (Wakker) Boedijn. 
Mycelium initially hyaline but gradually turns 
brown. When young the culture is white in colour 
and becomes darker at maturity. Conidia olive 
brown, curved or ellipsoid, 3-septate with round 

Fig. 1. Leaf and stem blight of bamboo. 
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Fig. 2. Grey-blight of culms of bamboo. 

apex and accuminate base. The two central cells 
are darker than the end cells. On an average, the 
conidia measure 2.6-14 µm. On inoculation the 
latter two organisms showed blight symptoms in 

rice plants. 

Grey-blight of culms 
This disease was observed in Bambusa arun- 
dinacea and B.vulgaris. 
Symptoms: Patches of irregular grey coloured 
lesions ozene in the nodal regions of a few basal 
nodes. These extend gradually both upward and 
downward in strips finally covering 
the entire internode portion. The 
margins of these lesions become 
dark brown with necrotic centres 
(Fig. 2). 
Etiology: Geotrichum (Link)sp. 
Myceliummilky white, coni- 
diophores absent. Conidia 
arthrospores, hyaline, 1-celled, 
cylindrical, formed by segmenta- 
tion of hyphae and measure 13-19.5 
x 6.5 µm. 

Abnormal defoliation and withered 
culms 
Symptoms: Observed only in Bani- 
busa iulgaris. A large number of 
raised lesions appear in almost all 
leaves which gradually become 
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together resulting in large blighted areas. Whole 
leaves dry up in certain branches and abscise. The 
branches may also dry up. The severely affected 
culms become discoloured and subsequently dry up 
(Fig. 3). 
Etiology : Taphrina deformans Berk Tul. 
Transverse sections of the affectedleaves showed 
septate intercellular mycelium which was some- 
times deep-seated in the tissues. The hyphae 
beneath the cuticle showed ascogenous ceils. The 
ascospores are globose and measure 3-4 tm in 

diameter. These undergo yeast-like budding within 
the ascus. Inoculation on turmeric leaves at first 
caused yellow lesions followed by large blotches. 

Rotting of growing culms 
This disease was found to occur in all bamboo 
species observed. Rotting occurs in the young 
culms at all stages of growth. The affected culms 
gradually die and the inner tissues along with the 
outer sheaths become rotted. In all cases, the as- 

sociated organisms are more than one species of 
Fusarium. Rotting is promoted by certain borers 
and the presence of larvae was invariably noted 
inside the rotted culms (Fig. 4). 

Sooty mould 
Its occurrence is restricted to Bambusa vulgaris. 
Symptoms : A black powdery fungal coating is seen 
on the upper side of the leaves of the affected 
branches and portions of culms. Such branches 
show withering. 
Etiology: Capnodium (Mont.) sp. 

Shrinking and withering of basal culms 
The incidence of this disease was noticed in Bam- 

busa arundinacea. Ganoderma lucidum (Fr.) Karst. 
occurs in large numbers at the basal portions of the 
living culms up to a height of about 1 m from 

necrotic. The nearby lesions join Fig. 3. Abnormal defoliation and witherea cutms of bamboo. 
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Fig. 4. Rotting of growing culms of bamboo. 

ground level. The repeated incidence in the same 
clump by this annual fungus causes discoloration, 
shrinking and withering of the basal portions of 
mature as well as young culms. The fungus also 
affects the root system which becomes retarded and 
malformed (Fig. 5). 

Reeds 

Leaf and culm blight (thread hlight) 
This disease is observed frequently at Palode and 
Ponmudi forest areas in both the Ochlandra 
species. 
Symptoms: Large water-soaked irregular patches 
appear on the foliage with white centres and brown 
margins. The symptoms initiate at 
Leaf junctions of the branches. The 
affected leaves rapidly dry up in 
bunches. In an affected clump al- 
most all the branches show 
symptoms of branch blight. Close- 
ly sticking creamy white fungal 
threads are seen throughout the af- 
fected culms. All stages of culm 
growth are affected and the dis- 
eased culms gradually dry up (Figs. 
6A,B). 
Etiology: Pellicularia (Botryo- 
basidum) salamonicolor (Berk & 
Br.) Dastur. On the post surface, 
the fungus appears as fine silvery- 
white mycelium or pustules. The 
mature mycelium turns pinkish- 
brown and is present on the culms 
and leaves. The asexual spores are M'M 

Fig. 5. Shrinking and withering of basal culms of bamboo by 
Ganoderma. 
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hyaline, thin-walled, globose and 
measure 8-12 x 5-10 µm. 
Rusty spots on leaves and culms 
Symptoms: The incidence of this dis- 
ease was noticed in both the reed 
species under study. Rusty ir- 
regular lesions in large numbers appear 
on leaves and culms and gradually tutu 
necrotic. In severe cases, leaf and culm 
blight are seen (Fig. 7). 
Etiology: Coniothyrium fuckelii Sace. 
Pycnidia are superficial, dark, 
numerous and measure 180-200 µm in 
diameter. The conidia are dark, 
globose to slightly elliptical and 
measure 2.5-5.6 x 2-35 µm. 

Brown spot (hlight) of leaves 
Its incidence was noted in both the reed 
species under study. 
Symptoms: Small irregular or oblong 
yellow spots appear superficially on the 

leaves. The spots gradually enlarge in size and later 
coalesce to form, larger blighted areas. The leaves 
become necrotic and brittle. 
Etiology: Curvularia andropogoins (Zim.) 
Boedijn. The fungus culture which is initially 
white, turns dark at maturity. Conidiophores 
measure 100-190 µm long and are 9-10.tm wide. 
The conidia are terminal and lateral and are more 
or less straight, 3-septate, dark brown, thick-walled 
and measure 14-20 x 30-60 µm. 

Leaf blight 
Symptoms: Blighting of leaves is similar to that of 
Pellicularia blight. The only différence noticed is 
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Fig. 6 A,B. Thread blight of reeds in leaves (A) and cuims (B). 
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Fig. 7. Rusty spots on reeds. 

the absence of any mycelial growth on the leaf 
surface. Instead a pinkish powder is seen on the 
blighted leaves at certain portions. 
Etiology: Fusarium equiseti (Corda.) Sacc. The 
fungal culture is white in colour and later turcs 
olive buff and becomes dark from below. The con- 
idia are produced from lateral phialides and 
measure 10-12.5 x 2.5-3 µm. Sporodochia are ab- 
sent. 

Discussion 

The production of blight symptoms through 
artificial inoculation in rice plants by Fusarium 
semitectum and Curvularia lunata showed that 
these are pathogens of other graminaceous crops 
also. The occurrence of Ascochyta sp. in bamboos 
was reported earlier by Ravo (1962). The present 
observations confirm its pathogenic nature in bam- 
boo. Similarly the association of Coniothyrium 
fuckelii with bamboo blight has already been 
reported by Gibson (1975) from Bangladesh. In the 
present study a more or less similar incidence of the 
same fungus was seen in the reeds of Kerala. 

The pathogenic nature of other organisms 
described in the present study have been reported 
in various other crops by earlier workers. Occur- 
rence of Fusarium equiseti in leaves of Eichhornia 
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crassipes by Banerjee (1942), the association of 
Fusarium semitectum with darkened young shoots 
of Aegle marmelos by Mitra (1935), Pellicularia 
salmonicolor in living stem of rubber, tea, coffee 
and citrus and other plants by Butler and Bisby 
(1931) may be noted in this context. 

The information obtained from the present 
study show that bamboos and reeds in Kerala are 
affected by several diseases which in certain 
localities and seasons occur in severe proportions, 
causing considerable yield losses and reduction of 
quality. 
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Abstract 
The différent insect pests of standing and dry bamboo are described. Control measures 
are also suggested in the papes. 

Introduction 

Little information is available on the various 
insects feeding on bamboos and much less is known 
about their impact on the growth of bamboo. Chen 
(1928) presented notes on the bamboo borer, Cyr- 
totrachelus longimanus Fabricius. Beeson (1941) 
described the life history and control of weevil 
borers of bamboos, C. dux Boheman and C. lon- 
gimanus. Mathur (1943) gave an account of 
defoliators of bamboos with a detailed account of 
the greater bamboo leaf rouer, Pyrausta coclesalis 
Walker. Chatterjee and Sebastian (1964; 1966), 
and Singh and Sivaramakrishna (1976) recorded 
host plants and gave biological notes and control 
measures of the bamboo sap-sucker Oregma ham- 
busae Buckton. Roonwal (1977) studied the life 
cycle of the bamboo stem beetle, Estigmena 
chinensis Hope. Dayun and Shao-jin (1987) 
provided brief information on pests of bamboos. 
Singh and Bhandari (1988) have also described 
important pests of bamboos and their control in 
India. As regards the ghoon borers of dried bam- 
boos, a lot of work has been carried out in this 
country. Beeson (1941) outlined the life history 
and methods for the control of D. brevis Horn., D. 
ocellaris Stephens and D. minutus Fab. This paper 
pives a brief account of the current status of impor- 
tant pests of bamboos and their control. 

Insect Pests 

Standing bamboos are attacked by various in- 
sects belonging to the orders Coleoptera, Lepidop- 
tera and Hemiptera. According to their food habits, 
these insects can be grouped into defoliators, borers 
of standing culms and sap-suckers of stem, leaf and 
seed. Felled and dried bamboos are attacked by 
ghoon and other borers. 

Defoliators 

Defoliation epidemics in bamboo forests and 
plantations are not quite frequent. Sometimes, 
during the rainy season, large-scale defoliation by 
the greater bamboo leaf rouer Pyrausta coclesalis 
Walk is noticed. The species is distributed 
throughout the Indian subcontinent and South-east 
Asia. Mathur (1943) has described the life-history 
of the greater leaf rouer in detail. It is quite in- 
jurious to bamboos with four generations a year. 
The leaf roller is parasitised by the tachinids Car- 
celia octava Bar., Pales pavida Meign and 
Prosopodopsis fasciatus Wd.; Cedria paradoxa 
Wlkn. (Hymenoptera: Braconidae); Microgaster 
kuchingensis Wlkn. (Hymenoptera: Braconidae) 
and Xanthopimpla cera Cam. (Hymenoptera: Ich- 
neumonidae). The predators of the leaf roller in- 
clude the carabids Calleidepellipes Andr., C. rapax 
Andr. and C. splendidula Fabricius, and the mantid 
Hierodula ventralis Gig. (Chatterjee & Misra, 
1974). But quite often, these natural enemies are 
unable to control the pest and epidemic buildup of 
pest populations occurs during the rainy season 
leading to foliage loss. The damage is more in 
plantations than in forests. A solution of 0.2 percent 
fenitrothion or 0.1 percent carbaryl in water with a 
surfactant effectively controls the pest. It is not 
easy to use insecticides during the monsoons for 
controlling the pest. In Jawa, Kalshoven (1950- 
51), reported that the species has a high reproduc- 
tive potential but is adequately controlled by 
parasites. In China, P. coclesalis Walker damaged 
more than seven million hectares as a result of 
which more than four million stock of Phyllos- 
tachys pubescens died. Aerial spraying and injec- 
tion of insecticides into the cavity at the bottom of 
the plant reduced the extent of infestation (Shi, 
1980). 
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Besides the greater leaf roller the other lepidop- 
terous defoliators are Pyrausta bambucivora 
Moore, Pionea flavofimbriata Moore and Mas- 
sepha absolutalis Walker (Lepidoptera: Pyralidae). 

All these defoliators are pests of minor impor- 
tance. A foliar spray of 0.1-0.2 percent fenitrothion 
or 0.1 percent carbaryl in water is used to control 
these pests. 

Hieroglyphus banian Fabricius (Orthoptera: 
Pyrgomorphidae), a green or dry grass coloured 
grasshopper, is a major pest of rice, maize and wild 
grasses. It has an annual life cycle. The eggs 
remain in soil from November to June. Scelio 
hieroglyphi Timb. (Hymenoptera: Scelionidae) 
parasitizes eggs of this grasshopper. Beeson (1941) 
reported an outbreak of this species in June, 1933 
in bamboo forests from Hoshiarpur Forest 
Division. 

Poecilocerus pictus Fabricius (Orthoptera: 
Acrididae) is a bright bluish green and yellow 
coloured grasshopper. Though primarily an 
agricultural pest, it is also injurions to bamboos, 
especially D. strictus. This was responsible for 
causing heavy defoliation in bamboo forests in 
Hoshiarpur Division in 1923 (Beeson, 194 1). Ithas 
an annual life cycle and hibemates in the egg stage. 
Sporadic outbreaks of the grasshopper are some- 
times reported in D. strictus forests from various 
forest divisions. 

Dusting hoppers and adults with five and ten 
percent BHC, respectively, gives effective control 
of the above two grasshoppers (Anonymous 1989). 

Shoot and Culm Borers 
The most important shoot and culm borers are 

the two bamboo weevils, Cyrtotrachelus dux 
Boheman and C. longimanus Fabricius (Coleop- 
tera: Curculionidae) and the bamboo hispine 
beetle, Estigmena chinesis Hope. 

C. dux has an annual life cycle. The adults are 
active at the onset of the South-west monsoon and 
they bite deep holes in the tender culm shoots to 
obtain the sap, thus adversely affecting the growth 
of the culms. The eggs are laid in pits similar to 
those made for the purpose of feeding. The larva 
bores into the culm, leaving it when fully grown to 
pupate in the soil. Damage is characterized by a 
long larval tunnel starting beneath or near the culm 
sheath and passing internally through several inter- 
nodes perforating each node and ending in a bol- 
lowed and dead terminal shoot. Culms may be 
killed outright and the development of multiple 
shoots of little commercial value is induced. The 
presence of a single larva is sufficient to destroy a 
culm. Infestation is usually heaviest where the den- 
sity of culms is high. The other species, C. lon- 
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gimanus in both adult and larval stages, is also an 
important pest of D. strictus and other bamboos. 
The general habits of this species are similar to 
those of C. dux (Chen, 1928; Stebbing, 1914; 
Beeson, 1941). Beeson (1941) recommended cap- 
ture of the beetle at the beginning of the monsoon. 
Dayun and Shao-jin (1987) recommended digging 
out of damaged culms and shoots for control. As 
damage is less in well-thinned and exploited areas 
than in stands with numerous dense clumps, the 
density of clumps should not be allowed to in- 
crease. 

The bamboo hispine beetle, Estigmena chinen- 
sis (Coleoptera: Chrysomelidae) is the most im- 
portant pest of standing bamboos in natural forests 
and plantations in India. Sometimes, all the culms 
in a clump are attacked. The over-wintering adult 
becomes active before the onset of the South-west 
monsoon and the female lays eggs in small groups 
in early rains on the intemode of the stem, covering 
them with masticated fragments of leaves. The 
young larvae feed for nome time between the culm 
sheath and the surface of the culm, eating patches 
of tender outer tissues, but later bore into the inter- 
node and tunnel both upwards and downwards. 
Pupation occurs in the tunnel in September and 
lasts for a month. The young adults remain in the 
tunnel during the winter and hot summer months. 
Damage appears to be most frequent in solid bam- 
boos of small thickness and the solid parts of thick 
walls of hollow bamboos. Attack is either mild or 
absent in the walls of hollow bamboos. The injury 
is done during the first few months of growth of the 
culm. In the second year, the culms are rarely 
attacked (Beeson, 1941; Roonwal, 1977). This 
borer is one of the causes for the bending of bam- 
boos. Congestion in bamboo clumps, dense 
clumps and split culms provide the beetle with 
shelter during the dry hot season. Thus, the cultural 
measures prescribed for the treatment of conges- 
tion can also take care of control of the pest. In a 
year when Estigmena damage increases abnormal- 
ly, severely afflicted culms should be cut in those 
coupes where extraction is going on. Attacked 
culms should be sorted from the sound ones and 
exposed to sunlight which will kill the beetles 
(Deogan, 1937; Beeson, 1941). 

Sap Suckers 

There are a large number of sap-suckers of the 
Coccidae, Ale'yrodidae, Aphidae and Mem- 
beracidae that attack bamboos (Beeson, 1941; 
Roonwal & Bhasin, 1954; Bhasin et al., 1958; 
Mathur & Singh, 1959 a, b, 1960 a, b, 1961 a, b). 
Of these, Oregrna bambusae Buckton and 
Ochrophara montana Distant are important. The 
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seed sucker pentatomid bug O. montana occurs in 
epidemic form only at the time of flowering of 
bamboo. 

Oregma bambusae Buckton (Hemiptera: 
Aphidae) is a serious pest of bamboo shoots when 
outbreaks occur. In most cases, these aphids cover 
the small and medium shoots entirely from bottom 
to top. Due to excessive drainage of sap, the vitality 
of the growing shoot is affected and it gets reduced 
in size, bent and twisted or may even die. The aphid 
has been recorded feeding on 16 species of bam- 
boos (Chatterjee & Sebastian, 1964, 1966; Singh & 
Shivaramakrishna, 1976). Sometimes they occur 
in such large numbers that the plant is smothered 
with a black mould which grows on the honey dew 
secreted by the aphid. The sweet secretion is also 
visited by hordes of flies, ants and other insects. 
Chatterjee and Sebastian (1964) recommended a 
spray of kerosene oil in soap emulsion to control it. 
Singh (1988) recommended foliar spray of 0.04 
percent dimacron or rogor or 0.2 percent 
fenitrothion for control of the aphid. 

The pentatomid bug Ochrophara montana Dis- 
tant (Hemiptera: Pentatomidae) attacks flowering 
bamboo. It feeds on bamboo seeds on the flower- 
ing branches and after these have fallen to the 
ground. Because of the abundant food supply that 
results from the large scale flowering of bamboos, 
innumerable bugs are produced. It is only the ex- 
haustion of food supply and the occurrence of 
heavy tain that kill these swarms. Epidemics of the 
bug have been reported from central India where 
large scale flowering of D. strictus occurred in 
Chandrapur and adjoining areas in 1982-83. Foliar 
spray of 0.25 percent fenitrothion or endosulfan 
were recommended for its control. 

Witch's Broom of Bamboo 
Witch's broom of the bamboo Dendrocalamus 

strictus has been observed in many areas. An 
unidentified phytophagous chalcid causes the 
broom symptoms. It attacks the branches at the 
node which become a little swollen at the base and 
remain stunted. 

Borers of Felled or Dried Bamboos 

The most important borers of felled bamboos 
are three species of Dinoderus (Coleoptera: 
Bostrychidae): D. ocellaris, D. minutus and D. 
brevis. These ghoon borers or shot hole borers 
occur all over the country and cause immense 
damage to the bamboos during the process of 
drying. The most important period of borer attack 
is from March onwards. The ghoon borers have 
three to five generations a year. Although there are 
other species of borers attacking dry bamboo, these 
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are not of economic importance. For protection 
against ghoon borers, both prophylactic methods 
and preservative treatments have been developed. 

The habits and life histories of the three species 
of Dinoderus are similar. The beetles bore into the 
cut bamboo at spots where the external rind is 
severed or removed. They also bore into the ex- 
posed transverse sections of the cut ends and into 
the internai walls of the terminal internodes of 
hollow bamboos. Pairing takes place inside the 
tunnels and eggs are laid in exposed pores in the 
walls. There are three or four larval instars. Pupa- 
tion occurs in a cell at the end of the larval tunnel 
and the pupal stage is of very short duration. Imma- 
ture beetles may bore out through the rind immedi- 
ately above its pupal cell or emerge from one of the 
original entrance fioles. The first generation start- 
ing in March is completed in 11 to 12 weeks. The 
second generation starting in June is also com- 
pleted in 11 to 12 weeks, with a pupal period of 
four days. The third generation starting at the end 
of September overwinters as the larvae pupate in 
March. This takes 22 to 24 weeks from boring in 
of beetles to emergence of brood. Under 
favourable conditions, there may be four genera- 
tions. All the three species of bamboo ghoon borer 
are parasitised by Spathius bisignatus Wlkn. and S. 

vulnificus (Hymenoptera: Braconidae). Larvae, 
pupae and beetles of ghoon borers are preyed upon 
by Tillus notatus Klug., T. succinctus Spin. 
(Coleoptera: Cleridae) and Hectarthrum heros 
Fabricius (Coleoptera: Cucujiidae) (Beeson, 1941; 
Chatterjee & Mishra, 1974). 

A spray treatment of bamboo culms with one 
percent lindane, three percent boric acid + borax 
(1:1) or three percent boric acid + zinc chloride 
(1:2) gives satisfactory results as a prophylactic 
measure. Dipping is more effective than spraying. 
The prophylactic measures should be undertaken 
before the monsoon begins (Mathur, 1964). Kumar 
et al. (1985) have suggested two différent chemical 
compositions for prophylactic treatment of bam- 
boos: (a) one percent sodium pentachlorophenate 
and (b) sodium pentachlorophenate: boric acid: 
borax (0.5:1:1). Recently, Singh and Thapa (un- 
published) studied prophylactic treatment with en- 
dosulfan, cypermethrin and fenvalerate which has 
given protection for approximately four months 
after felling. 

Results of investigations carried out at the 
Forest Research Institute, Dehradun indicate that 
methods such as diffusion, soaking, steeping, sap 
displacement of preservatives, apart from being 
simple and cheap also give quite satisfactory 
results, provided a suitable schedule is worked out. 
Ponding of bamboos prior to treatment results in 
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increased absorption of the preservative both by 
diffusion and pressure processes. 

For preservative treatment of bamboos, soaking 
in a five percent aqueous solution of Copper- 
Chrome-Arsenic composition (CCA) gives good 
absorption (Singh & Tewari, 1979). The steeping 
method or immersion of green bamboo in five and 
ten percent aqueous solution of copper sulphate 
and zinc chloride has also given satisfactory 
results. Immersion in a ten percent aqeuous solu- 
tion of copper sulphate, arsenic pentoxide, zinc 
chloride, boric acid-borax, ACC, CCA have 
provided good absorption of chemicals. Similarly 
diffusion and open tank immersion have proved 
effective (Singh & Tewari, 198 la-c; Tewari, 198 1). 
Dry bamboos are refractory to treatment with pre- 
servatives (Tewari, 1981). 

Conclusion 

So far very little attention has been paid to the 
pest management of bamboo forests in the country. 
Despite the fact that large scale defoliation as well 
as borer attack occur in the green culms, there have 
been no studies on their impact on the growth of 
bamboos. On a conservative estimate at least 25 
percent of the standing culms of D. strictus are 
damaged by stem-boring beetles. 

Heavy defoliation by the greater leaf roller 
leads to the weakening of culms. Similarly, a heavy 
incidence of sap-sucking bamboo aphids also 
weakens the culms, sometimes even killing them. 
Large amounts of seed are destroyed by the bamboo 
seed bug. In order to increase the productivity of 
bamboo forests and plantations, pest management 
is quite essential and the biology, life history, 
population dynamics and growth impact of pests 
need to be studied. Integrated pest management 
practices with emphasis on cultural, biological and 
genetic control should be evolved for natural and 
man-made bamboo forests. Safer insecticides like 
synthetic pyrethroids need to be tested for their 
prophylactic efficacy, and their environmental im- 
pact studied for their safety. 
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Occurrence and Pest Status of some Insects 
Attacking Bamboos in Newly Established 

Plantations in Kerala* 
George Mathew and R.V. Varma 

Division of Entomology, 
Kerala Foi-est Research Institute, Peechi 680 653, 

Kerala, India. 

Abstract 
The occurrence andpest status of insects that attack young plantations of bamboos have 
been studied. A total of 11 species of insects belonging to Lepidoptera, Hemiptera, 
Coleoptera and Hymenoptera have been collected and identified. Of these, Myllocerus 
sp. (Coleoptera: Curculionidae), Phvmatostetha deschamps (Hemiptera: Cercopidae), 
Notohitus sp. (Hemiptera: Coreidae), Purohita cervina (Hemiptera: Fulgoridae) and 
Ceraphron sp. (Hymenoptera: Ceraphronidae) reported in this study are new pest 
records for bamboo in Kerala. In general, the severity of damage due to various insects 
was ver _v low. However; the damage done by shoot borers and sap suckers is of concern. 

Introduction 

Extensive plantations of bamboos, mostly of 
Bambusa arundinacea, have recently been raised 
in several parts of Kerala to meet the increasing 
demand for long-fibre pulping material. Although 
natural bamboo stands are relatively free from any 
major pest incidence, the new plantations were 
found to be affected by various insect pests (Table 
1). About 20 insects have been reported as pests of 
bamboo in India (Browne, 1968; Singh, 1988; 
Chakrabarti & Maity, 1980; Sohi et al., 1980) 
(Table 2). No systematic data have been gathered 
on the occurrence as well as pest status of various 
insect pests of bamboo in Kerala. With the recent 
setting up of extensive bamboo plantations in 
Kerala, several reports of pest problems were 
received which prompted the present study. 

Materials and Methods 

Data presented in this study are mostly based 
on observations in two plantations: (1) 1988 plan- 
tations under teak at Kombazha in the Pattikkad 
range (Trichur Forest Division) and (2) 1987 plan- 
tation under teak at Palappilly in the Chalakudy 
Forest Division. In both the plantations, a transect 

was taken across the plantation and observations 
made on the incidence of insect pests and nature of 
damage. In addition, casual observations were also 
made in natural stands of bamboo at Vazhachal 
(Chalakudy Forest Division) and at Mukkali (Pal- 
ghat Forest Division). 

Observations and Discussion 

The insects collected in this study are listed in 
Table 1. Altogether 11 species belonging to 
Lepidoptera, Hemiptera, Coleoptera and 
Hymenoptera were collected and identified. Ex- 
cepting the beetle Estigmena chinensis which was 
collected from natural stands, all the other species 
were collected from the new bamboo plantations. 
The most common damage noted in young planta- 
tions was shoot-boring, although other types of 
damage such as leaf-feeding, sap-sucking and gall- 
forming were also observed. In both the plots, the 
severity of damage caused by the insects was well 
below 10 percent. 

Shoot Borers 

Two Lepidopteran shoot borers were observed 
to cause damage in young plantations. One of them 
was a top shoot borer and the other was found to 

* KFRI scientific papes no. 186 
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Table 1. Insects attacking bamboo plantations in Kerala 

Species/Family Locality Remarks 

Order Lepidoptera 

Unidentified lepidoptera Peechi, Mukkali, Palapilly Top shoot borer 

Unidentified lepidoptera Palapilly, Mukkali Shoot borer 

Pyrausta coclesalis (Pyraustidae) Peechi, Mukkali, Palapilly Leaf webber 

Order Coleoptera 

Myllocerus sp.' (Curculionidae) Peechi Leaf feeding 

Estignena chinensis (Chrysomelidae) Vazhachal Shoot borer 

Unidentified chrysomelid Peechi Foliage feeder 

Order Hemiptera 

Phymatostetha deschamps' Peechi Sap sucking 
Lin. (Cercopidae) 

Oregma bambusae Buckton (Aphididae) Mannuthy Sap sucking 

Purohitha cervina Distant' (Fulgoridae) Kombazha, Nilambur Sap sucking 
often causing die-back 

of affected culms 

Notobitus sp. (Coreidae) Kombazha, Nilambur 

Order Hymenoptera 

Ceraphron sp.' At several places Gall forming 

*, Recorded for thefirst time on bamboo 

feed mostly in the intemodal area. The attack by 
the former resulted in the formation of `brown 
heads'. The identity of the two borers is yet to be 
determined. 

Leaf Feeders 

This included the leaf roller Pyrausta 
coclesalis, the caterpillars of which webbed the top 
shoots. Each folded leaf contained only a single 
larva. Its attack often resulted in the damage of the 
apical bud resulting in formation of several side 
branches. Another foliage feeder collected during 
the study was the weevil, Mylocerus sp., which fed 
irregularly along the leaf margin, occasionally 
causing extensive damage. 

Sap-sucking Insects 

Four species of sap-sucking insects were col- 
lected during this study. A heavy buildup of two 
species, Purohita crevina and Notobitus sp., was 
found in some patches at Kombazha. Purohita cer- 
vina was found to be tended by the ant 
Crematogaster sp. which might be playing a role in 
its dispersai. The infested culms were also affected 
by a fungal disease (C. Mohanan, 1988, personal 
communication) and the role of these insects as 

vectors of this disease needs confirmation. 
Purohita crevina is already reported as a pest of 
bamboo in Darjeeling (Distant, 1916). 

The bamboo aphid, Oregma bambusae, al- 
though not recorded from the areas under study, 
was observed on bamboo growing in nearby 
homesteads. Infestation by this insect caused yel- 
lowing of the leaves. Ghosh (1980) has reported 
that about 15 species of aphids attack bamboo in 
eastern India. 

Occurrence of Phyamtostetha deschamps, a 
well known pest of banana, was also observed on 
bamboo at Peechi although there was no visible 
damage. 

Gall-forming Insects 

Gall formation was vert' commonly observed in 
both the study plots. The gall-forming insect which 
was identified as Ceraphron sp. (Hymenoptera) 
lays its eggs on the growing tip of the main culm or 
side shoots. The insects that develop inside lead to 
swelling of the shoot resulting in retardation of 
growth. Nearly 50 insects were collected from a 
single gall on one occasion. These are minute and 
when ready for emergence, escape through a small 
slit formed in the middle of the swollen part of the 
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Table 2. Insect species recorded from bamboo 

Order Lepidoptera 

Pyraustidae 
Pyrausta bamhucivora Moore 
P. coclesalis Wlk. 

Aleurodidae 
Aleurotulus arundinacea Singh 

Tortricidae 
Olethreutes paragramma Meyr. 

Coccidae 
Asterolecanium banibusae Boisd. 
Odonaspis canaliculata Green 
0. inusittata Green 
0. secreta Cockcrell 
Poliaspoides simplex Green 

Nymphalidae 
Lethe drypetis Hew. 

Order Coleoptera 

Curculionidae 
Myocalandra exarata Boh. 
Myllocerus sp. 

Chrysomelidae 
Estigmena chinensis Hope 

Coreidae 
Notobitus sp 4 

Aphididae 
Oregma bambusae Buckton 
Indoregma bambusae 

Chakrabarti & Maity 
Aleurodaphis antennata 

Chakrabarti & Maity 
Kalkiana bambusa3 

Sohi Viraktamath& Dworakowska 

Order Hemi tera 

Flattidae 
Salurnis marginella 

Guer. - Men. 

Order Orthoptera 

Acrididae 
Poecilocerus pictus Fb. 
Schistocera gregaria Forskal 

Fulgoridae 
Purohita cervina Dist. 

Cercopidae 
Phymatostetha deschamps Lin. 

Order Hymenoptera 

Unidentified Chalcid' 

Ceraphronidae 
a Ceraphron sp. 

Order Diptera 

Tephritidae 

Chelyophora striata Bezzi 

1. Singh (1988); 2. Chakrabarti & Maity (1980); 3. Sohi et al (1980); 4. Recorded for 
the first time on bamboo in Kerala; the remaining insects were recorded by Browne (1968) 

shoot. The apical ends of the shoots that develop 
into galls subsequently dry up. 

Of the various insects recorded, Myllocerus sp. 
(Curculionidae), Phymatostetha deschamps (Cer- 
copidae), Notobitus sp. (Coreidae), Purohita cet-- 
vina (Fulgoridae) and Ceraphron sp. 
(Ceraphronidae) are new records for bamboo from 
Kerala. The total number of insects thus recorded 
on bamboo cornes to about 26 (Table 2). 

On the whole the bamboo plantations in Kerala 
do not face any serious problem from insect pests. 
Of the various insects recorded, only the shoot 
borers (yet to be identified) and the sap-suckers 

(Purohita sp. and Notobitus sp.) are likely to affect 
the young plants either by interrupting shoot 
growth or causing shoot die-back due to sap drain. 
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Preservative Treatment of Bamboo for 
Structural Uses 

Satish Kumar and P.B. Dobriyal 
Wood Preservation Branch, Forest Research Institute, 

Dehradun 248 006, India. 

Abstract 
The work carried out in the Forest Research Institute, Dehradun on bamboos in relation 
to their structural use is reviewed. Différent methods available for treating green and 
dry bamboo with preservative chemicals are described. 

Introduction 

Bamboos are the fastest growing plants which 
yield a large biomass as a short rotational forest 
crop in the tropical regions. They are a unique 
group of grasses which can be used for a variety of 
purposes. The modern processing techniques have 
further extended their use. 

In India, bamboo is densely distributed in 
Arunachal Pradesh, Assam, Manipur, Meghalaya, 
Tripura, West Bengal, Andhra Pradesh, Madhya 
Pradesh, Maharashtra, the Western Ghats, and An- 
daman & Nicobar islands, the estimated area under 
bamboo being 10 million hectares. There are 63 
genera and about 700 species growing in the world 
(McClure, 1966) of which 30 genera and about 136 
species occur in India (Suri & Chauhan, 1984). The 
most important economic species from the point of 
view of easy availability are Bambusa arundinacea 
Willd., B. nutans Wall., B. polymorpha Munro, B. 
tulda Roxb., Dendrocalamus hamiltonii Nees and 
Arn., D. strictus Nees andMelocanna bambusoides 
Trin. 

Physical and Mechanical Properties 

The density of bamboo varies between 500 and 
800 kg/m3 depending mainly on the anatomical 
structure, such as the quantity and distribution of 
fibres around the vascular bundles. Accordingly, it 
increases from the central (innermost layers) to the 
peripheral parts of the culm and this variation could 
be 20-25 percent in thick-walled bamboos like 
Dendrocalamus strictus (Sharma & Mehra, 1970). 
In thin-walled bamboos, the différences in density 
are much less (Sekhar & Bhartari, 1960). 

Bamboos possess a very high moisture content 
which varies from the bottom to the top and from 

the innermost layers to the periphery. Green bam- 
boo may have 100 percent moisture (oven-dry 
weight basis) and the variation reported is 155 
percent for the innermost layers to 70 percent for 
the peripheral layers (Sharma & Mehra, 1970). The 
variation from the top (82%) to the bottom (110%) 
is comparatively less. The fibre saturation point of 
bamboo is around 20-22 percent (Kishen et al., 
1956). 

Bamboo possesses excellent strength proper- 
ties, especially tensile strength. Most of the proper- 
ties depend upon the species and the climatic 
conditions under which they grow (Sekhar & 
Gulati, 1973). An increase in tensile and compres- 
sive strength up to six years and bending strength 
up to eight years is known to occur. Strength 
properties are reported to decrease in older culms 
(Zhou, 1981). They also increase from the central 
to the outer part and from the bottom to the top. 
According to Bauman (Narayanmurti & Bist, 
1947), there is more than 100 percent variation in 
strength from the inner to the outer layers (Table 1.) 

Although several studies on strength properties 
have been conducted, the information on strength 
behaviour and its correlation with various factors 
such as moisture, anatomical structure, growth 

Table 1. Bendinnand tensile strength 
(kg/cm) of inner and outer 
layers of bamboo 

Property Inner Outer 

Bending strength 950 2535 

Tensile strength 1480-1620 3100-3300 
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Table 2. Strength of some Indian bamboo species in green and dry conditions vis-a-vis 
Tectona grandis (teak) and Shorea robusta (sal) adapted from Limaye (1957) 

Species Strength property (kg/cm2) 

Moisture 
content (%) 

Modulus of 
rupture 

Modulus of 
elasticity 

Maximum 
crushing stress 

Dendrocalanius strictus 58 958 156409 423 

12 1310 180364 624 

Bambusa balcoa 22 1015 170500 450 

Bambusa nutans 12 662 111318 

Bambusa tulda 12 880 123295 

Tectona grandis (teak) 52 803 117659 412 

12 1057 132455 620 

Shorea robusta (sal) 60 958 128091 497 

12 1318 162045 641 

characteristics, drying and preservative methods is 
stil] wanting. Even methods for evaluating strength 
properties have not been standardized and the 
available results are based on inadequate data ob- 
tained under different methods of testing and with 
widely varying dimensions. The limited data show 
that bamboo is as strong as timber and that some 
species exceed in strength over the strongest tim- 
bers like sal (Limage, 1957; Table 2). 

Variation in moisture content, density and 
strength along the wall thickness of bamboo is 
probably responsible for the adverse behaviour of 
bamboo in use. Green bamboo experiences irre- 
versible and excessive shrinkage well above the 
fibre saturation point with only partial recovery at 
the intermediate stages. This behaviour is linked to 
collapse. Below the fibre saturation point the be- 
haviour is similar to wood (Kishen et al., 1956). 
Bamboos dry best under air dry conditions. Rapid 
drying in kiln may lead to surface cracking and 
splitting due to excessive shrinkage. 

Both round and split bamboos are used as struc- 
tural components for building houses and other 
structures. Half-split bamboos, after carefully 
scooping out the inner nodal portion, have been 
used as corrugated roofing. Bamboo has been used 
as a reinforcement for mud walls in rural and tribal 
areas in many developing countries such as India 
and Mexico. Glenn (1950) demonstrated its use as 
reinforcement of cernent concrete. Bamboo is 
reported to yield a strength of 1400 kg/cm2 in 
tension as compared to steel which is 4980 kg/cm2 
in cernent concrete reinforcement (Purushotham, 
1963). 

Natural Durability of Bamboo 

Although bamboo is one of the strongest struc- 
tural materials available, it often succumbs prema- 
turely to fungal and borer attack resulting in heavy 
damage to structural units. Most of the durability 
estimates are based on full-sized structures. There 
is not much systematic test yard data available on 
the natural durability of différent bamboo species. 
The natural durability of bamboo is low and varies 
between 1 and 36 months depending on the species 
and climatic condition (Liese, 1980). In tropical 
countries the biodeterioration is very severe. Bam- 
boos are generally destroyed in about one to two 
years' time when used in the open and in contact 
with ground while a service life of two to five years 
can be expected from bamboos when used under 
cover and out of contact with ground (Tewari, 
1981). Systematic experiments carried out in the 
test yard indicate that untreated round bamboos 
belonging to Bambusa polymorpha and 
Dendrocalamus strictus species were destroyed in 
19 months by termites and fungi. 

Decay in Bamboo 

The strength of bamboo deteriorates rapidly 
with the onset of fungal decay. Enormous quan- 
tities of bamboo get degraded during transporta- 
tion, storage in the forest depots as well as in mil] 
yards due to stain fungi, wood rotting fungi and 
insects. White rot and soft rot cause more serious 
damage to bamboo than the brown rot. Split bam- 
boo is more rapidly destroyed than round bamboo 
(Liese, 1980). The sclerenchymatous fibres of 
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Table 3. Penetration pattern of différent of chemicals in Dendrocalamus strictus structural 
components 

Treatment Metaxylem Protoxylem Metaxylem Phloem Median Parenchyma 
(vessels) (vessels) fibre cap fibre cap xylem 

fibre cap 

Creosote +++ +++ +++ 
Wax dye ++ + + + + 

AgNO, ++ +++ +++ +++ ++ ++ 

+++, heavily penetrated, more than 66% tells show penetration; ++, moderately penetrated, 30-66% of the tells 
penetrated; +, scarcely penetrated, only 10-30% tells penetrated; -, no penetration, less than 10% of the tells 
penetrated 

bamboo are attacked by fungi and its strength gets 
reduced considerably. These fibres are responsible 
for the mechanical strength of bamboo. 

Prophylactic Treatment of Bamboos 
during Storage 

Laboratory and field trials have demonstrated 
that losses due to fungi and insects can be easily cut 
down by at least 50 percent if proper treatments are 
carried out at the time of stacking, even under open 
storage. The cost of protection varies from Rs. 5 to 
10 per tonne (Kumar et al., 1980; 1983). 

The following chemicals were found suitable 
for the prophylactic treatment of bamboos at the 
coverage rate of 24 litres per tonne. 
1. Sodium pentachlorophenate, 

1 percent solution. 
2. Boric acid + borax (1:1), 

2 percent solution. 
3. Sodium pentachlorophenate + boric acid 

+ borax (0.5:1:1), 2.5 percent solution. 
Sodium pentachlorophenate was net very effec- 

tive against borer attack, whereas treatment with 
boric acid and borax resisted the attack of borers 
but was not as effective against stain fungi. A 
mixture of these compounds yielded the best 
results. For protection of structural bamboos (if 
stored outside), repetition of the treatment after 
four to six months is desirable for better protection. 

Treatability of Bamboo 

Bamboos are anatomically different from both 
hardwoods and softwoods in their mode of growth 
and tissue organization. The tissue of bamboos is 

built up of parenchymatous tells and vascular 
bundles (vessels and thick-walled fibres). The vas- 
cular bundles are net uniformly distributed inside 
the culm. Numerous smaller ones are present 

towards the outer portion while larger but fewer 
bundles are found towards the central part of the 
culm. Bamboo has no radial tell elements like the 
rays in wood. The outer wall is covered by a thin 
and hard layer and is less permeable than the inner 
layer. Due to these differences in anatomical struc- 
ture, bamboo behaves entirely differently from 
wood during treatment with preservative. 

The vascular bundles play an important role in 
preservative treatment. The axial flow is quite 
rapid in green bamboos, because of the end to end 
alignment of vessels. The degree of penetration 
decreases as the distance from the conducting ves- 
sel increases. The larger vessels (metaxylem) tend 
to get a larger amount of preservative than the 
smaller vessels (protoxylem). 

Although the anatomical structure of some 
bamboos has been well-studied, there are not many 
studies on the flow channels and distribution and 
location of the preservative chemicals in the dif- 
ferent structural parts. Recently, a study was con- 
ducted in Dendrocalamus strictus using organic 
and inorganic chemicals to determine the flow 
paths. The penetration results showed that creosote 
was better distributed than water soluble inorganic 
chemicals (Table 3). 

Preservative Treatment of Bamboos 

Treatment processes found suitable in case of 
timber (both in dry and green conditions) can also 
be applied to bamboos. A variety of processes like 
water leaching, application of paint coating, brush- 
ing, swabbing, spraying, dipping, smoking, baking, 
etc. are practised for the protection of bamboo. 
These only have a limited effect on the perfor- 
mance. Water leaching and baking result in partial 
removal of starch which attracts insects. The other 
treatments do net impart much toxicity because of 
poor penetration and retention of chemicals. 
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Table 4. Treatment of green bamboo Dendrocalamus strictus by différent non-pressure 
methods (Singh & Tewari, 1979; 1981) 

Specimen type Method Preservative Duration Absorption kg/m 

Round Diffusion ACC 6% 10 days 7.76 

Half-split 11.16 

Round 10.65 

Half-split 15.53 

Round 30 days 15.65 

Half-split " 19.77 

Round Boric acid 
Borax 6% 

10 days 7.73 

Half-split " 11.32 

Round " 20 days 10.86 

Half-split 20.16 

Round Osmo-paste 
diffusion 

CCA paste 30 days 10.74 

Hatf-split 14.66 

Round 60 days 20.38 

Half-split 31.76 

Round " ACC paste 30 days 12.04 

Half-split " 18.51 

Round 60 days 26.25 

Half-split 31.56 

Round Steam/ 
quenching 

CCA 20% 4 h/0.5 h 5.26 

Half-split " 5.84 

Round 4 h/48 h 18.34 

Half-split " 30.46 

*, ascertained by chemical analysis 

Methods of Treatment of Bamboos 

A compréhensive study on the treatability of 
bamboo by steeping, sap-displacement, diffusion, 
open-tank and pressure processes and improve- 
ment of treatability by artificial methods was car- 
ried out in India. Details of the method of treatment 
by bot and cold process and pressure process are 
well known and illustrated in the Indian Standards 
(Anonymous 1982). In addition, the diffusion 
process and the modified Boucherie process are 
most suited for the treatment of green bamboos. 
The choice of preservative and the method of treat- 
ment depends upon the use to which the treated 
material is to be put and the condition (dry or green) 
of the material. 

Treatment of Green Bamboo 

Earlier studies on a number of bamboo species 

indicated that the treatability of green bamboos 
with non-pressure methods varied with the species 
and the modified Boucherie process was the only 
one which could be recommended with confidence 
(Narayanmurti & Bist, 1947). The best and 
simplest process for the treatment of green round 
and split bamboo is by the diffusion process, 
wherein the material is submerged in the preserv- 
ative solution for a sufficiently long time to obtain 
adequate absorption and penetration. Singh and 
Tewari (1981) treated green round and split bam- 
boo (Dendrocalamus strictus) by dip diffusion and 
osmosis processes with ACC and CCA and found 
that absorption and penetration of chemicals were 
more in half-split bamboo than in round. Obvious- 
ly, the higher retention resulted from side penetra- 
tion rather than through the inner wall which has 
been reported to be resistant to it by earlier workers 
(Narayanmurti & Bist, 1947). Moreover, move- 
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Table 5. Open-tank treatment (hot and cold process) of bamboos with creosote:fuel oil 
mixture (1:1) (Singh & Tewari, 1979) 

Species Heating time (h) Absorption (kg/m3) 

Round Half-split 

Dendrocalamus stricrus 3 54 57 

4 69 72 

6 72 74 

Bambusa polymoipha 3 42 45 

4 49 57 

6 67 71 

Table 6. High pressure treatment of air-dried bamboo (Dendrocalamus strictus) with 
cresote:fuel oil mixture (1:1) and CCA (Singh & Tewari, 1979) 

Preservative Pressure Pressure period Absorption (kg/m3) 

(kg/cm2) (h) Round Half-split 

Creosote 14 1 88 92 

28 1 107 110 

CCA 6% 7 (Empty cell) 1 14 18 

7 (Full tell) 1 16 16 

ment of ionic solutions has been found to be faster 
in the tangential direction than in the radial direc- 
tion across the wall thickness. The results obtained 
for treatment of green bamboos with different com- 
positions by different diffusion-type treatments are 
summarized in Table 4. Whereas normal diffusion 
takes about 10 days to get the required absorption 
(absorption can be increased by increasing the con- 
centration to 10 percent in case of ACC or CCA 
type preservatives), osmo-diffusion is quite slow. 
Moreover, there is wastage of chemicals in the form 
of paste. 

Steam-quenching is perhaps the quickest 
method to get high retentions in shorter periods. 
Unfortunately, there is limited data with respect to 
quenching time on different species of bamboo. 
However, the trend indicates that it should be pos- 
sible to get adequate retentions within a short treat- 
ment cycle. There is also the possibility of 
combining pressure treatment with pre-steaming to 
further reduce the treatment period. The effects of 
steaming with subsequent preservative treatment 
on strength reduction in case of bamboo needs to 
be established. 

If the structural requirement needs round bam- 
boos, the Boucherie process is perhaps the best 
suited method that can be adopted. The bamboos, 

however, have to be freshly felled (not more than 
two days old), and for the treatment to be satisfac- 
tory, it should be undertaken in the period of the 
year when the culms are full of sap (Purushotham, 
1963). In order to make the treating equipment 
compact, handy and also for reducing the period of 
treatment, the modified Boucherie process could be 
used as given in the Indian Standards (Anonymous 
1979). A plant to treat 30-40 bamboos at a time can 
be easily erected using suitably designed piping, 
end fittings and a pressure pump. Better distribu- 
tion of preservative can be achieved if a higher 
concentration (10%) is used for the initial three to 
four h followed by a low concentration solution 
(3-4%) for an equal period, as has been found in the 
treatment of green poles (Shukla & Gaur, 1976). 

Treatment of Dry Bamboos 

Dry bamboos can also be treated using non- 
pressure and pressure methods. However, round 
bamboos having thin walls are highly susceptible 
to cracking even when subjected to low pressures 
of 5-7 kg/cm2 (Singh, 1976). Since cracking results 
in strength loss, it is advisable to treat such bam- 
boos by the hot and cold process. A heating period 
of three to four h with overnight cooling gives 
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Tablez. Absorption of preservative in air-dried bamboos treated by steeping in 5% CCA 
(Singh & Tewari, 1979) 

Species Specimen Duration (days) Absorption (kg/m3) 

Dendrocalamus strictus Round 6 9.8 
Half-split 9 11.4 

Bambusa polymorpha Round 6 6.9 
half-split 12 17.9 

sufficient loadings for above ground use such as 
roofing supports, rafters, etc. For higher absorp- 
tions as required for ground contact, higher heating 
periods are necessary (Table 5). Gross absorption 
in this case falls a bit short of the requirement 
(Anonymous 1979). Pressure treatment using 
pressures of the order of 14 kg/cm2 may be used for 
treatment of thick-walled bamboos to get adequate 
loading (Table 6). 

For treatment with water-borne preservatives, 
the steeping method is more suited for round bam- 
boos although the time taken to achieve the desired 
retention levels is about seven days (Table 7). 

Performance of Treated Bamboos 

Trials with treated bamboos have indicated 
varied durability depending upon the actual loca- 
tion of use. CCA-treated bamboos in exposed con- 
ditions showed signs of decay after 15 years (Fig. 
lA). The life span of treated bamboos used for 
reinforcement in mud was also found to be the 
same. Interestingly, such damage was noticed up 
to about 50 cm from the ground level (Fig. 1B). The 
upper layers were sound and the damage is at- 
tributed to moisture ingress from the ground. The 
performance in partially exposed and under 
covered conditions is much better. Practically no 
damage to CCA-treated bamboo used as exterior 
claddings in low cost huts and as roofing support 
for thatched huts was noticed even after 33 years of 
service (Fig. 1 C, D). 

Systematic research work on the durability of 
preservative treated bamboos was started some 
years back at the Forest Research Institute, Deh- 
radun. Two species, namely, Bambusa polymorpha 
and Dendrocalamus strictus treated with Copper- 
Chrome-Arsenic (CCA), Acid-Copper-Chrome 
(ACC), Copper-Chrome-Boric (CCB) and 
creosote: fuel oil (50:50) were installed in the test 
yard in 1985. The results-to-date show the supe- 
riority of creosote over other preservatives, al- 
though it is too early to comment on the 
comparative performance of the preservatives on 
bamboo species as most of the samples are still 
sound. 
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Abstract 
It is known that hamboo can be preserved with ASCU (a CCA preservative) using the 
sap-replacement and pressure treatment methods. The former has the disadvantage of 
having to complete sap-replacement within a few hours offelling the hamboo. With 
regards to the latter method, reports from Taiwan suggest that if the septa are drilled 
through, round bamboos can be treated quite effectively. The disadvantage of doing 
so is the weakening of the bamboo structure as also considerable loss of preservative 
that remains trapped in between the septa. This paper reports how hollow bamboo can 
he preserved quite easily and effectively under pressure if notched in a pattern. This 
neither reduces the bamboo's strength when used in compression or bending nor does 
it pose any problem in the proper distribution of ASCU. 

Introduction 

The use of bamboo in construction of buildings 
has for long been established in tropical countries. 
Bamboos have been used either in the round form 
or split and matted form. The biggest limitation so 
far has been that bamboos are destroyed very easi- 
ly by fungi and termites. This paper examines a 
preservative system, which we have established as 
being workable and which retains the strength of 
round hollow bamboos. 

In most parts of the world where bamboo is 
being used for buildings, such as India, Sri Lanka 
and in the far-eastem countries, treatment with 
CCA salts has been shown to be most effective. 
However, owing to the difficulty in penetration of 
the preservative through the outside surface, there 
has been a problem in the treatment of round bam- 
boo whereas splits or half-rounds can be easily 
treated by dipping or by pressure treatment using 
CCA salts. Round bamboos are usually treated by 
the sap-replacement method which has the limita- 
tion that treatment has to be done within a few hours 
of felling. In many cases, this is neither practicable 
nor possible. 

Pressure treatment of round bamboo has been 
done in Taiwan and other places by drilling the 

septa right through. It then accepts preservative 
chemicals both front inside and outside quite readi- 
ly. However, this method also has its limitations. 
Drilling through the septa is possible only to 
lengths of 2 to 2.5 m and sometimes up to 3 m. 
After careful testing of retention and penetration of 
the preservative, this method has been found to be 
largely acceptable. 

The Notched Method 

The notched method is carried out by drilling 
holes or notches between septa. It allows the wood 
preservative to enter into the bamboo between the 
septa when under pressure. After pressure treat- 
ment is over and if the bamboos are left for some 
timein the cylinder, the trapped preservative solu- 
tion drains out of it. These notches or holes are so 
small that there is no decrease in the strength of 
bamboo. They are made with power saws or 
electrical drills. There is also no restriction on the 
length of the bamboos used. 

The bamboos were treated with 5 percent 
ASCU solution (CCA sait) using a vacuum/pres- 
sure cycle of 30 minutes and pressure of 10 kg/cm2. 
The final vacuum was allowed for about 30 minutes 
to remove as much drip as possible. The bamboos 
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were weighed before and after treatment to arrive 
at the amount of loading of preservative. It was 
observed that loading could be controlled between 
12 and 27 kg/m3. The entire cross-section was 
preserved. 

Conclusion 

A simple and effective method to treat hollow 
bamboo with ASCU in the round form using a 
pressure/vacuum cycle has been tested and found 
to be suitable. 
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A Simple and Cheap Method of 
Bamboo Preservation 
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Faculty of Forestry, 

Gadjah Mada University, Yogyakarta, Indonesia. 

Abstract 
The utilization of bamboos for constructing houses is about 30 percent in the rural areas 
of the provinces of Yogyakarta, Central and East Java, and Bali. Most of the people 
preserve hamboo by immersing them in theirfish ponds or water canais. This method 
effectively prevents powder post beetle infestation in bamboo species with lower starch 
contents such as Gigantochloa «pus and G. atter. In comparison, Bambusa vulgaris 
with its high starch content, requires preservation treatment. Simple and cheap preser- 
vation methods were studied and the results are discussed in this pape: 

Introduction 

Bamboo is one of the important constructional 
materials used in Indonesia, mainly in the rural 
areas of Java and Bali. It is grown by the people in 
their homeyards as a component of their "pekaran- 
gan" or agro-forestry system. The utilization of 
bamboos for construction is about 30 percent in the 
rural villages of the provinces of Yogyakarta, 
Central and East Java, and Bali. It is mostly used 
for rafters and ceiling frames (Anonymous 1977, 
1982). 

Compared to timber, bamboos are highly sus- 
ceptible to bio-deteriorating agents and preserva- 
tion treatment is necessary (Liese, 1980). The 
powder post beetles, Dinoderus minutus and D. 
brevis are the mort important insect borers which 
attack bamboo products (Sulthoni, 1988). Since 
bamboo is cheap and easily available in the vil- 
lages, the preservation treatment should also be 
simple and inexpensive. The rural Javanese simply 
immerse the bamboo in fish ponds or water canais 
(traditional preservation) for several weeks before 
it is put to use. This method is effective with 
bamboo species such as Gigantochloa apus and G. 
atter that have lower starch contents. For Bambusa 
vulgaris which has a high starch content, the tradi- 
tional method is ineffective (Sulthoni, 1985, 1988). 
To increase the resistance of B. vulgaris to borers 
and extend its service life, effective preservation 
methods need to be developed. 

Studies on Bamboo Preservation 

Simple methods such as immersing the dry 
bamboo in water, copper sulphate or diesel oil and 
adopting the modified Boucherie or "capping 
method" for freshly cut round bamboos were exa- 
mined. 

Traditional Treatment 
In this method the bamboos are immersed in 

water for a period of one, two and three months. 
After this, they are kept outdoors under cover for 
one year to evaluate the extent of damage brought 
about by the powder post beetle. Two bamboo 
species with considerably high starch contents, 
Bambusa vulgaris and Dendrocalamus asper, were 
studied. Two culms each from three different 
monthly fellings were used as samples with 16 test 
specimens per culm for the treatment. The results 
showed (Table 1) that immersion of B. vulgaris in 
water did not eliminate borer attack. 

Cold Soaking and Stake Test 

This experiment was conducted to study the 
effect of soaking bamboo in seven percent copper 
sulphate solution or in diesel oil. The treated small 
stakes were of 5 x 46 cm split air-dried bamboo 
specimens. Fifteen samples each were made from 
10 culms representing the whole length of each 
culm. The cold soaking period was seven days. The 
treated samples were put in ground contact in the 
open for one year. 
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Table 1. Intensity of damage by powder post beetle on water-immersed bamboo after keeping 
outdoors under cover for one year 

Bore holes per 25 x 5 cm test specimen. 
Immersion treatment B. vulgaris D. asper 

Months of immersion Months of immersion 
1 2 3 1 2 3 

Control 37.4 37.4 37.4 6.4 6.4 6.4 

Running water 8.0 1.0 0.7 0.0 0.0 0.0 

Stagnant water 9.0 2.7 4.7 0.0 0.0 0.4 

Mud 17.0 4.6 4.9 0.7 0.6 0.6 

Table 2. Intensity of damage (in % volume) by termite attack on 7 percent copper sulphate 
and diesel oil treated bamboos after one year in ground contact 

Preservation treatment B. vulgaris D. asper 

Control 72.3 30.8 

Copper sulphate 0.0 0.0 

Diesel oil 0.0 0.0 

Table 3. Intensity of damage by powder post beetle attack on treated split and round bamboos 

Average borer attacks per test specimen (number of holes) 

Preservation treatment B. vulgaris 
Split Round 

D. asper 
Split Round 

Control 9.77 119.30 2.17 19.74 

Copper sulphate (7%) 0.40 20.74 0.04 1.20 

Diesel oil 0.64 0.0 0.30 0.0 

It is clear from Table 2 that both copper sulphate 
and diesel oil effectively prevented termite attack. 
Diesel oil treatment, however, proved to be much 
cheaper. It costs only 

3 

about 16 000 rupiahs (about 
US$ 10) to treat 1 m of bamboo as compared to 
96 000 rupiahs (US$ 60) for copper sulphate treat- 
ment.The cost can even be lower if the preserv- 
atives are re-used. 

Cold Soaking and In-service Test 

Cold soaking for one week of the air-dried 
bamboo samples was carried out to study the ef- 
ficacy of seven percent copper sulphate and diesel 
oil treatment for protection against borer attack. 

Four culms each of B. vulgaris and D. asper 
were cut for each treatment and then air-dried in 
their round form. Fifteen pieces of 25 cm length 
each of split and round forms were prepared from 

each culm of the two bamboo species. The split test 
specimen was of 5 cm width. The treated samples 
were then installed randomly on stacks in the open 
but under roof cover and the borer incidence 
recorded after one year. From Table 3 it can be seen 
that both copper sulphate and diesel oil have a 
considerable effect on controlling the beetle attack. 

In the prescrit study diesel oil is more effective 
and significantly cheaper than copper sulphate, 
since the cost of treatment per m3 is 38 234 rupihas 
as compared to 137 800 rupiahs for copper sul- 
phate. 

Capping Method 

This method was tried on freshly cut round 
bamboo. In the Boucherie method, the penetration 
of preservative is by low pressure, while in capping 
it is by gravity. The bamboo samples were hung 
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Table 4. Intensity of damage caused by termite attacks on capping method-treated bamboos 
after eight months (July 1987-February 1988) in ground contact 

Preservative treatment Average damage (% volume) per test specimen 
B. vulgaris D. asper 

Control 20.9 10.7 

Copper sulphate (7%) 0.0 1.2 

Diesel oil 0.0 0.0 

upright, bottom up, and the upper end of the bam- 
boos connected with a tube to the preservative 
liquid tank. Gravitational pull forces the preserv- 
ative liquid to penetrate the bamboo tissues through 
its lower end thereby replacing all the aqueous cell 
contents in seven days. To evaluate the retention 
of the preservative in the treated bamboos, 
spectrophotometric analysis of the residual drips 
which came out from the exit end was done. The 
treated bamboo test specimens were then placed in 
ground contact for one year to assess the efficacy 
of the treatment against termites. The preservatives 
used in the study were seven percent copper sul- 
phate solution and diesel oil. 

Six culms each of B. vulgaris and D. asper were 
converted into test specimens of 46 cm length. The 
45 test specimens of each bamboo species were 
randomly chosen and represented the bottom, mid- 
dle and top of the culms. 

In the capping method, both copper sulphate 
and diesel oil treatment were effective in control- 
ling termite attack. Copper sulphate worth 81 200 
rupiahs was used per cubic meter of the treated 
bamboos. This method would, however, be more 
difficult to use by the people. 

method is recommended for improving the quality 
of furniture and handicrafts made from bamboo 
species by preventing attack by insect borers or 
termites. 
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Abstract 

About 12 species of insects, mostly beetles were recorded to cause damage to stored 
reeds and bamboos in Kerala. Among the various insects recorded, an unidentified 
subterranean termite and two species of beetles, Dinoderus minutus and D. ocellaris 
(Bostrychidae), were the most serious borers. Observations on the seasonal incidence, 
general characteristics as well as the nature of attack caused by these beetles are given. 

Introduction 

Bamboos are extensively used in Kerala as 
poles, for making mats, baskets and handicrafts as 
well as in the paper and rayon industries. Besides 
the large-diameter bamboos, the bamboo reed 
(Ochlandra travancorica) is extensively used in 
the paper and rayon industries. However, infesta- 
tion by various storage pests render the storage of 
bamboo and bamboo products rather difficult. Al- 
though several studies have been conducted on the 
storage pests of bamboos in India and methods for 
controlling them outlined (Beeson, 1941; Gar- 
dener, 1945; Joseph, 1958), specific information on 
their relative pest status as well as seasonal occur- 
rence in différent regions is not available. This 
information is essential for the development of 
appropriate pest management strategies for protect- 
ing storedreeds andbamboos. The several requests 
for the protection of stored reeds and bamboos in 
the storage yards of several industrial units, par- 
ticularly of the Kerala Newsprint Project (KNP), 
Mavelloor, prompted us to undertake the present 
study. Since reeds constitute a major part of the raw 
materials stored in KNP, this study was mostly 
centered around the storage pests of bamboo reeds, 
although information was also collected on the 
insect pests of stored bamboos. 

Materials and Methods 

Information on the storage pests of reeds was 
collected by making monthly observations at the 
KNP storage yard at Mavelloor from August 1981 
to September 1982. Large stocks of reeds were 

being stored in this yard since June 1981. Regular 
observations were also made on small bundles of 
reeds stacked in the Kerala Forest Research In- 
stitute (KFRI) campus at Peechi everÿ month over 
18 months (from October 1981 to March 1983). In 
addition to these regular observations, stocks of 
reeds and reed products were examined wherever 
possible. 

Observations and Discussion 

Altogether 12 species of insects were found to 
attack stored reeds and bamboos in Kerala (Table 
1). This included an unidentified species of subter- 
ranean termite and 11 species of beetles. During 
this study several species of termites were found to 
damage stored reeds and bamboos in many places. 
Usually the feeding takes place inside the culm 
leaving the outer layer intact. Termite damage 
must be considered as a major threat that affects the 
successful storage of reeds and bamboos in Kerala. 

The beetles recorded in this study include three 
species each of the families Bostrychidae, Cur- 
culionidae and Brenthidae and one each of the 
families Cerambycidae and Lyctidae. All the beet- 
les recorded, excepting Dinoderus minutus and D. 
ocellaris, caused only minor damage. The cur- 
culionids and anthribids mostly tunnelled through 
the intemodal septa as well as the walis of the 
bamboo culms. The weevils, namely, Sipalus 
hypocryta, Sipalinus gigas and the anthribid 
Phloeobius alternans and Eucorynus crassicornis 
caused the maximum damage. Although infesta- 
tion by these insects resulted in extensive cavities, 
it rarely affected its structural stability. These in- 

* KFRI scientific paper no. 188 
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Table 1. List of insects associated with stored reeds and bamboos in Kerala 

Insect Reed/bamboo Locality Nature of damage 

Order Isoptera 

1. Unidentified termite Reed Mavelloor Feeds from within the culm leaving the 
outer layer intact. Occasionally causes 
major damage. 

Order Coleoptera 

Family Bostrychidae 

2. Heterobostrychus Reed Mavelloor Attack initiates through the eut ends. 
aequalis Wat. Galleries longitudinal. Minor pest. 

3. Dinoderus minutus Fb. Reed & bamboo Several places Cause complete deterioration of 
in Kerala affected culms. Major pest. 

4. D. ocellaris Steph. 

Family Lyctidae 

5. Minthea rugicollis Reed Mavelloor Minor pest occasionally causing 
Walk damage to various finished products. 

Family Curculionidae 

6. Myocalandra exarata Reed Mavelloor Reported as a pest of bamboo. 
Boh. Not likely to attack stored bamboos. 

7. Sipalus hypociyta Boh. Bamboo Several places Minor pest in culms. 
in Kerala 

8. Sipalinus gigas Fb. Bamboo 

Family Byrenthidae 

9. Eucorynus crassicornis Bamboo 
Fb. 

10. Phloeobius lutosus Jord. Bamboo 

11. P. alternans (Wied.) Bamboo 

Family Cerambycidae 

12. Diboma posticata Gah. Bambou 

sects were never found to cause any serious prob- 
lem in the storage yards. Myocalandra exarata, 
another weevil recorded here is known to be a pest 
of green bamboos (Beeson, 1941), although on one 
occasion il was collected from stored reeds at 
Mavelloor. Il is probable the infestation might 
have occurred prior to their extraction and the 
beetle might have developed in the extracted culm. 
Diboma posticata, the cerambycid collected in this 
area, was found to make longitudinal tunnels in the 
walls of culms, but the damage caused was negli- 
gible. 

Among the small borers, the population of 
Heterobostrychus aequalis (Bostrychidae) was 
found to build up in stored reeds at Mavelloor. 
However, no major build up was noticed during the 
period of study. Infestation by Minthea rugicollis 
(Lyctidae) was observed mostly in finished bam- 

boo and reed products where they occasionally 
caused serious damage. 

Among the varions storage pests recorded here, 
Dinoderus spp. (Bostrychidae) was the most 
prevalent as well as the most harmful to reeds and 
bamboos. Detailed observations were made on this 
insect since build up of this species was frequently 
encountered on the reed stacks at Mavelloor. 

Of the three species of Dinoderus known to 
attack bamboo in India, D. minutus was by far the 
most common and was found in stacked reed as 
well as reed products throughout Kerala. While D. 
minutus was encountered every year during 1977- 
1983, D. ocellaris was found only in 1982 at 
Mavelloor in June-July in stacked reeds harvested 
from Konni. The infestation was mainly on com- 
paratively fresh stacks of reed and both D. minutus 
and D. ocellaris were seen to occur as a mixed 

213 



BAMBOOS Current Research 

population with D. ocellaris outnumbering the 
former. The infestation was heavy and it appeared 
like a major outbreak. Adult beetles of both species 
could be seen boring on reeds along the sides of the 
stack. Dead beetles were noticed in the accumu- 
lated dust. 

General Characteristics of Dinoderus 
Infestation 

The most striking feature of Dinoderus infesta- 
tion brought out by observations over several years 
is that the incidence of their infestation is highly 
unpredictable. Infestation has been noticed practi- 
cally in all the months of the year, at one place or 
the other, but not continuously in the came place. 
The most intense build up of their populations was 
recorded in 1982 during the months of May, June 
and July, at Mavelloor. This was partly due to the 
availability of large stocks of reed in the yard and 
the involvement of both species of Dinoderus. 
This incidence was apparently not related to 
season, but rather to the quality of the reed. Il has 
also been observed that infestation in a given 
locality is prevalent only during certain periods. 
For example, no infestation occurred in reed stack- 
ed at Nilambur during February 1981 when a 
similar project was underway (Gnanaharan et al., 
1982), although previously infestation had been 
noticed in the same yard. 

Often within a storage yard, infestation was 
confined only to some of the stacks. Some of the 
infested stacks contained fresh eut reeds, yet older 
stacks were also attacked, thereby showing that the 
freshness of the material was not the sole factor. 
The bottom ends of the reeds were more heavily 
attacked than the other portions. Heaps of dust 
accumulated around the infested stacks particularly 
along their sides. Often, the intensity of infestation 
was greater towards the periphery of the stacks, 
especially the cut ends, through which the beetles 
bored their way, but declined sharply towards the 
interior. It was generally observed that infestations 
at particular sites declined in intensity and almost 
disappeared in about two to three months after their 
first appearance, although this was not always the 
case. 
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Kinds of Finished Products Attacked by 
Dinoderus 

In addition to stacked whole reed culms, 
finished products made of reed or bamboo were 
often damaged by Dinoderus. These included reed 
mats stored in godowns (Angamaly) and reed or 
bamboo baskets stored in retail shops and houles 
(Trivandrum, Pudukkad, Peechi, Trichur). Reed 
culms cul and stored at the site of extraction were 
not generally infested although a few instances of 
light attack by D. minutus were observed in some 
places (Kollathirumedu, Sholayar). Split-bamboo 
roofing of an outdoor Orchidarium within the KFRI 
campus at Peechi was found heavily damaged by 
Dinoderus in January 1983. Bamboo or reed poles 
used in construction of field sheds were often found 
infested. All infestations recorded in the case of 
finished products were caused by D. minutas. 

Conclusion 

Although a number of insects are found to 
attack stored reeds and bamboos, the subterranean 
termites and Dinoderus beetles are capable of caus- 
ing serious damage. Control of these insects will 
give sufficient protection to stored reeds and bam- 
boos in Kerala. 
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Why the Sundanese of West Java 
Prefer Slope-inhabiting 

Gigantochloa pseudoarundinacea to those 
Growing in the Valley 

Tavip Soeprayitno, Togar L. Tobing and Elizabeth A. Widjaja 
Faculty of Forestry, Bogor Agriculture University and Research and 

Development Centre for Biology-LIPI, Bogor, Indonesia. 

Abstract 
The physico-mechanical properties of the culm such as specific gravity, bending and 
tensile strength, anatomical properties such as fibre dimensions and the fibrovascular 
bundle frequency of Gigantochloa pseudoarundinacea growing on hill slopes and 
volleys in West Java were compared. The results show that the preference of the 
Sundanese for slope-inhabiting bamboo is scientifically justified because the specific 
gravity, bending and tensile strength of the former are higher than those growing in the 
valley. 

Introduction 

The use of bamboo as housing material is well 
established in the rural areas of many tropical 
countries where bamboos grow abundantly. In 
West Java (Indonesia), Gigantochloa pseudoarun- 
dinacea (Steud.) Widjaja is the most useful species 
of bamboo for making pillars, roofings and walls 
of village houses. The Sundanese who live in the 
area believe that the best quality bamboo for hous- 
ing purposes should be harvested from the slope 
inhabiting groves rather than those growing in the 
valley. Ueda (1960) reported that the quality of 
bamboo was influenced by environmental factors, 
especially, the soil condition. 

The present study was undertaken to determine 
the interrelationship between the physico- 
mechanical properties of Gigantochloa pseudo- 
arundinacea growing in different habitats to 
determine whether the Sundanese practice had any 
scientific justification. 

pseudoarundinacea both on the bill slopes and in 
the valleys. 

Representative sections of the basal (3rd and 
4th internodes), middle (13th and 14th internodes) 
and top (23rd and 24th internodes) parts of the 
culms were sampled. The standard test procedure 
as laid down by the American Standard for Testing 
and Materials (ASTM) D 143-52 (1972) was fol- 
lowed with nome modifications for determining the 
physical and mechanical properties of the culms 
using the Baldwin instrument (to measure tensile 
strength) and Amsler 6000 (to measure bending and 
tensile strength). The fibre length and wall thick- 
ness were determined by examining microscope 
slide preparations obtained by macerating pieces 
of culms in 50 percent HNO3 at 50 C for 10 minutes. 
After washing, the preparations were stained with 
1 percent methyl green in 10 percent acetic acid 
and mounted in glycerine. 

Results and Discussion 

Material and Methods 

The present study was conducted on popula- 
tions of G. pseudoarundinacea growing in 
Cibitung village near Bogor in West Java. This hilly 
area lies at an altitude of 500 m with an annual 
rainfall of about 4200 mm and has groves of G. 

Physical and Mechanical Properties 
It can be seen from Table 1 that the specific 

gravity of the slope inhabiting bamboo is higher 
than the ones growing in the valley and is inversely 
correlated with the moisture content (Panshin & 
de-Zeeuw, 1970). Also, the results showed that 
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specific gravity increased from bottom to top, as 
recorded by Liese (1987). 

There is also an increase in the modulus of 
rupture (MOR) towards the top of the culm (see 
also Limaye, 1952). However, MOR of bamboo 
culms from the two habitats did not differ sig- 
nificantly. On the other hand, the modulus of elas- 
ticity (MOE) and tensile strength of bamboo culms 
from one habitat were markedly différent from the 
other (Table 1). The greater tensile strength of the 
slope-inhabiting bamboo may be due to the higher 
specific gravity they possess. 

Anatomical Properties 

Some anatomical characteristics of G. pseudo- 
arundinacea are presented in Table 1. There is no 
appreciable difference in the fibre length in relation 
to the point of sampling along the length of the culm 
and those growing in différent habitats. The wall 
thickness of the fibre is correlated with the height 
of the culm. Itoh and Shimaji (1981) showed that 
lignification takes place from the bottom to the top 
of the culm. As the lignification is less at the top, 
the wall thickness is more. There is, however, no 
correlation of the wall thickness of the fibre with 
the habitat. 

Our study shows that the fibrovascular bundle 
frequency increases towards the top of the culm as 
also observed by Espiloy (1987). However, there is 
no notable difference in the frequency of the 
fibrovascular bundles in relation to the habitat of 
the bamboo. 

When these anatomical features were compared 
with the physical and mechanical properties of G. 
pseudoarundinacea it was noted that the wall thick- 
ness of the fibre, the modulus of rupture and the 
specific gravity show positive correlation with the 
habitat (r = 0.988, 0.936 and 0.841, respectively). 
Table 2 shows that the fibre length has a positive 
correlation with the tensile strength, whereas the 
wall thickness of the fibre is linked with the fre- 
quency of the fibrovascular bundle, specific gravity 
of the internodes and the modulus of rupture. The 
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modulus of elasticity is positively correlated to the 
tensile strength and the specific gravity of the bam- 
boo nodes. 

Conclusions 

The study showed that the slope-inhabiting 
Gigantochloa pseudoarundinacea has a higher 
specific gravity, modulus of elasticity and tensile 
strength than the one growing in the valley. The 
present study supports the Sundanese practise of 
prefering the slope inhabiting groves to the ones 
from the valley bottom. Further investigations are 
necessary to confirm whether the findings of this 
study are valid for other species of bamboo growing 
is différent habitats. 
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Comparative Strengths of Green and Air-dry Bamboo 
Soenardi Prawirohatmodjo 

Faculty of Forestry, Gadjah Mada Universit-. Yogyakarta, Indonesia. 

Abstract 

A comparative study was conducted on the strength properties of six species of green 
and air-dry bamboo of Indonesia. The results show that like in wood, there is a general 
increase in strength when bamboo is dried from the green to the air-dry condition. An 
exception is Bambusa vus, in which all the strength parameters tested decreased 
from the green to the air-dry condition. This seemed to be caused by an early attack of 
this species by the powder post beetle, which weakened its strength. The increase in 
strength from the green to air-dry condition of bamboo was much lower than that of 
wood. For this reason there is not much risk in using green bamboo for construction 
pur poses as far as strength is concerned. 

Introduction 

Bamboo is an important and cheap raw material 
abundantly available and widely utilized in In- 
donesia. It occurs in both natural and man-made 
forests. It is also planted in rural areas in the islands 
of Java and Sulawesi. Of the about 30 species of 
bamboo that grow in Indonesia, only 13 are cul- 
tivated in rural areas (Bambusa bambos, B. multi- 
plex, B. spinosa, B. vulgaris, Dendrocalamus asper, 
Gigantochloa apus, G. hasskarliana, G. 
nigrociliata, G. verticillata, Phyllostachys aurea, 
Schizostachyum blumei, S. brachycladum and S. 
zollingeri; Hildebrand, 1954). 

In the rural areas bamboo is often utilized in the 
green condition for construction purposes. The 
present study was conducted to determine whether 
there is any différence in strength between green 
and air-dry bamboo. For timber it has been estab- 
lished that below the fiber saturation point, the 
strength of wood increases with decrease in mois- 
ture content. 

Materials and Methods 

The following three-year-old bamboo species 
growing in the village of Degolan, near Yogyakarta 
were selected: Bambusa arundinacea, B. vulgaris, 
Dendrocalamus asper, Gigantochloa apus, G. atter 
and G. verticillata. Three culms of each species 
were selected and felled. Each cula was then cut 
into three equal parts: bottom, middle and top. 
These specimens were then tested in both green and 
air-dry condition for moisture content, bending 

strength, maximum crushing strength, tensile and 
shear strength. 

Moisture Content 

Moisture content was determined by oven-dry 
method on two sizes (see Janssen, 1981) of the 
samples - unsplit round specimens of 2.5 cm length 
x diameter x thickness of the bamboo culm and split 
specimens of 10 x 5 cm x thickness of the culm. 

Bending Strength (Modulus of Rupture) 

Here also, specimens were tested in round and 
split forms. The length for round specimens was 
76 cm if with nodes and 30 cm if without nodes. 
For split specimens, the size was 30 x 2 cm x culm 
thickness, with or without nodes. Tests were car- 
ried out using the Baldwin Universal Testing 
Machine (UTM) with a span of 70 cm and 28 cm 
for specimens of 76 cm and 30 cm length, respec- 
tively. 

Compression Parallel to Grain (Maximum 
Crushing Strength) 

Compression parallel to grain tests were made 
on two specimens; 10 cm length for the unsplit 
round bamboo with and without nodes and 3 cm x 
1 cm x culm thickness for split specimens. 

Tensile Strength 
Tensile strength parallel to grain was deter- 

mined using specimens of size 30 cm x 4 cm x 
thickness of the culm. The shape and size of the 
specimens prepared were such that they were nar- 
rowed at the center to a width of 1.0 cm. A special 
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Table 1. Average moisture content (%) of six bamboo species 

Green Air-dry 
s 

P1 P2 P3 Mean P1 P2 P3 Mean 

SI 48.5 38.5 31.6 39.5 15.7 15.6 15.2 15.5 

S2 51.7 40.4 39.9 40.0 17.2 17.1 16.9 17.1 

S3 76.0 53.3 36.0 55.1 14.7 16.8 13.6 15.0 

S4 79.0 49.6 34.4 54.3 16.0 15.0 14.3 15.1 

S5 94.2 71.8 50.9 72.3 14.1 14.5 14.7 14.4 

S6 67.5 50.5 43.9 54.0 15.4 15.3 14.4 15.0 

Mean 69.5 50.7 34.5 52.5 15.5 15.7 14.9 15.4 

grip designed for this test was used in the UTM. 

Shear Strength 

Shear strength (parallel to grain) was deter- 
mined on two different specimens of size 8 cm x 
diameter x culm thickness for round unsplit bam- 
boo and 6 cm x 5 cm x culm thickness for split 
specimens. A special jig was used to carry out the 
tests. 

Analysis of Data 

The following notations were used in the study: 
Species (S): Si to S6 refer to Bambusa arun- 
dinacea, B. vulgaris, Dendrocalamus asper, Gigan- 
tochloa apus, G. atter and G. verticillata, 
respectively. 
Position (P): Pl to P3 indicate bottom, middle and 
top portion of the culm, respectively. 
Nodes (N): Ni indicates specimens with nodes and 
N2 to those without nodes. 

A 6x3x2(x2) factorial experiment with three 
replicates under the completely randomized design 
was used. 

Results and Discussion 

Moisture Content 

The moisture contents of green and air-dry 
bamboo are presented in Table 1. Analysis of 
variance of the data showed that the species, posi- 
tion of the specimen in the culm and dimension of 
the specimen, all have a highly significant effect on 
the moisture content of the bamboo. 

The moisture content of green bamboo varies 
from 39.5 for S I to 72.3 percent for S5 (Table 1). 

This variation might be due to differences in some 
inherent factors such as structure and chemical 
composition, and certain extemal factors such as 
site, climate, etc. The variation in air-dry moisture 

content between species, however, is small (Table 
1). 

Variation in moisture content from the bottom 
to the top of the culm shows a decreasing trend for 
green bamboo (Table 1). This could be due to the 
increased amount of parenchyma found at the bot- 
tom of the culm (Liese, 1980). In comparison, the 
air-dry moisture content does not vary greatly from 
the bottom to the top of the culm (Table 1). 

Variation in moisture content is also seen be- 
tween round and split green specimens (49.3 and 
57.1 percent, respectively; Table 2). In the air-dry 
condition, the split specimens tend to have a lower 
moisture content. 

Bending Strength 

In this paper only data on the modulus of rup- 
ture (MOR) are presented (Table 3). Analysis of 
variance shows that moisture content (green or 
air-dry) and species have a highly significant effect 
on the bending strength of bamboos whereas the 
presence of nodes does not significantly affect 
bending strength. 

Table 3 shows that, in general, there is an in- 
crease in bending strength from the green to the 
air-dry condition. However, this general trend does 
not hold good for all the species. Exceptions are 
Bambusa vulgaris and Gigantochloa apus. 

Assuming that the fibre saturation point of bam- 
boo is 20 percent (Liese, 1980), the increase in 
bending strength from green to air-dry condition is 

0.05 percent per one percent decrease in moisture 
content. This value is lower than that of wood 
which is approximately four percent per one per- 
cent decrease in moisture content (Panshin & de 
Zeeuw, 1970). 

Compression Parallel to Grain 
The data on maximum crushing stress are pre- 
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Table 2. Variation in average moisture 
content (%) of round and split 
bamboo 

Shape of Moisture content 
l samp e 

Green Air-dry 

Round 49.3 16.2 

Split 57.1 14.5 

Mean 53.2 15.4 

sented in Table 4. Analysis of the data shows that 
moisture content (green and air-dry) and species 
have a marked effect on the maximum crushing 
stress and the presence of nodes does not sig- 
nificantly affect it. It can be seen from Table 4 that 
there is an increase in maximum crushing stress 
from the green to the air-dry condition with the 
exception of B. vulgaris. 

By assuming that the fibre saturation point of 
bamboo is 20 percent (Liese, 1980), the increase 
in crushing strength from green to air-dry condition 
is 4.9 percent per one percent decrease in moisture 
content. This value is lower than that of wood 
which is approximately six percent per one percent 
decrease in moisture content (Panshin & de Zeeuw, 
1970). 

Table 3. 
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Tension Parallel to Grain 
Analysis of variance of the data on maximum 

tensile stress shows that moisture content and 
species do not have any significant effect on the 
tensile strength of bamboo. Table 5 shows that 
there is an increase in tensile strength of bamboo 
from an overall mean of 29776.1 N/cm2 when 
green, to 31530.5 N/cm2 when air-dry. An excep- 
tion is, however, found in B. vulgaris. 

By assuming that the fibre saturation point of 
bamboo is 20 percent (Liese, 1980), the increase in 
tensile strength from green to air-dry condition is 
1.3 percent per one percent decrease in moisture 
content. 

Shear Parallel to Grain 
An analysis of the data in Table 6 shows that 

there is significant difference among species and 
the presence of nodes does not have a significant 
effect on shear strength. It can be seen that there is 
an increase in tensile strength from an overall mean 
of 800.5 N/cm2 when green, to 824.0 N/cm2 when 
air-dry (Table 7). An exception is found in B. 
vulgaris in which shear strength decreases when 
air-dry. 

By assuming that the fiber saturation point of 
bamboo is 20 percent (Liese, 1980), the increase in 
crushing strength from green to air-dry condition is 
0.65 percent per one percent decrease in moisture 
content. 

Average MOR (bending strength) of six bamboo species (N/cm2) 

Modulus of rupture 

Green Air-dry 
N S 

P1 P2 P3 Mean P1 P2 P3 Mean 

si 8578.6 7661.1 11027.0 9088.9 9160.8 7949.2 9512.4 8874.1 

S2 10028.3 10969.1 10993.6 10663.7 10100.7 7140.9 7759.0 8426.6 

Ni S3 6873.1 8097.8 9495.1 8155.3 10695.6 9433.9 10875.4 10336.0 

S4 10113.1 10824.0 9673.8 10203.6 8421.2 8326.8 9559.3 8750.8 

S5 8799.0 8809.3 10810.3 9472.9 11767.2 11328.4 12765.4 11953.7 

S6 8104.0 10946.7 8642.6 9231.1 8692.8 11217.1 8023.1 9411.3 

(Mean) 9469.3 9625.4 

Si 5893.5 7158.9 9269.3 7440.6 7060.5 8329.1 9013.4 8134.3 

S2 9737.9 9579.4 9466.8 9594.7 6673.3 8161.5 7693.9 7558.8 

N2 S3 6392.9 9934.7 11577.6 9301.7 7214.5 7398.9 8917.0 7843.5 

S4 6148.8 8187.6 7103.8 7146.8 6850.7 8435.0 7087.3 7493.4 

S5 6134.1 8054.5 9940.7 8043.1 7987.3 9686.5 10626.9 9433.6 

S6 6528.8 7203.7 6760.1 6830.9 7763.1 6881.8 6893.5 7197.0 

(Mean) 8059.6 7943.4 
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Average maximum crushing stress of six species of round bamboo (in N/cm2) 

N S 

Green Air-dry 

PI P2 P3 P1 P2 

si 2335.3 2874.5 3850.9 3879.8 3519.0 

S2 2953.7 3102.9 3411.7 2523.8 2868.8 

N1 S3 1462.7 2453.3 2942.7 2155.5 3043.4 

S4 2173.6 2372.0 2650.4 2729.8 3654.8 

S5 2477.0 2580.9 2797.7 3287.5 3912.6 

S6 1675.2 2167.5 3309.2 2163.4 4136.0 

si 2143.3 3036.4 3731.5 2838.3 3778.9 

S2 2969.3 3371.6 3340.1 2939.1 2660.9 

N2 S3 1801.8 2480.9 3232.2 2524.9 2955.3 

S4 2144.7 2299.6 2599.1 3417.0 3366.5 

S5 2352.7 2723.2 3153.6 3469.9 3418.8 

S6 1649.4 2233.2 3251.3 2202.4 3727.9 

P3 

4988.9 

2070.2 

4261.1 

4864.7 

3098.6 

4424.5 

4310.9 

1734.4 

4174.1 

3389.1 

4023.1 

3732.0 

Table 5. Average maximum tensile strength of six bamboo species (N/cm2) 

S 

Green Air-dry 

P 1 P2 P3 Mean P1 P2 P3 Mean 

Si 34731.9 32665.2 33913.2 33770.2 28156.3 25374.8 23495.4 25675.5 

S2 29352.0 31853.7 43254.3 34820.1 28646.2 27316.1 30277.6 28746.7 

S3 30224.3 26830.3 28434.3 28496.4 96555.2 29827.4 29365.5 51916.1 

S4 28045.5 30258.2 29927.7 29410.5 30750.7 27907.7 31016.4 29891.7 

S5 29989.8 27963.9 27309.5 28421.1 33151.6 29788.7 24706.2 29215.6 

S6 21009.5 24681.8 25523.1 23738.2 21913.7 24538.7 24760.7 23737.8 

(Mean) 29776.1 31530.5 

Conclusion 

A comparative study on moisture contents and 
strength properties of six species of green and air- 
dry bamboo show that there is a general increase in 
bending, compression, tensile and shear strengths 
from the green to air-dry condition of bamboo. 
Bambusa vulgaris shows opposite results; all the 
air dry strengths measurements being consistently 
lower than when green. It is suspected that this may 
be related to an early attack of this species by 
powder post beetles during the drying of the 
specimens (see Sulthoni, 1988). The increase in 
strength from the green to air-dry condition was 

much lower than that in wood. For this reason 
there seems to be little risk involved in using green 
bamboo for construction purposes as far as strength 
is concerned. 
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Table 6. Average shear strength of six species of round bamboo (N/cm2) 

N S 

Green Air-dry 

P1 P2 P3 P1 P2 P3 

si 886.7 924.7 1078.6 907.0 986.7 1260.1 

S2 833.8 1060.9 1036.5 727.4 727.8 536.6 

Ni S3 581.2 642.1 864.1 599.2 609.3 967.5 

S4 671.9 803.6 827.5 649.7 661.6 929.4 

S5 581.3 682.3 1007.6 948.8 1126.7 1075.6 

S6 635.9 825.0 1128.1 795.4 825.2 957.0 

si 843.8 872.1 876.1 792.7 910.8 1060.1 

S2 870.3 1959.4 1055.9 713.7 766.6 819.4 

N2 S3 487.3 477.5 703.0 608.7 647.8 784.0 

S4 584.5 613.0 600.1 681.3 791.5 821.2 

S5 507.7 532.5 735.0 823.9 955.1 849.1 

S6 588.3 785.7 922.3 687.9 652.4 755.6 

Table 7. Variation in average shear strength of six bamboo species in 
green and air-dry condition (N/cm2) 

Species Green Air-dry 

Bambusa arundinacea 913.7 986.2 

B. vulgaris 1136.1 723.5 

Dendrocalamus asper 625.9 736.1 

Gigantochloa apus 683.4 755.7 

G. atter- 674.4 963.2 

G. verticillata 769.2 779.4 

Mean 800.5 824.0 
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Abstract 
The abrasive resistance of Bambusa vul aris var. striata (Buloh gading) and Gigan- 
tochloa scortechinii (Buloh minyak) were assessed both at the longitudinal and the end 
grain surfaces. The results showed that both bamboo species are superior to Kempas 
(Koompasia malaccensis), the common flooring timber and rubber wood (Hevea 
brasiliensis), a light traffic flooring timber: The bamboos were suitable for flooring 
purposes under medium traffic conditions. 

Introduction 

Bamboo, a member of the grass family 
Gramineae, is a fast growing and high yielding 
renewable resource. The uses of bamboo are un- 
limited, but proper utilization of this resource 
would be greatly beneficial especially to the rural 
population. In the industrial sector, it may be 
used as a substitute for timber in the near future. 

In Peninsular Malaysia, bamboo covers an es- 
timated area of about 329 000 ha of the forested 
land with an estimated standing stock of about 
seven million tonnes. Out of nearly 50 species 
available, only 10-15 species amounting to 60 000 
tonnes with a market value of M$ three million are 
commonly used (Abd. Latif, 1987). 

There are about 13 factories making bamboo 
products like skewers, blinds, chopsticks andtooth- 
picks. It has been found that the waste derived 
during the processing of these products is in the 
range of 28-47 percent. This includes the upper 
parts of the culm and the nodal parts. These wastes 
could be utilized by manufacturing bamboo floor- 
ing material. 

Abrasive resistance is a good criterion to assess 
whether bamboo is suitable for use as a flooring 
material. In the present work, the abrasive resis- 
tance of bamboo was compared with Kempas 
(Koompasia malaccensis), the common flooring 
timber in Malaysia. 

Materials and Methods 

Preparation of Materials for the Abrasion Test 

The off-cuts of two species of bamboo, Bam- 
busa vulgaris (Buloh gading) and Gigantochloa 
scortechinii (Buloh minyak), obtained during the 
making of bamboo products, were used for testing 
purposes. These discarded poles were cut and 
sliced into blocks of size, 12.5 x 2.5 x 0.5 cm 
(thick) longitudinally and 2.5 x 0.5 x 0.5 cm (thick) 
from the end grain. 

The splinters and slivers from the blocks were 
removed by slight burning and the blocks glued 
to a 50 x 50 cm plywood piece (Fig. 1 A,B). Plan- 
ing and sanding were then carried out (Abd. Latif 
& Mohd. Rashid, 1986). Test pieces of size 76 x 51 
mm (length and width, respectively) were cut from 
this parquet board for abrasive testing (Fig. 2 A,B). 
Thirty samples each of longitudinal (intemode), 
longitudinal (node) and end grain surfaces were 
used for this test. Before testing, the specimens 
were conditioned to a moisture content of about 12 
percent at 27.5 C. 

Testing Procedure for Wear Resistance 
The test procedure adopted in this study was 

similar to the ASTM D 1037-72a. The abrasion 
testing machine used for this purpose was similar 
to the U.S. Navy Wear Tester (Anonymous 1987). 
The abrasive medium used was 80 grit aluminium 
oxide. 
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Fig. 1 A,B. Finished product of bamboo parquet. A. with internode, and B. with nodal portion. 

Fig. 2 A,B. Samples of test board for abrasive test. A longitudinal, and B. end grain sui faces. 
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ligantochloa scortechinii 

Longitudinal (internode) 

Longitudinal (node) 

End grain (internode) 

200 400 600 

No. of revolutions 

-T 
800 1000 

Fig. 3. Relationship between weight loss and number of revolutions (Bambusa vul aris). 

The test specimens were mounted onto the 
holder using epoxy adhesive. A fixed pressure was 
applied on the specimen by placing a 4.5 kg weight 
on top of the holder. The wear on the specimen was 
obtained by rubbing it against a revolving disk 
covered with the abrasive medium. 

The polder revolved clockwise at a constant 
speed of 32.5 rpm. The specimen was lifted to a 
distance of 1.6 mm and dropped back into contact 
with the revolving disk twice during each revolu- 
tion of the holder. The abrasive medium was ap- 
plied through a mechanically agitated hopper at the 
rate of 46 g/min and was changed after 2000 
revolutions. The weight lors of the specimens was 
calculated after every 100 revolutions of the 
revolving disk for a total of 1000 revolutions. 

Fibre Length and Vascular Bundle 
Distribution 

The distribution of the vascular bundles was 
determined within an area of 1 cm2 of each sample 
(see Jane, 1933). For fibre length, 100 fibres were 
measured. 

Results and Discussion 

The weight loss data are presented in Table 1. 

The average density, shear and compression along 
the grain, vascular bundle distribution and the fibre 
length measurement are presented in Table 2. 

The results showed that the percentage of 
weight loss after 1000 revolutions for the end-grain 
samples was the lowest for both the bamboo species 
(0.1% forBambusa vulgaris and 0.14% for Gigan- 
tochloa scortechinii). The longitudinal surface 
which contained nodal portions was found to be 
more resistant than the one containing internodal 
portions. 

The linear relationship between weight loss and 
the number of revolutions as shown in Figures 3 

and 4 for both the bamboo species has also been 
reported by Younguiste and Munthe (1948); Mohd. 
Shukari (1983) and Abd. Latif et al. (1987). 

The weight loss of the two bamboo species is 
much lower than for both Kempas and rubber wood 
(Fig. 5) indicating that B. vulgaris and G. scor- 
techinii are more resistant to abrasion. The results 
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Bambusa vulgaris var. striata 

Longitudinal (internode) 

Longitudinal (node) 

End-grain (internode) 

200 400 600 800 1000 

No. of revolutions 

Fig. 4. Relationship between weight loss and number of revolutions (Gigantochloa scortechinii). 

also demonstrate that B. vulgaris is more resistant 
to wear than G. scortechinii. When the cross-cut 
walls of both the species were examined, differen- 
ces in the pattern of vascular bundle arrangement 
were noticed (Fig. 6). The fibre strand area in B. 
vulgaris was also found to be more than that in G. 
scortechinii. 

Lim (1983) considered Kempas as suitable for 
heavy traffic flooring but more suitable under 
medium traffic conditions, and Mohd. Shukari 
(1983) suggested that rubber wood should only be 
used under light traffic conditions. The criteria 
used by both included abrasive resistance, density, 
strength group and texture of wood. Lim (1983) 
suggested that for light traffic conditions, an air-dry 
density greater than 650 kg/m3 is required. In 
addition, the shear value along the grain should 
exceed 1.4 MPa and 2.0 MPa for floorings used 
under light and medium traffic conditions, respec- 
tively. Table 2 shows that the values of shear along 
the grain were 6.1-7.0 and 4.3-7.5 MPa for B. 

vulgaris and G. scortechinii, respectively. Values 
for compression along the grain for B. vulgaris var. 

striata and G. scortechinii were 52.3-55.9 and 30.1- 
42.5 MPa, respectively. As these values are higher 
than the suggested value of 17 MPa (Lim, 1983), 
B. vulgaris var. striata and G. scortechinii have high 
abrasive resistance and they are suitable for 
medium traffic flooring use. 

Factors related to the anatomical structure, in 
particular the pore size and distribution, arrange- 
ment, and the fibre structure, and which could 
influence the resistance to wear (Youngquiste & 
Munthe, 1948) should also be examined while con- 
sidering the use of bamboo for flooring purposes. 
Liese (1980) reported that the ultrastructure of mort 
of the fibres was characterized by thick polylamel- 
late secondary walls resulting in extremely high 
tensile strength. The strength was found to be in 
proportion to the fibre length and vascular bundle 
distribution in the material itself. The fibre length 
of these two bamboo species was higher (2.55-2.87 
mm) than that of rubber wood (1.00-1.10 mm) 
(Ashaari, 1980) and Kempas (1.00-1.60 mm) 
(Grant, 1958). This indicates that both bamboo 
species might be suitable for flooring purposes. 
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Fig. S. Percentage loss of weight after 1000 révolutions of abrasive disk on different.suifaces as 
compared to fubber wood and Kempas. 
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Fig. 6 A, B . Cross-section of the culm wall. A. Bambusa vul ar' var. striata. B. Gigantochloa 
scortechinii. 

Conclusion 

The results obtained from this study show that 
the abrasive resistance of B. vulgaris var. striata and 
G. scortechinii was about 30 percent superior to 
Kempas and about five times more than rubber 
wood. Hence, these could be considered as suitable 
for flooring purposes under medium traffic condi- 
tions. The results also showed that B. vulgaris was 
more resistant to abrasive wear than G. scor- 
techinii. 
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Tensile Strength of Bamboo Fibre-reinforced Plastic 
Composites with Différent Stacking Sequences 

U.C. Jindal 
Mechanical Engineering Department, Delhi College of Engineering, 

Kashmere Gate, Delhi 110 006, India. 

Abstract 

Although composites have been developed in the past using natural fibres such as jute, 
shan, coir and banana, the maximum tensile strength achieved bas been only 104 
N/mm2. In the present work, multi-layered bamboo fibre-reinforced plastic (BFRP) 
composites with different stacking sequences have been successfully developed using a 
simple casting technique. These possess very high tensile strength but low ductiliry. At 
the saine time, the densiry of these BFRP composites is much less: it is only about 50 
percent of the density of the most commonly used glass fibre-reinforced plastic com- 
posites. The ultimate tensile strength of BFRP composites varies from 264 to 386 N/mm 
depending upon their stacking sequence. 

Introduction 

Presently glass fibre reinforced plastic (GRP) 
composites are commonly being used in many in- 
dustrial and commercial applications. These are, 
however, very costly due to the high cost of produc- 
tion of glass fibres and the high cost of 
polyester/epoxy resins. There is a dire necessity for 
the production of natural fibre-reinforced plastic 
composites as these are abundantly available at a 
low price. Varma et al. (1983) developed com- 
posites using coir fibres in polyester resin but the 
maximum tensile strength achieved was only 24 
N/mm2. Satyanarayana et al. (1983) developed 
composites using natural fibres of jute, coir, cotton, 
etc. in polyester/epoxy resins with a maximum 
strength of 104 N/mm2. Bhantia et al. (1983) 
developed composites using jute and chan fibres in 

epoxy resin but again the maximum strength 
achieved was only 36.7 N/mm2. All these research 
workers did not make use of bamboo fibres for the 
development of composites. 

Jindal (1984) studied the mechanical properties 
of Dendrocalamus strictus and found that the 
specific ultimate tensile strength of bamboo 
specimens is nearly six times that of mild steel. 
This led to the use of bamboo fibres for reinforced 
plastic composites (Jindal, 1986). In these com- 
posites, the bamboo fibres were all aligned only in 
one direction. Though the maximum ultimate ten- 
sile strength achieved was 425 N/mm2, these com- 

posites had useful strength only in one direction. 
This paper outlines the results achieved with mul- 
tilayered composites in different stacking sequen- 
ces. 

Sample Preparation 

Bamboo fibres of thickness 0.5-0.8 mm in the 
form of woven mats were used. The fibres in the 
mat form were specially chosen because the longer 
bamboo fibres tend to curl and often overlap each 
other. But in the mat, each fibre is separated by 
weaving threads and hence remain in one plane. 

The BFRP composites with different stacking 
sequence were prepared in two stages: (1) single- 
layered unidirectional laminae of bamboo fibres in 
araldite matrix and (2) multi-layered composites 
with a certain stacking sequence. 

Preparation of a Single-layered 
Unidirectional Laminae 

A 30 x 30 cm piece of woven bamboo mat 
(0.5-0.8 mm thick) was eut and placed on a Perspex 
plate, which had been degreased, cleaned and 
sprayed with a thin layer of mould-releasing agent. 
At the two edges (along the length of the fibres) of 
the mat, threads were removed, the fibres brought 
Gloser together and the epoxy resin with 10 percent 
by weight of hardener was applied with the help of 
a brush. After 24 h, when the araldite setting was 
complete, the threads in the central portion of the 
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Table 1. Ultimate tensile strength of BFRP composites 

Stacking Sample Breadth Thickness Maximum Ultimate Mean 
sequence no. (mm) (mm) load tensile ultimate 
(in degrees) (kN) strength 

N/mm2 
tensile 
strength 
N/mm' 

0,22.5,45, 1 10 11.02 42.728 387.73 
67.5, 90, -67.5, 2 10 10.84 37.926 349.87 386.14 
-45, -22.5, 0 

(I) 
3 10 10.20 42.924 420.82 

0, 30, 60, 90. 1 10 8.64 24.794 286.96 
-60,-30,0 2 10 10.00 35.427 354.27 322.52 

(II) 3 10 10.20 32.634 326.34 

0,45,90 1 10 6.60 19.208 291.03 
-45,0 2 10 7.20 20.482 284.47 263.91 
(III) 3 10 7.84 16.954 216.25 

Density of these composites varies from 980 to 1020 kglm' 

mat were removed with the help of a sharp blade 
and the fibres brought Gloser together, keeping a 
light dead weight in the form of a perspex plate, so 
that the fibres did not overlap. Also, the araldite 
mixture was applied at a few locations so that the 
fibres remained straight and close together. A 
square bit of 20 x 20 cm was removed from the 
central portion with the help of a hacksaw. This 
piece was dipped completely in araldite mixture 
placed in a specially prepared perspex mould and 
the top perspex plate carefully placed on the top of 
the wet mat. Dead weights were placed on the top 
plate and after 24 h of araldite-setting, a composite 
sheet of BFRP was obtained (for complete casting 
technique, sec Jindal, 1986). A total of 12 sheets 
were cast. The thickness of these sheets varied from 
0.9 to 1.1 mm. 

Preparation of Multi-layered Composite with 
Différent Stacking Sequences 

From the single-layered unidirectional laminae 
of BFRP composite, rectangular pieces 16 x 110 
mm were cut as shown in Figure 1 A. Composites 
were made with the following stacking sequences 
(figures in degrees): 
I 0, 22.5, 45, 67.5, 90, -67.5, -45, -22.5, 0 

(9 layers), 

II 0, 30, 60, 90 -60, -30, 0 (7 layers), 

III 0, 45, 90 -45, 0 (5 layers). 
The 0° is the direction of fibre along the direc- 

tion of loading on the specimen. The rectangular 
pieces were placed sequence-wise one above the 

other and araldite mixture was applied on the sur- 
faces in between all the pieces. The whole assembly 
was put in a hot air oven maintained at 60 C for four 
h, after which the oven was switched off and the 
composite allowed to cool in the oven itself. After 
24 h, the composite was removed from the oven, 
machined to the dimensions of a tensile testing 
specimen shown in Figure 1B. Three samples each 
of stacking sequence I, II and III were made. 

Results and Discussion 

BFRP composite samples were tested under 
tension using the Instron machine. Load-extension 
curves were obtained on an automatic chart re- 
corder for all samples. Figure 1C shows the load- 
extension curve for sample 1 with stacking 
sequence I. It can be observed that this is linear 
almost up to the breaking load, and over a gauge 
length of 25 mm the extension is approximately 1 

mm, showing thereby that the mechanical be- 
haviour of BFRP composites with différent stack- 
ing sequences is more or less brittle. 

In the composite sample, 0° ± 67.5° and ± 60° 
layers failed due to fibre fracture and the fibres 
pulled out from the matrix at the time of breaking, 
while the ± 45°, ± 30°, ± 22.5° and 90° layers failed 
due to matrix failure (Fig. 2). Sample delamination 
did not occur during the tensile loading. 

Table 1 summarizes the results of ultimate ten- 
sile strength of the composites with different stack- 
ing sequences. The mean ultimate tensile strength 
of the composite with stacking sequence 1 is 386.1 
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composite with stacking sequence I (fibres in 
layers inclined at 00, 22.5°, 45°, 67.5°, 90°, - 

67.5°, -45°, - 22.5°, 0° to the direction of load- 
ing) possesses the maximum ultimate tensile 
strength, with a mean value equal to 386.1 
N/mm2. The mechanical behaviour of multi- 
layered BFRP composites with différent stack- 
ing sequences is brittle but strong. The BFRP 
composites can be used fora variety of structural 
applications where strength and lightness are the 
important considerations. 

a 
Fig. 2. Fractured samples of BFRP composites 

with différent stacking sequences. 

N/mm2, sequence II, 322.5 N/mm2 and sequence 
III, 263.9 N/mm2. The mismatch between the ul- 
timate tensile strengths of the three stacking se- 
quences is due to the fact that in a multi-layered 
composite as above, some layers are strong and fail 
due to fibre fracture while others are weak and fail 
due to matrix fracture. 

Conclusions 

BFRP composites with different stacking se- 
quences possess very high tensile strength ranging 
front 263.9 to 386.1 N/mm. The multi-layered 
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Abstract 
The importance of bamboo as a building material is outlined through an overview of 
the physical and mechanicalproperties as related to other building materials. However, 
in the building industry, bamboo is still not exploited to the full. Therefore, a proposai 
is made to raise an IUFROICIB-subgroup on `Bamboo as a building material'. The 
paper outlines the state of the art on durability, mechanicalproperties, housing, larges 
industrial and social buildings, bridges, roads, bamboo-reinforced concrete, woven 
bamboo and split bamboo for ceilings and watts, bamboo-boards, and piles and rafts, 
and might serve as a starting point for the activities of the said sub-group. 

Introduction 

To increase the self-sufficiency of developing 
countries, indigenous materials must be exploited 
to the full. Among them bamboo is a familiar 
material with a long history of usefulness, and in 
building it has been employed in South-east Asia 
for housing and scaffolding. The question, whether 
bamboo could play a bigger part in building, espe- 
cially in structural applications, was investigated 
through a comprehensive research programme on 
the mechanical properties of bamboo, particularly 
for structural uses in joints and trusses. This paper 
highlights the structural properties of bamboo, the 
use of bamboo in building and bridge construction, 
and a proposal to form a IUFRO subgroup on 
building with bamboo. 

The Structural Properties of Bamboo 

Compression Strength 
The ratio between the ultimate compression and 

the mass per volume has been studied by several 
authors, both for wood and bamboo. 
The ratios are: 
- for dry bamboo (moisture content 12%): 

a = 0.094 p 
- for green bamboo (moisture content 60% 

or more): a = 0.075 p , in which: 
a = ultimate compression stress in N/mm2 and 
p = mass per volume in kg/m3 (see Janssen, 

1981). 
The ratio gives dry bamboo a slightly higher 

compression strength of 0.094 as compared with 

0.084 for dry wood. This might be caused by the 
higher cellulosic content of 55 percent in bamboo 
compared with 50 percent in wood. This com- 
parison is a rough one sine bamboo and wood 
consist of a number of different varieties, and this 
comparison deals only with mean values. However, 
such a comparison will make clear in which cases 
bamboo might be a good alternative, or even a 
better one, and in which cases the use of bamboo 
should be rejected. 

Bending Strength 
The ratio between the ultimate bending stress a 

in N/mm2 and the mass per volume p in kg/m3 is: 
- for drybamboo (12% M.C.) a = 0.14 p 
- for green bamboo a = 0.11 p (see Janssen, 

1981). 
In the case of bending, the deformation is more 

usually important than the strength, and the 
Young's modulus should be discussed. For dry 
bamboo the Young's modulus values cari be as high 

2 as 20 000 N/mm . 

Referring to creep in bending, this is of no 
importance. The author has found that creep in 
bending is only 10 percent of the immediate defor- 
mation, and the remaining deformation after un- 
loading is about 3 percent (M.C. 12%, initial strain 
level 2°/°°, duration up to 14 months) (see Fig. 1). 

Shear Strength 

According to a common belief, bamboo should 
be weak in shear. This is simply not true. The shear 
strength of wood and bamboo correlates positively 
with the thickness of the cell walls and negatively 
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Fig. 1. Long-term bending test on bamboo. 

with the percentage of rays. 

One can derive the Jollowing formula for wood: 
T = 0.027 p - 0.22 R in which i = ultimate shear 

stress in N/mm2, p = mass per volume in kg/m3 and 
R = percentage of rays (see Janssen, 1981). Data 
for p and R can be taken front several handbooks. 

For bamboo, this formula becomes: i = 0.021 p 
instead of 0.027 p. Taking into account the standard 
deviations, 0.0044 for the mean value 0.02 1, and 
0.0067 for the mean value 0.027, these mean values 
do not Biffer significantly. 

In spite of this factor 0.021, which is lower than 
0.027 for wood, bamboo appears to be strong in 
shear, not only due to the absence of rays, but also 
due to the high mass per volume. 

However, in practice, shear in bamboo is a 
problem. We can understand this discrepancy if we 
compare a beam of bamboo with one of wood. For 
example, say bamboo has an outer diameter of 100 
mm and a wall thickness of 6 mm. In order to have 
the same moment of inertia, the wooden beam has 
to be 41 x 82 mm. Consequently, the cross-sectional 
area in the neutral axis is 2 x 6 = 12 mm only in 
bamboo, and 41 mm in the wooden beam. This 
difference in size causes difficulties in shear in 
bamboo. In summary, therefore, bamboo is 
stronger in shear than wood, but its hollow form 

causes more problems in shear than in the case of 
wood. 

Mass per Volume 

For bamboo, data on the mass per volume have 
not been recorded as precisely as for wood. It is 
clear, however, that a common value for bamboo is 
at least 600 kg/m3, and that values as high as 800 
or even 900 occur quite often (all values for condi- 
tioned bamboo with 12 percent M.C.) 

Price 

A fair mean is one US dollar for a culm of 8 m 
length. This price is valid for many local markets 
all over the world. For preservation we add another 
$ 0.50. Assuming an outer diameter of 100 mm and 
a wall thickness of 6 mm, we can calculate a price 
of $ 105 per m3. (The cross-section of the bamboo 

is 
4 

(1002-882) = 1770 mm2. Per length of 8 m this 

is 8 m x 1770 mm2 = 0.0 142 m3from which a price 
of $ 105/m3 results.) 

As stated before a wooden beam with the same 
moment of inertia measures 41 x 82 mm, with a 
cross-section of 3360 mm2 equal to 1.90 times ihe 
cross-section of the bamboo. In order to be as 
economical as the bamboo, the price of the wood 
should be as low as only $ 105/1.90 = $ 55/m3. 
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In the case of a column, a square 
wooden column with the size 70 x 70 mm 
bas the same moment of inertia in all 
directions. Evidently, the cross-section is 
4900 mm' or 2.77 times that of the bam- 
boo. In order to compete in this case the 
price of the wood should be only $ 38/m3. 
From this point of view, bamboo is rather 
economical. 

The Use of Bamboo in Building 
and Bridge Construction 

With respect to the use of bamboo in 
building, a summary of advantages and 
disadvantages is given below. 

Advantages 

- it grows very rapidly and can be 
cultivated by the population with a 
quick and continuous return of capital, 

- good mechanical properties, 
- only simple tools are needed, 
- the outer skip contains much silica, 

which protects the bamboo. 

Disadvantages 

- bamboo needs preservation in order 
to obtain a reasonable lifetime, 

- the form of a bamboo culm is not 
exactly a cylinder, but is tapered, 

- fire is a very great risk. 
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M 
Fig. 2. Detail of a test on a bamboo truss. 

Lastly, the hollow form is an advantage from 
the mechanical point of view, but for joints it is a 
disadvantage. 

Use in Building 

The use of bamboo in building is limited by a 
lack of knowledge of how to make joints in bam- 
boo. Usually, joints in bamboo structures are com- 
plicated and labour-intensive, and the structural 
safety is unknown. Only a few references have been 
published (Fig. 2). Recently the author came across 
a clever design for a bamboo joint (Fig. 3), based 
on plywood and glue. Nevertheless, wonderful 
traditional bamboo buildings can be seen, such as 
the exposition building built by a Chinese team for 
the Fenomena exposition (1984 and 1985; Fig. 4). 
Among the temporary structures, the scaffolding is 
well-known (Fig. 5). In summary, research is re- 
quired on joints with an emphasis on strength, 
safety and simplicity. In the opinion of the author, 
scientific research can considerably enlarge the 
opportunities of traditional building methods. 

Woven Bamboo 
Due to the regular structure of the bamboo tis- 

sue (without knots or rays), it is easily possible to 
make split bamboo of say 1.5 mm thick and 20 mm 
wide using a sharp knife. With these strips woven 
bamboo can be made easily (Fig. 6). In this way, 
people make ceilings, walls and floors for their 
houses. In Thailand, woven bamboo is finished 
with glue, and used in this form for furniture. It is 
also a promising export item (price US 1.75/m2, 
thickness 2.5 mm). 

Another possibility is to lay layers of bamboo 
strips crics-cross with glue in between, in order to 
make a kind of ply-bamboo (Fig. 7). 

Bamboo in Bridge Construction 
Referring to bamboo bridges, we should limit 

this subject to bridges for pedestrians only. (How- 
ever, in 1937, the U.S. army in the Philippines built 
and tested a bridge with a free span of 15 m which 
was designed for a load of 16 kN.) 

Discussing bamboo bridges, we again meet the 
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Fig. 3. Bamboo joint, designed at the Instituto Technologica Costa Rica (1987). 

a 

Fig. 4. Bamboo exposition building, built by the Chinese in Rotterdam, 1985. 
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Fig. 5. Bamboo-scaffolding (Shanghai, 1985). 

Proceedings of the lnt'l Bamboo Workshop, Nov 14-18, 1988 

Fig. 6. Woven bamboo; scale is 150 mm long (Burundi, 1985). 
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Fig. 7. Ply-bamboo, developed at the I.T.C.R. (1987). 

problem concerning bamboo joints. In view of the 
tact that quite a number of bridges for pedestrian 
traffic are required in developing countries, re- 
search on joints is needed, as well as a method to 
transfer the technology from the laboratories to the 
users in the field. 

Subgroup on "Building with Bamboo" 

The author of this proposai is a member of both 
the IUFRO- P 5.04 group on bamboo and the CIB- 
W-18-B group on tropical hardwoods. 

The main interest of the IUFRO-group is on 
forestry, botany, etc. and the CIB-group is mainly 
interested in hardwoods. Bamboo as a building 
material is a minor subject in both groups. A sub- 
group dealing with bamboo as a building material 
needs to be formed and linked to both groups. This 
idea was born during the W-18-B seminar in Sin- 
gapore on 28 October 1987. The formation of the 
group will further encourage and coordinate re- 
search and development work on bamboo as a 
building material. 

This subgroup shares with the IUFRO-group 
the interest on durability, preservation and the 
relationship between biological composition and 
strength. With the CIB-group it shares the interest 
in building codes and in building in earthquake and 

typhoon-prone areas. Meetings of the subgroup 
should, therefore, alternate with the meetings of the 
IUFRO and CIB-group in so far as practical 
problems could be solved. 

Fields of Interest of this Group 

This group should deal with the following sub- 
jects 
a. Durability 

b. 

C. 

d. 
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- natural durability 
- traditional preservation methods 
- chemical preservation methods 
- viable treatment in a given situation (species. 

climate, end-use) to reach a given lifetime. 
Mechanical properties 
- relationship with the biological composition 
of bamboo 

- compression, tension, bending, etc. 
- buckling 
- creep 
- relationship with age, M.C., position along 

the culm, node or internode, and mass per 
volume (Janssen, 1987). 

Housing with bamboo 
Details of bamboo houles for différent 
climates, cultures, etc. (Janssen, 1988). 
Larger industrial and social buildings (like 
schools, clinics, factoriel); details, trusses. 
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e. Bridges (c, d and e include joints of bamboo). three levels: 
f. Road-building (mats). - "mother": "this joint can withstand 15 kN" 
g. Reinforcement in concrete 

- the lifetime of bamboo in this alkaline 
environment 

- bond and shrinkage/swelling 
- strength and stiffness 
- creep. 

- "child": this joint can bear ... m2 roof", 
depending on type of roof, typhoon, etc. is 
valid for one country only, or part of it; is 
meant for designers and engineers in a 
national language. 

- "grandchild": about the same as child, but in 
h. Woven bamboo without glue for ceilings, 

walls, etc. and with glue as an export item. 
a vernacular language of local village people 
in the part of the country concerned. ("In a 

i. Split bamboo with glue as plybamboo sheets 
for ceilings, walls, floors and export, and as 
plybamboo furniture. 

small house you need at least six of these 
members".) Such books will be needed on 
all topics except b. 

J. Chipped bamboo mixed with cement and 
sand into board. 

5. Books on research and testing facilities in 
developing countries. 

k. Bamboo piles and rafts. 6. Mechanical testing standard for bamboo 

Publications 
specimens. 

Generally speaking, the following publications 
should be dealt with: 
1. Books for researchers on a, b, d, e and g. 
2. Books for designers and for education on 

topic b. 
3. Building codes, for introducing bamboo 

technology into developing countries on topics 
b, d, e and g. 

4. Standard construction books for housing on 
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Abstract 

Bamboos have great potential for making house-components such as Crusses, pu-lins, 
roof grids, wallings etc. Intuitional use of bamboos has proved to be unsatisfactory with 
a service life not exceeding two to three years during which occasional repair or 
replacement is also warranted. In comparison a scientific use of bamhoo can ensure 
a long trouble free life. In this paper, the utilization aspects of structural bamboos are 
illustrated hased on techniques developed in the Foi-est Research Institute and Colleges, 
Dehradun where an engineered house, suitable for a medium-sized family in a rural 
environment has heen constructed by maximising the use of properly seasoned and 
chemically-treated hamboos. The methodology of reinforcing the mud-walls using 
treated hamboos, making of vire-pin and gusset-pin-joined trusses, vire-bound roof 
grids etc. have also been elaborated to make the appropriate techniques available to 

the common people for constructing their own shelters according to their financial 
capability. 

Introduction 

The ever increasing population has created a 
global problem particularly in respect of food and 
shelter. In India, the housing problem is becoming 
severe day by day. As per estimates prepared by the 
National Buildings Organisation, the housing 
shortage in India is over 23.8 million units includ- 
ing 18.1 million in the rural sector. To prevent a 
slide-back in the housing situation, at least 17 mil- 
lion dwelling units would be required to be 
provided during the next four years thereafter. In 
the bleak backdrop of unmet housing needs, quick 
and economic construction of bouses, preferably 
using indigenous materials is the prime need of the 
hour. Bamboo which possesses suitable structural 
properties, can play an important role as a low cost 
material for construction in India. It can be used for 
making house-components such as trusses, rafters, 
purlins, roof grids, walls and ceilings. As bamboo 
plants attain maturity in a few years, it can be 
produced in a very short rotation cycle (Shekhar & 
Bhandari, 1960). At present bamboo is extensively 
used as a construction material in Japan, Malaysia, 
Indonesia, Philippines, China, India and other 
countries. In this paper, the design of of bouse 
principally made of bamboo and suitable for a 
medium-sized family in a rural environment is des- 

cribed (Figs. 1-3). 

Properties of Bamboo 

1. As compared to some constructional timbers, 
bamboos possess better strength and can thus 
be suitably used for structural purposes. Due 
to its physical form with nodes and cross- 
partition walls, the bamboo-culm has a high 
strength to weight ratio. Hence it can make 
lighter but stronger structural components for 

Fig.]. Bamboo house (under construction) 
showing roof grid, eucalyptus poles and 
gussetted bamboo truss. 

242 



BAMBOOS Current Research 

Fig. 2. Bamboo house showing roof covering 
(by thatches), bamboo truss and bamboo- 
reinforced mud wall (construction in 
progress). 

houses at comparatively low cost. 
2. The bamboo-surface as obtained in nature is 

smooth, clean and hard, enabling ils easy use 
for specific purposes without any wastage. 

3. Bamboo can be easily seasoned especially in 
the split form and treated with preservatives 
to increase its useful life. 

4. The length, thickness and weight of bamboo 
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culms are conducive to easy and economic 
transportation, storing (with prophylactic 
treatment) and processing (splitting of the 
culms into strips with simple tools even by 
ordinary workers is a common feature in rural 
and hilly areas. 

5. Treated bamboo strips of suitable sizes have 
been economically used for reinforcing mud 
walls, and also for cernent concrete structures 
such as lintels, beams, slabs etc. commonly of 
smaller spans. Split culms plaited or arranged 
or woven in different forms and shapes can 
make good boards, mats and panels for light 
walling. 

6. Because of their lightness, bamboo bouses 
suffer very little damage due to earthquake. 
Temporary and quick construction is possible 
in case of urgent necessity in disaster-prone 
areas (Mathur, 1981). 

7. The non-magnetic character of bamboo makes 
il suitable for use in anti-magnetic structures 
(Masani et al., 1977). 

Strength Properties 

The strength data for two species of bamboo as 
compared with teak and sal are given in Table 1 

Table 1. Strength data for two species of bamboo as compared with teak and sal 

Strength at 12% MC in kg/cm' 

Species Modulus of Modulus of Max. crushing 
rupture elasticity stress 

Teak (Tectona grandis) 1054.60 132117 618.70 
Sal (Shorea robusta) 1314.74 161706 639.80 
(a) Dendrocalamus 1307.70 179986 629.25 

strictus 

(b) Bambusa balcoa 1012.00 170143 450.00 

Table 2. Common range of strength properties of bamboo 

Specific gravity 0.575 to 0.656 

Fibre stress at elastic limit 390 to 1000 kg/cm' 
Modulus of rupture 610 to 1600 kg/cm' 
Modulus of elasticity 1.5x105 to 2x105 kg/cm' 
Average tensile stress at yield point 1400-2800 kg/cm' 
Ultimate compressive stress 794-864 kg/cm' 
Safe working stress in tension 
and bending taken for design 158 kg/cm' 
Safe working stress in 
compression taken for design 105 kg/cm' 
Sale shear stress for design 115-180 kg/cm' 

243 



BAMBOOS Current Research Proceedings of the int'i Bamboo Workshop, Nov 14-18, 1988 

ELEVATION AT 

SECTION A-g 
AI 

6 M. 
2M 2 M. 

11 

l a 
11 3 

DINING z BED ROOM 

2 M. X 4 M lit, 4 M. X 4 M. 
1 

11 a 

I II 

o D 

KITCHEN 

ô I 

w 2 M X 1 65 

Fig. 3. Plan and elevation of a hamboo house. 

VER. M W 1 DE 

244 



BAMBOOS Current Research 

(Limayee, 1952) and the range of strength proper- 
ties in Table 2 (Masani et al, 1977). 

Main Selection Criteria 

Some common points that need to be borne in 
mind during the selection of bamboos for construc- 
tion are: 
1. Select bamboos of suitable species possessing 

the required structural properties. 
2. Use only those bamboos for construction 

which are mature (at least three to four years 
old) and which have been or are likely to be 
felled when the starch content of the culm is 
at its lowest level: during October to February 
in India. This will minimise insect attack 
(Anonymous 1972a). 

3. Bamboos whose wall thickness is 9 mm or 
more should be selected for beams, columns 
and truss construction (Mishra, 1988). 

4. Choose straight culms having an almost 
uniform diameter of not below 8 cm to avoid 
fastening difficulties at the joints of the 
structures. 

5. Bamboo culms selected for use should 
preferably have nodes or cross partition walls 
intact at both ends. They should be used alter 
proper seasoning and preservative treatment. 

Some Common Bamboos for Structural 
Use 

Bamboos with a greater wall thickness having 
close nodes and which grow on ridges and warmer 
areas are often considered good for structural use, 
particularly for use in columns, beams, roof, rafters, 
purlins and trusses. Depending on the availability 
and colt, the following species may be selected for 
houle construction: 
1. Dendrocalamus strictus (Hindi- Bans Kaban, 

norbans) - Available in deciduous forests and 
cultivated through out Indian plains. Culms 
(5-15 m in length and 2.5-5cm in diameter) 
are generally solid and suited for structural 
use. 

2. Bambusa tulda (Hindi - Peka) - Strong culm 
(6-20 m by 5-10 cm) suitable for construction 
of roofing and scaffolding. 

3. Bambusa arundinacea (Hindi - Bans) - 

Thorny bamboo. Culms (20-30 m bylO-20 
cm) are thick-walled and often used for 
rafters, house-posts, tent poles, etc. 

4. Bambusa polymoipha (Bengal and Assam - 
Betua) - Culms (15-24 m by 7-15 cm) availa- 
ble in eastern India. Considered one of the best 
bamboos for walls, floors and roofs of houses. 
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5. Bambusa vulgaris (Bengal- Basini bans) - six 
20 m in height and 5 to 10 cm in diameter, 
found is all over the tropical region, suitable 
for roofing and scaffolding. 

Drying and Preservative Treatment 

These operations are mandatory to make effec- 
tive use of bamboos in construction for obtaining 
the desired strength and durability. Truss-joints etc. 
made with green bamboos will become loose due 
to shrinkage of the jointing members resulting in 
early weakening and collapse. Mature bamboo 
culms should be seasoned to about 12 percent mois- 
turc content. 

Bamboo has drawbacks as a building material 
due to its susceptibility to damage by insects, fungi, 
termites etc. Techniques for application of preserv- 
atives include brushing, spraying, dipping, hot and 
cold bath treatment, Boucherie method and pres- 
sure treatment depending on the facilities available 
at or near the consruction sites. The use of preserv- 
atives and improved treatment techniques can ex- 
tend the service life of the bamboo structure to a 
considerable extent. One simple and mort common 
method to protect the freshly felled culms from 
beetle-attack and insect-infestation is to leach out 
the starch, sugars and other water soluble materials 
by submerging for three weeks in fresh or running 
water. Successful application of this technique has 
been reported from India, Burma, Fiji, Jamaica and 
other countries (Anonymous 1972b). 

Construction and Erection Aspects 

Bamboo Truss 

Though rafter-purlin construction is still in 
vogue, trusses are being considered as improved 
roofing systems for supporting roof-loads and for 
transmitting them to the ground through columns 
and or walls. When the top and the bottom chords 
and strut members are properly jointed by suitable 
fastening devices, a truss can resist compressive 
and tensile forces conglomerately and as such act 
as a strong supporting composent even against 
storms and earthquakes (Mishra, 1988). 

On the basis of design criteria for a 4 m span 
nail-jointed timber truss (cross-section of members 
about 7 x 4 cm), bamboo trusses of 4 m span have 
been designed to withstand stresses of a similar 
nature though of lesser intensity) and fabricated 
using culms having an outer diameter of 9 cm and 
an inner dia of 6 and 7 cm (Fig 4). A full-scale 
layout of the designed truss is drawn and painted 
on the floor of the workshop. Selected culms are 
placed in position. Jointing ends/faces are cut in 
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such a way that the gap between any two members 
is the minimum. Spikes are driven in the ground at 
the ridge and support points to maintain the 
designed shape and size of the truss. Primarily the 
joints are tightened by 18 SWG wire passed 
through previously made bores near the joints of 
the round bamboo pieces and the final jointing is 

completed using any one of the following methods. 

Wire Bound Joints 
Fourteen SWG wires are tightened around the 

joints (Fig. 4) by binding the respective pieces 
together. At least two holes are made in each piece 
and during winding the wires are passed through 
them to achieve good results. 

Pin and Wire Bound Joints 
Here, bigger holes are made on the culms to 

accommodate bamboo-pins of suitable diameter. 
Fourteen SWG wire is tightened around the pins on 
both sides along with some additional winding 
around the culms (Fig 4). 

Fish-plated or Gussetted Joints 
In this case, strong joints are made by placing 

25 mm thick pieces of hard wooden planks or 12 
mm thick structural plywood shaped according to 
the configuration of the joint, on both faces of the 
joint. These pieces are first assembled and kept in 
position by thin nails. Holes are then bored, two in 
each of the culms and 3.5 mm diameter nails are 
driven through them to unite and tighten the plates 
with the bamboo pieces in between. The diameter 
of the bores should be slightly less than the 
diameter of the nails. It is better and also cheaper 
to replace the nails by bamboo branch pins (solid) 
of about 8 to 10 mm diameter driven through 
suitable bores as shown in Figure 4. 

Horned/Tongued Joint 
In case of two members meeting at right angles, 

two horns or tongues are made at the end of the 
vertical member and accordingly two grooves are 
cut on the horizontal member to accommodate the 
homs. The members are then wire-bound or lashed, 
preferably by passing wires through small 
diameter holes drilled in the jointing members. 
Here due to cutting of grooves, the member be- 
comes weaker and as such this type of joint is not 
generally favoured. 

After fabrication, the trusses are transported to 
the place of work, erected over the previously fixed 
wooden (eucalyptus) poles or columns, the tops of 
which are made suitable by trimming or by adding 
two wooden plates to accommodate the truss. The 
truss is then fitted and fixed by at least two bolts in 
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each column (Fig. 4). The slope, height, horizon- 
tality etc. of the roof are adjusted at this stage. 

Purlins 
Purlins are important comporteras of a roofing 

system which act like beams, support the roof grid 
and transfer the roof load to the trusses below. 
Long, straight and comparatively small diameter 
culms having thick walls are selected as purlins. 
These are fixed over the nodal points of the trusses 
by wiring them with the top chord encompassing 
some prefixed bamboo pins there as shown in Fig- 
ure 4. 

Roof Grid 

The roof grid is made by bamboo reeds or half 
or quarter-split bamboo culms. The individual 
pieces are first fixed over the purlins 25 cm apart 
like rafters running from eave to ridge. These are 
then properly wired or caned with the purlins. 
Similar members are wired over these perpendi- 
cularly with similar spacings to constitute a grid 
system to contain the roof covering materials (Fig. 
1). 

Roof Covering 

Corrugated galvanised iron sheets or coconut or 
palm leaves, grass etc. can be used as roof cover. In 
the present example, a type of local thatch grass 
called foons (average length about 1 m) has been 
used to cover the roof. The grasses are first combed 
to remove loose and undesirable materials. These 
are taken to the top of the roof in the form of smaller 
bundles, opened and spread into a 10 cm thick layer 
at the eave-side. Bamboo strips are placed over the 
layer and tightened by galvanised iron wires or 
tough vines canes, or grass rope called "ban". Suc- 
cessive layers are placed and fixed from Bave to 
ridge. The exposed lower portion of each layer 
should preferably not exceed 35 to 45 cm depend- 
ing on the quality and length of the grasses. The 
ridge is covered by placing a layer of thatch on the 
top, bending and binding the same equally on both 
the adjacent sides. Due finishing is given by cutting 
the extra loose or overhanging material (Fig. 3). 

Bamboo Walls 

Bamboo-reinforced Mud Wall 

Mud walls give protection against heat and 
cold. Older constructions have been observed to 
have walls thicker than 50 cm. Here, a 25 cm thick 
mud wall is reinforced with half/quarter-split bam- 
boo-culms properly treated with hot bitumen. Ver- 
tical members 30 cm apart are inserted 25 cm into 
the ground and extended upto the lintel height. The 
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horizontal members are wired with similar spacing. 
Subsequently, properly moulded mud mixed with 
rice husk, cinder and a little lime and water are 
applied layer by layer in the upward direction keep- 
ing the bamboo grid in the centre. About 70 to 75 
cm height of wall should be made in a day and 
allowed to dry to enable it to hold the next incre- 
ment in height of the mud wall. Verticality as well 
as thickness of the wall is checked during the 
progress of work. When the mud wall dries well, 
the extra earth is trimmed off from the surfaces 
which are then plastered with a 2 cm thick mud- 
lime-cinder mortar. Finally, a 1 mm thick lime putty 
mixed with a little amount of gypsum is applied to 
give the surface a smooth finish. When white- 
washed, it gives a pleasing look. 

Lighter Bamboo Walls 

Lighter bamboo walls are common in rural 
housing. They are easy and cheap to make and can 
last long provided some preservative is applied and 
maintenance taken care of. Flattened bamboo- 
culms devoid of the nodal diaphragm or half-split 
culms are arranged vertically or at an 45° angle to 
make bamboo boards, which are duly battened and 
nailed to form the wall (Fig. 5). Coarse mats made 
of split bamboo-skins (by vertically splitting the 
bamboo thickness) woven in a variety of designs 
are also used to cover wall gaps and are supported 
by 6 x 2 cm wooden battens which are placed on 
both sides and nailed. Mats made with skins from 
the outside of the bamboo are generally used for the 
exterior wall after applying a coat of coal tar on the 
outer surface for affording protection against nain. 
The inner walls are given a paint coating of suitable 
colour. Bamboo-zafri and wattle-type walls are also 
used to hold mud plaster on both sides. Plaited 
bamboo splints of superior weave can be used as 
walling without plaster. Solid and straight culms 
as railings and culm strips woven diagonally in a 
net fashion can be used to cover and beautify the 
verandah (Fig. 5). 

Bamboo strips 2 cm wide can be used in pairs 
to grip grass (foons) etc. to make lighter walls. The 
required length of strips are first laid on the ground 
(strips put concave side up) at a distance of 15 to 
20 cm in a parallel series; combed foons or leaves 
are then spread over it and arranged in a thin but 
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congested layer. A similar set of strips is placed 
(concave side down) over the layer and these are 
tightened by wire/cane, starting from one end. 
When complete, this makes a compact wall. This 
type of wall is used at the top of the gable end and 
also on the front ride (Fig. 5) of the bouse. The walls 
are treated with CCA preservative before use to 
project them from possible attack of termites. 

Conclusion 

The construction of a low cost bamboo-house 
has been described here though some other build- 
ing materials have also been used to achieve 
economy (plinth area rate, Rs. 250/m2). The house 
with a total plinth area of about 36 m2 has a earthen 
floor (bamboo flooring is also practised in hilly and 
coastal areas) with one bedroom, one dining-cum- 
store room, and kitchen and verandah as shown in 
the plan (Fig. 3). Doors, windows and wall frames 
are constructed using some fast-growing timbers of 
social forestry origin. Further research is suggested 
to test and select unexplored varieties of bamboo in 
order to determine their potential as building 
material to overcome the existing scarcity as well 
as minimise the cost of construction. 
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Delft Wire-lacing Tool and a Unique 
Application-Making a Geodesic Dome 

of 18 m Diameter 
V.R. Sonti 

ASCU India Limited, 
7A Elgin Road, Calcutta 700 020, India. 

Abstract 

The Wire-lacing Tool developed by the Delft Centre of International Co-operation and 
Appropriate Technology of the Netherlands can be used in lacing round hollow bamboos 
for structural and non-structural purposes. The system of lacing is simple and inexpen- 
sive and prevents any tendencies to split. A `Geodesic Dome' of approximately 18 m 

in diameter and 9 m height using round CCA-preserved bamboos has been put together 
using this wire-lacing tool. 

Introduction 

One of the major problems in using bamboo in 
construction is in the utilization of its full tensile 
strength. To a large extent, a secured and reliable 
jointer is now available using the 'Delft Wire- 
lacing Tool'. It was developed by the Centre for 
International Co-operation and Appropriate Tech- 
nology of the Netherlands. This tool is a manually 
operated unit and is used to bind galvanized wire 
of 2 to 5 mm diameter. It can be used to make 
various structures. 

Description of the Delft Lacing Tool 
System 

The Delft Tool has a hollow cylindrical bottom 
in which a smaller unit with holes rotates. On top 
of the unit, a specially shaped handle pulls the wire 
together and winds them. The wound wires are 
looped round the bamboo or wood in a manner 
suitable to get the desired strength and then twisted 
to foret a permanent joint. The tool has a cutting 
action, which, after having stressed and twisted the 

wire, neatly cuts it off. This tool has been used very 
successfully in Africa and several other countries 
and now in India by us. It is simple to operate. 

To arrive at the structural strength of such joints, 
the Centre at the Delft University had tested various 
structures, which are both general systems and 
geodesic-type structures and allowed these to be 
there under specific weights to arrive at the strength 
of the connection. They also worked out space 
structures using the same type of connections, 
which we believe, have been tested carefully. They 
seem to have excellent potential. 

In India, a `Geodesic Dome' made out of 
ASCU-treated bamboo of approximately 18 m 
diameter and 9 m height has been set up using the 
wire-lacing joint at the hubs. The dome was first 
covered with a plastic sheet and now with 
aluminium sheets. 

Conclusion 

With this simple but mort effective jointing 
tool, many simple and complex structures can be 
made with complete design confidence. 
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Typhoon Damage to Bamboo Housing 
G.N. Boughton and R. Chavez Jr. 

Curtin University of Technology, 
Perth, Australia. 

Abstract 
This paper examines the performance of a number of low cost houses in recent cyclones 
in the Philippines and establishes the areas in which it could be improved. Many of the 
houses incorporated bamboo in the structure, though few relied on it exclusively. In 
most cases the bamboo had adequate strength to carry the wind loads but the connec- 
tions of the bamboo members could not sustain the loads for the duration of the typhoon. 
The paper outlines nome suggested remedies and a research programme is currently 
underway that will quantify the resistance of bamboo connections to simulated typhoon 
winds. 

Introduction 

A United Nations funded regional network was 
established in Asia in 1983 to facilitate information 
exchange on the development of satisfactory low- 
cost housing. The UNDP/UNIDO Regional Net- 
work in Asia for Low-Cost Building Materials 
Technology and Construction Systems held two 
Seminars/Workshops on the problems associated 
with development of low-cost typhoon- resistant 
housing within the region. 

The first, held in December 1986, established a 
dialogue among countries on the scale of the 
typhoon-related problems and made progress 
towards a solution. Within the Network countries 
alone, the damage figures are staggering - on an 
annual average - over 1000 people die and more 
than half a million are rendered homeless. These 
figures do not include the Bangladesh typhoon of 
1979 in which over 300 000 people died. While 
some of the deaths and damage can be attributed te, 

water effects, the poor structural response of build- 
ings subjected to large wind loads is a major cause 
of community hardship during typhoons. 

The second Seminar/Workshop held in July 
1987 specifically addressed the need to supplement 
our knowledge of the engineering properties of 
materials used in low-cost housing by conducting 
structural damage assessments following the pas- 
sage of typhoons. By examining the performance 
of buildings that sustained damage and those free 
of damage, failure envelopes could be drawn for 
many different building materials. 

Within four weeks of the completion of the 

Seminar/Workshop on Typhoon Damage Assess- 
ment, a severe typhoon crossed over northern 
Samar, southem Luzon and northern Mindoro in 
the Philippines. In order to consolidate the theory 
established in the training sessions at the Semi- 
nar/Workshop, a structural damage investigation 
was mounted. This paper presents some prelimi- 
nary observations from the damage assessment. 
The complete findings will be available when the 
full report is published. 

Typhoon Herming 

The Philippines has the dubious distinction of 
having the largest number of typhoons cross into its 
meteorological area in comparison to any other 
country in the world. On an average, over 19 

typhoons per year are monitored by the 
meteorologists in Manila, 

Typhoon Herming was the seventh typhoon to 
be monitored by the Philippines in 1987. It 
developed as an active disturbance south of the 
Marianas Islands, approximately 2500 km east of 
the Philippines on the 7th August 1987, and rapidly 
developed into a tropical depression. On the 8th, 
9th and 10th, it moved slowly northwards and 
intensified, and on the 1 lth, it changed direction to 
move westwards. At landfall over northern Samar, 
its central pressure was estimated at 935 hPa with 
a central wind speed of more than 200 kph. 

Some reduction in wind speed and a slight 
increase in central pressure may have occurred as 
it crossed the Philippine archipelago. Typhoon 
Herming was the most intense to make landfall in 
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Fig. 1. Typhoon path and damaged areas. 
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Fig. 2. Photograph of an undamaged bamboo tied connection. 

the Philippines in 1987 and the most severe in the 
affected areas rince 1981 (Anonymous 1987). 

Damage to Structures 

Damage was widespread among the peninsulas 
and islands that were in the direct path of the 
typhoon. Due to logistical restraints, the assess- 
ment team was restricted to the mainland of Luzon, 
but still managed to inspect structures in three 
separate provinces. Figure 1 shows the estimated 
path of the typhoon, the severely damaged regions 
and the areas in which damage was assessed. 

Over 100 structures were inspected. Some of 
these were simple structures such as road signs 
which were used to determine wind speeds. Each 
structure was documented with respect to its wind 
environment and the structural materials and sys- 
tem used. Damage was also carefully studied to 
determine the first elements that failed in each 
building. In order to facilitate the interpretation of 
damage, only buildings with simple damage were 
chosen. 

The structures that were assessed could be 
categorised as follows: 

houses 63 
schools 18 
signs 8 

shelters 5 

large buildings 6 
Of the 81 smaller buildings examined, 60 per- 

cent had roofs clad with a thatch material and over 
70 percent incorporated bamboo or a bamboo 

derivative somewhere into the structural system. 
The performance of these structures is examined in 
the remainder of this paper. 

Bamboo Framing 

Bamboo structural members were incorporated 
in a number of bouses with mixed success. In many 
cases where failure occurred, it was often caused 
by inadequate connection of the bamboo members. 

Some bouses utilized only bamboo as the prin- 
cipal wall and roof-framing members and in these 
cases, few if any, nails were used in the construction 
of the bouses. Where such bouses had experienced 
failures of connections, it was due to inadequacy of 
the tien rather than failure of the bamboo itself. 
Siopongco (1986) depicts many of the common 
connection configurations used in the Philippines. 
A typical example is shown in Figure 2. 

A variety of ties was seen but the most common 
was with rattan, which is a relatively stiff tic 
material. Where joints tied with rattan had 
separated, the failure was initiated by the unravel- 
ling rather than tensile failure of the rattan. The use 
of more flexible tie materials would permit the use 
of tighter knots and prevent untying under the 
action of repetitive typhoon loads. 

Some buildings used frames that had a mixture 
of bamboo and bush timber as the main structural 
members. In such cases, the bamboo joints were not 
always tied and often nailed. Two buildings in 
which a mixture of timber and bamboo had been 
used failed due to the fact that the bamboo had split 
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Fig. 3. Nailing of split bamboo pieces. 

at the nails. In both cases, even though bamboo had 
been substituted'for round bush timber, no change 
was made in the fastening system. Nails had been 
driven through the bamboo into the timber as the 
only means of making the connection. In other 
cases where the joints had been both nailed and 
tied, they remained intact in the damaged building. 

A number of cases of fractured bamboo were 
observed, but it was impossible to tell whether 
those failures were due to overload following 
failure of adjacent structural elements, or whether 
they were themselves primary failures. These 
details may be resolved in the complete analysis of 
such houles. 

Use of Split Bamboo 

In many cases, split bamboo was used as struc- 
tural members in combination with thatched roofs. 
The mort common thatch used in coastal areas was 
of nipa palm which was bound into tiles by wrap- 
ping the leaves over split bamboo or nipa palm 
stalks. The tiles were approximately one metre long 
and had a coverage of between 0.1 and 0.2 m2 . The 
performance of the nipa tiles themselves was very 
dependent on the structural and aerodynamic form 
of the house. Where windows on the windward wall 
had been left or blown open, the nipa tiles suffered 
more damage than those on houses which had 
remained sealed. However, some patterns in the 
failure were quite obvious. The nipa tiles had been 
fastened to the roof structure in many different 
ways: 

- The most common was nailing with one nail 
through the nipa tile into rafters at every crossing 
point. 
- Some fastenings utilized ties with nylon fishing 
line at every crossing point in conjunction with 
nailing. One loop of fishing line was the most 
common form of this connection. 
- In some cases, tien had been used on two crossing 
points on each tile, while the others were held by 
nails alone. 
- In a few cases, alternative tie materials had been 
used. These included abaca twine, rattan and plastic 
strip. 

In many cases, nailing was not used in conjunc- 
tion with these materials. Figure 3 shows a detail of 
failure where a nipa tile had been secured only with 
nails. The cracks in the split bamboo are quite 
obvious. It is probable that the bamboo had split at 
the time of installation, but the damage was con- 
cealed by the nipa thatch. Upon uplift due to wind 
action the nipa tile would have lifted over the nail 
head with little resistance. In contrant with this type 
of failure, the performance of the roof was much 
better where the bamboo splits were tied to the roof 
structure at every crossing point. In one house, the 
owner had run out of nylon fishing line prior to 
tying the whole roof, and the untied area had been 
removed by uplift forces whereas the tied area had 
remained untouched. 

Figure 4 shows a typical failure of a house in 
which only two points on each tile had been tied. 
In this case, the tiles had all remained fastened to 
the rafters at the tied joints, but had become 
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Fig. 4. Failure of a roof in which pipa tiles were tied at only two points (position of 
missing barnboo splits arrowed). 

Fig. 5. Anahaw thatch. 
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separated from the roof structure at all of 
the nailed connections. The tied rafters 
had consequently become overloaded 
and broke, allowing their separation from 
the roof structure. Almost all of the 
houses in which partial tying of the nipa 
tiles had been donc were similarly 
damaged. 

Split bamboo had also been exten- 
sively used to anchor anahaw thatch as 
shown in Figure 5. The anahaw thatch 
had performed consistently better than 
the nipa thatch primarily due to the fact 
that it was virtually impossible to fix 
without tying. Conventional fixing tech- 
niques used split bamboo pieces on both 
the inside and outside of the thatch with 
nylon or rattan tics connecting the two. 
This attests to the success of tics in secur- 
ing split bamboo members in a structure. 

Proceedings of the IntI Bamboo Workshop, Nov 14-18, 1988 

Fig. 6. External bamboo bracing (arrow). 

Bamboo Walling 

Bamboo walling was observed in three dif- 
ferent forms: 

split bamboo lengths tied or nailed vertically 
to give a semi-permeable wall. 

- woven bamboo sawali - frequently sandwiched 
between the frame on the inside and cover 
strips on the outside. 

- crushed bamboo in which mats of bamboo 
formed by crushing single culms were placed 
in two layers and sandwiched between the 
frame and cover strips. 

No bracing was observed in the walls of any of 
the houses that used these systems. As a result, 
racking had occurred with all of the systems. With 
the split bamboo lengths, the racking was so severe 
that the house was often a total loss. Houses with 
swali and crushed bamboo seemed to be stiffer, and 
the resulting racking deflection was often small, 
leaving the house quite serviceable. 

Bamboo as Bracing 

A number of houses with external bamboo 
braces were observed. These braces ran from the 
caves level to the ground as shown in Figure 6. The 
purpose of this brace was to secure the house 
against lateral movement; however, the braces 
proved largely ineffective. The braces were rarely 
tied at the bottom which meant that they could carry 
no tension, and their slenderness prevented them 
from carrying much compression. Their value ap- 
pears to be psychological. 

Reconstruction of Damaged Housing 

In all the areas inspected it was observed that 
the lightness of bouses enabled their ready 
reconstruction. However, the reconstruction car- 
ried out frequently followed the came structural 
form as the damaged building. This clearly indi- 
cates the important place that education has in the 
establishment of sound building practices using 
bamboo. Several instances were seen where bam- 
boo had remained intact to convince the assessment 
team that as a building material, bamboo is quite 
sound provided it is fixed satisfactorily. Publica- 
tion of findings from this and other investigations 
in a manner that will be useful to owners and 
builders of low-cost houses still remains the 
greatest challenge facing research workers in this 
area. 

Quantitative Study on Bamboo 
Connections 

An Australian International Development As- 
sistance Bureau project currently in progress at 
Curtin University of Technology aims at quantify- 
ing the effect of repeated loads on the performa- 
nce of bamboo connections in various configura- 
tions. At present, preliminary testing has indicated 
the viability of the project. 

Tests will be performed on bamboo connections 
using various lashing patterns and materials for 
round bamboo to round bamboo connections, and 
split bamboo thatch shingles to round bamboo or 
timber connections. These tests will provide quan- 
titative information on: 

modes of failure, 
susceptibility to deterioration under 

repeated loading, 
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margin of safety in the convection, and 
effect of the geometry of the connection 
and angle of the applied force. 

The tests should establish whether there is a 
significant difference between the behaviour of the 
joints under repetitive loads applied in typhoons 
and under corresponding static loads. It is ex- 
pected that the data will be of great use in estab- 
lishing design procedures for cost-effective 
bamboo connections. There is a real need to pool 
data from other similar studies so that statistically 
significant results can be incorporated into standard 
engineering design methods. 

Conclusions 

Round bamboo major structural members and 
split bamboo minor structural members can be 
made to work effectively in low-cost houles 
provided sufficient attention is paid to methods of 
connecting (holding) them together. 

Nailed connections will not hold all species of 
bamboo during typhoon loads, as the bamboo 
has a tendency to split, allowing it to pull over 
nail heads. 
Rattan-tying of round bamboo can withstand 
typhoon loads provided the rattan is well tied 
and a sufficient number of turns is used. 
In securing split bamboo minor members in 
roof structures, a combination of nailing and 
tying with a single turn of nylon fishing line at 
every crossing point appears to be very 
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successful. 
- Wall bracing must be used with bamboo wall 

cladding materials to prevent excessive 
racking. 

- Wall braces must be securely tied both at the 
top and bottom to function effectively. To that 
end, members built into walls are most 
efficient, because the lateral support offered 
by the wall allows them to carry loads under 
compression as well as tension. 
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Abstract 
Tests were carried out on bamboo-reinforced cernent concrete building components by 
employing new techniques to solve the shrinkage-bond problem that is known to exist 
with this type of concrete. Three différent techniques have been tried to improve the 
bond characteristics of bamboo. The technique in which bitumen-treated coir rope is 
wound round bitumen-dipped bamboo to obtain a ribbed sui face, proved to be the best. 
Strain measurements revealed that these beams behaved similar to conventional beams 
in bending and that the theory of reinforced concrete could be applied in the design of 
these members. Load deflection curves showed that the deflection is greater than that 
found with conventional beams and is around 1/175 of the span. All the beams with 
three to four percent of bamboo reinforcement failed by developing flexural cracks. 
Some of the beams in which one to two percent of bamboo reinforcement was usedfailed 
in diagonal cracking and the bamboo strips broke at failure revealing the peifect bond 
that could be achieved through the new technique developed in this investigation. The 
designs of two basic bamboo-reinforced concrete elements which can be used to develop 
a system to mass-produce small housing units to suit the rural poor are also included. 
Building with bamboo can be a plausible solution for housing the millions of homeless 
poor. 

Introduction 

Housing is a basic necessity of the human race. 
The daunting problem of housing in the develop- 
ing countries is not entirely due to limited financial 
resources available for human settlements but also 
because of lack of application of appropriate tech- 
nology which allows utilization of new, cheaper 
materials as substitutes for conventional expensive 
materials. Material saving through new innova- 
tions in design or which can cave manpower by 
allowing pre-fabricated building and allows 
flexibility in planning and constructional techni- 
ques also need to be introduced. 

An investigation was made to explore the pos- 
sibilities of substituting bamboo for steel in rein- 
forced concrete as tensile reinforcement and to 
develop precast bamboo-reinforced concrete 
standard elements like joists and planks required 
to build small dwellings suitable for the poor. 
Three different techniques were developed in the 
author's laboratory (in India) for using bamboo as 
tensile reinforcement in concrete to suit human 

seulement and development programmes. 

Previous Investigations 

Initially researchers faced problems concern- 
ing bond and volume change of bamboo when it 
was first used as embedded reinforcement. To 
solve this shrinkage-bond problem, techniques 
such as composite construction using bamboo as an 
external reinforcement were developed. The com- 
posite action between the concrete and bamboo 
was achieved through shear connectors. Arenewed 
interest in embedded bamboo reinforcement arose 
on account of the military construction activities in 
South-east Asia. Geymeyer and Cox (1970) used 
the following techniques to improve the bond and 
prevent shrinkage. 
1. Use of dried bamboo split into two halves. 

This technique, however, did not improve the 
bond. It also resulted in intolerable cracking 
of the concrete cover. 

2. Coating of dried split bamboo with moisture 
barriers such as varnish, asphalt and paints. 
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Fig. 1. Bondfailure of untreated bamboo-reinforced concrete beam (probing test). 

This technique only prevented problems 
associated with volume changes of bamboo. 

3. Coating dried, split bamboo with epoxy or 
polyester resins and sprinkling sand to obtain a 
rough surface. However, epoxy resins are very 
expensive and the object of reducing the colt 
cannot be achieved by using these materials. 
This technique, however, successfully im- 

proved the bond between concrete and bam- 
boo and also prevented cracking in the 
concrete cover. 
Masani and Dhamani (1962) and Narayana and 

Rahman (1962) also adopted a composite construc- 
tion technique in the use of bamboo in concrete. 
The former tried différent treating procedures to 
avoid possible decay of bamboo. These inves- 
tigators used a mixture of white lead and ten percent 
varnish and it has been said that such treatment 
increases the life of bamboo to nearly 60 years. 
Gupchup et al. (1974) also reported the results of 
their tests on the suitability of bamboo strips as 
tensile reinforcement in concrete. 

Present Investigation 

Tests were carried out on bamboo-reinforced 
cernent concrete beams by employing three dif- 
ferent techniques to solve the shrinkage-bond prob- 
lem (Fig. 1). Locally available bamboo of 25 mm 
average diameter and 3 to 4 m length were used in 

the tests. Each bamboo was split length-wise into 
equal quadrants. Each strip was around 20 mm in 
width and 5 mm in thickness. Using small pieces 
of these strips, the longitudinal reinforcement was 
tied to form a ladder-like cage. Each cage consist- 
ing of two strips was about one percent of the 
cross-section of the beam. 

Technique 1 - Bitumen-coated and 
Sand-surfaced Bamboo Strips 

This technique consists of using bamboo strips 
with a uniform thin coat of hot bitumen applied 
with a brush and put under coarse sand fully cover- 
ing the strips. These strips are removed after 24 h 
from the sand and cages are made for use as rein- 
forcement. The bitumen coat is found to act as an 
effective barrier and prevents moisture from com- 
ing in contact with the untreated bamboo. The sand 
forms a very rough surface on the bamboo and thus 
considerably improves the bond between concrete 
and bamboo reinforcement. 

Technique 2 - Bitumen-coated Strips with 
Nails as Spikes Along the Length of the Strips 

In this technique, bitumen-treated bamboo 
strips were used to make the cages but the strips 
were not sand-surfaced. Along the length of the 
bitumen-treated bamboo strips, 25 mm long nails 
were driven at 75 mm pitch extending half-way on 
either side of the strips. These nails in the form of 
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spikes prevented bond failure. This technique was 
found to be better than technique 1. 

Technique 3 - Bitumen-coated Strips with 
Coir Rope Wound Around to Form a Ribbed 
Surface 

In this technique, bitumen-treated bamboo 
strips were wound round with 2 to 3 mm diameter 
coir rope at a pitch of 100 mm along the strip from 
end to end. These strips so prepared were used to 
make the cages. The coir rope was also dipped in 
hot bitumen before being wound round the bamboo 
strip. This gave a surface similar to a ribbed steel 
surface. The ribbed surface was found to improve 
the bond considerably and thus improved the struc- 
tural behaviour of the bamboo-reinforced concrete. 
The technique also made it possible to use bamboo- 
reinforced concrete for producing precast concrete 
elements for housing. 

Experimental Work 

Materials 
Bamboos: Bamboos were obtained from the local 
market (in India). The average diameter was 25 
mm. The length ranged from 3 to 4 m after cutting 
the end where the diameter was less than 25 mm. 
This was split longitudinally to obtain four strips 
from each bamboo. Two such strips gave an area 
approximately equal to one percent of the beam 
cross-section. Therefore, two strip-cages were 
made and one, two, three and four such cages were 
used to make up 1, 2, 3, and 4 percent, respectively, 
of bamboo reinforcement in the beams. The ul- 
timate tensile strength (UTS) of the bamboo varied 
from 100 to 200 N/mm2 and the modulus of elas- 
ticity was found to vary from 15 to 20 kN/mm2. In 
the computations, average values are used. 
Cernent: Ordinary Portland cement (ACC brand) 
was used in all the tests. 
Aggregates: Sand from the Narmada river and 
locally available black stone coarse aggregate of 
maximum 20 mm size were used to make concrete. 
Concrete: Concrete was proportioned by volume 
to give a strength of about 15 N/mm2 on the 28th 
day. 

Test Specimens 

For making probing tests on bamboo-rein- 
forced concrete, a beam of size 150 x 500 mm and 
5 m long was cast with 3 percent of bamboo rein- 
forcement using half-split bamboos as obtained 
from the market without any treatment, with the 
objective of studying the failure in this type of 
beam. The beam was cast in a steel mould of 
adjustable type to vary the cross-sectional dimen- 
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sions of the beam. 
Standard test beams of 1.2 m long and 100 x 

200 mm in cross-section were also cast with 1-4 
percent of bamboo reinforcement using all the three 
techniques described. Thus 12 beams in all were 
cast using M15 concrete. Along with the beam 
castings, six cubes and six cylinders were also cast 
to obtain compression and tensile strengths on day 
7 and on the test day (normally on day 28). The 
beams were all cured in a water tank till one day 
before testing. 

Testing Procedure 

A test on a beam of 150 x 300 mm with un- 
treated bamboo reinforcement was first carried out 
on a span of 3 m. This probing test was carried out 
under single central point load. The beam failed in 
bond and Figure 1 shows the test set up and the 
failure of this beam. The beam contained three 
percent of longitudinal bamboo reinforcement and 
there was no web reinforcement in it. 

A series of beams of size 100 x 200 mm using 
the new techniques to improve bond were all tested 
on a 1 m span under a single concentrated central 
point load. These beams were reinforced with 1-4 
percent of bamboo reinforcement and there was no 
web reinforcement in the beams. Figure 2 shows 
the test set up. 

Results 

All the beams were tested in a reaction frame. 
Beams were loaded gradually with load incre- 
ments of 1 kN. These were white-washed to easily 
locate the cracks at the initial stages of loading and 
the crack patterns traced at each increment of the 
load. 

Strain Measurements 
In some of the beams, strains were measured at 

mid-section. Demec pads were glued to the con- 
crete surface a day before testing at 50 mm gauge 
length across the mid-section. Strains were 
measured till the first crack appeared in the beam 
using the Demec demountable mechanical strain 
gauge. 

The strain profiles show that plane sections 
remain plane even when bending and the theory of 
reinforced concrete can be applied in the design of 
bamboo-reinforced concrete members. The 
average strain measured at the level of bamboo 
reinforcement was of the order of 0.003. 

Deflection Measurements 

In all the tests, the 50 mm Batty dial gauge was 
used and the deflections were measured at each 
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Fig. 2. Test set up for bamboo-reinforced concrete beams with différent techniques. 
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Table 1. Comparison of moment of resistance of bamboo-reinforced beams at first crack and 
ultimate Ioad stages 

% of 
Working stress method 

First Moment of Moment of 
Limit state method 

Ultimate Ultimate Ultimate 
Beam barn- crack load first crack resistance load moment moment 
mark boo KN KNm KNm KN KNm KNm 

experimental theoretical experimental theoretical 

BTSC-1 1 1.87 0.47 0.42 5.68 1.42 2.06 
2 5.96 1.49 0.82 18.10 4.53 3.96 
3 8.84 2.21 1.22 26.80 6.70 5.70 
4 9.90 2.48 1.61 30.00 7.50 7.28 

BTN 1 3.83 0.96 0.42 11.60 2.90 2.06 
2 6.50 1.63 0.82 25.80 6.45 3.96 
3 9.37 2.34 1.22 28.40 7.10 5.70 
4 11.09 2.77 1.61 33.60 8.40 7.28 

BTCR 1 6.37 1.59 0.42 19.36 4.84 2.06 
2 7.40 1.85 0.82 29.60 7.40 3.96 
3 11.48 2.87 1.22 34.80 8.70 5.70 
4 12.67 3.17 1.61 38.40 9.60 7.28 

increment of load under the load point. Load- 
deflection curves for beams in which three different 
techniques were used are given in Figure 3. The 
maximum deflections noticed were between 1/150 
and 1/175 of spart. 

All the beams developed flexural cracks before 
they failed. Large deflections were noticed after 
the first crack. In no case did the beams fail in 
bond. The beams with one percent reinforcement 
broke at failure and showed a perfect bond between 
the bamboo reinforcement and concrete. Figure 4 
shows the crack patterns for the three sets of beams 
with the three différent techniques. 

First crack loads and ultimate loads were 
recorded for all the beams (Table 1) and a com- 
parison of strength was made in flexure by the 
working stress method and by the limit state 
method. This was done using a partial load factor 
of two for limit state approach and for the allowable 
stress, and a factor of safety of 10 for working stress 
approach for bamboo reinforcement. 

(UTS) ranging from 100 to 200 N/mm2 and 
modulus of elasticity from 15 to 20 kN/mm2. The 
UTS of the bamboo used in the present tests is 150 
N/mm2 (fby). The concrete M15 grade was used. 

To take into account the durability of bamboo, 
a low allowable stress is suggested for use in 
design. The following data are used in the analysis. 
bt = allowable tensile stress in bamboo 

reinforcement 
= (1/10 UTS) 15 N/mm2 

Eb = Young's modulus of elasticity for 

z/d = 0.93 

FI = 5700 fck = 22.08 kN/mm2 
cbc = allowable stress in concrete 

= 5 N/mm2 
m = 0.8 

(i) For a balanced concrete section with bam- 
boo reinforcement the strength constants are: 

x/d = 0.21 

SuggestedAnalysis 

Working Stress Method 
From the tests on bamboo-reinforced concrete 

beams, it was observed that the beams behaved 
similar to conventional reinforced concrete beams 
with respect to cracking, strain distribution across 
the cross-section and deflections. 

Différent types of bamboos available in most 
parts of the world possess ultimate tensile strength 

Mr 
bd2 

bamboo 
17.5 kN/mm2 

= 0.488 and 

Abt = area of cross-section of bamboo 
reinforcement 

= 0.035 
= 3.5% of effective concrete area. 

A comparison of the experimental and theoreti- 
cal moment of resistance as seen in Table 1 indi- 
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Fig. 4. Types offailure. A. Main and untreated bamhoo-reinforced concrete beams. B. Technique 1. 
C. Technique 2. D. Technique 3. 
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cates that the allowable stress adopted in the design 
is much on the conservative side with respect to 
techniques 2 and 3. If, however, untreated bamboo 
is used, the suggested allowable stress is justified. 

(ii) For a balanced concrete section with steel 
reinforcement, using: 
Steel Fe-250 grade 'st = 140 N/mm2 
Concrete M-15 grade "cbc = 5 N/mm2 
m = 19, 
the strength constants are: 
x/d = 0.404, z/d = 0.87 
Mr 

bd2 
= 0.87, As,= 0.0072 

= 0.72% of effective concrete area. 

Limit State Method 

From the test results, it bas been found that the 
recorded strain at the level of bamboo reinforce- 
ment is in the order of 0.003 at the first crack. 
Based on this observation and to make the member 
free of visible cracking, a strain of 0.002 is sug- 
gested for design purposes. 
Beams with bamboo as reinforcement-balanced 
section 
Based on the experimental ultimate moments of the 
test beams, a partial factor of safety of two for 
strength of bamboo is suggested. 

In the analysis the following data are used. 
UTS of bamboo = fb, = 150 N/mm2 
M15 grade concrete 15 N/mm2 
Partial factors of safety for concrete = 1.5 
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and for bamboo = 2 

For these parameters, the limit state of collapse- 
flexure strength constants are 

Xurnax 
d 

= 0.636 d 

Mulim = 0.168 
fkbd2 

Abt = 0.0458 
= 4.58% 

For a balanced conventional reinforced con- 
crete section using M15 grade concrete and Fe 250 
grade mild steel, the strength constants are 

Xumax 
d 

= 0.531 

Mulim 

f ,bd 2 

= 0.149 

Ast = 0.132 bd 
= 1.32% of effective cross-section. 

Design of Precast Elements For 
Housing 

Design of Slab Unit - Working Stress Method 

Member reference = S 

Span = lm 
Loading class = 2000 
Method = W.S.D. 

Materials and permissible stress 
Concrete grade M15 Bamboo reinforcement 

grade B-150 
ncbc = 5 N/mm2 
abt = 15 N/mm2 
Ec = 22.08 kN/mm2 
Eb = 17.5 kN/mm2 
R = 0.488 
m = 0.8 
Z1 = 0.93 

Design loads 
Live load DL = 2000 N/m2 
Slab (75 mm) = 75 x 25 = 1875 N/m2 
Floor or roof finish = 1000 N/m2 
Ceiling plaster = 500 N/m2 
Total DL = 3375 N/m2 
Design or characteristic load 

= 53,75 N/m2 
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Bending moment and shear force 
M 

= 53785x12 = 671.875 Nm 

S = 53 
2 

xl = 2687.5 N 

Depth of slab 

= 37.11 mm d 
Rb 0.488x,1000 

Use D=75mmandd=50mm 

Amount of bamboo reinforcement 

Abt = 
m _ 671.875x1000 = 

963.26 mm2 
btxzld 15x0.93x50 

_ Abt 963.26x100 
1.93% P bd x 100 = 1000x50 - 

Bamboo reinforcement required for the precast 
Unit of 500 mm width 

96226 = 481.63 mm2 

Use 8 - 25 x 2.5 strips @ 75 mm c/c (500 mm2) 
shear stress 

Tu 
bd 1000 5 = 

0.054 N/mm2 

which is negligible 

Design of Beam Unit - Working Stress Method 

Member reference = B 
Span = 3m 
Location = interior 
Loading from slab S = 5375 N/m2 
Method = W.S.D. 

Materials and permissible stress 
As in slab - S 

Trial section 
Try 200 x 300 mm, D = 300 mm, 
d = 270 mm, b = 200 mm 

Design loads 
Self weight of beam = 0.2 x 0.3 x 25000 

= 1500 N/m 
Load from slab - S = 1 x 5375 = 5375 N/m 
Design load = 6875 N/m 
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Depth of beam 
M _ 7734.38x1000 

d 
Rb 0.488x200 = 281.5 mm 

Use D = 300 mm and d = 270 mm 

Amount of bamboo reinforcement 
Abt _ 

a 
M _ 7734.38x 1000 = 2053.5 mm2 

btxzld 15x0.93x270 

_ Astx100 _ 2053.5x100 
p% bd 200x270 = 3.8% 

Use 16 - 25 x 5 mm strips in 4 layers (2000 mm2) 

Design of Slab Unit - Limit State Method 

Member reference = S 
Span = 1 m 
Loading class = 2000 
Method = L.S.D. 

Materials, ultimate stresses and design constants 
Concrete grade M15, bamboo reinforcement 

grade B-150 
fck = 15 N/mm2 fby = 150 N/mm2 
Xumax 

d 
= 0.636 

ym = partial load factor = 2 

Mulim = 0.168 
fckbd2 

Pt lim. = 4.58 

Trial section 
Try D = 75 mm and d = 50 mm. 

Characteristic load 
LL 
DL 
Self weight 
Floor or roof finish 
Ceiling planter 
Total 

= 2000 N/m2 

= 75 x 25 = 1875 N/m2 
= 1000 N/m2 
= 500 N/m2 
= 3375 N/m2 

Design load 
Fd = 1.5 x DL + 1.5 LL = 8062.5 N/m2 

Ultimate moment 
z 

Mu = 
FBdI 

= 8062.5 x 32 = 1007.81 Nm 

Limit state of collapse - flexures 
Bending moment and shear forces Mu _ 1007.81x 1000 = 0.027 (0.168) M = 

68758x32 = 7743.38 Nm fckbdz 15x1000x502 

Xumax = 0.636 x 50 = 31.8 
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Column unit 200x 300x 2400 

17 F-, Bamboo stéips 25 x 5 mm 

Q 

300 

DETAIL,A, 

3000 L 

49 
5 

1000 

1 

L-Watt plank 800x 500x5Omm 
( precast unit I 

Plaster 12.5 mm 

l 

t 30 

W 

-- 1--- 
Beam unit 
200x 300 x 3000 

1000 

Watt unit 
75x 500x800 

Stab unit 
75 x 500x 1000 

Column unit 
200 x 300x 2400 

Fig. 5. Part plan of assembly ofprecast units. 

266 



BAMBOOS Current Research Proceedings of the lnt'1 Bamboo Workshop, Nov 14-18, 1988 

Fig. 6. Floor assembly with precast units (used for load test and durability). 

Z = (d - 0.42 xumax) = (50 - 0.42 x 31.8) 
= 36.64 mm 

Abt = 
Mu _ 1007.81x1000 

0.5fbyz 0.5x150x36.64 
= 366.74 mm2 

Pt% = 366.74x100 = 0.73 
1000x50 

Use 4 - 25 x 2.5 strips for 500 mm wide slab 
(250 mm2) 

Ultimate moment of resistance 

Xu = Pt x 0.73x0.5x150x50 
100 0.36ft. 

x 
100x0.36x15 

Design loads 
Self weight of beam = 1.5 x 0.2 x 0.3 x 25000 

= N/m 
From slab S = 8062.5 x 1 = 8062.5 N/m 
Total load = Fd = 10312.5 N/m 

Ultimate moment 

Mu = 103128.5x32 = 11601.56 Nm 

Limit state of collapse - flexure 
Mu 

= 
11601.56x 1000 = 0.053 0.168 

fi tbd2 15x200x2702 () 
Xumax = 0.636 x 270 = 171.72 
Z = (d - 0.42 Xumax) = (270 - 0.42 x 171.72) 

= 197.88 mm 
= 5.07 mm 

Mur = Abt x 0.5 fey (d - 0.42 xu) 
=500x0.5x 150(50-0.42x5.07) 

1795147 Nm = 1.8 kNm > 1.007 kNm 

Design Of Beam Unit - Limit State Method 
Member reference = B 
Span = 3 m 
Loading from slab S = 8062.5 N/m2 
Method = L.S.D 
Materials - ultimate stresses and design constants 
as per slab S 

Trial section 
Try 200 x 300 mm, D = 300 mm, d = 270 and 
b = 200 mm. 

Bamboo reinforcement 

Abt = 
Mu _ 11601.56x103 

0.5fbyy- 0.5x 150x 197.88 

= 781.22 mm 
Use 8 - 25 x 5 strips (1000 mm2) 

Pt% = 1000x 100 = 
1.85 

200x270 

Ultimate moment of resistance 
1.85x0.5x150x270 

XU = 
100x0.36x16 

= 69.375 mm 
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Fig. 7. Ultimate moment versus percentage of bamboo reinforcement. 
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Mur = 1000 x 0.5 x 150 (270 - 0.42 x 69.38) 
= 18064530 N mm 
= 18.1 kNm > 11.6 kN 

Figure 5 shows the part of the assembly of the 
precast units and Figure 6 shows the erected floor 
assembly. 

Conclusions 

Test results reveal that it is possible to replace 
steel reinforcement in conventional reinforced con- 
crete with bamboo reinforcement completely. 

The behaviour in flexure of bamboo-reinforced 
concrete beams tested with différent percentages 
of bamboo-reinforcement is similar to the conven- 
tional reinforced concrete beams. Thus, the theory 
of reinforced concrete can be applied in the analysis 
and design of bamboo-reinforced concrete. 

The magnitude of strain noted in the tests at the 
level of bamboo reinforcement is of the order of 
0.003 at the first crack load and thus for design 
purposes this value may be limited to 0.002 for the 
limit state method of analysis and design. 

The ultimate moment of resistance measured 
from tests and the theoretical values computed are 
found to be close with a partial factor of safety of 
two for bamboo reinforcement. This factor is, 
therefore, suggested for design. 

For serviceability limit states of deflection and 
cracking, il is observed that the deflections noted 
are larger and cracking is wider than is found with 
conventional reinforced concrete. The deflections 
measured are in the order of 1/150 to 1/175 of the 
span. To control the larger deflections, larger depths 
may be used. The recommended span to depth ratio 
is around 10 to 15. It is also observed from Figure 
3 that as the percentage of bamboo reinforcement 
increases, the deflections decreased under a given 
applied load. 

It is seen from Figure 7 that in all the techniques 
used, the ultimate moment of resistance increased 
as the percentage of bamboo reinforcement was 
increased. 

However, in the case of the working stress 
method with an allowable stress of one-tenth of 
UTS of bamboo, the carrying capacity as given in 
Table 1 is under-estimated and leads to an un- 
economical design. This assumed value is on the 
conservative side, but the factor of safety of 10 is 
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necessary to control cracking that takes place at 
first crack appearance. 

As the ultimate tensile strength of bamboo is 
more reliable, a design based on limit state of 
collapse with a partial factor of safety of two on 
strength of bamboo and which also gives estimates 
close to the experimental values as in Table 1, is 
recommended for design of bamboo-reinforced 
concrete. 

In the case of rectangular beams, about four to 
five percent of bamboo-reinforcement gives a 
similar ultimate strength as carried by conventional 
concrete-balanced beams with steel-reinforcement. 
Although the test results show that the load carrying 
capacity of bamboo-reinforced concrete members 
can be increased by increasing the percentage of 
reinforcement (Fig. 7), placement of this heavy 
reinforcement becomes rather difficult and, there- 
fore, the maximum limit of reinforcement should 
be restricted to four percent of the cross-section. 

The bitumen-coated bamboo strips wound 
around with coir rope as reinforcement develop a 
very good bond with the concrete. The coir rope 
forms a ribbed surface and behaves similar to 
ribbed steel and consequently improves the be- 
haviour of the beams in flexure. These beams car- 
ried more ultimate load when compared to beams 
in which techniques 1 and 2 were used (Fig. 7.) 

Further investigations are required on shear be- 
haviour using technique 3 for drafting a set of 
suitable specifications for bamboo-reinforced con- 
crete design. 
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Application of Bamboo as a Low-cost 
Construction Material 

K. Ghavami 
Civil Engineering Department, Pontificion Universidade Catolica, 

Rio De Janeiro 22453, Bra-il. 

Abstract 

Some bamboos of Brazil have been classified according to theirphysical and mechani- 
cal properties. Their use as a substitute for steel in normal and lightweight concrete 
beams and slabs have been studied experimentally. Several curing methods and water 
repellent materials have been considered for reducing their water absorption and 
improving their bonding ability with concrete. Some studies have also been carried out 
in developing new joints for the use of bamboos in space structures. 

Introduction 

The dimensional changes of bamboo due to 
moisture variation, low modulus of elasticity and 
the increase in industrial production of steel have 
reduced the interest in the use of bamboo in civil 
engineering construction. However, due to the 
recent energy and material shortages, many re- 
searchers have begun to explore new or low-cost 
substitute construction materials for steel 
(Ghavami, 1986; Ghavami & Fang, 1984). 

Among the many low-cost substitute construc- 
tion materials, the application of indigenous 
replenishable biological materials such as the bam- 
boo have the greatest economic potential. This is 
especially so in the developing countries, since 
many of these are basically agricultural societies 
with serious housing problems at the present time. 
The improvement of the living standard in the 
less-developed regions in these countries requires 
a large quantity of construction materials. 

Since 1979 several re- 
search programmes have been 
carried out at the Civil En- 
gineering Department of Pon- 
tificia Universidade Catolica 
of Rio de Janeiro (PUC/RJ) on 
the use of bamboo as a sub- 
stitute for steel in civil con- 
struction. The purpose of this 
paper is to prescrit the results 
of the investigations and out- 
line variables studied for the 
solution of problems involved 

in the use of bamboo as structural elements such as 
bamboo reinforced concrete and bamboo space 
structures. 

Physical and Mechanical 
Characteristics of Bamboos 

In the State of Rio de Janeiro, seven species of 
bamboos which can be used in civil engineering 
have been classified according to their physical and 
mechanical characteristics (Martinesi, 1986). 

Physical Characteristics 
Bamboo culms are generally hollow cylinders 

with diameters and heights varying from 1 to 25 cm 
and 1 to 40 m, respectively. The diameter of the 
bamboo decreases along its length, from the basal 
end to the tip. The bamboos which are.hollow, are 
totally separated at the nodes by transverse 
diaphragms (Ghavami & Martinesi, 1987). The ex- 
terior surface of the culm is covered by a hard 

Fig. 1. Different parts of a bamboo culm. 
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10 mm 

50 mm 

L 
25 50 mm 1-25 1 - 50 mm 

(b) COMPRESSION 

12 cm 
Bamboo Specimen 
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2 mm 

2 mm 

(o) TENSILE 

(c) BENDI NG 

(d) SHEAR 

Fig. 4. Dimensions of test specimens. 
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addition, the exact age of the bamboo specimen was 
not known. However, for the determination of ten- 
sile, compression, bending and shear strength of the 
bamboo species under study, the test specimen 
shown in Figure 4 was used. After trying different 
methods of fixing the specimen in the universel 
testing machine, satisfactory results were obtained 
by fixing 3 mm aluminium plates at the grips for 
the tensile test. 

To establish the average values of the strength 
for the mature cured bamboos and the standard 
deviation for each test group, 4 to 12 specimens 
were tested. The average values, for each species 
at different points on the bamboo are given in Table 
2. It can be noted that Bambusa vulgaris Schard 
(VS) and Bambusa vulgaris Imperial (VI) have got 
the highest and lowest strengths, respectively. 

Water-repellent Treatment 

One of the major handicaps of bamboo for 
application in civil construction is its water absorp- 
tion. The water absorption for untreated species of 
bamboos under study was found to be between 27 
and 33 percent after 96 h immersion in water. In 
order to overcome this weakness of bamboo culms 
20 different water repellent treatments were studied 
(Ghavami & Hombeeck,1981; Martinesi, 1986). It 

Fig. 5. Bond test specimens. 
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was found that the application of bitumen- and 
Negrolin both of which are relatively cheap gave 
the best result. 

Bond between Bamboo and Concrete 

In order to examine the bond between bamboo 
and concrete, pull-out tests were carried out on 
concrete cylinders depicted in Figure 5. The 
preliminary bond tests were carried out using the 
type A pull-out test (Ghavami & Hombeeck, 
1981) which was modified to type B at a later stage 
of research (Martinesi, 1986). 

The bond strength of treated bamboo culm 
showed an average of 50 to 90 percent improve- 
ment over the untreated material for Negrolin-sand 
and Negrolin-sand-wiring, respectively. The tests 
were carried out on segments of bamboo with and 
without nodes. In all cases the bond strength for 
specimens with nodes was higher by over 50 per- 
cent. 

Development of Joints for Bamboo 
Space Structures 

To cover a large space without using many 
columns, steel truss space structures are usually 
used. The resistance and form of bamboo are very 
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Fig. 6. Bamboo space structure. 
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(a) SPACE STRUCTURE 

(b) CROSS - SECTION OF DETAIL A 
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suitable for such structures. In the construction of 
structures such as shown in Figure 6, the mort 
difficult part is the formation of joints. Several 
types of joints besides the conventional method of 
using rope or wire were developed (Ghavami et al., 
1984). The best joint type is shown in Figure 6. 

Bamboo-reinforced Concrete Elements 

To, verify the performance of bamboos as rein- 
forcement in concrete beams and slabs, 11 tests 
with normal concrete and three beam tests with 
lightweight concrete were carried out. 

Bamboo Reinforcement in Normal Concrete 
Beam 

Two simply-supported bamboo-reinforced con- 
crete beams with overall dimensions of 20 cm 
width, 30 cm depth and total length of 200 cm were 
tested. The beams were subjected to two point loads 
at the third of the spart. The bamboo segments of 3 

cm width were treated with IGOL-T which is a 
resin-based product. 

In one of the specimens the bamboo segments 
were positioned vertically along the depth of the 
beam. It was found that the beam with the bamboo 
segment in horizontal position had a better perfor- 
mance and higher ultimate load carrying capacity 
as compared to bamboo reinforcement in the verti- 
cal position. In the former case the behaviour of the 
beams before cracking was close to the predicted 
resuit. Normal concrete of 1:1.4:2.4 with a water to 
cernent ratio of 0.45 was used. 

Howevér, upon appearance of the first cracks in 
the tension side, the beam developed higher crack 
width and deflection in relation to the normal steel- 
reinforced concrete beams. Close to the ultimate 
load the cracks were not numerous but were 
wide showing that the bonding is yet poor 
(Ghavami & Hombeeck, 1981). 

Permanent Shutter Slabs 

To establish the behaviour of one way simply 
supported permanent shutter slabs, two series of 
tests as shown in Figure 7 were carried out. 

In the first series a total of six medium-sized 
specimens with untreated bamboo, bamboo 
soaked in water for 48 h and bamboo treated with 
primer paint-sand were used. Additional variables 
were the type of bamboo cross-section, (half or 
quarter splits of the 8 cm diameter culm). In each 
case the effect of a gap of 3 cm between the bam- 
boos was also studied (Ghavami & Zielinski, 
1988). 

It was found that the slabs made of half-treated 
bamboo without gap performed better than the 
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others underbending stresses. Based on this finding 
the second series of full-sized tests are being 
prepared. In this series the specimens are being 
made with half-section bamboo treated with paint- 
sand and epoxy. In one of the slabs with paint-sand 
treated bamboo, some shear connectors are being 
included. 

Light Weight Concrete Bamboo Beam 
To reduce the self-weight of the beam three 

full-sized specimens using light weight concrete 
were tested. Expanded lightweight clay aggregate 
has been used for producing the concrete. As a 
reference the first test in this series was executed 
with normal steel reinforcing bar with a reinforce- 
ment (p) (i.e. area of reinforcement to total beam 
cross-sectional area) of 0.78 percent. The other two 
tests were prepared identical to the first but used 
DG,, and DG,,,,, bamboo with p = 3.33 and p = 5.00 
respectively. In all beams only steel strips were 
used (Martinesi, 1986). 

In Figure 8 the dimensions and position of the 
reinforcement and pattern of the cracks before final 
failure are given. It was observed that by increasing 
the reinforcement from 3.33 to 5 percent, the load- 
bearing capacity of the beam decreases. Therefore, 
based on this limited study it is possible to state that 
the optimum value for the reinforcement for this 
type of beam is around three percent. 

The behaviour of this series of tests is in general 
similar to beams with normal concrete; before 
cracking of the concrete the experimental results 
were close to the predicted values. However, the 
test with p = 3.33 percent showed a low neutral line 
as can be seen in Figure 8b. 

Conclusions 

The improvement of housing in the less- 
developed regions of Brazil requires a large amount 
of construction materials currently not available to 
the people. In addition, housing is an important part 
of the control plan of triatominoe vectors of Chagas 
disease as one of the measures of indirect control. 

The problems which deter the use of industrial- 
ized materials such as steel is not only the cost of 
the materials but also the cost of transportation. In 
most of these regions, proper roads do not exist and 
besides, these are often quite far from the industries 
which are located around or in the big cities. Hence 
the utilization of locally available indigenous 
biological materials such as bamboo have a greater 
practical value in relation to possibilities such as 
industriel and mining wastes, etc. It can be expected 
that' the collection of all available data and a 
thorough understanding of the major variables 
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Compression Crack 

100 cm \ 100 cm 

Y 

100 cm 

jJ(J/lVT(m %à n 
2 a) Steel Rei nforcement wilh f = 0,78 % C 

340 cm 

lS 1 i 
b) Bomboo Reinforcement with f = 3,33 % 

i 1 

(1 Iv) Il 1 
c) Bamboo Reinforcement with 1 : 5.00 % 

Fig. 8. Reinforced light weight concrete beams. 

which govem the engineering properties of bam- 
boo will make il possible to develop a basic set of 
design and construction criteria. 
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CIB-WI8B Activities Towards a 
Structural Design Code for Bamboo 

G.N. Boughton 

Curtin University of Technology, Perth, Australia. 

Abstract 

Bamboo has been used successfully as a structural building material for centuries and 
doubtless there are design guidelines or rules in existence. This paper points out the 
benefits to be accrued bypublicising an internationally recognized bamboo design code 
andprovides a broad outline for the form of the code. 

Introduction 

The Conseil International du Batiment pour la 
Recherche l' Etude et la Documentation (CIB) is 
an international organisation specifically estab- 
lished to document building research activities in 
various parts of the world. It has a particular interest 
in translating research into a form that can be used 
directly by industry in a practica] way. CIB does not 
specifically fund research, but relies on voluntary 
participation that will enable the appropriate 
documentation of research. In many cases, the out- 
put of the CIB activities are draft standards that 
have been adopted by the International Standards 
Organisation (ISO) or incorporated into specific 
national standards or regional standards such as the 
Eurocodes. 

CIB operates by establishing a number of task- 
related working commissions that have well- 
defined themes. In 1987 a subgroup of Working 
Commission W18, Timber Engineering was 
formed to address the needs of tropical timber- 
producing countries. The new group, CIB-W18B, 
a working commission on tropical and hardwood 
timber, met for the first time in September 1987 at 
Singapore and has since met again in September 
1988 at Seattle, USA. 

The membership of CIB-W 18B is drawn from 
West Africa, Asia, Australia, North America and 
Central America, and attempts have been made to 
have active participation from the Andean Pact 
nations as well. A number of specific documenta- 
tion proposals have been drawn up by the working 
commission, and chairmen for each proposal have 
been assigned. 
1. Commgorrlntérnational Timber Engineering 

Standards 

2. Trade in Hardwoods 
3. Structural Utilization of Mixed Species 
4. Design with Bamboo 
5. Manuals on Hardwood Engineering Practice 
6. Simplified Timber Engineering Design Codes 
7. Pole Buildings 
8. Engineering Design Criteria 
9. Plantation Hardwoods 

Of these, project 4 involves assembling known 
documentation on bamboo design and producing a 
design standard that is at least compatible with the 
simplified timber design standard also being 
prepared. The reasons for the preparation of such a 
standard are detailed in this paper. 

Bamboo 

Bamboo is an excellent structural material, 
being light-weight, circular and moderately strong. 
It has been used throughout the tropics as a building 
material for centuries. The use of bamboo over a 
long period of Lime had built up confidence in ils 
performance, treatment and construction techni- 
ques. The rapid growth of the bamboo plant meant 
that it had a short production cycle, and the 
resilience of the plant meant that its commercial 
production could be achieved with minimum effort 
or control. 

Construction techniques which have survived 
the test of Lime vary from country to country, and 
even from region (or language group) to region. In 
some cases the construction techniques may have 
been documented as design rules, but would require 
interpretation within the social and local tech- 
nological context in which they were originally 
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written. 
Current world housing shortages have forced a 

number of countries to seriously consider the use 
of bamboo for providing shelter as part of a national 
strategy. However, in many cases, the social stigma 
of being "poor man's lumber" has prejudiced its 
use. A further complication is that bambou is not a 
recognized modern building material and has no 
code of practice. This makes it hard to formalize its 
use in any kind of contractual sense. The most 
conspicuous use of bamboo is in short-term scaf- 
folding and owner-constructed rural or urban fringe 
housing. Neither of these uses has enhanced the 
social image of bamboo. 

In locations where bamboo has seen popular 
use, a number of manuals have been written to 
provide guidance as to the traditional methods of 
construction. Some examples include the work of 
McClure (1970), Munandar (1985) and Siopongco 
(1986). Unfortunately, many of the manuals that 
have been produced are not able to provide the 
technical information on strength and behaviour of 
bamboo that will enable a practising structural en- 
gineer to design in bamboo with confidence. 

Bamboo 
- an Engineering Material 

The potentiel of bamboo as a structural material 
has not gone unnoticed, and a number of research 
projects have identified base-line engineering 
properties that enable the commencement of 
documentation of the material. This includes work 
by Janssen (1987), Abdullah and Abdul-Rahim 
(1987), and no doubt, many others. A number of 
research projects have amassed information on the 
various species of bamboo commonly used in con- 
struction throughout the world, and have enabled 
classification schemes te, be formulated. 

This work has demonstrated that for work with 
bamboo, repeatability in tests can be obtained, 
properties can be classified, and the species can be 
grouped to simplify strength and behavioural grad- 
ing. If design in bamboo were codified, engineers 
would be able to use it with the saure confidence 
that they display in the use of recognized engineer- 
ing materials such as steel or timber. 

Advantages of Codified Design with 
Bamboo 

The codification of design with bamboo would 
have a number of social and practical advantages 
that could see an increase in the effectiveness of its 
use. 
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Engineering Recognition 

Structural engineers are given the responsibility 
for the safe and cost-effective design of many types 
of structures. In order to exercise that responsibility 
properly, engineers make use of codes. Codes bring 
a much broader experience base to bear on any 
problem than could be provided by an engineer in 
isolation. They establish the limits of "normal prac- 
tice". They also implicitly provide checklists to 
ensure that all possible combinations of loads and 
failure modes have been checked. All of these 
factors lead to confidence in application by practis- 
ing engineers. 

Contractual Advantages 

In many cases engineering works are subjects 
of contractual arrangements. Codified design and 
construction methods have considerable advantage 
in these cases. In Government-funded projects, the 
use of building regulations and codes of practice is 
often specified in the contract. Codification of 
design and construction techniques for bamboo 
will enable it to be specified in contractual arran- 
gements without uncertainty' as to the safety or 
effectiveness of the finished product. 

Trade Advantages 

The existence of a single unified bamboo code 
will have obvious trade implications. Not only will 
quality control over bamboo products become 
easier to manage, but designers with experience in 
bamboo would be able to market their skills inter- 
nationally. 

Increased Use of Bamboo 
The combination of the above three effects will 

increase the use of bamboo in three ways. 
1. The improved "respectability" of bamboo may 

make it more socially acceptable in the wider 
sense. Where bamboo was not being used 
because of current social stigmas, the fact that 
it can be classified, stamped and used as a 
reputable engineering material may enable its 
widespread and deliberate re-introduction to 
building. 

2. The codification of bamboo design may lead 
to innovation on the part of designers. Its use 
may, therefore, be diversified and adopted in 
non-traditional areas. 

3. As more designers gain experience and 
confidence in the use of the material, it will be 
specified more regularly. The low production 
and transport cost of bamboo will make it a 
highly competitive structural material, particu- 
larly in the developing countries where other 
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structural materials such as steel are very ex- 
pensive. Increases in the use of bamboo will 
improve the economy of many tropical court- 
tries that rely heavily on the use of imported 
building materials. 

International Focus for Research and 
Documentation on Bamboo 

The development of any code provides impetus 
for co-operative research arld investigation. It also 
provides a focus for that work, as the discussions 
with respect to codification highlight current 
deficiencies in knowledge. An international code 
development programme would bring together and 
give direction to the expertise of research workers 
on every continent. 

Philosophy of the Bamboo Code 

Similarity with the format and rationale of the 
timber codes is an obvious advantage to the new 
bamboo code. This will reduce the time that desig- 
ners will have to spend on learning to coure to grips 
with a new code. As the countries that would be 
expected to make the largest use of bamboo are 
developing countries, they would use a simplified 
version of the tituber code (Boughton, 1988) with 
which the bamboo code should be closely aligned. 

The use of similar nomenclature, symbols and 
terminology would also save confusion. It could 
well be that the saure chapter headings could be 
used, although for the present, if the code is 
restricted to the use of round bamboo, ils design 
code should be simpler than the timber design code. 
(For example: as bamboo is round, with excellent 
torsional properties, there would be no need to 
include anything under lateral buckling of single 
member beams.) In general, ils chape will make the 
structural design clauses simpler, but the connec- 
tion and structural properties section may be more 
complex. 

A Suggestion for the Code Format 

1. Introduction 
includes scope, notation and definition. 

2. Basis of Design 
includes the fundamental requirements and 
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general design concepts. 
3. Materials 

includes fundamental properties of various 
bamboo species and the materials commonly 
used in joints-rattan, twine, natural fibres, 
nylon line and polypropylene. 

4. Structural Design - Members 
includes behavioural aspects of beams, struts 
and tension members. 

5. Structural Design - Connections 
includes behavioural and geornetric aspects 
of many common types of connections. 

6. Structural Detailing 
may include some standard structural forms. 

Recommendations 

In view of the advantages expected from the 
production of a bamboo code, bamboo producing 
countries should be canvassed to ascertain their 
willingness to participate in the code formulation 
process. 

Collection of available engineering informa- 
tion can be commenced immediately so that it can 
be assembled and used as a basis for code discus- 
sions and the planning of future research work. 
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Development of a Bamboo Base and its use as a Raw 
Material in the Paper Industry 

Shen Zhen-xing, He Tian-jian, Zeng Guang-zhi, Chen Shao-nan 
Changjiang Paper Mill, Sichuan, China. 

Abstract 
The importance of replacing wood with bamboo for paper-making is emphasized. A 
case history of raising bamboo plantation as a joint effort between a big paper industry 
and government is illustrated. 

Introduction 

The modernization of the paper industry in 
China has seen a change in the main raw material 
from an agricultural product (straw) to a forest 
material. The forest resources, however, are rather 
poor and the yield 's low. At present, it is not 
possible to expect a large amount of wood from the 
forest for supply to the paper industries. In 1985, 
the proportion of wood pulp used in China was only 
22 percent as against the world level of 94 percent. 
In comparison, in the Sichuan province, the propor- 
tion of wood pulp dropped from 40 percent in the 
1950s to 13 percent in the 1980s. 

According to data gathered by the Sichuan 
Paper-making Association, there are 98 paper mills 
located in eight provinces which together produce 
42 different kinds of paper. The maximum are in 
Sichuan province and hence there is a large require- 
ment of pulp. Based on experiments and experien- 
ces in paper-making, it bas been recognised that 
bamboo fibre is by far better than that of deciduous 
wood and straw in terms of quality, and as good as 
coniferous wood. In 1983, the production of bam- 
boo pulp was about 27 000 tonnes. At present, 
wood supply being low in Sichuan, it is important 
to carry out research on the use of bamboo instead 
of wood in the paper industry and develop a good 
bamboo base in the country. 

History and Present State of 
Paper-making with Bamboo at the 
Changjiang Paper Mill 

The Changjiang Paper Mill is about 50 years 
old. At present, it consumes 150 000 m3 of wood 
and 20 000 tonnes of bamboo, and produces 30 000 
tonnes of industrial packing paper annually. The 

species of bamboo used are Bambusa multiplex, B. 
rigida, Neosinocalamus affinis, Phyllostachys 
heteroclada, P. nidularia, and others. All of these 
are available in the Yibin area. In the part, bamboo 
used to be stored in the open as a result of which it 
was attacked by fungi resulting in low pulp yield 
and low strength of paper. Lately, new storage 
techniques have been adopted in order to decrease 
the decay of bamboo. Since 1985, fresh bamboos 
are being put to use as soon as they arrive. Thus, 
the extent of decay has dropped and the quality of 
the product has improved. 

Mixing bamboo pulp with wood pulp as a raw 
material increases the variety of paper products that 
can be produced. At present, the Changjiang Paper 
Mill can produce some ten different kinds of paper 
using the bamboo-wood pulp mixture. The bam- 
boo content is raised up to 30 percent for some 
varieties of paper. The bamboo consumption has 
increased from 2000 tonnes in 1979 to 21 000 
tonnes in 1986. During the eighth Five Year Plan, 
it is envisaged that the bamboo content in paper 
would increase to 50 percent. Thus, in the past 
several years, much wood has been saved in this 
way and the cost of production brought down con- 
siderably. 

Establishment of a Bamboo Base for 
Paper-making 

China is poor in forestry resources and the 
supply of wood is declining. In the near future, it 
would become very difficult to obtain adequate 
wood for the paper industry. It is, therefore, im- 
perative that the raw material problem is solved. 

In Yibin and its surrounding areas, 15 species 
of bamboo are found and the area under bamboo 
forest is about 435 000 mu. The annual bamboo 
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production is about 150 000 tonnes. There are still 
some 400 000 mu of uncultivated land, including 
bills, suitable for bamboo cultivation. Since the 
amount of bamboo consumed is bound to increase 
every year, the bamboo resources will face destruc- 
tion through indiscriminate cutting, unless properly 
managed. It is, therefore, important that a depend- 
able, stable bamboo plantation is established. 

In 1983, with the support of the forent depart- 
ment of Yibin, the Changjiang Paper Mill surveyed 
several counties for the availability of bamboo 
resources. On compeetion, a proposal for the estab- 
lishment of a bamboo plantation was made. In 
March 1984, proposal was approved and the forest- 
cultural fee was fixed at 12 yuan for every tonne of 
bamboo consumed. From 1984 to 1987, the mill 
has paid 810 000 yuan as fee. 

In October 1983, the Changjiang Paper Mill 
signed a contract with the Forestry Bureau of Yibin 
county which stipulated that from 1983 to 1987, 50 
000 mu of bamboo plantations were to be estab- 
lished in eight districts, 19 villages and one forestry 
area. The mill was to pay 18 yuan for every mu as 
investment. This investment was to be paid in 
instalments within four years. The contract also 
stipulated that five years from the time when the 
bamboo plantation was accepted as mature, the 
plantation would supply the suitable material to the 
paper mill. During the contract period of 20 years, 
the county on its part warranted to sell seven ton- 
nes/mu of dry bamboo at the market price to the 
mill. The duties, rights and economic respon- 
sibilities of both parties were also stipulated. 

Research Work on Selecting Bamboo 
Species for Paper-making 

During the past three years, research work on 
pulp and paper-making with différent kinds of bam- 
boo growing both in and out of Sichuan province 
has been going on. Based on the data derived from 
these experiments, it was concluded that many 
species of bamboo such as Bambusa sinospinosa, 
Dendrocalamus giganteus, Sinocalamus laliforus, 
are good for paper-making. Paper made from 
these were better than those produced from other 
species of bamboo in strength and came close to fir 
wood in quality. 

Forecast of Profit from Raising 
Bamboo Plantations 

According to the master plan of the Changjiang 
Paper Mill, its output is to reach 50 000 tonnes 
during the seventh Five year plan and 80 000 
tonnes at the end of the Eighth Five year plan. An 
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area of 250 000 mu of pine and 200 000 mu of 
bamboo plantations will need to be established. At 
the end of the Eighth Five Year Plan, the 200 000 
mu of bamboo plantations is expected to produce 
about 80 000 tonnes of bamboo (about 35 000 
tonnes of pulp) every year and 190 000 m3 of wood 
material can be saved. Bamboo also consumes less 
alkali and power than wood to produce pulp and its 
colt is also lower. If the cost of production of a 
tonne of bamboo pulp is lower than that of wood 
by 400 yuan, by the end of the Eighth-Five Year 
Plan, the savings will be of the order of 14 million 
yuan every year. 

In order to establish 200 000 mu of bamboo 
plantations, the mill will need to invest four mil- 
lion yuan. During the period of afforestation, the 
average investment every year will amount to 300 
000 yuan. 

When the plantations become productive, 
seven tonnes of dry bamboo chips per mu will be 
sold to the mill. Since the price is 100 yuan per 
tonne, the average annual income of the farmers 
will be seven million yuan. After the bamboo 
plantation is raised and put into production, the 
county government can get 16.8 million yuan (12 
yuan/tonne) every year. An advantage of raising 
plantations is that a steady supply of fibre raw- 
material will be available in the vicinity of the paper 
mill. The cost of transportation will, therefore, be 
lower. 

Problems in Raising Bamboo 
Plantations 

At the time of developing the bamboo base, the 
local governments at different levels did nor have 
a unanimous point of view. Much attention was not 
paid to this work, and little publicity was given. 
During the early stages of raising of the forests, the 
plan and design were not carried out in earnest. 
Some farmers did not carry out the work as per 
plan. Also instead of paying attention to the 
development of a new base, much time was spent 
in trying to reform the old one with poor results. In 
the past, much bamboo has been destroyed to plant 
corn on the Banks of the streams and it is now 
difficult to switch back to bamboo planting again. 

During the early stages of the plantation, poor 
management resulted in indiscriminate cutting of 
bamboo. Some small paper mills also use the bam- 
boo without ever resorting to planting. This results 
in competition between big and small paper mills 
in buying bamboo. 

Another problem has been the Jack of adequate 
funds for experiments on selection and cultivation 
of new species of bamboo. 
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Suggestions for Raising Bamboo 
Plantations 

The raising of bamboo plantations should be 
included as an important part of the development 
plans of forest production. There should be new 
bamboo cultivation plans. The existing resources 
should be protected and productivity increased. In 
ten years, 400 000 mu of land (which is suitable for 
planting bamboo) in the Yibin district should be 
converted to a bamboo forent by making use of the 
paper mill's investment or other afforestation 
funds. 

Bamboo supply to paper mills must be guaran- 
teed and its sale to units outside Yibin must be 
controlled. The price of bamboo must be relatively 
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stable. Small mills which cause pollution and are 
not viable must be closed down. New paper mills 
should not be set up indiscriminately. 

In the new bamboo plantations, the species of 
bamboo selected must be suitable for paper- 
making, should be fast-growing and should give a 
good yield. Research work on raw material storage 
and processing must be carried out. Research 
projects must be well-defined and funds assured. 
Wide publicity must be given about the social sig- 
nificance, economic utility and the benefits of rais- 
ing plantations. The govemment must also provide 
low interest bans to the paper industry for raising 
forests. If full use is made of the bamboo resources 
and progressive teachinques are employed, the 
paper industry will have a bright future. 
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The Efficient Utilization of Bamboo for Pulp 
and Paper-making 

Subhash Maheshwari1 and K.C. Satpathy2 

Pulp and Paper Research Institute, Jaykaypur 765 017,1; 
2Department of Chemistry, Sambalpur University, 

Jyoti Vihai; Buria, Orissa, India. 

Abstract 

The pulping characteristics of (a) bamboo of différent ages, (b) different portions of 
the culm and (c) a few common varieties of bamboo were studied and the results are 
discussed. Effective methods of proper handling and storage of bamboo are also been 
suggested. 

Introduction 

Bamboo is termed as 'green gold' of the forest 
due to its varied uses. During the last few decades, 
it has become a major source of raw material for 
the Indian pulp and paper industry. The paper 
industry has an installed capacity of 2.7 million 
tonnes covering 288 small, medium and big paper 
mills, and produced about 1.65 million tonnes of 
paper and paper-board during the year 1987. 

The industry is presently facing problems of 
non-availability of suitable fibrous raw material in 
adequate quantity to meet its requirements. The 
supply of bamboo, so far the main raw material for 
the industry, has been dwindling in the recent years. 
Still, bamboo accounts for 60 percent of the fibrous 
raw material requirement of the industry. In order 
to meet the present and future requirements of the 
paper industry, efforts are needed not only to im- 
prove productivity but also to use the existing bam- 
boo resources judiciously and efficiently. 

Forestry 

The extraction and management of bamboo 
needs to be reviewed in the light of its great 
demand. The following rules for the working of 
bamboo areas are suggested to allow for the healthy 
growth of bamboo forests and obtain maximum 
bamboo yield per unit area (Maheshwari, 1982): 
- Immature culms should not be eut. 
- In a clump containing 12 or more mature 

culms, at least six should be retained. Where 
there are less than three mature culms, all 
culms above one to two years of age should 

be retained. 
The height above the ground level at which 
the culms are eut should not be below the 
second node and in any case not higher than 
30 cm from ground level. 
Bamboos should not be eut in the year of their 
flowering but should be clear-felled after they 
have shed their seeds. The cutting of such 
clumps need not be combined to the working 
`coupe' of the year. 
The above mentioned guidelines can be 

adopted in principle. However, certain modifica- 
tions may need to be carried out depending on the 
locality. 

Effect ofAge of Bamboo on Pulp and 
Paper-making 

Bamboo culms, in general, attain their maxi- 
mum height at the end of one growing season but 
are not suitable for utilization because they lack 
strength and are proue to biological attack. The 
pulp and paper-making characteristics of one to 
four-year-old Dendrocalamus strictus were studied 
(Maheshwari & Satpathy, 1984b). The results are 
summarised in Table 1, the salient points of which 
are given below : 

1. One and two-year-old culms produce more 
slivers during chipping, causing additional 
load on rechippers. 

2. With increase in age, holocellulose, lignin and 
ash contents also increase. 

3. It is observed that with increasing age, active 
alkali requirement to get a fixed kappa number 
increases. Total pulp yield also increases with 
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Table 1. Effect of age on pulping characteristics 

Characteristic Years 
1 2 3 4 

Proximate chemical analysis 
Holocellulose (%) 63.9 65.9 68.9 70.9 
Klason lignin (%) 24.9 26.9 27.2 27.6 
Ash (%) 2.9 3.1 3.3 4.6 

Pulping data 
Active alkali on chips as Na20 (%) 16.0 17.0 17.0 17.5 
`H'factor 1120 1120 1120 1120 

Total pulp yield (%) 41.3 45.4 46.5 46.8 
Kappa no. 23.8 25.1 26.3 26.5 

Bleaching with CEHH sequence 
Total Cl2 consumed (%) 8.17 89.6 9.27 9.43 
Brightness (El) (%) 79.8 80.5 78.8 80.0 
Viscosity (CED) (Cp). 8.3 9.1 10.4 10.6 

Physical strength properties ai 30° SR 
Burst factor 38 40 40 45 

Tear factor 80 84 90 98 

Breaking length (km) 6.40 6.50 6.90 7.30 
Double folds 85 100 130 160 

increase in the age of the culm. 
4. Pulp obtained from clums of différent ages 

behave similarly during bleaching. However, 
bleached pulp viscosity increases with age 
indicating improvement in pulp properties. 

5. The physical and strength properties of 
bleached pulp increase with increase in age of 
bamboo. 

Effect of Position of Culm on 
Paper-making 

Although there are set rules for the cutting of 
bamboo, it is observed that at times the bottom 
and/or top portions of the bamboo culm are left 
unutilized in the forest. A study on the paper- 
making characteristics of the top, middle and bot- 
tom portions (about 7m long bamboos were divided 
into three. portions) of bamboo (D. strictus) was 
carried out and the results are summarized below 
(Table 2; Maheshwari & Satpathy, 1984a). 
1. Top portions give thinner and uniform chips 

compared to the other two portions. 
2. The holocellulose and lignin contents decrease 

from bottom to top while ash content increases. 
3. With increasing height of the culm, the require- 

ment of active alkali to obtain pulp of the 
desired Kappa number decreases. 
The pulp yield also follows a similar trend. 

4. There was no difference in pulp obtained 
from different positions of the culm with 
respect to bleaching. 

5. Pulp from the bottom portion of the culm has 
better properties than that from the middle and 
top portions. 
The present study reveals that all the portions 

of the culm can be equally used. The forest opera- 
tion should be performed in such a way that neither 
top nor bottom portions of the culm are left unutil- 
ized. 

Evaluation of Différent Bamboos 

With the growing demand for bamboo it has 
become imperative to go in for large-scale planta- 
tions. The following species of bamboos occur 
widely in India and they are used for paper-making: 
Dendrocalamus strictus, Bambusa arundinacea 
and B. tulda. Out of these, D. strictus is the most 
commonly used. A study was conducted (Mahesh- 
wari, 1982) on the pulp and paper-making charac- 
teristics of D. strictus (S-1), B. arundinacea (S-2), 
B. tulda (S-3) and Melocanna bambusoides (S-4). 
The results (Table 3) of the study are summarized 
below. 
1. Depending on the physical characteristics 

these species give chips of varying dimensions. 
S-2 gives thicker chips while S-4 gives quite 
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Table 2. Effect of position of culm on pulping characteristics 

Characteristic Top Middle Bottom 

Proximate chemical anal sis , 

Holocellulose (%) 63.4 65.6 67.1 
Klason lignin (%) 26.7 27.7 28.1 
Ash (%) 4.60 3.72 3.60 

Pulping data 
Active alkali on chips as Na20 (%) 17.0 18.0 19.25 
`H' factor 1120 1120 1120 

Total pulp yield (%) 47.1 48.5 49.5 
Kappa no. 26.7 27.1 27.3 

Bleaching with CEHH sequence 
Total C12 consumed (%) 8.91 9.05 9.38 
Brightness, (El) (%) 79.3 80.1 79.3 
Viscosity (CED) (Cp) 8.8 9.2 10.1 

Physical strength properties (at 30° SR) 
Burst factor 35 45 48 
Tearfactor 102 115 120 

Breaking length (km) 6.20 6.70 7.00 
Double folds 175 200 215 

Table 3. Paper-making characteristics of différent bamboo species 

S-1 S-2 S-3 S-4 

Characteristic D. strictus B. arundinacea B. tulda M. bambusoides 

Proximate chemical analysis 
Holocellulose (%) 70.9 66.6 63.6 64.0 
Klason lignin (%) 27.6 24.6 25.2 27.2 
Ash (%) 4.6 3.0 3.2 5.4 

Pulping data 
Active alkali on chips as Na20 (%) 17.5 17.0 16.0 17.0 
`H'factor 1120 1120 1120 1120 

Total pulp yield (%) 46.8 47.4 47.1 45.3 
Kappa no. 26.5 24.8 25.3 26.3 

Bleaching with CEHH sequence 
Total Cl2 consumed (%) 9.43 8.88 8.98 8.68 
Brightness (El) (%) 80.6 79.1 79.0 80.1 
Viscosity (CED) (%) 10.6 10.2 9.0 9.1 

Phvsical strength properties (at 30° SR 
Burst factor 45.0 45.0 45.0 46.0 
Tearfactor 98 110 88 101 

Breaking length (km) 7.30 6.80 7.10 7.00 
Double folds 160 175 100 190 
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thin chips. The cell wall is quite thin in the 
case of S-4. 

2. S-3 and S-4 have lower holocellulose content 
while the lignin content is lo\yest in S-2. Ash 
content is highest in 9-4 while it is lowest in 
S-2. 

3. Active alkali requirement to obtain the desired 
Kappa number is more or less the saure in all 
the samples. However, pulp yield is lowest in 
S-4. 

4. Bleaching behaviour of all the pulps is the 
saure. However, the bleached pulp viscosity of 
S-3 and S-4 are comparatively low. 

5. The physical and strength properties of pulp 
from S-2 are highest while these are lowest 
for S-3. 
This study showed that depending on the pulp- 

ing characteristics, selection of useful species can 
be done for raising plantations. 

Handling and Storage 

Due to the tropical climatic conditions a con- 
tinuons, supply of bamboo from the forest to the 
mills is not possible throughout the year. Hence, 
efficient handling, transportation and storage is 
called for to incur minimum loss in terms of quan- 
tity and quality. The following remedial measures 
are suggested (Maheshwari & Satpathy, 1988) 
which would improve overall productivity of pulp 
from bàmboo. 
1. Since immature bamboos are quite prone to 

biological attack they should not be cut. In 
case they are harvested, they should not be 
stored with mature bamboo. 

2. Infested bamboo should not be collected from 
the forest to avoid infestation of other bamboo 
stock. 

3. Measures for soil and water conservation, and 
protection around the clump should be under- 
takèn to facilitate the healthy growth of 
bamboo. 

4. Forest fires should be prevented. 
5. One ride felling of bamboo should be avoided. 
6. The planning of transportation of bamboos 

should be done in such a manner that bamboo 
bundles get at least two months for drying in 
the forest. This is faster as stacks are small at 
the felling site. 

7.' Periodical inspection of infestation should be 
done and corrective measures taken. 

8: The storage yard should have a proper drain- 
age system. Stacking on raised foundations or 
parapet walls should be done to facilitate 
water drainage and aeration. The soil should 
be poisoned to prevent termite attack. The 
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bamboo stacks should be given prophylactic 
treatment periodically. 

9. Good yard management practice should be 
formulated and executed to use bamboo on a 
first-come-first-used basis. 
In order to achieve the above objectives, the 

following variables need to be studied and op- 
timised: 
1. Quality of bamboo: Bamboo should be neither 

green nor stored for long periods nor infested. 
This guarantees betterpulp and paper quality. 

2. Chipping and chips: Chipping should be done 
in a manner such that minimum dust is 
produced with uniform chipsize. Chip washing 
(Kar, 1987) is also suggested to get optimum 
moisture in the chips and for removal of dirt. 

3. Chemical addition: White liquor used should 
be of known strength. The optimum sulfidity 
of liquor should be about 20 percent for 
bamboo pulping. 

4. Concentration of chemicals: Homogenity of 
pulping depends upon chips to liquor ratio 
which also affects the overall pulp yield and 
quality. Hence, this aspect also needs careful 
attention. 

5. `H' factor: The pulping of bamboo can be 
regulated by the `H' factor which singly 
represents time and temperature. This concept 
is useful and should be applied to get more or 
less the saure pulp quality in spite of variations 
due to unforeseen reasons in temperature and/ 
or duration of cooking. 

Other Factors 

1. Use of additives: In order to improve overall 
pulping performance and productivity, a 
number of additives have been tested. Use of 
anthraquinone has given quite promising 
results and may be used regularly during 
reduction. 

2. Silica problem: Bamboo contains a high 
percentage of ash when compared to hard and 
softwood. The main constituent of ash is silica 
which ultimately causes a problem of scaling 
in preheaters of digester and evaporator pipes. 
Efforts are being made to solve the problem 
effectively. 

3. Fractionation: Bamboo pulp consists of long 
as well as short fibres. The use of long fibres 
has a distinct advantage and hence studies 
have been conducted to separate short fibres 
and fines which constitute more than 30 per- 
cent and use both long and short fibres sepa- 
rately and efficiently. 

4. Bamboo, though woody in nature, belongs to 
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Table 4. Paper-making characteristics of nodes, internodes and culm (D. strictus) 

Characteristic Nodes Intemodes Whole culm 

Proximate chemical analvsis 
Holocellulose (%) 63.2 71.5 70.9 
Klason lignin (%) 29.5 25.9 27.6 
Ash (%) 4.8 4.0 4.6 

Pulping data 
Active alkali on chips as Na20 (%) 18.5 17.0 17.5 
`H'factor 1120 1120 1120 

Total pulp yield (%) 44.0 47.4 46.8 
Kappa no. 28.5 27.4 26.5 

Bleaching with CEHH sequence 
Total C12 consumed (%) 9.37 9.48 9.43 
Brightness (EL) (%) 79.5 80.2 80.2 
Viscosity (CED) (Cp.) 7.8 10.7 10.6 

Physical strength properties (at 30° SR) 
Burst factor 28 48 45 

Tear factor 60 105 98 

Breaking length (km) 4.85 7.36 7.30 
Double folds 42 175 160 

the family Graminae and consists of nodes 
and intemodes. A study (Maheshwari & 
Satpathy, 1988) has been made of the pulp 
and paper-making characteristics of nodes, 
intemodes and culm of D. strictus and the 
results are summarized in Table 4. This shows 
that the internode portion is better than the 
node, though it is not practical on a commer- 
cial scale. 

Conclusion 

We need to take steps to manage our existing 
bamboo resources efficiently besides raising plan- 
tations of suitable species. Dendrocalamus strictus 
which occurs abundantly in India was also found to 
have good pulping characteristics. 
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Abstract 
This paper reviews the developments that have taken place in India and other countries 
in the manufacture of bamboo board. Future research needs are also highlighted. 

Introduction 

Bamboos possess excellent mechanical proper- 
ties, especially with regard to tensile strength. Very 
few species have been intensively evaluated for 
their physical and mechanical properties in India 
(Sekhar & Bhartari, 1960). The wide distribution, 
low colt, easy workability and high strength char- 
acteristics of bamboo have been responsible for its 
use like any other wood. 

Bamboo Boards 

The range of forest-based panel products in the 
country has increased during the last two decades. 
Panel products possessing various end uses are 
being introduced. The common panel products 
available in India are plywood, particle-board and 
fibre-board. The current shortfall of wood raw 
material identified for the panel industry is about 
527 000 m3. The various strategies identified for 
meeting the raw material shortfall are short-term 
ones like wood imports, improvement in conver- 
sion techniques, worker training, utilization of non- 
wood raw material and long-term ones like 
plantation of fast-growing timber species, etc. 
(Anonymous 1987). 

In the context of the increasing shortfall of 
industrial wood, importance is being given to the 
development of non-wood materials. Bamboos 
have a widespread distribution and rapid rate of 
growth. Due to their inherent, unique physico- 
mechanical properties, they can be utilized in more 
exacting applications by transforming the raw 
material into high quality products by modern 
processing techniques. Bamboo board is one such 
product. Viewed in the above context, the develop- 
ment of bamboo board is of immediate interest as 

pressure on wood can, to some extent, be reduced; 
also, raw material can be made available at a faster 
rate as bamboo is harvested in a four to five year 
cycle as against 30-40 years for medium density 
hardwood species used for plywood. 

Developmental Work in other Countries 

China is reported to have developed ply bam- 
boo during the Second World War for making 
aeroplane accessories. As a result of later tech- 
nological improvements, various types of bamboo 
boards are now being manufactured (Hsiung, 
1987). Processes for the manufacture of composite 
panels using bamboo and wood veneers bonded 
with urea-formaldehyde resin (Zhao,1987, Zhao & 
Cheng,1982) have been developed. These panels 
are said to be a substitute for plywood and the colt 
is 10-20 percent lower than plywood. Recently 
developed bamboo panels have been found to be 
suitable for concrete form work (Dong, 1987). A 
preliminary study on bamboo plywood as a packing 
material has also been conducted. A study on the 
technology of oriented bamboo particle board has 
been conducted by Suzhou (1987). It is reported 
that more than 100 small-scale factories produce 
about 10 000 tonnes of bamboo plywood or bam- 
boo particle boards. 

A factory in Thailand is reported to be manufac- 
turing bamboo mat boards bonded with urea-for- 
maldehyde adhesive of thickness ranging from 110 
mm for export to European countries for use in 
panelling, wardrobes, ceiling, etc. (Sharma, 1980, 
1983). 

Developmental Work in India 

Attempts to make bamboo boards in India were 
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made in the 1960s. A process was developed at 
the Forest Research Institute, Dehradun 
(Narayanamurti & Bist, 1963). This involved soak- 
ing woven mats in phenol-formaldehyde (PF) resol 
resin solution, conditioning them in a drying kiln 
and then hot pressing them at a temperature of 
140-145 C under a pressure of 2.8 MPa for about 
25 minutes for a 2.5 mm thick board. About 15 

percent of PF resin solids of the weight of bamboo 
mats was found to be required to get adequate bond 
strength. Bamboo boards in combination with 
wood veneers and other speciality products were 
also developed. Although the boards thus 
developed were attractive and possessed high 
strength values, the process was not commercially 
exploited because of the sophistication required in 
the production process and the high cost of produc- 
tion. 

Work at IPIRI 

The Indian Plywood Industries Research In- 
stitute (IPIRI) took up de novo studies on develop- 
ment of bamboo boards in 1979 under a project 
sponsored by the All India Handicrafts Board and 
developed a more economical process for making 
boards out of woven mats of Ochlandra travan- 
corica (Anonymous 1982). The adhesive used for 
bonding the mats was Cardanol-Phenol-Formal- 
dehyde (CPF) resin developed in the Institute using 
cardanol (obtained from cashewnut shell liquid) to 
partially replace phenol in PF resin and thereby 
reduce the cost of resin to some extent. The 
manufacturing process developed in the Institute 
involved the spreading of conventional PF resin or 
CPF resin on bamboo mats dried to a moisture 
content (MC) of around 6-10 percent and later hot 
pressing the resin-coated assembly at a temperature 
of 140-145 C and a pressure of 1.6 MPa fora period 
of six minutes for 3 to 4 mm thick boards. An open 
assembly time (OAT) of 16 to 24 h was given to 
reduce the MC of glued mats to about 15 percent. 
Between the PF resin and CPF, the latter was found 
to be better not only from the point of cost con- 
siderations but also for bonding slivers with a 
glazed surface. 

Room temperature setting UF resin adhesive 
was also used to bond bamboo boards. A pressure 
of 1.2-1.6 MPa and pressing time of 16-24 h were 
found to be adequate to get satisfactory bond 
-strength. 

Testing of Bamboo Boards 

At the request of the Karnataka Forest In- 
dustries Corporation, the process developed in 
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IPIRI was tested employing mats woven out of the 
most common bamboo species available in Kar- 
nataka, Bambusa arundinacea and Dendrocalamus 
strictus. The results were comparable to those ob- 
tained for Ochlandra travancorica. Because of its 
criss-cross sliver construction and thin size, it could 
not be tested using the existing method for deter- 
mining its glue shear strength as in the case of 
plywood. New methods were, therefore, evolved 
for evaluating their bond strength. Two methods 
currently used to evaluate the bond strength of 
bamboo boards are: 
1. Tensile strength perpendicular to the panel 

surface - Intemal Bond (IB) strength 
2. Glue shear strength by torque wrench method. 

Strength values were evaluated both in dry and 
wet conditions. PF resin adhesive bonded boards 
were subjected to boiling water resistance test and 
UF resin adhesive bonded boards were tested for 
cold water resistance test. 

Preservative Treatment of Bamboo 
Boards 

It is reported that water soluble fixed types of 
preservatives like Copper-Chrome-Boric (CCB), 
Acid-Copper-Chrome (ACC) and Copper- 
Chrome- Arsenic (CCA) are suitable for protecting 
bamboo from biodegradation. Bamboos treated 
with preservatives last over 20 years (Tewari & 
Singh, 1979). Detailed treatment schedules have 
been worked out by using CCB preservative com- 
position which is recommended for exterior grade 
wood-based panels. 

Applications of Bamboo Boards 

The developmental work includes a detailed 
study on possible end uses of bamboo boards. Some 
of the uses that have been found to be technically 
feasible are: (1) roofing panels, (2) door and win- 
dow shutters, (3) structural components as `I' 
beams having bamboo board web, box beams and 
bamboo board gussets, (4) grain storage bins and 
(5) tea-chest boxes. 

Future Research Needs 

Based on the process developed at IPIRI, the 
Kerala State Bamboo Corporation is manufactur- 
ing boards utilizing mats mostly of Ochlandra 
travancoricâw_oven by village communities (Shar- 
ma, 1983). 

Interest in bamboo boards has been shown by 
several entrepreneurs. It is, however, extremely 
important to take note of the following points 
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before encouraging entrepreneurs to take up 
manufacture of this product. 
1. Requirement of a comparatively larger quan- 

tity of resin per unit area of bamboo board as 
compared to plywood. In the present process, 
resin is applied on all surfaces to be bonded. 
Reduction in quantity of resin or attainment 
of higher coverage of resin will significantly 
reduce cost of the product. 

2. Non-uniformity in bonding especially in 
places where slivers overlap. It is natural that 
high variability is exhibited by the material 
because it contains criss-cross sliver construc- 
tion. Uniformity in bonding is essential to 
sustain "bond integrity". 

3. Spreading of resin to board surface through 
inter-sliver spaces causing unwanted coloura- 
tion and wastage of resin. 

4. Requirement of releasing agents to be applied 
to metal cauls while hot pressing. Elimination 
of releasing agents or use of low cost releasing 
agents will reduce colt of production. 

5. High resin cost despite partial replacement of 
phenol by caidanol. Replacement of phenol 
by suitable economic organic materials will 
lead to cost reduction. 

6. Low durability of untreated bamboo boards. 
Presence of phenolic resin adhesive in the 
board did not prevent it from biological de- 
gradation. The use of a fixed type of preserva- 
tive was found to be essential to make the 
panels durable. This enhances the cost of 
panels due to cost of chemical treatments and 
other related processes. Apart from this, grain 
rise on the panel surface, specially on over- 
lapped area is quite possible. Incorporation of 
the economical preservatives during board 
manufacture would reduce the cost of panels. 

7. Traditional methods of bamboo preservation 
have to be reviewed in order to simplify the 
process. 

8. High total cost as a result of cost of resin 
adhesive and production cost. Significant cost 
reduction will help the product to penetrate the 
rural market for building houses and for 
making storage bins, packing cases for fruits, 
etc. 
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Bamboo Inclusions in Soil Structures 
Robert A. Douglas 

Department of Forest Engineering, University of NewBrunswick, 
Fredericton, New Brunswick, Canada E3B 5A3. 

Abstract 
Against a backdrop of increasing interest in bamboo as a non-timberforestry ci-op whose 
management should be organized for social and industrial benefits, the use of bamboo 
in the construction of soil structures such as embankments and retaining walls is 
contemplated. Recently, there has been an explosion of research on the reinforcement 
of soil structures with polymeric materials called geosynthetics. It is suggested that an 
examination of current knowledge about these materials can provide a point of entry 
into bamboo-related geotechnical research. The reinforcement vole of geosynthetics is 
briefly examined and related to the mechanical properties of bamboo. The advantages 
of bamboo behaviour over that of geosynthetics are compared. Finally, brief reference 
is made as to how bamboo-reinforced geotechnical designs can be integrated into the 
socio-economic conditions found in South-east Asia. 

Introduction 

Over the last two decades, there has been a 
tremendous explosion in the use of fabric in- 
clusions (geosynthetics) in soil as shown in 
Figure 1. The geotechnical engineering com- 
munity, concerned with structures involving 
soil as a building material, has however 
remained relatively unaware of the use of bam- 
boo in roadway embankments, retaining walis 
and pavement structures. If the yole played by 
fabrics is examined and the necessary 
mechanical properties determined, an indica- 
tion of what capabilities bamboo must have in 
order to be used successfully in geotechnical 
structures will emerge. The direction that re- 
search on this new (to geotechnical engineer- 
ing) material should take will also become 
clear. 

Geosynthetics 

Geosynthetics are manufactured in woven, 
non-woven and grid form from polymers in- 
cluding polyamide, polyester and 
polypropylene. They are included in soil 
structures to enhance the soil's performance, 
by providing some property that the soil itself 
does not possess. By definition, then, the in- 
clusions must be properly designed and 
specified or the soil structure will fail 

150 

125 

100 

50 

25 

0 

Fig. 1. Development of the manufacture of 
geosynthetics (Koerner, 1986). 
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catastrophically. Geosynthetic inclusions are 
generally specified to fulfil one or many of the 
following purposes, namely, separation, filtration, 
moisture barrier, reinforcement and drainage. 

The applications of interest here are separation 
(where the geosynthetic acts as a barrier to the 
mixing of two différent soil masses), reinforcement 
(where it augments the strength of a soil mass 
usually by providing the tensile resistance the soils 
lack) and filtration (where it is required to stop the 
movement of soil particles while still allowing the 
free passage of water). 

Because no single geosynthetic will be capable 
of fulfilling all possible purposes, manufacturers 
have developed a wide variety of fabric forms. The 
forms that have been developed can be differen- 
tiated by their strengths and weaknesses in various 
characteristics, a few of which are listed here: 

- tensile strength 
- tear resistance 
- burst strength 
- friction against soil 
- interlock with soil 
- permittivity (permeability across the fabric 
plane) 

- transmissivity (permeability within the fabric 
plane) 

- equivalent opening size (i.e. average "hole 
size") 

- percent open area. 
Geotechnical designers identify the role played 

by the geosynthetic in a particular application, 
determine which properties are important to that 
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role and finally determine what values of those 
properties are appropriate. For reinforcement, 
separation and filtration roles, all of the above 
properties, with the exception of transmissivity, are 
important. 

Inclusions in Soil Structures 

Three example applications where geosyn- 
thetics could be replaced by bamboo can be 
delineated. In the first, an embankment is built on 
the geosynthetic placed on soft, weak ground (Fig. 
2). The geosynthetic prevents the mixing of the 
embankment fill with the sort subgrade soils. In 
addition, the geosynthetic resists the tensile stresses 
which would otherwise be generated across the 
bottom of the embankment. Given a properly 
designed and selected geosynthetic inclusion, the 
fill material is prevented from strength degradation 
due to mixing, and is reinforced by the fabric. 
Settlements are still large, but the embankment is 
prevented from breaking up as it seules (Fig. 3). 

In the second application, a geosynthetic is used 
to prevent a steep embankment slope from failing 
(Fig. 4). The correct placement of the geosynthetic 
across the potential failure surface keeps the soil 
mass coherent and a slope failure is avoided. 

The third application uses the geosynthetic to 
tic back the face elements of a retaining wall 
(Fig.5). In a manner similar to the reinforced slope 
design, the geosynthetic spans the potential failure 
surface, keeping the soil mass behind the wall from 
failing. 

Fig. 2. Cross-section of reinforced embankment on soft ground. 
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Fig. 3. Large subgrade settlements beneath reinforced embankment on soft ground (Rowe t al., 1984). 
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Fig. 4. Reinforced slope. 

In each of these three cases, the tensile strength 
of the geosynthetic is paramount, since the geosyn- 
thetic is placed in a tensile mode. Secondary 
properties of importance are the fabric's ability to 
survive construction operations (tear resistance, 
burst strength); the ability of the geosynthetic to 
develop high friction and pull out resistance within 
the surrounding soil; and when used as reinforce- 
ment at the bottom of the embankment, the 
geosynthetic's ability to keep soil types separate 
(percent open area, effective opening size). 

Bamboo has these attributes. It also has 
desirable properties which geosynthetics do not 
possess, making it a prime candidate to replace 
geosynthetics in these applications. 
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Bamboo Compared to Geosynthetics 

As a construction material, bamboo possesses 
many attractive features. It has a high strength to 
weight ratio, surpassing that of structural steel 
(Table 1). As a circular tube with periodic nodes, 
it represents the most efficient form for structural 
columns. It is not the most efficient form for beam 
elements but is nearly so. Its tensile strength is 
high, it is light, and it is easily split into strips which 
can be woven into mats. 

Bamboo can thus compete on an equal footing 
with geosynthetics, as demonstrated for a typical 
geogrid in Table 1. It has similar tensile strength 
and can be used as a woven mat. Beyond this, it is 
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Fig. 5. Retaining wall constructed with tie back elements. 

Table 1. Comparison of typical material strengths (after Fang, 1979) 

Material Thick- Strength 
ness 
mm kN/m kN/m2 

Mass 

z 3 
Sp.gr. /G 

z 
/G tel 

kg/m kg/m G. kN/m to steel 

Steel -- -- 280000 

Polypropylene -- -- 470000 

Bamboo -- -- 73000 

Polypropylene- 4.0 32.0 -- 
grid 

possible to make use of bamboo's bending resis- 
tance, a property geosynthetics do not possess. 
Possible geotechnical applications can thus be en- 
visaged. 

Round bamboo could be placed transversely 
across road subgrades, in much the same way that 
corduroy roads are constructed. The culms would 
act as beams, spreading the applied vehicular loads 
over a wide area on the subgrade, thus decreasing 
the applied pressure and reducing the anticipated 
settlements. Woven mats of split bamboo could be 
used to separate road embankment fill and soft, 
weak subgrades. Whole culms could be used with 
the mats to increase roadbed strength. Grids of 
small diameter bamboo culms can be lashed 
together at centreline spacings of the order of 0.3 
m. These grids have already been used to reinforce 

7.9 35000 1.0 

0.91 520000 15.0 

-- -- 0.72 100000 2.5 

0.32 80 0.08 98000 2.8 

the shoulders of steep slopes (Fang, 1979) as in 
Figure 4 and could also be used to tic back retaining 
walls, as in Figure 5. Vertical soil "nails" made of 
whole culms placed in augured holes in the 
shoulders of potentially unstable slopes have al- 
ready been designed (Fang, 1979). Through high 
shear resistance, the row(s) of culms prevent the 
potentially failing soil mass from sliding (Fig.6). 

These applications of bamboo inclusions in soil 
structures make use of the mechanical properties 
bamboo has in common with geosynthetics, as well 
as the high shear strength and bending resistance 
that bamboo culms possess and geosynthetics do 
not. However, if bamboo is to be put to these uses 
successfully, a number of research areas must be 
investigated. 
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Recommendations for Research 

Work has already been performed on the treat- 
ment of bamboo to make it resistant to insect and 
fungal attack, and to weathering. This should be 
continued with vigour, because any soil structure 
relying on bamboo for support is implicitly un- 
stable without that support. If the bamboo 
deteriorates during its service life, collapse of the 
soil structure will ensue. 

An adequate knowledge of the mechanical 
properties of bamboo must be established, if work- 
able engineering designs are to be developed. The 
fact that bamboo is a "new" material to formal 
engineering design, is complicated by the fact that 
it has biological origins. Given that there are an 
estimated 75 genera and 1250 species of bamboo, 
and that it is grown in habitats ranging from the 
temperate to the tropical (Sharma, 1980), it is un- 
derstandable that the mechanical properties of 
bamboos will be extremely variable. Work carried 
out by Janssen (1980) on bamboo obtained from 
just one location indicates a wide variation in 
mechanical properties and a multiplicity of control- 
ling factors. How wide the variation might be, and 
what values of the mechanical properties are typi- 
cal for different species of bamboo must be deter- 
mined if reasonable engineering design codes are 
to be assembled. 

Research should be carried out on the frictional 
resistance that can be developed between bamboo 
and the surrounding soit, and the amount of inter- 
lock that can be developed between bamboo ele- 
ments and soil, as it is upon these properties that the 
bamboo-based geotechnical structures will rely for 
anchorage. Unless properly anchored, the bamboo 
structural elements will not be able to develop the 
tension they are required to resist in these struc- 
tures. 

Beyond an understanding of the properties of 
the fresh material, the variation of the properties 
over Lime, caused by treatment, aging and service 
conditions must be understood. If the mechanical 
properties of the bamboo deteriorate below 
threshold values over time in service, the structures 
will eventually collapse. 

Trial designs should be built, instrumented and 
tested, in order to check the validity of design 
assumptions, and to work out such details as con- 
nection methods for the bamboo structural ele- 
ments. Small models can indicate trends in an 
economical way. Large models, designed on the 
basis of small model results, can then be tested on 
a field scale. What is sought is a battery of safe, 
economical, workable designs for reinforced road 
structures, embankments, slopes and retaining 
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walls. Some applications of bamboo which may 
just not prove to be feasible can be identified 
through model studies. 

If bamboo is to become widely used as a 
geotechnical engineering material, reasonable 
design methodologies and common terminologies 
should be worked out. The steps developed for 
geosynthetic design could serve as a model, but 
modifications will be required to take into account 
the peculiarities of bamboo. 

Socio-economic Context 

If bamboo-based geotechnical designs are to be 
widely adopted, recognition must be given to the 
conditions under which the material will be 
processed and used - a low capital, high labour 
context, Fortunately, the material itself is light, 
lending itself to labour intensive methods, and 
technology for its processing has been long estab- 
lished. 

Using bamboo mats in road construction will 
build upon skills already developed for the 
manufacture of walls and partitions with woven 
bamboo (McClure, 1966). Mat size must be 
selected so that the mats are easily made in a cottage 
industry setting, are easily transported, and yet are 
large enough for efficient road building. Standard 
design for the mats is suggested, so that the end 
product is consistent while manufacturing activity 
can be cairied out in scattered locations. A parallel 
to the modular design and construction of Bailey 
bridges is appropriate. 

It is recommended that a common system of 
grading whole bamboo culms be adopted, so that 
their engineering properties can be reliably 
predicted in the field despite processing at 
numerous widely scattered small scale facilities. 
Precedents are already available in conventional 
timber engineering. 

Conclusions 

The future looks bright for the use of bamboo 
in geotechnical structures. Taking a broad view of 
the developments in geosynthetics can indicate the 
paths that bamboo-based geotechnical research 
should take, leading to designs which make use of 
this economical, indigenous and efficient engineer- 
ing material while simultaneously satisfying socio- 
economic needs. The research effort should be 
channelled toward: 

further research on treatment methods to 
extend bamboo life in geotechnical structures 
an understanding of the conventional mechani- 
cal properties of bamboo: how variable those 
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properties are and what parameters control the 
properties 
a determination of hitherto unexplored proper- 
ties such as the friction developed at the 
bamboo/soil interface, and the amount of 
interlock bamboo can develop with soils 
an understanding of how rapidly the mechani- 
cal properties of bamboo deteriorate with time 
when placed in soit 
the testing of carefully designed model and 
prototype bamboo-built pavements, embank- 
ments, slopes and retaining walls 
the development of rational design 
methodologies and terminologies for bamboo 
construction 
the development of a design code and grading 
system for the use of bamboo as a construction 
material. 
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Utilization of Bamboos for Engineering Purposes 
K.S. Low 

Forest Research Institute of Malaysia (FRIM), 
52109 Kuala Lumpur. Malaysia. 

Abstract 
The stiffness and relatively high tensile strength make bamboo suited for use as an 
earth-reinforcing material. With the support of the International Development Research 
Centre (IDRC), the Forest Research Institute of Malaysia (FRIM) has initiated a 
research programme for the utilization of bamboo in reinforced earth structures such 
as highway/road embankments, vertical retaining walls, etc. This paper highlights the 
work being carried out at FRIM on this aspect. 

Introduction 

Being an ancient material, bamboo bears a close 
relationship with the development of civilization in 
some parts of the world notably Asia, where it 
occurs in abundance. Bamboo has been put to a 
wide range of new applications in numerous fields 
including engineering (Janssen, 1981, 1985, 1988; 
Siopongco & Munandar, 1987). One of these is the 
use of bamboo in reinforced earth structures. 

A major problem facing the use of bamboo in 
earth structures is its long-term durability. This is 
of prime importance because any failure caused by 
low durability could mean disaster. This problem 
can be expected to be more critical than with 
geotextiles because bamboos are prone to greater 
deterioration than geotextiles. Other disad- 
vantages associated with the use of bamboo include 
variability, non-homogeneity and the anisotropic 
nature of the material. In practice, these have 
resulted in difficulties in using the material because 
property values required for design cannot be deter- 
mined with sufficient accuracy. 

Traditionally, bamboos have been commonly 
used in the construction of houses, scaffoldings, 
bridges, etc. However, it has also other interesting 
engineering applications such as in control of soil 
erosion (Noda, 1986), reinforced concrete slabs 
(Kankam, 1986) and reinforced concrete roads 
(Grisay, personal communication). 

Bamboo-reinforced Earth Structures 

It is very difficult to build a steep earth slope on 
a ground with a low bearing capacity. Even on soil 
with high bearing capacity, there is a lirait to the 

gradient of the slope. As shown in Figures 1 A and 
1B, a steep slope may result in the shear resistance 
of the fil being unable to withstand the potential 
sliding moment caused by the weight of the soil on 
the slope. Subsequently, any extemal disturbances 
such as traffic vibrations may trigger a slide along 
any plane within the fill. 

By incorporating horizontal layers of bamboo 
reinforcement (Fig.1C), the shear resistance of the 
fill is increased to provide additional resisting mo- 
ment to counteract the sliding moment (Ingold, 
1982). Furthermore, the slide is also avoidedpartly 
by the high strength/low strain characteristic of the 
bamboo. In addition for steep but non-vertical 
slopes, natural vegetation must be planted on the 
slope to prevent soil erosion. 

The construction of a bamboo-reinforced earth 
slope has a distinct advantage in that this technique 
does not require any special skill or expensive 
equipment. The bamboos are simply laid on the 
horizontal ground before they are covered with a 
layer of fil and compacted. 

The research on bamboo-reinforced earth struc- 
tures ('geobam') being carried out at FIRM is in 
two parts: (i) full-scale trial at Bukit Gambir and 
(ii) laboratory investigation. 

Full-scale Bamboo-reinforced Embankment 
Trial 

Towards the end of 1987 the Malaysian High- 
way Authority (MHA) agreed to provide to FRIM 
a section of its lay-by embankment of the Seremban 
to Ayer Hitam`Highway project under construction 
to carry out research on the use of bamboo as slope 
reinforcement in highway embankment construc- 
tion. 
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Collapse. 

Embankment 
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(a) Failure mechanism of an embankment 

(b) System of torces in an embankment. 

Centre 
r 

tb 
Embankment " Z'b 

w 
Sliding plane 

Lb. 
Bamboo reinforcement 

(c) System of torces in an embankment when horizontal bamboo 

reinforcements are incorporated 

Fig. 1. Embankment stabilization. 
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Fig. 2: Location plan for full-scale trial a£ Bukit Gambir. 
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As shown in Figure 2, the full-scale trial test site 
is located near a small town called Bukit Gambir 
which is approximately 200 km south of Kuala 
Lumpur. The trial commenced in mid-June 1988 
when construction work began on the embank- 
ment. As shown in Figure 3A the base of the 
embankment is 31.36 m wide and the height is 4.5 
m. However, only one-half of the embankment was 
used for the experiment. For the test portion, the 
slope designed was 1:2 whereas for the used section 
it was 1:0.84 (Fig. 3B). In addition, the used portion 
of the embankment was divided into two parts such 
that one part (25 m) acted as a control section with 
no reinforcement and the other part (25 m) was 
reinforced with bamboo (Figs. 3A, B). 

Two species of bamboo, namely, Gigantochloa 
levis and G. scortechinii were chosen based on easy 
availability and suitable sizes. In addition, two 
cross-sectional shapes, round and half-round were 
selected for the test. In order to increase the 
durability of bamboos against termite attack, these 
were treated with the copper/chrome/arsenic 
(CCA) preservative before embedding in the soil. 

As shown in Figure 3B, 15 culms of round 
bamboo (each 5 m in length) of G. levis were laid 
in section A; 15 half-cut bamboo of both G. levis 
and G. scortechinii in section B and 15 culms of 
round bamboo of G. scortechinii in section C, 
respectively, in each layer. The embankment con- 
sisted of four such layers with a spacing of 1 m 
between them. In this way, the uppermost bamboo 
layer is 0.5 m from the finished surface. The 
horizontal spacing between two bamboo culms was 
fixed at 0.5 m. 

For this type of construction, the inter-layer 
spacing, the horizontal spacing between bamboo 
culms, and length of bamboo culms are normally 
determined from soil data, and the height and slope 
angle of the structure. However, for this prelimi- 
nary investigation, the optimum design data re- 
quired for these parameters were not yet known and 
here all parametric values used in the current inves- 
tigation were arbitrarily chosen. 

Strain gauges were attached to the centre culm 
in each section. In section A, for example, a total of 
12 strain gauges, or six pairs, were placed at the 
intemode positions along the culm (Fig. 3C). How- 
ever, only six gauges, all on the top, were placed 
along the half-cut bamboo culm in section B, and 
for section C all six gauges were placed at nodal 
positions of the round bamboo (Fig. 3D) . In order 
to prevent undesirable effects that might be caused 
by water seepage, a water-proofing agent was ap- 
plied to these gauges. 

These strain gauges allowed strain changes on 
the bamboo culms to be measured using a strain 
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meter. The detection is achieved via a set of wire 
leads that emerged from the sloping surface of the 
embankment. However, a number of these gauges 
were lost, usually by detachment from their wire 
leads, during their embedment. 

Stresses induced in the bamboo culm were ob- 
tained from the measured strain value by multiply- 
ing with the appropriate Young's modulus value 
already determined in the laboratory. Test results 
obtained indicated that considerable stresses, both 
tensile and compressive, were developed at dif- 
ferent locations along the bamboo culms. The 
magnitude of the stresses induced was dependent 
on the position of the layer (i.e., embedment depth) 
of the bamboo reinforcement. The greatest stresses 
were recorded near the base of the embankment. 
The structural behaviour of this newly constructed 
bamboo-reinforced embankment slope will be 
monitored over a period of at least three years. 

Laboratory Investigation 

Basically, the laboratory investigation have 
been on (a) the bamboo material, (b) the soil 
material and (c) soil-reinforcement interactive sys- 
tems. 
The bamboo material: In view of the importance of 
the durability of bamboo in earth structures, the 
natural durability of two bamboo species used, 
namely, G. levis and G. scortechinii was studied. 
A total of 396 culms of untreated bamboos, each 
2.3 m length, were embedded 0.46 m deep into a 
test ground at FRIM. After a six month period, it 
was found that nearly 50 percent of all bamboos had 
been attacked and destroyed mainly by termites. 
The variability of bamboo warrants a comprehen- 
sive study on the variation of engineering proper- 
ties along the bamboo culm. In addition, the drying 
characteristics of these bamboos were also inves- 
tigated. Furthermore, microslides of sections taken 
from along the culm were prepared in order to 
correlate the anatomical structure of bamboo with 
its various properties as obtained during the tests. 
The soil material: The earth fill of the full-scale test 
consisted mainly of weathered granite material. 
Standard shear box tests were carried out to deter- 
mine the shear friction angle for remoulded and 
undisturbed soil samples. 
Soillreinforcement interactive systems: The stand- 
ard shear box tests were conducted on (i) soil and 
bamboo, (ii) soil and steel, and (iii) soil and a 
geotextile material. For the soil/bamboo system, 
however, in addition to the outer surface, tests 
involving the middle and inside sections of the 
bamboo were also carried out. These tests were 
designed to determine the maximum friction angle 
developed at the interfaces of these systems. 
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A steel rectangular test container measuring 3.6 
x 1.8 x 1.5 m was fabricated to hold a bed of soil 
for reinforced-earth investigation. With one mov- 
able side wall, this test container will permit pull- 
out tests on bamboo reinforcement to be performed. 
A number of results have already been obtained 
and are being analysed. 

Conclusion 

The full-scale test results obtained indicate the 
suitability of bamboo as reinforcements in the con- 
struction of reinforced-earth structures. In addi- 
tion, the tests show that strain gauges can be 
employed for strain measurements in large-scale 
work. 

Engineering applications of bamboo have at 
present a lower socio-economic importance than 
other applications. However, the fact that en- 
gineering applications such as geobam normally 
involve a substantial quantity of material may sug- 
gest a more prominent socio-economic role for 
bamboo in the future. 
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Maintenance and Operation of a Bamboo 
Pipe Water Supply System 

T.N. Lipangile 
Wood/Bamboo Division, P.O. Box 570, Iringa, Tanzania. 

Abstract 

For the pastfew years, Tanzania has successfully set up rural water supply schemes by 
using pipes made out of Bamboo conduits. Most of the scientific and technical problems 
have been resolved to a satisfactory extent. This papes briefly describes the manage- 
ment, handling, maintenance and operation of a bamboo pipe water supply system. 

Introduction 

The bamboo pipe water supply system 
developed in Tanzania, is receiving wide global 
recognition from several scientific and technical 
research-oriented organizations which are basical- 
ly interested in developing and propagating useful 
bamboo products (Bronkonsult, 1983; Gokcesu, 
1980; Liese, 1986; Lipangile, 1984, 1985a,b, 
1986a-d, 1988; Lipangile et al., 1978; 
Purushothama, 1954). Through experience it has 
been observed that bamboo pipes can be effective- 
ly used in meeting the rural needs of villages with 
a population of 2500 to 10 000. In some areas, 
bamboo pipes can be supplemented by convention- 
al materials, for example, steel and plastic, where 
higher pressure and larger diameter pipes are 
desirable. 

The problems encountered earlier and those 
resolved in using bamboo as a water supply system 
are given below. 
- Selection and identification of suitable species 

of bamboos for water supply purposes. 
- Hydraulic behaviour of the bamboo culm when 

exposed to water pressure impact, friction of 
water in the bamboo tube, velocity of water in 
relation to the flow with transmitting gradient. 

- General techniques involving system design 
and construction 

- Sale bamboo preservation techniques that do 
not cause health hazards and environmental 
pollution. 

- The economic advantage of using bamboo 
pipes when compared with conventional 
materials like steel and plastics. 

- Socio-economic benefit through village 
participation during project implementation. 

Recent Experience - Preservation 

Although the design and construction of pipe 
systems made of bamboo had been standardised 
earlier, there were technical difficulties in adopting 
a suitable and sale preservation technique. This 
problem has been resolved recently as given below: 

Prevention of decay fungi 

Constant saturation with water prevents 
interior decay and exterior decay is prevented 
by coating tar on the outside. 
Coating the inside and outside of the bamboo 
pipe with bitumenous paint approved for 
drinking water contact surfaces. This is 
achieved by the dipping method. 
The impregnation of less toxic fungicides, for 
example borax, AAC (alkyl ammonium 
compounds) and lining with polythene film 
inside the pipe as a water contact prevention 
barrier. 

Prevention of Termite Attack (Smith et al., 
1972) 

- Admixture of pyrethroids insecticide with tar 
and coating the bamboo on the outer surface. 
The tar fixes pyrethroids and prevents degrada- 
tion. Water quality tests conducted by Well- 
come Research Laboratories, U.K. showed that 
the tested water was within the World Health 
Organization approved standard. 

- In non-termite infested areas, tar coating alone 
is sufficient to prevent minor incidental termite 
attack. 
If a life span of over 10 years is achieved by 

these methods, the preservation methods will be 
economical. 
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Table 1. Cost of running and operation of village bamboo water supply scheme 

Particulars of expenditure Rate Cost/annum (US $) 

Annual salary payable to two 
men employed in the village 

US $ 15.00 per 
person per month 

360.00 

Wire reinforcement 
(1/2 of a roll per annum) 

Spare bamboo pipes including 

US $ 70.00/roll 35.00 

transportation from forest tu site 

Preservatives e.g. chlorine, 

Lump sum 35.60 

insecticides, tar, etc. Lump sum 21.20 

Taps, fittings and joints Lump sum 100.00 

Inspection including transport and allowance Lump sum 22.44 

Miscellaneous 5% of the total colt 28.71 

Total cost /annum 602.95 

Maintenance and Operation of Bamboo 
Water Supply System 

Organization 
During construction of the bamboo water sys- 

tem in the village, two people from among the 
village community are selected by the village 
government as prospective workers for training 
future village maintenance technicians. 

Training Procedure 
As the construction work progresses, for ex- 

ample, construction of intake, pipeline building, 
etc., the villagers are made to interact with other 
workers in the construction activities so that they 
can learn all aspects. Strong emphasis is placed on 
the proper maintenance of water intake pipelines 
by replacement of burst bamboo pipes, repair of 
leaking pipe joints, repair to insect attacked spots; 
sterilization of the whole water system by chlorine, 
flushing of the bamboo water main and clearing of 
water tanks; upkeep of spares like joints, wire for 
bamboo pipe reinforcement, keeping of spare bam- 
boo pipes in the water pond, spare water taps, 
insecticides, chlorine, etc.; upkeep of daily opera- 
tional incidents, for example, burst pipes, leaky 
joints, insect attack, availability of water at the 
source and spares in stock, etc.; monthly reporting 
to the headquarters by means of a proper station 
logsheet; attending village government council 
meetings. 

Water Quality Control 
Bamboo is prone to bacteriological decay and 

can become accidentally chemically polluted. 
Samples of water are collected by a qualified senior 
laboratory official and submitted to the central 
laboratory for analytical purposes. 

Cost 

The cost of the bamboo water supply scheme is 
low (Table 1). 

References 

Bronkonsult, A.B. 1983. Evaluation of Tanzania Wood- 
Bamboo Technology, Final Report (June) (Engineers- 
Economists-Planners c/o Sundberg Vag 1-3, S 18363 
Taby-Sweden). 

Gokcesu, Suhan 1980. Laboratory investigation for 
determining hydraulic design for bamboo and woodstave 
pipes. Univ. Dar es Salaam, Tanzania. 

Liese, W. 1986. Bamboo. Hamburg Univ., West Ger- 
maI y. 

Lipangile, T.N. 1984. Wood-Bamboo. Presented at 
Rural Hydraulic Development A.P.V. Countries & 
Mediterranean Basin (June), Marseilles, France. 

Lipangile, T.N. 1985a. Role and development of wood 
bamboo division and experience of one decade. Regional 
Water Engineer's Conf. Arusha. 

Lipangile, T.N. 1985b. Use of bamboo as water pipes. 
:315-320. In Rao, A.N.; Dhanarajan, G & Sastry, C.B. 

308 



BAMBOOS Current Research 

(eds) Recent Research on Bamboos. CAF, China and 
IDRC, Canada. 

Lipangile, T.N. 1986a. Wood and Bamboo as Water 
Conveyance. Seminar on Rural Technology in Tanzania, 
Univ. Dar es Salaam, Tanzania. 

Lipangile, T.N. 1986b. Wood-Bamboo in Water Con- 
veyance, International Water and Sanitation Conference, 
Calcutta, India. 

Lipangile, T.N. 1986c. Use of Bamboo Pipe in Water 
Supply Systems. Proc. Use of Vegetable Plants and Their 
Fibres, Baghdad, Iraq. 

Lipangile, T.N. 1986d. Development of Bamboo Water 
Piping Technology in Tanzania. Proc. Bamboo Produc- 
tion and Utilization. IUFRO World Congress, Ljubljana, 
Yugoslavia, September. 

Proceedings of the Int'I Bamboo Workshop, Nov 14-18, 1988 

Lipangile, T.N. 1988. Manufacture and Construction of 
Bamboo Water Supply Systems. Presented at ABC, 
Prafrance, France. 

Lipangile, T.N.; Jacobs & Kundborge, N. 1978. Main 
Final Report, Wood-Bamboo Project 1978, SIDA, Stock- 
holm, Sweden. 

Purushothama, A. 1954. Preservative treatment of 
green bamboo under low pneumatic pressures. Indian 
Forest Bull. No. 178. 

Smith,V.K.; Beal, R.H. & Johnston, H.R. 1972. Twen- 
ty-seven years of termite control.40: 28, 42, 44 U.S. 
Department of Agriculture's Forest Service Laboratory 
at Gulfport, Mississippi. 

309 



BAMBOOS Current Research Proceedings of the /nt'1 Bamboo Workshop, Nov 14-18, 1988 

Waste-water Treatment by Low Cost Bamboo 
Trickling Filter and Pond Systems 

Wolfgang Kirchhof 
Research Institute for Water Technology, Technical University of Aachen, 

Mies-van-der-Rohe-StraBe 17, 
D-5100 Aachen, Federal Republic of Germany. 

Abstract 
Two low cost bamboo trickling filters and a waste water pond system have been 
constructed in Java and operated for two years for the secondary treatment o f municipal 
wastewater. For running these systems, health hazards, caused by noxious organisms 
and ingredients of the waste-water, should be reduced to a non-critical level for a 
subsequent recycling of the waste-water for irrigation in paddy fields. The project 
combined traditional building skills with sophisticated methods of calculation and 
design of water treatment facilities. Bamboo filter systems were compared with a 
stabilization pond system, which is already well-known. Emphasis was placed on the 
assessment of the efficiency of removal of pathogenic germs and on the estimation of 
the requirements of land, energy andfinancial inputs. The cost-benefit analysis showed 
a low specific capital cost for each waste-water treatment system. A level of less than 
20 US dollars per capita has been achieved at a small design population of about 20 
persons. The data of these probe studies indicate that both the pond and the Bamboo 
filter systems can be used as a small scale waste-water treatment plant. The preference 
of these systems depends on local settings. In densely populated or mountainous regions 
the advantages of the bamboo filter systems outweigh those of the pond system. In 
regions abundant in water resources, the pond system should be preferred. 

Introduction 

Waste-water reuse in agriculture is becoming 
an attractive method of increasing water resource 
utilization (Anonymous 1972). In addition to the 
value of the reclaimed water, the nutrients con- 
tributed to the crops by use of such water which are 
rich in organic matter cannot be overlooked, par- 
ticularly in a period of increasing cost of chemical 
fertilizers and increasing demand for seulement 
area. 

The use of domestic waste-water for crop fer- 
tilization has been widely practised for years in 
many regions of Java. While the improvement in 
soil productivity is of vital importance, the public 
health risks caused by disease transmission to 
agricultural workers or to the consumers of crops 
eaten raw must be carefully considered. Human 
excreta and raw domestic micro-water have been 
shown to carry the full spectrum of pathogenic 
micro-organisms endemic in the community. 

Stabilization ponds are still the simplest form 

of waste-water treatment (Arthur, 1982; Gloyna, 
1971; Li, 1978). Although these are land-intensive, 
these are the most effective way of removing 
pathogens. This is particularly important when the 
effluent is to be reused in aquaculture and irriga- 
tion. If land is not available or is too costly tojustify 
pond treatment, alternative waste-water treatment 
processes, such as trickling filter operations will 
have to be considered. 

In trickling filters, aerobic attached-growth 
biological-treatment processes are applied to 
remove organic matter found in waste-water. Trick- 
ling filters are classified according to hydraulic or 
organic loading rates as low-rate, intermediate- 
rate, high-rate and super-rate. Hzydraulic loadings 
vary from 1 to 200 m3/d per m and the organic 
loadings from 0.08 to 6.0 kg BOD5/d per m3. BOD5 
refers to the biological demand in five days at 20 
C. Assuming a population equivalent (PE) from 40 
to 50 mg/d, a trickling filter could be charged with 
loading rates from 1 PE/m3 filter media to 1000 
PE/m3. 

310 



BAMBOOS Current Research 

Setting 

In West Java, the Ministry of Public Works bas 
initiated a programme to develop low cost waste 
water treatment plants with minimum land require- 
ments. The Institute of Hydraulic Engineering 
(IHE), Bandung and the "Forschungsinstitut fur 
Wassertechnologie" (FIW) of the Federal Republic 
of Germany, have chosen two différent types of 
trickling filters as waste water treatment plants as 
these systems are commonly used and require only 
simple construction skills and low energy. 

As bamboos are widespread throughout In- 
donesia and its utilization is ethnologically well 
known to the local population (Widjaja, 1988), the 
project had focused on the construction and opera- 
tion of filter systems, with many parts made from 
bamboo material. The filter media consisted of 
open bamboo rings, varying in size from 30 to 60 
mm in diameter and length. The depth of the banc 
boo media was about two m. 

For the trial the IHE rented a 0.25 ha paddy field 
in the lowlands south of Bandung. Here, the fields 
were irrigated with water from the river passing 
through the main population area of Bandung, 
where it got highly loaded with domestic wastes. 

Performance Data 

The waste water treatment facilities were built 
in 1985. From 1986 to 1987 research activities 
were carried out in four periods, the duration of 
which were adapted to the local rice growth 
periods. The flowsheet in Figure 1 describes the 
plant arrangement of the third sample run in which 
four différent processes were tested. The capacity 
of each treatment plant was for 20 persons. 

Grid removal facilities, especially for separat- 
ing plastics, were installed ahead of each process 
line so that they were fed with waste-water free 
from coarse solids. The first main process unit was 
a low-rate bamboo trickling filter, assessed for a 
volumetric BOD5-loading rate of 0.1 kg BOD5/m3 
per day. The feed-water was first pumped into an 
elevated supply tank for primary settling. This 
type of filter was designed for operation in moun- 
tainous regions where a gravity-flow inlet could be 
installed. The second main process unit was a 
high-rate bottom filter, with an assumed volumetric 
BOD5-loading rate of 0.3 kg BOD5/m3 per day, and 
a sedimentation basin installed beneath. Because 
of its low inlet weir, the filter was directly charged 
from the irrigation channel. The third main process 
unit was a pond system which consisted of a first 
step water hyacinth pond, a second step aerobic 
pond, a third step aquaculture pond and a fourth 
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step maturation pond. Beneath each of the waste 
water treatment processes described above, a paddy 
field as a third treatment process unit was attached. 
As a reference point a directly irrigated paddy field 
was also operated. 

Filter Construction 

The construction of the filter systems is il- 
lustrated in Figures 2 and 3. The bottom filter (Fig. 
2) was discharged in free-head and high-loaded at 
a designed loading rate of 20-30 PE/m3. The low- 
rate trickling filter (Fig. 3) was discharged by a 
hand pump or an electrical pump. A service reser- 
voir was installed ahead of the discharge facility 
(Fig. 4) to equalize the inflow rate. The discharge 
facility was made from zinc sheets, but split bam- 
boo poles could be used as well. 

The main parts of the filters were made from 
"bamboo gombong" (Gigantochloa verticulata). 
As filter media and as roof laths "bamboo tali" (G. 
apus) was used. Both bamboo species were com- 
mon local building materials, prices of which 
varied from 150 Rp (10 US cents) for one pole of 
bamboo tali to 1500 Rp (1 US $ ) for one pole of 
bamboo gombong. 

The performance data of the bamboo filters and 
of the stabilization pond system are summarised in 
Table 1. 

Results and Discussion 

The evaluation of the reduction of total 
coliforms, degradation of nutrients, evaluation of 
rite yields, observation of users' acceptance of the 
systems and a cost-benefit analysis were donc. 
Sample runs lasted from November, 1985 until 
January, 1986 (1), June, 1986 until October, 1986 
(2), February, 1987 until June, 1987 (3), and Sep- 
tember, 1987 until December, 1987 (4). Twice 
weekly, at about 11 a.m. to 1 p.m., samples were 
taken and analysed. Family members of an agricul- 
ture worker living nearby were instructed by the 
IHE-engineers to daily maintain the treatment 
plant, to observe the filters, ponds, paddy fields and 
dikes, and to measure simple physical parameters. 
Meteorological parameters were obtained from the 
Geofisika Station of Bandung. For sample run 3, 
the environmental conditions of the pond and filter 
systems have been characterized by the parameters, 
means of which are summarized in Table 2. 

Microbiological Water Quality 

In sample run 1, the total coliforms (TC) was 
measured in raw water influent and effluent of the 
bottom filter, the pond system and the paddy fields. 
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bamboo roof construction 

I--width in square 1.5 m--- 

Fig. 3. Illustration of the bamboo trickling filter: 

Figure 5 shows the minimum, maximum and 
median values obtained. In the bottom filter the TC 
level is reduced by an order of 1.1 and corresponds 
to values stated by Feachem et al (1977). The 
disinfection by the pond systems was more effec- 
tive, reducing the feed TC level to about 2.0 log 
units. 

Physical and Chemical Quality of Water 

The objective of the waste-water treatment was 
to reduce the levels of noxious organisms and 
harmful substances in the raw water as effectively 
as possible and not affect nutrient constituents such 
as nitrogenous or phosphorous components. The 

concentrations of orthophosphate and ammonium 
measured during sample run 3 are summarized in 
Tables 2 and 3. The treatment systems caused a 
non-intended reduction of the P and N concentra- 
tions in the water applied to the paddy fields. As 
the degradation in the filter systems is based on 
bacterial activities, the reduction of phosphate from 
3.82 to 3.21 mg/1 was lower than the degradation in 
the pond system from 3.82 to 1.23 mg/1 caused by 
algal growth. The highest P and N degradation rate 
in the paddy fields was observed when the raw 
water was directly used for irrigation. Thus, the 
nutrients in raw water were more effectively 
degraded in pond systems than in filter systems and 
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Fig. 4. Discharge facility of the trickling filter. 
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Table 1. Performance data of the bamboo filters and the pond system 

Item Bottom Trickling Pond system 
filter filter Water 

hyacinth 
Pond 2 Aquaculture Pond 4 

Area (m2) 3.0 1.5'1.5 15.0 75.0 50.0 50.0 

Depth (m) 0.08 2'0.9m 0.25 0.25 0.5 0.3 

Volume influent (m3) 0.5-2.3 4.0 4.0 20.0 25.0 15.0 

Flow rate influent (m3/day) 1.0-3.4 1.0-3.4 3.4 3.3 3.1 3.0 

BOD conc (kg BOD/m3) 0.03-0.05 0.03-0.05 0.034 0.014 0.021 0.016 

Detention time (h,d) 0.5-2.5h 2.5-5 h 1.2d 6d 8d 5d 
Vol. BOD-loading (kg BOD/m3/d) 0.2-0.4 0.1-0.2 

Loading rate (kg BOD/ha/d) 77.0 6.2 13.0 9.6 

BOD refers to the BOD in fine days at 20 C unless otherwise mentioned 

a negative effect on the rice yield can be expected. 

Rice Culture Results 

The rice yields of the harvests are summarized 
in Table 4. In sample run 2, the results were low 
because of improper handling of seedlings and a 
long drought at the beginning of the growth period. 
The results of sample runs 1, 3 and 4 show that the 
yield on the paddy that was directly irrigated was 
normal, varying between 7.1 and 9.9 tonnes/ha. 
The yield of the pond paddy, which ranged front 
6.2 to 8.1 tonnes/ha, was about 18 percent below 
the reference yield. In sample run 1, the low yield 

of the bottom filter system was not only because of 
lack of nutrients but mainly caused by rodents 
damaging the roots of the rice plants. Normal 
operation was achieved in sample run 4, with no 
significant différence between the pond and filter 
systems. 

Assessment of the Reception of the 
Waste-water Treatment System 

As the systems have been designed for opera- 
tion at village level, emphasis was placed on the 
acceptance of these systems by the users. In rural 
areas, the acceptance of waste-water treatment 
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Table 2. Data of influent and effluent of the filter and pond systems 

Parameter Influent Bot tom filter Trickl ing filter Pond system 
Filt er Sedim. 

pond 
Prima 
settlin 

ry Fil 
g 

ter Water Aqu 
hyacinth cultu 

a- Pond 4 
re 

Temp. (C) 26.40 24. 90 28.80 28.60 24 .60 27.50 31.3 0 30.20 

pH-level 7.21 7. 63 8.23 8.36 8 .19 7.25 9.1 7 8.86 

Org. matter (mg/1) 21.60 13. 40 14.60 19.60 25 .70 12.80 19.0 0 14.90 

NH4-N (mgil) 17.00 12. 29 8.42 3.90 2 .50 6.23 2.2 6 1.40 

P04-P (mg/1) 3.82 3. 21 2.21 1.98 2 .60 1.56 1.7 3 1.23 

10- 

8J 

6. 

4. 

2 

log total coliform [MPN/100ml] 

8.76 
7.66 

632 

.76 

6.53 6.30 

8,76 

6.49 

Maximum 

Median 

Minimum 

-- 
influent filter paddy influent pond paddy influent paddy 

bottom filter pond system direct irrigation 

Fig. 5. Concentration of total coliforms in influent, effluent of each bottom filter; pond system and 
paddies. Minimum, maximum and median values of sample run 1. 

Table 3. Inlet and outlet data of the paddy fields: sample run 3 

Parameter Be. B ottom fil ter Be.trickling filter B eneath pond Dire ct irrigated 
Influe nt Ef fluent Influent Efflu ent In fluent Effluent Infl uent Effluent 

pH-level 

Sus. 

8.23 8 .17 8.19 7.9 5 8.86 8.25 7.2 1 7.54 

solids (mg/1) 

Org. 

191.0 230 .0 332.0 261.0 34 4.0 207.0 226. 0 200.0 

matter (mg/1) 14.60 15 .70 25.70 19.2 0 1 4.90 17.50 21.6 0 12.00 

NH4-N (1119/1) 8.42 4 .62 2.50 2.3 0 1.40 0.72 17.0 0 4.62 

PO4-P (mg/1) 2.21 1 .56 2.60 1.7 7 1.23 0.97 3.8 2 1.31 

Be, beneath; F, filter 
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Table 4. Rice yields in tonnes/ha 

Proceedings of the loti Bamboo Workshop, Nov 14-18, 1988 

Sample Period Bottom Trickling Pond Direct 
run filter filter system irrigation 

1 11/85-1/86 1.9 * 6.2 7.4 

2 6/86-10/86 0.10 0.09 0.4 0.14 
3 2/87-6/87 4.7 7.5 6.2 7.1 

4 9/87-12/87 7.9 8.4 8.1 9.9 

*, not installed in sample run 1 

technologies depends mainly on the level of adjust- 
ment and the pttce level. During the running of this 
project, special attention was paid to the following 
aspects: 
Simple methods of construction: Using earthworks 
and working with bamboo, zinc sheets and wood. 
Application of local building materials: Bamboo 
materials were used for supports, as bars, earth 
reinforcements, water pipes, filter media and wall 
linings. Accessories and tools made from bamboo 
were used for carrying earth, harvesting and keep- 
ing fish. The filter bottom was lined with zinc 
sheets. The gutter and distribution device for the 
trickling filter discharge were also made from zinc 
sheets. Common tiles were used for covering the 
roofs against sunshine and rain. Wooden posts and 
bars were used only sparingly. 
Participation of local people in construction and 
maintenance: One local carpenter and one metal 
worker were assisted by two unskilled workers for 
constructing the filter and pond systems. Members 
of a local family maintained the filters, ponds and 
paddies, including the cleaning of the distribution 
device daily for water discharge, as also of the pond 
edges and surfaces. Preparing the rice seed, plant- 
ing and harvesting were included in their tasks. One 
member of the family was trained in taking water 
samples, analysing water parameters by means of 
simple methods, and in the daily recording of 
hydraulic and physical parameters. 
Acceptance of local preferences and behaviour: 
The parameters of aquaculture such as selection of 
type of fish, stocking rate, initial size of fish, pond 
size and its depth were chosen after considering 
local preferences. Traditional techniques of rice 
culture were adopted and consisted of choice of 
rice, time of planting, duration of wet and dry 
periods, maintenance of paddy fields and choice of 
plant protection against diseases and damage 
caused by rodents or cicadas. 

Only those filter systems which required a low 
input of energy were selected. A hand pump was 
installed to fill the supply tank of the trickling filter. 

The filter buildings were constructed in the local 
style. After assessing the dimensions, sizes of 
pipes, and selecting the materials, the local workers 
were instructed to build the filters. The respon- 
sibility of choosing types of the pole connections 
or selecting the shape of the roof was left entirely 
to them. 

All these procedures have guaranteed a high 
level of acceptance. As the yields of rice and fish 
were distributed among the local family members 
and workers, their willingness to maintain the 
waste-water treatment plant was great. 

Cost-benefit Analysis 

Assessment of Cost 

Capital cost 
The capital cost of the bottom filter, the trick- 

ling filter and the pond system are summarized in 
Table 5, showing portions for material cost and 
salary, based on 3500 Rp per skilled man per day, 
and the material cost in the local market in Ban- 
dung. Bamboo poles were available at 800 to 1500 
Rp per piece. The prices for boards varied from 
3500 to 5000 Rp per piece. It ils evident that the 
filter systems are four times more expensive than 
the pond systems. If the systems are constructed in 
rural areas, the material cost will decrease consid- 
erably as compared to the pond system because of 
the low cost of bamboo. 

Annual cost 
The annual cost comprises the cost of opera- 

tion, maintenance and cost for rental of land. In 
Bandung, the cost for land was 800 Rp m2 peryear. 
The land required b the systems were 50 m for 
the bottom filter, 7 m for the trickling filter and 160 
m2 for the pond system. Based on the experience 
from the project, the maintenance cost was as- 
sumed at 150 000 Rp year, for each system. After 
four years, the cost of the filter systems was found 
to be lower than that of the pond system. 

Based on a design population of 20 perlons, the 
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Table 5. 
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Capital and annual cost of bottom filter, trickling filter, and pond system (in Rp) 

Costs Bottom 
filter 

Trickling 
filter 

Pond 
system 

Material colt 300000 300000 50000 

Salary 660000 750000 200000 

Total capital cost 960000 1050000 250000 

Annual O.a.M.cost 150000 150000 150000 

Annual rental cost 40000 5600 128000 

Annual total cost 190000 155600 278000 

1 US $ = 1600 Rp; O.a.m, operation and maintenance 

capital cost per capita [US-$/capj 
160. 

140 

120 

100 

80.1 

60 . 

40 .J 

20- 

0 0 

Trickling filter 
Bottom filter 

p Pond 

10 100 1000 

design population [cap] 

1) Gloyna, (1971) 
2) CPHERI, (1972) 
3) Ii, (1978) 
4) Arthur, (1982) 

Pond in US,2) 

Pond in Brazil,2) 
Pond in India,2) 

10000 

Fig. 6. Annualized per capita capital cost of différent waste-water treatment systems versus design 
population, 

annualized per capita cost was calculated. The 
cost-effectiveness of the present design can be seen 
from Figure 6. A low-level of less than 20 US 
dollars per capita has already been achieved for a 
small design population of about 20 persons. For 
such small construction sizes, annualized per capita 
cost of 35 US dollars are cited for pond system or 
even 160 US dollars per capita for trickling filters. 

Assessment of Benefit 

To assess the utility of these systems, the 
economic benefits accruing have been estimated in 
terms of rice and fish production, savings in colt of 
water and fertilizer, and savings in medical costs. 
Rice production 

Assuming a price of 200 Rp/kg grains (12.5 US 
cents), an additional annual rice harvest of 4 ton- 

nes/ha brings an economic income of 800 000 
Rp/ha or 16 000 Rp!cap. 

Fish production 
At a price of 1500 Rp/kg of market fish and 

taking 70 percent of the total weight of fish into 
account, an economic benefit of 7 million Rp/ha per 
year (4375 US dollars) is likely to be achieved, with 
a benefit of 3200 Rp/cap per year (2 US dollar/cap 
per year). 

Savings in cost offertilizer and water 
Considering the market price of the constituents 

of raw water and the price of water itself, the 
economic turnover canbe estimated. In series 1 to 
3, an average concentration of organic matter of 
500 mg/1 which consists of ammonium-nitrogen, 
phosphate and suspended solids has been measured 
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in the raw water. Assuming a market price of 500 
Rp/kg of inorganic fertilizer, the economic value of 
raw water could be estimated at 250 Rp/m3 (15 US 
cents/m3). Bartone and Arlosoroff (1987) have 
reported a cost of 3-5 US cents/m3 in Israel. If the 
irrigation water has to be supplied by public works 
agencies in Bandung, a price of 110 Rp/m3 (7 US 
cents) must be considered. Assuming two annual 
130 dasy rice growth periods, a daily water demand 
of 1 m for 20 persons and a price of 110 Rp/m3 of 
water, an annual water cost of 1500 Rp/cap per year 
(93 US cents) can be saved in case of a reuse of 
waste-water. 

Savings in medical cost 
The filter and pond systems were installed to 

improve health conditions by reduction of hel- 
minths and pathogenic germs. Based on the statis- 
tics of the local health care organization 
(PUSKESMAS), the economic benefit of the 
waste-water treatments can be estimated. A total 
reduction of infection cases of ascaris and of diaor- 
rhea among the farmers living nearby can be as- 
sumed. According to the local situation, the annual 
medical costs of about 10 000 Rp (6.25 US dollars) 
per person for helminth and diaorrhea control can 
be saved. 

Conclusions 

The applicability of pond systems and of trick- 
ling or bottom filters has been demonstrated. The 
advantages of the pond system are simple construc- 
tion, low construction cost, good disinfection rates 
considering helminths, its eggs, cysts, amoeba and 
germs, low requirements of maintenance, high lon- 
gevity, and the advantage of integrated fish protein 
production in higher level ponds. Disadvantages 
include the high degradation of phosphate and am- 
monium, the high rate of water loss due to evapora- 
tion and a high land requirement. 

The advantages of the bamboo filter systems 
are simple construction, low maintenance require- 
ment, good disinfection rate considering helminths 
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and ils eggs, low degradation rate of phosphate, low 
water losses and the lowest land requirement. Dis- 
advantages are the construction cost which exceeds 
that for the pond system, low disinfection rate 
considering germs, no additional opportunity in 
terms of protein recovery and a lower life-span than 
the pond system. 

Because of a reduction in the amount of hel- 
minths and germs, the operation of the waste-water 
treatment plants results in an improvement of 
health conditions but affects the subsequent rice 
culture. Yield loss was estimated at 15 to 20 per- 
cent. However, if located in arid regions an ap- 
propriate reuse of the waste-water will enable an 
additional rice harvest. In densely populated or 
mountainous regions the low land requiring filter 
systems should be preferred. If land and water are 
available at reasonable cost, pond systems are ap- 
propriate for waste-water treatment systems. 
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Abstract 
The varied uses of bamboos provide better employment opportunities and income 
distribution to the rural people. The production of bamboos is done with little capital 
and results in pool- resource utilization. Some socio-economic aspects of bamboos as 
raw material for making bamboo-basedproducts and as a primary product for export 
are discussed. A detailed study on the production and marketing of steamed bamboo 
shoots and a preliminary economic analysis for bamboo plantation establishment are 
presented. Research on production and marketing of bamboos is vital for the future 
development of bamboo resources. 

Introduction 

Bamboo is one of the most important minor 
forent products. It provides food, raw material, 
shelter and even medicine for a good part of the 
world's population (Austin et al., 1983; Liese, 
1985), and it continues to hold an important place 
in the rural economy of the developing countries 
especially in the Asia and Pacifie region (Sharma, 
1980, 1985). 

Most of the people living in the rural areas of 
Thailand depend upon agriculture for their 
livelihood. Bamboo is generally grown as a living 
fence; the shoots are used as food and culms as 
building material and also for making handicrafts. 
The lack of income from agricultural crops during 
the rainy season is compensated by bamboo. Also 
the surplus bamboo shoots can be sold in the local 
market or preserved by steaming, pickling or 
drying for future consumption. Bamboo culms are 
used for making a variety of bambooware which 
bring additional income to the rural people (Tham- 
mincha, 1985). 

Most of the people living in remote rural areas 
are poor. Their earnings from agricultural crops are 
not sufficient to cover their living expenses and 
many of them are in debt. Fortunately, bamboo 
offers an altemate source of income. The people 
gather bamboo shoots from the forest and sell them 
to the traders. Some even temporarily migrate 
hundreds of kilometers to the forest for gathering 
and selling bamboo shoots during the rainy season. 
They return to their village after tne rainy season in 
order to harvest their agricultural crops. The 

average roadside price of one kg of fresh bamboo 
shoots is two Baht. One may gather as much as 50 
to 100 kg of shoots per day which brings in consid- 
erable income. Bamboo culms are eut more during 
the dry season as the forest is more accessible then. 
These are also sold as raw material to heavy in- 
dustries. 

With their free access to the forest and the 
ubiquity of bamboo, people tend to indiscriminate- 
ly harvest it. The natural bamboo resource thus 
gets diminished. In the future, however, the scar- 
city of the bamboo resource will compel people to 
plant more bamboos and also use them more effi- 
ciently. 

Bamboo-based industry is generally a low capi- 
tal but labour intensive industry. The results of the 
research on production and marketing will indicate 
the appropriate means for improving the 
capabilities of the rural poor people in producing 
bamboo-based products. 

Some Socio-economic Aspects of 
Bamboo Production 

Bamboo culms are used in partial replacement 
of kenaf for pulp production at the Phoenix Pulp 
and Paper Company, located in Khon Kaen, North- 
east Thailand. The daily demand of raw material is 
300 tonnes of bamboo and 700 tonnes of kenaf. 
However, the supply of bamboo is inadequate. 
Bamboo culms are mainly obtained from natural 
forests, farmlands and home gardens. Heavy har- 
vesting of bamboo shoots during the rainy season 
has resulted in the rapid depletion of the bamboo 
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resource in the region. Dendrocalamus asper plan- 
tations in Prachinburi, about 400 km away from the 
factory, are the main source of raw material. Also, 
to meet the demand, bamboos are being transported 
from western Thailand which is 700 km away. 
With the spiralling transportation costs, raising 
bamboo plantations near the factory has become 
imperative. 

The factory encourages farmers to raise bam- 
boo by giving incentives such as guaranteed price, 
cheap seedlings and cuttings and access to credit 
facility. Yet, the planted area is far below the Larget. 
As the farmers are only familiar with cultivating 
rice, cassava, maize and other cash crops, they are 
reluctant to raise bamboo. They have no know- 
ledge or experience of bamboo cultivation. Al- 
though bank bans with low interest rate are 
available, only a few farmers are eligible to get the 
loan from the bank. The size of the bamboo farm 
ranges from 0.2 to 1 ha. The farmers are not willing 
to sacrifice large farm areas for raising bamboo 
since subsistence crops are far more important to 
them. Intercropping of bamboo and cash crops is 
commonly practised by the farmers (Thammincha, 
1985). 

It is difficult to persuade the poor farmers to 
grow new crops which have a potential for higher 
production and greater economic return. There- 
fore, it is essential to have a thorough under- 
standing of the technical, social and economic 
constraints of traditional farming systems (Young 
& MacCormac, 1986). 

Pho-ngam village of Prachantakam district in 
Prachinburi province is known for brooms with 
bamboo handles and for bamboo furniture. Al- 
though there are only ten entrepreneurs, the 
products from this village are sold nearly all over 
the country. The bamboo products like armchairs, 
sofas, shelves, couches and ladders are made from 
Bambusa nana and Thyrsostachys siamensis. The 
entrepreneurs buy bamboo at the price of 5 Baht 
per a 6 m length of T. siamensis and 16 Baht per a 
8 m length of B. nana. 

Each entrepreneur employs six to eight workers 
in broom-making activities and two to four workers 
in bamboo furniture-making. Nearly all the 
entrepreneurs have completed only primary school 
education and have an experience of 5 to 20 years 
ip this business. The problems they face are of low 
bamboo quality, increasing price of bamboo, non- 
durability of raw material and products, labour 
shortage during cultivating and harvesting semons 
and low return. 

Only female workers are engaged in broom- 
making while men make bamboo furniture. Since 
their main occupation is paddy cultivation, their 
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participation in making bamboo products is limited 
to the dry season when they are free from farmland 
activities. One worker can make 50 to 60 brooms 
a day. They are paid on a piece-rate basis, at 0.80 
Baht per piece. The daily eamings of broom- 
makers range from 40 to 50 Baht while those who 
make bamboo furniture earn 160 to 200 Baht. This 
off-farm income is very important for the workers 
who cultivate subsistence crops. 

Bamboos are widely used as raw material for 
basket-making. Ratchaburi is famous for bamboo 
baskets owing to the expertise of the local people 
and the availability of raw material. T. siamensis is 
the main raw material, the rest being D. strictus and 
B. blumeana. These bamboos are harvested from 
the neighbouring natural forests of Kanchanaburi. 
A 8 m long culm of T. siamensis costs about 7 Baht. 
A basket 75 cm in diameter and 70 cm in height 
requires about 2.5 lengths. One person can make 
as many as three baskets of this size in a day. The 
net income one can get is 47.50 Baht per day. 
Bamboo wastes are sold as fuelwood. 

Similar types of baskets are made for commer- 
cial purposes in some villages in Prachinburi 
province. Bamboo splits are prepared from the 
culms of T. siamensis of various lengths (6, 8 and 
10 m). There are five sizes of baskets, Nos. 1 to 5, 
the smallest one being No. 5 of 30 cm diameter. 
Middle-sized baskets, No. 3, are the most favourite 
among basket makers. One person can make two 
to three of the largest baskets No.l with 100 cm 
diameter in a day, a similar number of No. 2 bas- 
kets, four to six pieces of No. 3, five pieces of No. 
4, and two to three pieces of No.5 baskets. The 
daily output per person of No. 5 is lower because 
the baskets of this size are generally made by older 
people. The average net earning is 20 to 60 Baht/ 
person per day. The bamboo basket-makers face 
serious problems such as the increasing price of raw 
material and competition from substitute materials 
like plastic. Some of them want to give up basket- 
making but have no better alternative. Although 
income from basket-making is rather small it is 
very important for the rural poor people. 

Bamboo culms are also exported. T. siamensis 
from the national forests of Kanchanaburi is the 
main species that is exported, the others being B. 
arundinacea, D. brandisii and G. hasskarliana. 
The entrepreneurs buy T. siamensis culms of vary- 
ing lengths of 2.0, 2.5, and 4.0 mat the rate of 0.50, 
0.70 and 1.50 Baht per piece, respectively. The 
diameter of these ranges from 1 to 2.4 cm. These 
are re-cut to 1.2, 1.5, 2.0, 2.4 and 3 m lengths. One 
entrepreneur exports about 300 large containers per 
year, whereas the others had 20 000 to 300 000 
bamboo rods for export to West Germany, England 
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Table 1. Development of Dendrocalamus asper farms in Prachinburi Province 

Area (ha) Average 
yield 

k /h 

No. of 
factories* 

g a 

District 1984 1985 1986 1987 

Muang 2368 2368 2888 4565 9375 19 

Srakaew 640 875 1394 2381 9375 

Nadee 409 376 1488 1920 10625 2 

Prachantakam 480 480 989 997 15000 3 

Kabinburi 458 458 458 341 9375 1 

Aranyapratet 46 82 96 96 10938 

Wattananankorn - 70 88 88 9375 

Srimahapote 56 376 396 20 7500 

Tapraya - 8 8 20 7500 

Kokpeep 8 8 8 16 8125 

Wangnamyen - 10 10 10 6250 

Klonghad 18 

Total 4465 5111 7823 103338 95938 25 

*, newfactories under construction have not been included 

and Italy. 

Production and Marketing of Shoots 
from Bamboo Farms 

Dendrocalamus asper Farms 

Prachinburi province is situated in eastern 
Thailand, about 100 km from Bangkok. D. asper 
was introduced to this region from China about 80 
years ago. Prachinburi has since then become the 
best-known centre for bamboo farms. The area of 
bamboo farms has expanded rapidly due to the 
higher economic returns they bring when compared 
with other agricultural crops. Earlier the main in- 
come was generated from shoot production, the 
value of culm production being of very little sig- 
nificance. However, the income from culms har- 
vested from the farms has become more substantial 
during the past few years since culms over two 
years old have been sold as raw material to the pulp 
mill apart from those sold as building material and 
raw material for other bamboo-based products. 

Branch cutting is one of the most commonly 
used vegetative propagation techniques for D. 
asper. Clump and rhizome cuttings are not feasible 
because these are too bulky. Although flowering of 
D. asper can be found every year, it is very difficult 
to get seeds because seed development is always 
incomplete. Since the bamboo plants obtained 

through vegetative propagation have the came age 
as their clump, it has been observed that about ten 
percent of the cuttings flower and die. Although it 
is believed that the intermast period of D. asper is 
about 80 years, it is difficult to predict the flowering 
season. If this situation prevails, there will be a 
high rate of failure in bamboo farm investment. 
Nevertheless, the farmers still go on expanding 
their bamboo farm area and new farmers join the 
old ones. Table 1 details information about bam- 
boo farms in Prachinburi province. 

The majority of fresh bamboo shoots are sold 
to 25 factories in Prachinburi province, the test 
being sold in both the local market and the central 
market in Bangkok. 

Fresh Bamboo Shoot Marketing 

There are four groups of people involved in the 
marketing of fresh bamboo shoots (Fig. 1): 

1. Farmers who sell bamboo shoots harvested 
from their farm to local middlemen and to 
bamboo shoot canneries. Some farmers also 
sell bamboo shoots directly to customers at 
the market place. 

2. Local middlemen who buy bamboo shoots 
from farmers before selling them to bamboo 
shoot canneries and to middlemen from 
Bangkok and other provinces. 

3. Factory owners who buy bamboo shoots from 
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farmers and local middlemen in order to Table 3. Export of Thai steamed bamboo 
produce steamed bamboo shoots for export shoots in 1985 (Potharam & 
and to food canneries. Panchatri, 1985) 

4. Middlemen from Bangkok and other provin- 
ces who buy bamboo shoots from Prachinburi Amount 
belote selling them to retailers. Country Tonnes % 

There is much fluctuation in the price of fresh 
bamboo shoots with a high price at the beginning Japan 10265 73.04 

of the shooting season. This declines during the United States 1238 8.81 
rainy season followed by a slight increase at the end West Germany 602 4.28 
of the rainy season. However, there is less fluctua- Saudi Arabia 437 3.11 
tion in the price of bamboo shoots sold to steamed 

Hong Kong 286 2 04 bamboo shoot factories (Table 2). 
Denmark 302 

. 

2.15 

Table 2. Monthly wholesale price of fresh Others 924 6.57 

bamboo shoots in Prachinburi in 
1986 (Potharam & Panchatri, Total 14054 100.00 

1986) 

Price (Baht/kg) 

Month Market Factory 

May 10-18 

June 7-9 4.0 

July 4- 5 3.5 

August 3-4 3.5 

September 4- 5 3.5 

Steamed Bamboo Shoots Processing 

Steamed bamboo shoots are the typical secon- 
dary products of bamboo farms in Prachinburi. 
There are at present 25 bamboo shoot canneries 
under operation. Some are under construction and 
some are in the process of applying for permission 
for starting. 

Steamed Shoot Market 
Domestic market 

Bangkok is the central outlet for steamed bam- 
boo shoots. Shoots of five bamboo species are used: 
B. arundinacea, B. blumeana, B. nutans, D asper, 
and T. siamensis. These shoots are prepared in four 
différent forms: whole shoots, longitudinal half- 
cut, sliced and chopped shoots (Fig. 2). 

Foreign markets 
Bamboo shoots of D. asper and T. siamensis are 

exported. More than 90 percent of the export con- 
sists of steamed shoots, the test being deep-frost 
shoots and dry shoots. 

Japan is the main market for steamed shoots of 
D. asper (mainly from Prachinburi). More than 70 
percent of the total export volume of steamed 

shoots are sent to the Japanese market and the rest 
to the United States, West Germany, Saudi Arabia, 
Hong Kong and other countries. The volume of 
export by Thailand in 1985 is presented in Table 3. 
The market share of Thai steamed bamboo shoots 
in the Japanese market has increased from 2.3 per- 
cent in 1981 to 18.6 in 1985 (Potharam & Panchatri, 
1985). 

With an increasing share in the steamed bam- 
boo shoot market in Japan, the area of D. asper 
farms will increase to some extent. However, an 
increase in bamboo farm area as well as an increase 
in the volume of shoot production may dépend on 
two important factors. 
1. The flowering of D. asper Although il flowers 

sporadically, it will certainly hamper vegeta- 
tive propagation, affect the productivity of the 
farms and make investment more risky. 

2. The future trend of foreign markets. Taiwan is 
the largest steamed bamboo shoot producer of 
the world. There might be a possibility that 
less bamboo shoots will be produced in Taiwan 
due to différent reasons. In such an event, the 
People's Republic of China and Thailand, 
the second and the third largest producers, will 
take more of the market share. 

Economics of T. siamensis Plantations 

While D. asper has been grown for a long 
time, other species are still being planted on a small 
scale though their uses are extensive. At the begin- 
ning of KU-IDRC Bamboo Project Phase 1 (1983- 
1986), seedlings of T. siamensis were planted with 
4 x 4 m spacing on 128 x 128 m plots in Ratchaburi 
and Thongphapum located in western Thailand. 
Apart from fertilization experiments, the 
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Table 4. Production of three-year-old Thyrsostachys siamensis plantation 

Item Ratchaburi Thongphapum 

No. of clumps/rai 100 100 
No. of culms/clump 39 38 
Average dbh (cm) 1.4 2.3 
Exploitable culms/rai 2900 2800 
Price, Baht/culm 0.50 0.75 

Table 5. Cost-benefit analysis for three-year-old Thyrsostachys siamensis plantation at 
Ratchaburi 

Present value under different discount rates 

Cost Benefit Net 
Year B/rai B/rai benefit 12% 14% 16% 

Cost Benefit Cost Benefit Cost Benefit 

1 820 - -820 732.14 - 719.3- - 706.90 - 

2 310 - -310 248.00 - 238.46 - 229.63 - 

3 760 1450 690 542.86 1035.71 513.51 979.73 487.18 929.49 

Total 1890 1450 -440 1523.00 1035.71 1471.27 979.73 1423.71 929.49 

Discount rate 12%, BIC ratio = 0.68; Discount rate 14%, BIC ratio = 0.67; Discount rate 16%, BIC ratio = 0.65. 

Table 6. Cost-benefit analysis for three-year-old Thyrsostachys siamensis plantation at 
Thongphapum 

Present value under différent discount rates 

Year 
Cost 
B/rai 

Benefit 
B/rai 

Net 
Benefit 12% 14% 16% 

Cost Benefit Cost Benefit Cost Benefit 

1 790 - -790 705.36 - 692.98 - 681.03 - 

2 610 - -610 486.00 - 469.23 - 451.85 - 

3 1060 2100 1040 757.14 1500 716.22 1418.92 679.49 1346.15 

Total 2460 2100 -360 1948.50 1500 1878.43 1418.92 1812.37 1346.15 

Discount rate 12%, BIC ratio = 0.77; Discount rate 14%, BIC ratio = 0.75; Discount rate 16%, 
BIC ratio = 0.74. 
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economics of bamboo plantation was also studied 
at the end of the third year of planting. 

Table 4 presents the extent of production of the 
three-year-old T. siamensis plantations in two loca- 
tions, while Tables 5 and 6 present the details of 
simple economic analysis of cost and benefit of 
these plantations in Ratchaburi and Thongphapum, 
respectively. It can be concluded that the estab- 
lishment of T. siamensis plantations is not 
profitable at the end of three years. However, it can 
be noticed that B/C ratio may exceed 1.0 after the 
fourth year onwards when shoot harvest has taken 
place during the rainy season and culm harvesting 
during the dry season. 

Conclusion 

The uses of bamboo both in Thailand and else- 
where are as broad and the variety of applications 
numerous. The results from the studies on produc- 
tion and marketing of bamboo products can be used 
as a guideline for the improvement of bamboo 
resource utilization as well as for improvement of 
income distribution. 
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Problems and Prospects of Traditional 
Bamboo-based Industry in Kerala* 

P.K. Muraleedharan and P. Rugmini 
Kerala Foi-est Research Institute, 
Peechi 680 653, Kerala, India. 

Abstract 
This paper traces the history of the bamboo-based traditional industry in Kerala. It 
also looks at the organisational structure of the Kerala State Bamboo Corporation and 
other co-operative societies set up in the 1970s to ease the burden of the bamboo 
workers. The literacy rate among the bamboo workers ranges from 47 to 80 percent. 
Mat-weaving is the major source of income which is meagre. Shortage of raw material 
is also posing a serious problem. Measures to improve the raw material supply are 
suggested. 

Introduction 

In Kerala, the bamboo-based traditional cottage 
industry employs people belonging to the economi- 
cally weaker and socially backward strata of the 
society. About 300 000 people are directly or in- 
directly dependent on this industry (Anonymous 
1983) which is spread throughout Kerala with a 
greater concentration in the Angamaly-Kalady belt 
of Ernakulam district, Nedumangad-Aryanad areas 
in Trivandrum district and Thallappilly taluk in 
Trichur district (Nair & Muraleedharan, 1983). The 
industry uses both thinner bamboos (reeds: 
Ochlandra spp.) and thicker bamboos (Bambusa 
arundinacea and Dendrocalamus strictus). Mats 
and baskets are the two major products of this 
industry. In this paper, the evolution of the structure 
and the working of the traditional bamboo-based 
cottage industry and the socio-economic conditions 
of the workers in this sector are analyzed. 

Structure of Bamboo-based Industry - 

A Historical Analysis 

Weaving mats and baskets using bamboo is a 
traditional occupation of certain scheduled castes 
and tribes. In the early years, the production of 
bamboo products was carried out partly for self- 
consumption and partly for meeting the require- 
ments of the landlords under whom the weavers 
worked as bonded labourers. 

The manufacture of bamboo products on a com- 
mercial basis began in the second half of the 19th 
century. Bamboo products, especially mats, had 
been shipped from Cochin to Bombay at the close 
of the 19th century (Anonymous 1884). In those 
days, the mode of production of bamboo mats was 
very simple. After collecting the raw material from 
forests or homesteads, the weavers produced the 
mats in their bouses and later sold them in the local 
markets or to households. 

Despite its humble origins, the industry grew 
rapidly during the 1930s as a result of the high 
demand for mats from the British authorities in 
India. The bamboo mats being cheap, portable, 
strong and able to withstand any climatic condi- 
tions, were found to be highly suitable for the 
construction of tenements in the war-front. The 
hostility between Britain and Burma was a bless- 
ing to this industry and the demand for mats in- 
creased. The industry attracted more workers from 
other communities to meet the demand. During the 
Second World War, the demand for bamboo 
products, especially mats, further shot up, thereby 
bringing about two major changes in the industry: 

(i) The industry witnessed a structural change. 
The British agents were at the helm of affairs and 
acted as financiers and buyers of mats. They 
provided capital to the local wholesale merchants, 
who in turn, without involvement in the produc- 
tion process controlled the industry by financing 
retailers. The middlemen appropriated the profits 

* KFRI scientific paper no. 190 
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without passing on the benefits to the weavers 
(Kumar, 1985). 

(ii) Division of labour was introduced in the 
industry, bamboo cutting and weaving were con- 
trolled by two separate sets of capitalists, enabling 
them to supply raw material and mats without 
delay. Also, with the beginning of cutting of bam- 
boo from deeper within the forest, a new group of 
people specialized in the transportation of bamboo 
came into existence. 

After the war, the demand for mats from the 
British slumped creating a crisis which affected 
both the production and employment prospects in 
the industry. Assuming the role of the British 
agents and without altering the structure of the 
industry, the wholesale merchants attempted to 
solve the crisis in two ways: (1) exploring new 
markets in other States in the country (as a result of 
which Maharashtra emerged as the bulk purchaser 
of bamboo mats from Kerala) and (2) slashing 
down the wages of the workers by 50 percent'. In 
this context, the weavers had no control over 
procurement of raw material or trade of mats. They 
were left with no other alternative, but to accept 
whatever was offered. 

In 1951, a committee was appointed by the 
government under the chairmanship of Mr 
Nanukuttan Nair to study the various aspects of 
forest wealth in Kerala. It studied the problems 
faced by forests in general and by the bamboo- 
based industry in particular and in its report pointed 
out that a large number of bamboo workers were 
reeling under the exploitation of the merchants. 
The committee recommended that the long chain 
of intermediaries between the primary producer 
and final consumer be reduced (Anonymous 1951). 

Present Scenario 

A series of struggles were organized by various 
political parties during the 1960s which demanded 
the upliftment of bamboo workers in Kerala. In 
1970, the state government appointed a commis- 
sion to enquire into the state of affairs and to 
suggest measures to improve the conditions of the 
industry and that of the workers. After considering 
the différent alternative organizational set-ups that 
would promote the industry, the commission 
recommended the constitution of a State-owned 
corporation to streamline the activities. As a result, 
the Kerala State Bamboo Corporation was set up in 
1971 with the support of different political parties 
(Nair & Muraleedharan, 1983). 
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The Kerala State Bamboo Corporation is a 
public limited company owned by the Govemment 
of Kerala. The main objectives of the Corporation 
are: 
1. To develop and promote industries based on 

bamboo, reed and cane products. 
2. To undertake the manufacture and trading of 

bamboo, reed, and cane products. 
3. To provide financial, technical, marketing and 

developmental assistance and also to give 
guidance to any establishment, undertaking or 
enterprise, of any description whatsoever, 
which is likely to facilitate or accelerate the 
development of cottage industries based on 
bamboo, reed and cane in the State of Kerala. 

4. To promote, establish and operate sales offices 
such as emporia, showrooms, publicity offices, 
stalls and centres with the objective of 
improving the marketing of bamboo, reed and 
cane anywhere within and outside the State. 

Working of the Corporation 

In order to fulfil the above objectives, the Cor- 
poration is engaged in various activities such as 
collection and distribution of bamboo to societies 
and traditional workers, purchase of mats from the 
workers and marketing them. The Corporation has 
a monopoly over the procurement and distribution 
of raw material to the traditional sector. About 12 
000 families engaged in bamboo processing are 
registered with the Corporation. The cutting of 
bamboo in the forest areas is carried out only by 
registered cutters who are attached to the 
Corporation's collection centres. After collection, 
the bamboos are bundled and transported to depots 
situated at different processing centres in the State. 
At present, the Corporation is allotted 30 000 ton- 
nes of bamboo out of which about 30 percent is 
earmarked for harijans traditionally engaged in 
making baskets and other handicrafts2. The raw 
material supplied by the Corporation depots to the 
weavers is only for making products as prescribed 
by the Corporation and the workers have to sell the 
products in return to the Corporation (Table 1). The 
Corporation markets the products within and out- 
side the State, and the latter accourus for about 78 
percent of the total sales turnover (Kumar, 1985). 
Major buyers of mats from the Corporation are the 
Food Corporation of India, and Central and State 
Warehousing Corporations, besides private sugar 
mills. 

In addition to the above functions, a number of 
welfare measures for increasing the productivity 

1 Based on personal communication with some old workers in the industry 
2 Information gatheredfrom the Bamboo Corporation 
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Table 1. Extent and value of mats 
purchased by the Corporation 

Year Quantity 
(in million sq. feet) 

Value 
(in million Rs.) 

1977-78 800.3 6.0 
1978-79 531.7 3.9 
1979-80 742.6 5.9 
1980-81 828.2 6.9 
1981-82 845.1 7.8 

1982-83 698.8 7.4 
1983-84 648.3 8.0 
1984-85 460.5 7.2 
1985-86 505.7 8.2 
1986-87 533.0 10.1 

Source : Kerala State Bamboo Corporation 

and for improving the socio-economic conditions 
of the weavers have been taken up by the Corpora- 
tion: 
1. The Corporation introduced a supply-incentive 

scheme in 1976-77. Initially, this benefit was 
aimed at those who produced more. Subse- 
quently, however, this was extended to all 
workers under the Corporation. 

2. The Corporation extends credit facilities to 
purchase raw material to about 5000 weaver 
families. In addition, each family is given a 
loan ranging from Rs. 100 to 160 on the condi- 
tion that the loan be deducted from the wages 
of the weavers in easy instalments over a 
period of one year. 

3. Another scheme introduced by theCorporation 
is housing loans for reconstruction and repair 
of houles. Each family registered with the 
Corporation is given Rs. 6000 out of which 
Rs. 5000 is given by the Housing Board as 
subsidy and the test by the Corporation. 

4. The workers' welfare scheme, launched during 
1978-79, is another notable programme of the 
Corporation. Under this programme, a sum of 
Rs. 250 is presented to each worker at the time 
of marriage of his children; every school-going 
child of the weaver is given Rs. 25 and college 
student Rs. 250. This scheme further covers 
accident relief and financial help for under- 
going eye operations. 

Co-operative Societies 

Besides the Corporation, about 40 co-operative 
societies are involved with a total strength of about 
5000 workers (Nair & Muraleedharan, 1983). The 
structure and functions of the co-operative societies 
in Kerala are based on the Kerala Co-operative 
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Societies Act, 1969. A majority of these societies 
are formed by the harijans who are traditionally 
dependent on mat and basket production. The State 
Government also gives liberal financial help to 
these societies in the form of (i) a major part of the 
share capital, (ii) grants for purchase of land, (iii) 
providing building grants, and (iv) meeting part of 
the expenditure incurred on pay and allowances of 
managerial staff during the first five years of the 
establishment (Nair, 1986). In order to eliminate 
intermediaries, the co-operative societies en- 
courage thrift, entrepreneurship among members, 
promotion of self-reliance, etc. Although the 
societies have no direct access to the raw material 
they collect the same from the Corporation and 
supply it to the workers. 

In a vertically structured organization such as 
the Bamboo Corporation, the scope for worker's 
participation in decision-making is very limited 
(Nair & Muraleedharan, 1983). The existence of 
an employer-employee relationship between the 
management and workers has led to strikes and lock 
out. In spite of all these problems, as the Corpora- 
tion holds control over the procurement of raw 
material and marketing, it has been able to not only 
discourage but also eliminate private traders. 

Socio-economic Conditions of Bamboo 
Workers 

A sample survey was conducted to ascertain the 
socio-economic conditions of bamboo workers and 
the extent to which the present structure helps them 
to improve their living conditions. The samples 
were selected from Angamaly, Trichur and 
Nedumangad which are the three major bamboo- 
processing centers in Kerala. The sample size was 
45 households, 15 from each of the above three 
places. While the Bamboo Corporation supplies 
raw material directly to the households in Angama- 
ly, the co-operative societies and private traders are 
the suppliera of raw material in Trichur and 
Nedumangad. The major socio-economic variables 
examined were caste, literacy, land ownership, in- 
come and indebtedness. 

About 90 percent of the sample households in 
Angamaly and all households in the other two 
places were Sambavas, the traditional bamboo 
workers, who may be Hindus or non-Hindus (Table 
2.1). The non-Hindu Sambavas are converted 
Christians and they dominate Angamaly. The 
average size of the family ranges from seven to nine 
members and a majority of them are involved in the 
processing of bamboo, either in its cutting or weav- 
ing. The highest literacy rate was found in Angama- 
ly, followed by Trichur and Nedumangad. In 

330 



BAMBOOS Current Research 

Nedumangad, illiterates account for as high as 53 
percent (Table 2.2). 

Households with no land were more in 
Nedumangad (40%), where many bamboo workers 
live along roadsides or stream banks without proper 
title deeds (Table 2.3). Among the landed 
households, the majority own dry lands, mostly 
homesteads, in which a variety of crops were being 
cultivated. In Angamaly, about 28 percent of the 
selected households own wet lands in which rice, 
the staple food of the people, is grown. 

Weaving was found to be the major source of 
income of the sampled households. The average 
monthly income of the bamboo workers is very 
low; for instance, about 40 percent of the 
households in Nedumangad were earning less than 
Rs. 200 per month (Table 2.4). In this regard, the 
households at Angamaly were in a better position, 
since their average monthly income was higher 
than that in the other two places. Angamaly being 
the headquarters of the Bamboo Corporation, the 
households here enjoyed benefits from the Cor- 
poration by means of a greater supply of raw 
material and earnings from welfare schemes. The 
average number of mandays employed per worker 
was estimated to be 220 in Angamaly, 178 in 
Trichur and 148 in Nedumangad. 

None of the households in these places were 
free from indebtedness. They were indebted to the 
Corporation or to the societies or to private traders. 
Private traders were the major source of finance to 
the households in Nedumangad and the debt in- 
curred was deducted from the earning at the time 
of selling. In the context of indebtedness, distress 
sale was quite common among the workers in 
Nedumangad. Underemployment coupled with 
distress sale resulted in acute poverty among the 
workers here. 

Table 2. Socio-economic conditions of 
bamboo workers in selected areas 

Table 2.1. Percentage distribution of 
households according to caste 

Caste Angamaly Trichur Nedumangad 

Hindu 
Sambavas 40 93 86 

Non-Hindu 
Sambavas 53 7 14 

Others 7 - - 

Total 100 100 100 
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Table 2.2. Percentage distribution of bamboo 
workers according to educational 
status 

Status 

Illiterate 

Primary 

Secondary 

Total 

Angamaly Trichur Nedumangad 

26 20 53 

40 60 47 

34 20 - 

100 100 100 

Table 2.3. Percentage distribution of 
households according to land 
ownership 

Ownership Angamaly Trichur Nedumangad 

Landless 6 20 40 

0.10 ha 20 13 40 

0.10-0.20 ha 40 20 13 

0.20 ha 34 47 7 

Total 100 100 100 

Table 2.4. Percentage distribution of 
households according to monthly 
income indebtedness 

Income (Rs) Angamaly Trichur Nedumangad 

< 200 13 27 40 

200-300 33 54 47 

300-400 41 13 13 

400-500 13 6 - 

Total 100 100 100 

Indebtedness 

< 500 40 53 66 

500-1000 53 26 34 

1000 7 21 - 

Total 100 100 100 

Social backwardness seems to go along with 
economic backwardness. The women workers 
constituted the majority of the bamboo workers. 
The survey has shown that they were less educated 
and poorer. For them, employment opportunities 
in alternative spheres were negligible. On the 
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Fig. 1. Quantity and cost of production of reeds (1977-87). 

whole, the majority of the women workers were in 
a state of perpetual misery and degradation. 

Many of the sampled workers in Angamaly, 
who were formerly workers under private traders, 
expressed satisfaction at the functioning of the 
Bamboo Corporation. However, the benefits from 
the Corporation, do not cover many of the workers. 
They indicated that the supply of raw material from 
the Corporation had been dwindling year by year 
which adversely affected their employment and 
income. Improvement in the living conditions of 

bamboo workers in Kerala can be brought about by 
augmenting employment by increasing raw 
material supply. 

Shortage of Raw Material 

Most traditional industries in the developing 
countries have been suffering from non-availability 
of sufficient raw material and the bamboo-based 
industry in Kerala is no exception to this. The 
situation is becoming more acute as the resource 
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base in the forests is disappearing at an alarming 
rate. 

The Bamboo Corporation, although established 
as early as 1971, commenced the extraction of 
reeds from forests on its only in 1977. Thereafter, 
il has been playing the role of a monopoly supplier 
of reeds to the traditional sector. The Corporation 
has been permitted to extract 15 000 tonnes in 
1977-78, 25 000 in 1983 and 30 000 in 1988 as 
against a total estimated requirement of 36 000 
tonnes per year. However, the actual collection of 
reeds from the forests has been far below the target. 
For instance, while the Corporation was granted 
rights to collect 25 000 tonnes in 1986-87, the 
actual collection was only 12 134 tonnes, account- 
ing for 48 percent of the target.3 Deforestation of 
reed-bearing areas for other uses, especially 
agriculture, multipurpose river valley projects, set- 
tlements and forest plantations are important fac- 
tors contributing to the decline in the availability 
of reeds (Nair, 1986). 

Of the estimated 300 000 tonnes of reed avail- 
able annually (Asari, 1978), the share of traditional 
industry is only ten percent. Pulp and paper units 
procuring reeds from the forests do not adhere to 
the rules prescribed by the government, often 
resulting in the virtual extinction of reed-bearing 
areas. Reed-bearing areas are also susceptible to 
forest fires. The reed cutters of the pulp and paper 
mills camping in the forest are responsible for 
frequent fires which destroy a sizeable quantity. 

Occasional flowering of reeds, their subsequent 
death and illegal cutting by settlers and agents of 
private traders from within and outside the State are 
some of the other reasons for the shortage. Besides, 
the cost of extraction of reeds has gone up, as a 
result of which there is a slump in the output (Fig. 
1). This has caused not only increased unemploy- 
ment but also a decrease in income of the bamboo 
workers. 

Conclusion 

Since the beginning of the present century, there 
have been a series of changes in the structure of the 
traditional bamboo-based industry, the most 
notable being the establishment of nome institu- 
tions such as the Bamboo Corporation and co- 
operative societies in the 1970s. With a monopoly 
control over procurement and distribution of raw 
material and marketing of products, the Corpora- 
tion was able to set free a majority of the workers 
from the clutches of middlemen and traders. How- 
ever, most of the workers are still in the grip of 
poverty. The shortage of raw material is the major 
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problem which is the result of the short-sighted 
policy of the government which neglects the basic 
needs of the traditional workers. The fact that an 
industry with 300 000 dependents is allotted only 
ten percent of the total available raw material in the 
State is not a justifiable one, considering its 
employment potential. Thus the allotment of raw 
material to the traditional sector needs to be en- 
hanced. A number of measures may be suggested 
to strengthen the raw material position of this in- 
dustry. Separate reed-bearing forest ranges should 
be earmarked for the three reed-procuring agencies 
and their cutting should be confined to the respec- 
tive areas allotted. This is essential to avoid com- 
petition for the declining reed resources in the 
State. Strict adherence to cutting rules prescribed 
by the government and compulsory regeneration 
work should be done by the reed-procuring agen- 
cies. 

Acknowledgements 

We are indebted to several perlons who helped 
us during the course of this study. In particular, 
thanks are due to Dr K.S.S. Nair, for giving per- 
mission to carry out this work, to Dr S. Sankar and 
Mr C. Mohan for their discussion and comments 
on earlier drafts and to the officials of the Bamboo 
Corporation for providing information. 

References 

Anonymous 1884. Joint report on administration of the 
Travancore Fores ts.Goverment. Press, Trivandrum, 
India. 

Anonymous 1951. Forest Wealth of Kerala. Govennent. 
Press. Trivandrum, India. 

Anonymous 1983. Diary. Govemment Press. Gover- 
ment of Kerala, Ernakulam, India. 

Asari, P.K.S. 1978. Industry-oriented management plan 
for reeds. Kerala Forest Department, Trivandrum, India 
(unpublished). 

Kumar, A. 1985 The impact of the working of the Kerala 
State Bamboo Corporation in the development of bam- 
boo industry in Kerala. Ph.D. Thesis. Univ. Cochin, 
Kerala. 

Nair, C.T.S. 1986. Bamboo reed based industry in Kerala 
State, India. In Appropriate Forest Industries. FAO 
Forestry Paper No. 68. FAO, Rome. 

Nair, C.T.S. & Muraleedharan,P.K. 1983. Rural in- 
stitutions for development of appropriate forestry 
enterprises: A case study of reed industry in Kerala State, 
India KFRI Research Report 18, KFRI Peechi, India. 

3Based on information gathered fi-om the Bamboo Corporation 

333 



BAMBOOS Current Research Proceedings of the lnt'l Bamboo Workshop, Nov 14-18, 1988 

Inter-sectoral Allocation of Bamboo Resources: 
The Social and Economic Issues* 
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Abstract 
In Kerala, the traditional sector and the modern industrial sector compete for the 

limited bamboo resource. Although the government allocates the resource to both the 
sectors, the requirements are hardly met. This paper looks at the social problems faced 
by the traditional sector and also suggests ways to manage the natural resources. 

Introduction 

Bamboo is used in the modem industrial sector 
for the production of pulp and paper and in the 
traditional sector for making mats and baskets. In 
Kerala, the govemment controls almost all the 
bamboo reed and most of the bamboo resources. 
In Palghat and Trichur districts, many homesteads 
cultivate bamboo for use in fencing and as a sup- 
port for the banana crop. In the industrial sector, 
the Kerala Newsprint Mill, a public sector unit and 
two private sector units, the Gwalior Rayons and 
the Punalur Paper Mills use bamboo and reeds for 
manufacturing newsprint, rayon and paper, respec- 
tively. In the traditional sector, the Kerala State 
Bamboo Corporation (KSBC) is the largest user of 
bamboo and reed. The KSBC extracts reeds and 
supplies them to the mat and basket weavers in the 
traditional sector. However, weavers settled near 
the forests obtain their requirements directly from 
the forests as the Corporation is unable to meet their 
full requirements because they have to meet the 
demands of the weavers settled in urban and semi- 
urban areas. Both the industrial and the traditional 
sectors have an assured market for their products 
but the current availability of raw material is not 
sufficient to meet their requirements fully. 

In the last couple of decades, bamboo, which 
was an abundant resource and considered inex- 
haustible, has become a scarce item. Under this 
changed circumstance, the govemment as the 
owner and chief supplier has had to ration this 
resource in the best possible manner. This paper 
deals with the problems of allocation of this 
resource both to the industrial and traditional sec- 
tors in Kerala State. 

Brief History of Bamboo Exploitation 
and Use 

Traditionally, bamboo has been used for the 
construction of houses, furniture, sheds, fences, 
mats and baskets. The leaves of the reeds are used 
for making thatch and in the reed growing areas, 
many houses built exclusively of reeds still exist. 
The advantages of using them were that it was 
cheap, readily available and did not require expen- 
sive tools or expertise in utilization for structural 
purposes or for making handicrafts. 

Bamboo was not a commercial crop and hence 
could be removed freely from the forest by the 
people living near it. However, in 1932, the 
Puduval Rules, stipulated by the erstwhile- 
Travancore Government, assigned forest land for 
cultivation, and the mature bamboo growing in the 
assigned land was soldat the rate of British Rupees 
3 for every 100 culms. 

Mats and baskets used for agricultural purposes 
were made for self-consumption or were sold 
within the village itself. It is only since 1920 that 
the commercial production of mats has started in a 
small way. During the mid-1930s, at the commen- 
cement of hostilities in Burma, the British govem- 
ment demanded large quantities of mats to put up 
sheds for the army. Suppliers located around An- 
gamaly co-ordinated and controlled the production 
of this new profitable trade. The Second World War 
gave a big boost to this activity and large quantities 
of reed mats moved out of Angamaly. The sudden 
spurt in demand broke the caste barrier and all 
sections of the population around Angamaly were 
drawn to this trade which previously was a caste- 
based occupation. 
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After the war, there was a sudden drop in the 
demand for mats and consequently the prices 
crashed. The traders were quick to transfer this 
impact onto the weavers by cutting the price of the 
mats. However, the market recovered rapidly as 
the sugar mills which were coming up in 
Maharashtra required mats in large quantities in 
their factories as dunnage and for making labour 
sheds in the sugar fields during the time of harvest. 
The buoyant market did not, however, improve the 
condition of the weavers as the traders kept the 
profits to themselves. The need for govemment 
intervention in this traditional industry became 
pronounced and the committee appointed by the 
govemment to look into the matter submitted its 
report in 1970 recommending that a government- 
owned Corporation be set up to take over this trade 
for the welfare of the workers. Thus, in 1971, the 
Kerala State Bamboo Corporation was formed 
(Kumar, 1985). 

The Second World War and the developments 
thereafter not only changed the condition of the 
market but also drastically altered the availability 
of the raw material. The Forest Resources Survey 
recorded that between 1940 and 1970 the area of 
forest lost to agriculture, plantations and reservoirs 
was 3450 km in Kerala (Chandrasekharan, 1973). 
This does not include the extent of bamboo forests 
cleared for raising teak and other plantations. The 
disappearance of forests from the vicinity of the 
reed workers seulement and the recession of the 
forest boundaries necessitated the dependance on 
intermediaries for obtaining raw material. The 
Bamboo Corporation now has 59 depots supplying 
reeds and is serving around 12 000 weaver families. 

In the industrial sector, the Punalur Paper Mill 
was built in 1890 with a capacity of 750 tonnes per 
year. In 1937, a modernization programme was 
inititated with the technical advice of the Forest 
Research Institute, Dehradun. The paper market 
became buoyant with the outbreak of the Second 
World War and its production increased rapidly. 
The plant capacity was increased to 33 000 tonnes 
per annum in 1972 and further to 50 000 tonnes in 
1975. 

Raw material is supplied to the mill on the basis 
of a long-term agreement with the govemment. 
The current long-term agreement signed in 1982 
provides for 85 000 tonnes of reeds and 40 000 
tonnes of pulpwood which are sufficient for 50 
percent capacity utilization. The quantity actually 
obtained by the mill is much less than that promised 
in the agreement. A maximum of 55 113 tonnes of 
reeds were consumed in 1976-77. During 1984-85 
the mill obtained 19 622 tonnes of reeds and in 
1985-86 only 2162 tonnes (Anonymous 1988). 
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The mill kas been closed since 1986. Shortage of 
raw material is one of the causes for the closure. 

The Gwalior Rayon Silk Manufacturing 
(Weaving) Co., another unit in the industrial sector, 
uses bamboo for the production of rayon grade 
pulp. The unit started production in 1963. Bamboo 
growing in the Nilambur, Wyanad, Kozhikode, Pal- 
ghat and Nemmara divisions have been reserved 
for this factory on the basis of a long-term agree- 
ment signed with the govemment. Sixty thousand 
tonnes of bamboo was promised annually from the 
forests. The Gwalior Rayons has a rated capacity 
of 200 tonnes/day. 

The Kerala Newsprint Ltd., a subsidiary of the 
Hindustan Paper Corporation, is the other industrial 
sector unit using reed. The mill has an installed 
capacity of 80 000 tonnes of newsprint per year. 
The goverment has promised to supply 189 000 
tonnes of reeds per year. Production started in 
1982-83. 

The Nature of Inter-sectoral Conflict 

There is a conflict of interests between the 
industrial and traditional sector because neither of 
their requirements of bamboo and reed are fully 
met. Extraction by one sector directly affects the 
availability to the other. In this conflict three par- 
ties are involved: the modem pulp and paper units, 
the traditional sector and the govemment which 
allocates the resource to the two sectors. Both the 
industrial and the traditional sectors have a valid 
daim and a genuine grievance. While the modem 
sector has been assured sufficient raw material by 
the govemment on the basis of a long-term agree- 
ment, the traditional sector similarly has a daim 
which the govemment recognizes in the allotment 
policy. 

The problem of shortage of raw material arises 
because of two reasons. First, the original assess- 
ment of the growing stock could be incorrect and 
secondly, the impact or the result of the extraction 
on the regeneration might have been wrongly as- 
sessed. There could also be a third reason which is 
that the resource-bearing forests have been con- 
verted into arable lands or reservoirs built, thereby 
affecting both the stock as well as the flow of the 
resource. 

The nature of extraction by the two sectors is 
also a matter of conflict. While the extraction 
activity of the traditional sector is necessarily dis- 
persed because they use only mature reeds, the 
industrial sector adopts a more concentrated type 
of extraction which is cheaper. Large quantities are 
required and maturity is not an important con- 
sideration in pulping. The extraction of the imma- 
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turc stock by the industrial sector delays the 
regeneration and availability of mature reeds in the 
subsequent years which the traditional sector can 
utilize. In the absence of the industrial sector, the 
traditional sector can continuously use a reed area 
for extraction while the activity of the industrial 
sector creates a time delay in the availability of 
reeds. 

The conflict is accentuated because the com- 
petition is between a sector which has an enormous 
demand with respect to the availability of the 
resource while the other sector has a limited but 
specific demand. It has been shown that when 
the availability of a resource is sufficient for two 
sectors needing the same, the relationship can be 
complementary and when the resource is scarce the 
relationship becomes competitive (Anonymous 
1984). When two sectors are in a competitive 
relationship, the economic power of each deter- 
mines the order of primacy or the pecking order. 

The supremacy of the industrial sector in terras 
of its economic power and access to credit in rela- 
tion to the traditional sector makes the result of the 
competition a foregone conclusion. Besides its 
economic superiority, there is the political clout 
which the industrial sector can bring to bear. The 
closure of an industrial unit with its organized and 
vocal labour force can be more embarassing to the 
government than unemployment or starvation in a 
much larger section of the silent population. Fur- 
ther the industrial sector has a much better access 
to the bureaucratic citadel because they can afford 
to employ retired senior officers of the govemment 
as their representatives. Given the rigid hierarchy 
of a bureaucratic set-up, a senior officer, even after 
retirement, commands respect and has enough con- 
tacts to secure an order or speed up matters which 
is not the case when a worker from the traditional 
sector approaches the same office. 

The disparity between the sectors in their 
economic status influences their ability to 
withstand increase in the cost of raw material. 
Although the Kerala State Bamboo Corporation 
has been exempted from paying seigniorage since 
1983 for the reeds collected from the forests, the 
transporation charges and the extraction expenses 
from the interior parts keep increasing as the more 
accessible areas are exploited by the industrial sec- 
tor. The economic resources of the industrial sector 
enable it to maintain sufficient inventory of the raw 
material which is both unaffordable and impracti- 
cal for the traditional sector because of the quality 
requirement. Decay and pest problems in cut reeds 
affect the marketability of mats and baskets while 
for pulping these factors can be ignored. 
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The Economic and Social Issues 
Involved 

A comparison of both sectors on the basis of 
various economic parameters revealed that while 
the fixed capital required for mat and basket-weav- 
ing in the traditional sector does not exceed Rs. 50, 
that in the modem pulp and paper industry is over 
Rs. 70 000 (Nair, 1986). The consumption of reeds 
per worker per year is 1.2 tonnes in the traditional 
sector while it is 38 tonnes in the industrial sector. 
Further, the wages and salaries per tonne of reeds 
is Rs. 750 per worker while it is only Rs. 284 in the 
modern sector. Power and fuel consumption is 
negligible in the traditional sector while it is enor- 
mous in the modem sector. 

The abiding merit of the modem sector is that 
it has high forward and backward linkages which 
contribute to economic development. The paper 
industry also helps in conserving foreign exchange 
through its import substitution effects. The objec- 
tive of national self-reliance is also served by the 
paper industry. On the environmental front, how- 
ever, the pulp and paper industry has a poor record 
and a bad reputation of polluting the water system. 
Perieira (1973) estimated that 150 tonnes of water 
is required to produce one tonne of paper. The 
present reed and bamboo extraction practices of the 
industrial sector results in resource depletion which 
affects not only its competitor but also their own 
future supplies. Reeds have almost disappeared 
from Punalur, Kulathupuzha and Neyyatinkara 
areas where the Punalur Paper Mill first started 
extraction. If the current practices continue, the 
sustainability of the resource will be irreversibly 
affected. 

The modern industrial sector is capable of 
diversifying its raw material base or develop new 
technologies to suit the available raw material in 
the long run. It can also diversify its production or 
switch over to a more remunerative field. In com- 
parison, the very survival of the traditional sector 
and its workers will be at stake if the raw material 
availability is cut. The workers of the traditional 
sector lack resources, education and a knowledge 
of other useful skills to earn a livelihood in the 
event of a collapse of their industry. 

In this context it may be argued that the tradi- 
tional workers only get a pittance and even the 
market for their products is threatened by sub- 
stitutes. Would it be better for them and everyone 
else if they are weaned away from this activity? 
This is a pertinent and valid question. Certainly, if 
they have an option to earn a better income they 
would happily accept it. At present, however, they 
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have no option. No paper company can absorb 
them in significant numbers. It can be accepted that 
they should be provided skills and employment in 
some other activity. However, this will take time. 
Planned withdrawal of the workers to some other 
occupation is one alternative, but in the interim 
period they must be assured of sufficient raw 
material. 

Appropriateness of both sectors can be assessed 
on the basis of their contribution to the generation 
of basic needs income and the production of basic 
needs goods. In the traditional sector the bulk of 
the value added is in the foret of wages to poor 
artisans. In comparison, the generation of basic 
needs income is low in the industrial sector. Both 
the industrial as well as the traditional sector 
produce basic needs goods, but here again the 
proportion is low in the industrial sector as rayon 
and speciality papers cannot be considered as basic 
needs goods. 

What Should be the Crucial 
Considérations While Managing 
Natural Resources 

Five important rules for the management of 
natural resources are listed: 
1. Ensuring priority for the most appropriate end 

uses. 
2. Ensuring priority for the uses which provide 

benefits to he maximum number of people. 
3. Assuring sustainability of resource availabi- 

lity. Or if sustainability is impossible as in a 
static finite resource, determine and enforce 
the most optional path of resource run down. 

4. Promoting activities which cause least 
environmental pollution during processing 
and utilization. 

5. If the resource base is shrinking then a 
carefully determined and consistently chalked 
out programme for phasing out the least 
appropriate ones should be implemented. 
These rules can serve as an approach to evolv- 

ing an appropriate management plan for the utiliza- 
tion and conservation of the reed resources in the 
State. 

Government Policy and the Limitations 
of the System in Pursuing a Rational 
Policy 

The govemment has the power to legislate and 
frame rules on ail aspects of production, supply and 
use. It can provide raw material or withhold sup- 
plies. It can fix the price of raw material from the 
forests. It has the power to tax the produce or 
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subsidize a product or process. It can also provide 
credit facilities. How the govemment uses these 
powers will depend on the policies followed. 

In a given situation, the factors influencing 
government policy are difficult to analyse. Some 
of the important elements that usually contribute to 
policy-making are: (1) precedence, (2) thepolitical 
clout of the différent groups, (3) the political and 
economic priorities of the government and (4) an 
understanding or ignorance of the actual situation. 
Of these, points three and four require some 
elaboration. For example, the government may be 
committed to `development'; therefore, the defini- 
tion or the perception of development will be of 
crucial importance. If development is seen as the 
establishment of modem industries or the growth 
of employment in the industrial sector, then promo- 
tion of industries becomes the policy. If on the 
other hand development is equated with full 
employment or eradication of poverty, then the 
policy would be different. 

Understanding of the situation needs access to 
knowledge or the availability of critical studies. 
The haste with which many decisions have to be 
made do not allow time for critical study. There- 
fore, an inappropriate or outdated policy arises out 
of ignorance of the real situation and this is one of 
the limitations of the government in pursuing a 
rational policy. 

In the context of allocation of reed resources 
between sectors, a crucial limitation is the post- 
war rush to `development'. Development is often 
defined to favour the modem sector. Several inter- 
national agencies like FAO, UNDP recommend a 
policy for industrial development which is fol- 
lowed without realizing that we have not built up 
sufficient institutional safeguards essential for 
forest conservation and for the survival of the forest 
industry. Among the three industrial units using 
bamboo, the Gwalior Rayons has just reopened and 
is extracting undisclosed concessions from the 
government after a closure of about three years and 
the Punalur Paper Mill continues to be closed for 
the third consecutive year. 

Efficient but often misleading lobbying by big 
industrial units is another contributing factor for 
inappropriate policies. The Forest Department for 
its part being the sole owner of the forest resources 
prefers to serve a few large consumers who are 
casier to manage and ignore many small con- 
sumers. 

Conclusion 

The government in its desperate bid for 
`development' and to catch up with the living stand- 
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ards of the affluent nations has promised what it 
does not have and has permitted diversion of 
resource-bearing forests to other uses. Forgetting 
its primary function as manager of natural resour- 
ces to ensure sustainability of production and 
utilization, it has permitted destructive over-ex- 
ploitation by the modem industrial sector. This has 
exposed a large population of workers to the threat 
of starvation. 
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Abstract 

Cichu (Sinocalamus a finis (Rendle) McClure is a medium-sized bamboo belonging to 
the sympodial group widely occuring in the low altitude areas of South-west China, 
and commonly planted along river banks and also in the farmer's homesteads. This 
commercially important bamboo species can be easily propagated using rhizome 
stocks. Its straight culms with long internodes are characterized by high fibre content, 
small vascular bundles and high tensile strength. They are f7exihle, cari be easily split 
into strips of varying thicknesses and are widely used in the weaving of traditional 
bamboo articles as well as for paper-making and mat-board manufacture. It plays an 
important yole in the rural economics in South-west China. 

Introduction 

Cichu, which means flexible bamboo, is a com- 
mon name referring to species of the genus 
Sinocalamus. Of these, S. affinis (Rendle) Mc- 
Clure is the most important one, commonly occur- 
ring in low altitude areas such as Sichuan, Yunnan, 
Guizhou, Hunan, W. Hubei, Guangxi and S. 
Shaanxi. Sichuan Basin is the centre of its distribu- 
tion with more than 150 000 ha under bamboo 
cultivation (Fig. 1). The species has straight culms 

with long internodes, high fibre content, small vas- 
cular bundles and high flexibility and is used for 
traditional bamboo articles, agricultural imple- 
ments, pulp, paper and mat-boards. 

Biology and Silviculture 

S. affinis is a medium-sized bamboo of the 
sympodial type growing densely in clumps. Its 
culms are slender, straight, drooping at the top, 
about 6-15 m in height with a 4-6 m branchless 

Fig. 1. Distribution of Sinocalamus a finis in South-west China. 
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length, 4-8 cm dbh, and are cylindrical in shape and 
flat-noded. Their internodes are remarkably long, 
20-30 cm in the basal part and 60-70 cm at mid- 
culm, with a 4-6 mm wall- thickness. Their 
branches are short, slender and numerous on each 
node. Rhizomes are short and bulky, with three to 
four pairs of lateral buds. Rhizomal buds differen- 
tiate in April-May, sprout in June, emerge as culm 
shoots in July-August and grow continually until 
late October or early November in a spart of 100- 
120 days. Except fora few shoots that sprout in the 
early season, most lateral buds of young culms 
remain dormant during the winter and burst almost 
simultaneously from the culm sheath at each node 
in the spring (Hsiung & Zhou, 1974; Hsiung, 1978; 
Xiang, 1983; Wu & Che, 1984). 

S. afflnis is a subtropical bamboo with a rela- 
tively shallow rhizome-root system. Ecologically, 
it cannot stand heavy frost and drought and needs 
a warm, humid climate and fertile soil for fast 
growth and high production. It is commonly 
planted along river batiks, roadsides, homesteads 
and low slopes where flood sediments, farming 
residues and accumulated dirt make the habitat 
favourable for culm growth and clump develop- 
ment. S. affinis propagates very well and has a high 
yield of shoots. More than 86 percent of the new 
culms that emerge are of good quality. It is es- 
timated that the proportion of the newly-formed 
culms to the old ones is about 1:1 in managed 
groves. In fact, 95 percent of new culms corne front 
old mother culms. Some of them even give rise to 
two or three daughter culms in a growing season. 
Mother culms more than three years old lose their 
sprouting capacity completely due to the deteriora- 
tion of their shoot buds. Therefore, in managed 
bamboo plantations one to two year-old culms are 
cultivated for propagation and production and 
those over three years old are harvested for utiliza- 
tion (Hsiung & Zhou, 1974; Xiang, 1983). 

In Sichuan Basin, it is estimated that 400-500 
clumps/ha and 30-40 culms for each clump are 
produced under managed conditions. Thus 12 000 
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- 20 000 culms/ha can be expected. If the average 
fresh weight of individual culms is assumed to be 
4 kg, the standing culms available could be 48-80 
tonnes/ha and accordingly 20-30 tonnes are avail- 
able for harvest annually in the saure unit area. 
Taking all managed and unmanaged cichu stands in 
Sichuan into consideration, there would be about 
10-20 billion standing culms which works out to be 
around 4-8 million tonnes roughly. Consequently, 
the annual turnover could be as much as 1.5-3.0 
million tonnes. 

Properties 

Cichu is inferior in ternis of hardness, compres- 
sion and bending strength, when compared to other 
large and thick-walled species. However, its 
straightness, node flatness, long intemodes, high 
fibre content and flexibility make it suitable for 
basketing, matting, pulping and paper-making. 
The anatomical structure of culms is of consider- 
able value for determining their quality in terras of 
utility (Grosser & Liese, 1971; Jiang & Li, 1982. 
As indicated in Table 1, the vascular bundles of 
cichu culms are very small and less than 0.1 mm2 
in cross-section, numerous (900/cm2) and densely 
arranged with one or two rows of parenchymatous 
cells near the periphery. But toward the centre of 
the culm, the vascular bundles become larger. The 
specific gravity of the outer culm wall is much 
greater than that of the middle and inner parts. 

In contrast to Phyllostachys pubescens, which 
is the most useful bamboo covering a large area and 
having the highest production and use in China, 
culms of Sinocalamus affinis have a much higher 
fibre content and less parenchymatous tissue 
(31.6% and 63.0% for the former and 47.8% and 
46.5% for the latter, respectively: Hsiung & Zhou, 
1974; Hsiung, 1980). According to Yee and Shen 
(1946), the tensile strength and tensile modulus of 
S. affinis are greater than that of P. pubescens, 
particularly in the internodes (Table 2). Such 
properties are ideal for basketing, matting and 

Table 1. Specific gravity and vascular bundles (V.B.) distribution of culms of Sinocalamus 
affinis 

Wall Specific gravity No. V.B. 
part /cm- 

Internode node 

X cross-sectional Total cross 
area of V.B. sectional-area 
(10-3cm2) (cm2/cm2) 

Outer 0.702 0.775 900 

Middle 0.493 0.608 281 

Inner 0.433 0.541 195 

V.B., Vascular bundle 

0.96 0.783 

2.33 0.609 

2.85 0.545 
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Table 2. Culm properties of Sinocalamus affinis and Phyllostachys pubescens 

Properties 

Vessels and protoxy]em(%o) 

Sieve tubes and parenchyma cells (%) 

Fibres (%) 

Intemodal tensile strength (kg/cm2) 

Nodal tensile strength (kg/cm2) 

Intemodal tensile modulus (kg/cm') 

Nodal tensile modulus (kg/cm2) 

Sinocalamus Phyllostachys 
affinis pubescens 

5.7 5.4 

46.5 63.0 

47.8 31.6 

2730.0 1447.0 

1345.0 1561.0 

260000.0 117628.0 

160000.0 123329.0 

paper-making. This is the major reason why 
farmers and craftsmen in Sichuan prefer cichu to 
other bamboos. 

Uses 

Baskets and Containers 

Rock-baskets for construction of dams and 
dikes can be made of cichu culms. They are split 
into 2-3 cm wide strips without removing off their 
inner part, except for the nodal diaphragms, and are 
woven into big baskets with openings of 10-15 cm 
for filling rocks. These are slender and are locally 
termed as dragon or sausage baskets. The ends are 
sutured. The baskets are about 70-100 cm in 
diameter and 10-30 m in length. They are used to 
build dams across the river or dikes along the river 
banks to reinforce the dam or dike position by 
filling rocks or cernent and are known as gabions 
or anchor basket. The famous Dujiang Irrigation 
System in Guanxian, Sichuan, was constructed 
using rock baskets during the time of the Qing 
Dynasty, about 2300 years ago. Though the system 
has been rebuilt with steel-concrete recently, rock 
baskets are still used as important supplements. 

Baskets used for domestic and other purposes 
and containers can be made from sliced bamboo 
strips. Their size, shape and fineness are depen- 
dent on the end use and market demands. The big 
and coarse variety are used for packing vegetables, 
fruits, fish, crops and other agricultural produce 
while the small and fine ones are used as hand-car- 
rying baskets and even highly finished articles. Il 
is roughly estimated that more than 500 different 
basket items and containers are made of strips of 
cichu culms in Sichuan alone. 

Cables and Ropes 

Bamboo cables are known to be one of the 
oldest structural elements in the history of en- 
gineering and have been used for constructing 

suspension bridges. The Anlan Bridge at Quanxian, 
Sichuan, the most famous Chinese suspension 
bridge in history, was entirely constructed using 
cichu bamboo cables in the third century BC. It is 
about 300 m long and 3 m wide, with 10 cables 
supporting the bridge floor and five on either ride 
forming the rails (Temple, 1986). Cichu culms are 
the most suitable material for cable-making. They 
are split into strips of about 1.5 cm width and then 
twisted together to form a bridge cable of about 6-8 
cm in diameter. It is reported that a bamboo cable 
of such size is strong enough to support four tonnes 
in a spart of up to 76 m. Many bamboo cable 
bridges, smaller and simpler than the Anlan one, are 
still commonly seen in South-west China although 
the latter has been recently rebuilt with steel cables. 
For towing boats against the river currents, cables 
and ropes are made using cichu culms, with their 
inner part shaved off and then twisted spirally. 
Ropes for common uses are made of even finer 
strips obtained from the outer parts of culms. It has 
been reported that bamboo ropes are much stronger 
than linen ropes of the same size. Another type of 
rope, known as fire rope and which is not used for 
mechanical purposes but for kindling, is made 
from the culm shavings of S. affinis. 

Mats and Boards 
Différent types of mats and sheets of varying 

width and thickness can also be made by interweav- 
ing strips of cichu culms. For house construction 
and for drying agricultural crops, mats used should 
be big and strong and hence wider and thicker strips 
are needed. Strips used for making sleeping mats 
and packing sheets should be smaller and thinner. 
As for weaving fancy articles such as pictorial 
curtains and screens, lady-fans, vase or cup slip- 
covers, etc., only the outer part of cichu culms is 
selected and then split into wire-like strips of amaz- 
ing uniformity and fineness. During World War II, 
the Chinese Bureau of Aeronautical Research 
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studied bamboo-mat boards and made bamboo mat 
oil tanks. They split cichu culms into thin strips, 
interwove them into bamboo-mats, glued three- 
four layers of mats together and pressed them into 
boards which finally were moulded into oil tanks 
of appropriate size. Today, the technology used for 
the manufacture of bamboo-mat boards is highly 
developed. Numerous varieties of bamboo-mat 
boards are produced from culms of S. affinis and 
other bamboos in Sichuan and are used for the 
purpose of decoxation or making furniture, walls, 
ceilings, floors, and also for packaging and other 
constructional purposes. 

Pulp and Paper-making 

Traditional pulp and paper-making have long 
been practiced in Chinese rural areas. In Sichuan, 
young culms of S. affinis are rated as ideal for 
traditional paper-making. They are harvested the 
moment they complete their height growth and 
before foliage development. They are then cut into 
sections and split into wide strips which are soaked 
in a pool with quick lime for three to four months. 
After they are well-rotted, the fibre mass is washed 
to remove the lime and ground into pulp by a stone 
roller. The disintegrated fibres are good for making 
coarse papers or fibre plasters. For making fine and 
print papers, however, they need more grinding and 
washing to remove the defective fragments. The 
fibre mass is then reduced to a fine pulp with 
wooden rakes. A fine mesh screen mould is lifted 
from a vat which contains a watery solution of fine 
pulp. The remaining layer of sedimental fibres are 
drained and carefully peeled off as a sheet of paper. 
Such traditional processes previously used in old 
paper mills, are still commonly practised in the 
countryside with available bamboo resources. 
Many modern paper mills also increasingly use 
bamboo pulp for producing high quality papers. 
For example, the Changjian Paper Mill at Yibin, 
Sichuan, uses 60 percent of bamboo pulp in their 
production, half of which cornes from cichu culms, 
including young and old ones. 

Economic Importance 

Bamboo handicrafts are an important sideline 
occupation which greatly benefits the rural areas of 
South-west China. There are many kinds of bam- 
boo products which vary greatly in quality and 
quantity, depending on material supply, market 
situation and technical skill. 

In Sichuan, peasants spend about 100 days for 
farming every year and use the rest of the time for 
sideline production. Basket and mat-making are 
important occupations and have been well- 
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developed on a traditional basis. Both young and 
old men and women are geared as a team to share 
the work such as cûlm-harvesting, splitting, slic- 
ing, weaving, marketing, transportation, etc. It is 
estimated that income from bamboo handicrafts 
makes up to 50-70 percent of the annual income for 
each family. For many years the Chinese govern- 
ment has encouraged and facilitated the develop- 
ment of rural industries which greatly promoted 
bamboo handicrafts in Sichuan. Bamboo products, 
particularly baskets and mats, in the Chengdu area 
are produced with quality andin large quantity and 
variety; the Chengdu area has specialized in batch 
production. They are not only sold in local markets 
but also exported to other provinces and even 
abroad. To cite an instance, Damingchan in 
Chengdu suburb which is a small rural town with a 
population of 10 000 is actually a `basket village'. 
Each family owns a number of cichu clumps around 
its homestead and engages in basket-weaving 
work. Farmers make différent types of fine baskets 
using some of their own bamboo material and some 
from the market. Their products are mostly sold to 
other provinces and some are exported to foreign 
countries such as Japan, Singapore, United States 
and West Europe. In 1987, the total cash income 
of the whole village was more than five million 
yuan (RMB) and US $50 000 in foreign exchange. 
According to the village manager, eight million 
yuans and US $100 000 are expected in 1988. 
Other villages specialize either in making baskets 
for agricultural use or in producing différent mats 
for specific purposes. Meanwhile, village 
workshops or factories are being organized on the 
basis of family handicrafts with financial and tech- 
nical support of the local government. They try Nard 
to mechanize the processing operation in order to 
improve the working efficiency and product 
quality. 

Recently, the bamboo-board industry bas rapid- 
ly been developed for supplementing the timber 
supply. Bamboo-mat board is an important product 
in Sichuan. The bamboo mats mainly come from 
the nearby farmers who follow the instructions of 
the board factories and interweave bamboo sheets 
one m wide and two m long during the slack 
semons and monsoons. Each sheet is sold for 1.5- 
2.0 yuans. Every 100 kg of fresh culms (15-20 
yuans at current market rate) could produce 30 or 
more sheets which can be traded for 45-60 yuans. 
In fact, bamboo mat-making for the board factories 
becomes an important sideline occupation with a 
stable cash income in rural areas. Farmers who do 
not have enough labour or lack technical ex- 
perience have to sell their culms to other basket and 
mat-makers. 
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Conclusion 

In Sichuan, Sinocalamus anis is the most 
commonly found bamboo, yet the most valuable 
one because of its wide distribution, easy propaga- 
tion, high fibre content and excellent tensile 
strength. Basket and mat-making are traditional 
sideline occupations and have become even more 
important in terms of turnover and profit. Tradi- 
tional pulping and paper-making are still being 
used in the production of low grade papers, whereas 
modem paper mills are increasingly using bamboo 
as raw material due to the short supply of wood 
pulp. Moreover, manufacture of bamboo-mat 
boards has become a high-demand industry. Un- 
doubtedly the development of both traditional and 
modem bamboo-based industries will stimulate the 
full use and simultaneous development of the bam- 
boo resources. 
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The Costa Rican Bamboo National Project 
Ana Cecilia Chaves and Jorge A. Gutierrez 

Costa Rican Bamboo National Project, 
P.O. Box 4540, San Jose, Costa Rica. 

Abstract 
The Costa Rican National Bamboo Project is a comprehensive five year project on 
cultivation, house construction, extension, research and development related to bam- 
boo. The general conditions that justify such aproject, its organization and main goals 
are described. Its relevance for the country and the Caribbean region is discussed. 
Related activities are mentioned. If successful, the project will incorporate bamboo as 
a key material in house construction and as a source of additional income for rural 
households, representing a major contribution to the program of sustainable economi- 
cal development in which the Costa Rican government is actively engaged. 

Project Background 

The economic crisis that struck Costa Rica in 
the early 1980s severely affected the construction 
industry. House construction in 1982 was 26 per- 
cent below the 1980 figures. Even the public sec- 
tor, the traditional leader in low income bouse 
construction, performed poorly. As a result, the 
shortage of bouses was estimated in 1984 as 125 
000 units, a very high figure for a country with a 
population of 2.5 million living in 500 000 
households. Besides, a population growth of 2.8 
percent per year, more than 200,000 refugees from 
the other Central American countries, the poor con- 
dition of 32 percent of the bouses and a very low 
payment capacity of most of the families, make the 
situation extremely critical. Consequently, the 
government bas given housing top priority and has 
defined a goal of 80 000 new units during the 
1986-90 period. 

In Costa Rica, timber traditionally plays a pre- 
eminent role as a construction material. The situa- 
tion is entirely different in the rest of Latin America, 
where adobe is predominant. However, rapid 
deforestation has made wood scarce and expensive, 
giving way to new construction methods involving 
masonary or precast concrete. Wood bouses 
dropped from 86 percent of the total number in 
1963 to 60 percent in 1984. In addition, construc- 
tion technology and labour skills have also 
diminished from the excellent levels half a century 
ago. 

The substitution of wood for construction with 
more complex technologies bas produced three 

inconvenient effects: (1) it bas increased the cost, 
as self-construction is not possible and the 
materials are generally more expensive, (2) it has 
stimulated the migration from rural areas to the 
cities, where most of the massive construction 
programs have been developed and (3) the higher 
foreign component of the new materials has nega- 
tively affected the country's trade balance. 

To overcome these negative effects it is impor- 
tant to stimulate massive construction programs in 
rural areas with low cost materials and technologies 
appropriate for self construction. The scarcity of 
wood has resulted in the necessity for substitution 
with materials which are inexpensive, resistant and 
accessible in rural areas. Bamboo satisfies all these 
requirements and the Costa Rican Bamboo Nation- 
al Project bas been conceived as a necessary and 
rational answer, introducing into the country a new 
but well-proven building technology. 

Being a small country, with very limited non- 
renewable resources, Costa Rica has become very 
conscious about its limits of growth and the need 
for developing its renewable resources, most notab- 
ly hydroelectricity and biomass, within a project of 
sustainable economic development. The concept 
of sustainability involves a balanced development 
producing a fair distribution of income and good 
quality of life among all the population, using the 
available resources in such a way that they will also 
be available for the future generations in required 
quantities. Bamboo clearly fits into this concept 
and the project may be considered as a pioneer not 
only for Costa Rica but also for the entire Central 
American and Caribbean region. 
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Project Description and Goals 

The Costa Rican Bamboo National Project has 
been officially endorsed by the Costa Rican 
Government through the Ministry of Housing and 
Human Settlements, the Ministry of Planning and 
Economic Policies and the Ministry of Foreign 
Relations. The total amount of funds comprises a 
donation of USD 2 733 000 from the Govemment 
of the Netherlands and a USD 4 000 000 loan from 
the Central American Bank for Economic Develop- 
ment (CABEI). The United Nations and the 
Netherlands (UN/TN) component has a duration of 
three years and is due to finish in December 1990. 
The CABEI component has a four year duration 
which excludes the cultivation activities that will 
continue until the sixth year, when commercial 
production will become available. Because there 
has been a one year delay in the initiation of the 
CABEI component, the total duration of the Project 
will be five years, except for cultivation which will 
last seven years. 

The Project defines three main goals that can be 
summarized as follows: 
(a) Construction of 760 bamboo houses in 38 rural 
communities and Indian reserves throughout the 
country. These houses are considered as models for 
a future sustained self-construction program of 
7500 houses per year in the rural sector. 
(b) Cultivation of 700 hectares of Bambusa-guadua 
(Guadua angustifolia) that will provide the neces- 
sary material for constructing the planned 7500 
houses per year. The plantations are being located 
in strategic sites of the country having the necessary 
agroecological conditions to supply the required 
material for différent construction sites. 
(c) Training of more than 1000 professionals, tech- 
nicians and family heads in cultivation, production, 
preservation and use of bamboo for houle construc- 
tion and in the administration of small community 
business dedicated to those activities. 

For each of the above goals the Project has a 
Department which is in charge of developing the 
activities required to achieve the planned results. 
There is also a Research and Development Depart- 
ment whose responsibilities are to provide techni- 
cal support to the entire Project and to obtain 
systematic and meaningful information from all its 
activities and products in order to improve the 
knowledge about bamboo and its uses, and transfer 
this knowledge to the beneficiaries. 

Cultivation Program 

Although there are about 30 bamboo species 
belonging to 10 genera growing in Costa Rica 
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(Liese, 1988b), the only species ideal for construc- 
tion and also widely available throughout the 
country is Bambusa vulgaris. This species was 
brought from Asia for the banana plantations, 
where it was extensively used as props to support 
the plants at the fruiting stage. However, for house 
construction, Bambusa guadua is preferred be- 
cause of its length, erectness, thickness and 
strength. At present, this species grows only in a 
few places and that too in limited quantities. It is, 
therefore, necessary that it is extensively cultivated 
in order to produce enough material for the future 
program of constructing 7500 houses per year. For 
that purpose, 700 hectares of land distributed 
throughout the entire country will be planted with 
bamboo. The land belongs to several public institu- 
tions who have agreed on a future rational perma- 
nent harvesting program. The average production 
has been conservatively estimated at 6000 culms/ 
ha per year. 

Of the 700 hectares, the UN/TN component will 
plant 200 hectares during a three year period (1988- 
90), and the CABEI component the remaining 500 
hectares during a four year terra (1989-92). Vegeta- 
tive propagation of the bamboo is carried out 
predominantly by culm segments buried horizon- 
tally in the ground at 15 to 20 cm depth in nurseries 
adjacent to the plantation sites. Once shoots and 
roots develop from the nodes, they are permanent- 
ly transplanted to the plantation site, with spacing 
ranging from 3 x 3 to 5 x 5 m depending on the site 
conditions. An experimental nursery initiated two 
years ago at Guapiles in the Atlantic Region using 
this procedure has been quite successful, producing 
culms of up to 11 cm in diameter (Fig. 1). Sizes up 
to 18 cm in diameter are expected in the third year 

Fig.l. Bambusa guadua. Twwo year o/d nursery 
in Guapiles, Costa Rica. 
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Fig. 2. Bamboo prototypes for rural construction in Costa Rica. 

and hence, production for construction may be 
initiated seven years after planting. 

Construction Program 

The use of Bambusa guadua for bouse con- 
struction is quite common in some regions of 
Colombia and Ecuador where it has been an alter- 
native for low income groups both in urban and 
rural sites for long (Hidalgo, 1974; Castro, 1985; 
Moran, 1986; Arcila, 1988). The round bamboos 
are used as structural material for columns, braces, 
wall framework, floors and roof structure, and split 
bamboo, called "esterilla", is used as cover for 
walls, floors and ceilings. It is covered with mortar 
of either mud or cernent for insulation against 
noise. In Colombia, this system has gained accep- 
tance among engineers and architects as well as 
official recognition from governmental financial 
institutions, which have contributed to its dissemi- 
nation even to the medium income groups (Arcila, 
1988). 

Given the Jack of tradition in bamboo construc- 
tion in Costa Rica, an experimental project com- 
prising four houses was initiated two years ago with 
the cooperation of the Colombian architects Jorge 
Arcila and Oscar Hidalgo. The houses (Fig.2) were 
constructed following four different construction 
procedures, two of them on flat land and the other 
two on a slope. Fifteen technicians were trained in 
construction techniques and methodologies. 
Material requirements, labour efficiency and cost 
were recorded, and deterioration after construction 
was continuously monitored. At present, the 
houses have been adopted as the Project head- 

quarters, a decision that has greatly contributed to 
their acceptance by the potential beneficiaries. 

As knowledge about bamboo deterioration is 
incomplete and Bambusa guadua is scarce in 
the country, the 760 bouses projected during the 
period 1988-92 will be constructed using timber for 
the structural framework and Bambusa iulgaris for 
"esterilla". Also "cana brava" (Gynerium sagit- 
tatum Aubl. = Saccharum sagittatum), which 
grows abundantly as a weed in many parts of the 
country, will be used for wall partitions instead of 
"esterilla". As the cultivation program proceeds, 
some guadua will also be used for construction, 
specially for the 160 houses comprising the CABEI 
component that will be constructed mostly towards 
the end of the period. 

Extension Program 

The program which envisages the construction 
of 760 houses in 38 rural communities will certain- 
ly contribute to the housing needs in those im- 
poverished areas. Most importantly, it will be part 
of a massive extension effort conceived to transfer 
a new but proven construction technology. Each 
of the 38 chosen communities comprises 20 
beneficiaries who have been selected and trained to 
enable their active participation in the construction 
of their own houses under the direction of one of 
the technicians previously trained in the pilot 
project. Their new skills will allow them, under the 
supervision of the Project, to organize a small com- 
munity enterprise for production of pre-fabricated 
panels and components for the new houses. The 
financial support required for these commercial 
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establishments will corne from the payments of the 
mortgage of their own houses, which will gross a 
special credit line in a financial cooperative. 

Extension is also crucial for the raising of bam- 
boo, not only within the 700 hectares that the 
Project will plant but in the additional areas that 
undoubtedly will be planted by others as the 
demand for the material increases. For this pur- 
pose, all the practical methods and basic knowhow 
are being written down in the form of easy to follow 
manuals with as many drawings and simplified 
instructions as necessary to make them under- 
standable to the rural folk. Similar manuals have 
been prepared for construction and have already 
been tested in the extension programs being offered 
prior to the actual construction of the houses. 

Self-construction and self-management are, 
doubtless, very complicated ways to accomplish 
defined goals within a rigid deadline. However, 
this Project has been essentially conceived as a 
method of promoting self-sustainable economic 
development of the rural areas, through the intro- 
duction of simple but appropriate technologies 
based on a material that can become abundant and 
easily available as a renewable natural resource. 
Extension is, therefore, crucial to the success of the 
scheme. 

Research and Development Program 

Although the Project's main goals are not re- 
search-oriented, it is obvious that research must 
supplement all other activities in order to avoid 
unnecessary mistakes and obtain as much mean- 
ingful information as possible for improving the 
techniques and procedures in bamboo silviculture, 
preservation, house design, construction and social 
organization. Furthermore, profitable production 
techniques must be explored which can later be 
transferred to the commercial establishments that 
will be created in the rural communities to con- 
tinue the activities even after the Project is over. 

Given the countless uses that bamboo has been 
put to in so many countries and its long history of 
use, it is surprising that little effort has been devoted 
to understand the many questions that this amazing 
plant and its applications pose, although significant 
progress has been achieved in the last decade 
(Liese, 1988a). 

In Costa Rica, which had no tradition in the use 
of bamboo, little was known about it even in the 
universities and research centers. The Project is, 
therefore, contributing to imparting training in 
these institutions with carefully defined research 
projects to be carried out by them with assistance 
from the Project's permanent staff and international 
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consultants. Three projects have been defined so 
far. 

Physical and Mechanical Properties of 
Bamboo 

It is very important to define procedures to 
determine the most relevant physical and mechani- 
cal properties of the Bambusa guadua from dif- 
ferent geographic areas. Tests on moisture content, 
shrinkage, compression, shear and bending 
strengths, stiffness and bond are presently being 
carried out at the Forest Products Laboratory of the 
University of Costa Rica. The results will define 
standard test procedures and correlations of dif- 
ferent variables such as density, culm position, 
node or intemode, age, geographical location, etc. 
with strength and stiffness. 

Effectiveness of Bamboo Preservation 
Techniques 

This is considered a crucial research project not 
only because of the high vulnerability of bamboo 
to deterioration by fungi and insects, but also be- 
cause there is very little experience even in wood 
preservation in Costa Rica. Tests are presently 
being carried out by the Forest Products Laboratory 
of the University of Costa Rica and the Wood 
Laboratory of the Technical Institute of Costa Rica. 
These include the determination of the penetration 
and fixation characteristics of different chemical 
components and their effectiveness as preserv- 
atives. 

Efficacy of immersion and dip-diffusion on 
bamboo culms and "esterilla", and the effect on 
bond capacity between "esterilla" and mortar will 
be studied. Depending on the results obtained from 
this project, a more advanced project will be under- 
taken which would include the Boucherie treat- 
ment. 

Behaviour and Capacity of Structural 
Components and Joints 

For this project the terms of reference are under 
preparation for private bidding between the two 
above-mentioned institutions. The main objective 
is to determine the capacity and structural be- 
haviour of bamboo structural components, most 
notably wall panels and différent structural joints. 
Research on these topics is very scarce in the world, 
but quite important in order to allow for rational and 
economic designs of structural systems that are 
going to be extensively repeated (Janssen, 1981). 

Besides these projects which require special- 
ized equipment and must be carried out at research 
centers, additional research is being carried out by 
the Project in the following areas: 
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Silviculture 

The 700 hectares of cultivation provides a uni- 
que opportunity for studying the growth patterns 
and behaviour of Bambusa guadua obtained from 
several regions of the country and planted in dif- 
ferent geographic and climatic conditions. The in- 
fluence of techniques of propagation, planting 
density, weather and soil conditions, felling cycles, 
chemical fertilization, injuries, diseases, growth, 
size, etc. and its effects on mechanical properties 
and natural preservation capacity are being carried 
out. 

Construction Management 

As the Project is a self-construction program to 
be carried out by unskilled workers, it is extremely 
important to develop techniques for measuring 
their labour efficiency and construction quality. 
Besides, a precise record of materials and weather 
conditions is being individually kept in order to 
correlate all these variables with the future perfor- 
mance of the houses. 

Social Organization 
As with construction, the Project offers a uni- 

que opportunity for studying différent organiza- 
tional schemes and its effects on the quality of 
work, acceptance, motivation and productivity. In 
addition to these research activities, the Project is 
interested in developing parallel sub-projects that 
are related to the main objectives, and that can be 
transferred to the ©rganized rural communities, 
together with the rural bamboo industries. 

One of the most interesting projects is the 
utilization of vegetal fibres for the production of 
corrugated roofs and wall panels. Training in this 
area was given by a EA.O. consultant (Nnabuife, 
1987). The equipment necessary to obtain the 
fibres from vegetable residues from forent and 
agriculture (bamboo included) has been offered by 
the Costa Rican Department of Forestry to the 
Project, and a feasibility study is presently under- 
way. The use of fibre corrugated roofs instead of 
the imported galvanized steel corrugated roofs 
presently being used is a more consistent, economic 
and rational alternative for a bamboo house in a 
rural community. 

The Research and Development Program is 
establishing an Information Center on bamboo on 
all the différent areas comprising the Project. This 
Center will provide information to all persons and 
institutions interested in bamboo, not only in Costa 
Rica but in the entire Central American and Carib- 
bean region. 
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Conclusions 

Within the concept of sustainable economic 
development, the Costa Rican Bamboo National 
Project represents an excellent opportunity of intro- 
ducing into the country, a new material and a 
proven technology for house construction in rural 
areas. The Project will also make a significant 
contribution by supplementing family income and 
acting as a vehicle for the establishment of rural 
commercial enterprises financed with the mortgage 
payments of their own houses. 

Finally, if successful, the Project ,may be con- 
sidered as a pilot project for the entire Central 
American and Caribbean region where the social 
conditions and the bouse deficit are even more 
critical in quantity and quality. 
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Bamboo as an Alternative Material in the Context of 
Diminishing Resources 

W. Liese 
Institute for Wood Biology, Hamburg Université", 

Leuschnerstrasse 91, D 2050 Hamburg 80, West Germany. 

Abstract 
The various applications of bamboo are discussed. Attention is drawn in the papes to 
the limiting characteristics of the plant in terras of the newer applications being 
envisaged. 

Bamboo Production and Utilization 

The ongoing destruction of forest areas espe- 
cially in the sub-tropical and tropical belt is, in 
many countries, accompanied by a shortage of tim- 
ber. Both factors have led to an increasing aware- 
ness of the multifunctional services that bamboo 
can provide. It is noteworthy that at the IUFRO 
Planning Workshop on Increasing Productivity of 
Multipurpose Tree Species for Asia held in 1984 
in Sri Lanka, participants from 12 countries placed 
bamboo among five of the most important species 
for top priority activities. It is estimated that about 
USD 4.5 billion in revenue is generated by bamboo 
annually in terms of goods and employment. 

In China, India and Bangladesh, bamboo has 
served mankind since ages for countless uses. In 
China, the results from the recent research activities 
have already led to significantly improved cultiva- 
tion, management and processing practices with an 
increased production of bamboo culms. An im- 
provement in the quality of bamboo products has 
also been achieved. However, in countries with 
rich bamboo resources, adequate attention is not 
paid to the cost calculation of bamboo production. 

There are regions in the world with a similarly 
long tradition of bamboo utilization such as Japan 
and Taiwan. Nevertheless, a distinct decline in 
bamboo utilization and processing can be observed. 
The cultivation area and the yield of bamboo har- 
vested have decreased substantially, mainly due to 
the pressure on land. The general economic and 
technical development requires costly machinery 
and, in turn, higher wages, which do not favour the 
use of a relatively cheap natural material like bam- 
boo for construction when compared with timber 
or plastic for the manufacture of furniture and other 

commodities. 
In countries like Malaysia and Costa Rica, bam- 

boo was for a long time regarded as a weed which 
hardly attracted the interest of the foresters. There- 
fore, no special attention was paid to its utilization 
until new developments came about in recent years. 
In Chile, bamboo is still treated as an unwanted 
weed in the forest, hindering silvicultural manage- 
ment and harvesting operations. Since it hardly 
finds a market in Chile with its large surplus of 
fast-growing softwoods and its rich hardwood 
forests, the culms of Chusquea are used for furni- 
ture as a substitute for rattan, which does not grow 
in this region. 

Current Interest in Bamboo 

The growing awareness of bamboo not only as 
a material but also as a lovely plant is not restricted 
to the countries of its origin. In North America and 
Europe, Bamboo Societies have been founded 
recently and conférences held with many papers 
presented before a large audience. The attitude of 
such groups is hardly directed towards the utiliza- 
tion of bamboo products, but more toits decorative 
aspects. Thus, in the past few years, several frost- 
resistant species have been introduced mainly from 
China to the countries of the temperate region. At 
the Bambouseraie de Prafrance, about 150 species 
are growing; the bamboo nursery Eberts in southem 
Germany has about 130 species of which 30 are of 
commercial value. This appreciation of bamboo 
as an "alternative material" has not resulted from 
an awareness of diminishing resources, but from 
the basic need fora more natural surrounding in our 
daily life that contrasts all the technical progress 
around with the increasing use of cernent, plastic 
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and glass. This increasing public interest is also 
expressed by two rather comprehensive television 
films on bamboo in the United Kingdom and in 
Germany. 

Only eight years ago, the first IDRC workshop 
on Bamboo Research in Asia was held in Sin- 
gapore. It can be regarded as a path-breaking event 
as numerous conferences and activities have fol- 
lowed since then, such as the IUFRO World Con- 
gress in 1981 in Kyoto, Japan; the American 
Bamboo Society meeting in 1983 at Mayagues, 
Puerto Rico; the Second International Bamboo 
Workshop by IDRC and the Ministry of Forestry, 
China in Hangzhou in 1985; IUFRO World Con- 
gress in 1986 in Ljubljana, Yugoslavia; the found- 
ing of a European Bamboo Society in 1987; the 
Second International Bamboo Conference in 1988 
in France, and finally this Third IDRC-supported 
International Bamboo Workshop organized by the 
Kerala Forest Research Institute, India. Thus an 
impressive enthusiasm and activity for bamboo 
have developed world-wide due to the input by 
national organizations and international assistance. 

If we consider the various fields where bamboo 
has recently found wider and even new ways of 
application they may be grouped as follows: 
- The ornamental value of bamboo for indoor 

and outdoor use is becoming increasingly 
appreciated in Europe and North America. A 
better knowledge of horticultural species is 
much wanted. 

- Due to its fast growth and intensive rhizome 
development, bamboo is used for establishing 
windbreaks and for soil stabilization. It is also 
an ideal plant for social forestry. 
The delicious taste of shoots and considerable 
yield have led to an increase in the area of 
plantations for shoot production; the primary 
management goal has changed from culms to 
shoots. In Japan, the production of bamboo 
shoots is steadily increasing; in China, bam- 
boo culm plantations are being converted to 
shoot production and even in Southern Europe 
(in Italy) shoot production has been started 
especially keeping the Japanese working in 
Central Europe in mind. An improvement in 
quality and quantity due to better species 
selection appears possible. 
The excellent properties of the culm are being 
utilized for constructing buildings and houses 
with more refined designs and technologies 
than are usually applied to simple housing in 
rural areas. 
Bamboo handicraft items are coming into the 
market. This is facilitated by special training 
centers, and the material is often used as a 
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substitute for rattan. 
- Processed bamboo products using a more 

sophisticated technology such as microwave 
heating for flattening bamboo or steam 
explosion technique for chemical disinte- 
gration, are technically feasible. Their produc- 
tion and demand appear still limited. In China, 
more than 100 small-scale factories produce 
about 10,000 tonnes of bamboo plywood or 
bamboo particle-board. 

Limitations in the use of Bamboo 

Many researchers, in all continents, now work 
on bamboo and are trying to explore its wider 
application and utilization. Not everyone has suf- 
ficient knowledge and experience to appreciate the 
limitations of bamboo as for any other natural raw 
material. Presently, we are trying to extend the 
limits of the past experience by applying new 
results and techniques. In this context, however, 
we need to be aware of certain limiting charac- 
teristics of the plant and its products so that its 
natural limits are not overstretched. Some impor- 
tant biological aspects that need to be kept in mind 
are given below. 

An increasing demand often leads to premature 
felling of the culms. This reduces the biological 
productivity of the remaining culms for new shoots. 
In addition, the prematurely harvested culms are 
more fiable to splitting and biological attack. 

Unlike some wood, bamboo does not have any 
toxic substances to make it resistant. Consequent- 
ly, bamboo culms remain liable to biological 
degradation whenever the environmental condi- 
tions are suitable for fungi or beetles. 

Unlike wood, bamboo does not possess 
anatomical pathways which enable a radial 
penetration of preservatives. Even worse, its outer 
skin is highly refractory towards penetration, and 
any uptake from the inside is also limited. In spite 
of several attempts, no method for the preservation 
of bamboo has been developed which is equally 
technically feasible, cheap, and environmentally 
safe. As a consequence, when utilizing bamboo, 
for example, for constructional purposes, certain 
restrictions have to be taken into account. Bamboo 
is also liable to splitting during drying. Whereas 
the strength properties are hardly influenced by 
such cracks the uptake of moisture by the inner part 
of the culm may lead to a higher rate of biological 
deterioration. 

Many people now realize the great potential of 
bamboo in the context of declining timber resour- 
ces. For this purpose we are trying to find ways of 
improving the growth, management and utilization 
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of bamboo. In addition to knowing about the 
achievements and positive results, we also need to 
be educated about the failures and difficulties in 
order to avoid them in the future. 

In recent years many achievements have been 
obtained through research. These results need to be 
applied on a larger scale. The research activities so 
far have mainly been directed towards biological 
questions and to a lesser degree to the equally 
important field of utilization. The limited research 
on the utilization aspects of bamboo is mostly 
properties-oriented and not product-oriented. We 
almost completely lack knowledge in the field of 
marketing research. It must be known, for ex- 
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ample, which properties are necessary for the 
products people want to have. Otherwise they will 
buy in due course, baskets and other articles made 
of plastic, which are colourful, durable, and even 
cheaper than those made from bamboo. 

Above all, we have to be aware of the limited 
social acceptance of bamboo by the rural people. 
If our efforts should lead to a wider utilization of 
bamboo, we have to consider this social context 
carefully. If we do not balance our efforts with the 
market behaviour of the people with their freedom 
to choose what to buy, we may fail in the applica- 
tion of our work. 
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Abstract 
The relatively limited amount of basic research that has been done on bamboos belies 
their importance to tropical, subtropical and even temperate economies. Improved 
bamboo production and management schemes are central to fuller; yet responsible 
exploitation of these important resources. Obviously, information from basic research 
is fundamental to improved capability, considered planning and decision making. 
Fortunately, information which has hitherto been largely accessible only with difficulty 
is beginning to lie pulled together and published. This kind of activity must be sustained 
and regularized. Major limitations to bamboo production could be overcome by more 
effective propagation methods. Tissue culture should play a significant yole in realizing 
this objective. Tasks that need to be accomplished by co-operation and by informed 
consensus to make the potential a reality include: 1) prompt consolidation and 
preparation of a database fiom existing laboratory andfield studies for assessment of 
the feasibility of using excised shoot tip, tissue, cell and protoplast culture for the 
preservation, multiplication, storage and distribution, and improvement of bamboos in 
any given place; 2) definition of key areas of basic and applied research necessary for 
full implementation of co-operative research efforts to permit any obstacles to be dealt 
with efficiently; 3) identification andlor assemblage of superior species or clonai 
germplasm collections from which materials can be freely withdrawn; 4) discussion of 
the best configuration of laboratory workshops and training schemes that can be 
convened to optimize skills and improve capacity of researchers; 5) initiation of 
co-ordinated preparation of detailed research plans and proposals to address com- 
prehensively the goals and needs in various différent and contrasting settings; 6) 
examination and discussion of the development of tissue culture practices complemen- 
tary in both the short and long term context to those used in conventional garden and 
field practices. Much of this capability may, in fact, already be within reach without 
thisfact being fully appreciated. This being so, it is essential to improve and foster open 
communication among workers. Suggestions on how to obtain and consolidate infor- 
mation, and to identify the exact status of affairs are proposed via the convention of 
strategic working groups. The first step in working towards solutions is to identify, 
accurately, what the problems are. 

Introduction 

Bamboos represent one of the world's great 
natural and renewable resources. The subfamily 
Bambusoideae of the Poaceae family (the grasses) 
is comprised of six groups: the Oryza group, the 
Anomochloa group, the Bambusa group, the 
Dendrocalamus group, the Phyllostachys group 

and the Arundinaria group. The Oryza group 
alone includes about 20 genera (cf. Dahlgren et al., 
1985). The genera and species are far from being 
completely described. Therefore, one is only too 
keenly aware that the amount of available informa- 
tion on bamboos, like many other plant groups, is 
at once staggering and frustrating (cf. Holttum, 
1956; Metcalf, 1960, p. 540 et ff; McClure, 1966a, 
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b, 1973; Calderon & Soderstrom, 1973,1980; Aus- 
tin & Ueda, 1975; Janzen, 1976, 1985; Soderstrom 
& Calderon, 1979; Marden, 1980; Higuchi, 1981; 
Soderstrom & Young, 1983; Farrelly, 1984; Liese, 
1985 for a sampling of the broad range of coverage 
available). Much of the information is, however, 
very incomplete and that which is available is still 
scattered and less accessible than one might other- 
wise like. Also, in addition to this already publish- 
ed literature, there are, of course, those current 
findings from on-going research efforts, often 
reflected in reports of parochial or very limited 
circulation, that frequently take quite a long time to 
emerge in the so-called "open" literature, if ever. 
The forestry community, for whatever reasons, has 
traditionally been particularly conservative in its 
publication traditions. Also, even when published 
in the "open" literature, access may be limited for 
reasons as unawareness or even colt. All this has, 
expectedly, contributed to the information gap and 
led to otherwise avoidable duplication of effort and 
redundancy. 

Concerted efforts have been made to make 
more of the recent developments available and to 
highlight the importance of work on bamboos by 
means of international workshops. The Interna- 
tional Development Research Centre (IDRC) and 
the International Union of Forestry Research Or- 
ganizations (IUFRO) sponsored a successful 
workshop in Singapore in 1980 (cf. Lessard & 
Chouinard, 1980) and another was sponsored by 
these two organizations in cooperation with the 
Ministry of Forestry, Peoples' Republic of China in 
October 1985 in Hangzhou (cf. Rao et al., 1987). 
The published proceedings of these workshops 
have had substantial distribution and have 
generated considerable interest. It is hoped that 
works such as these can be circulated in still greater 
numbers and will have more heuristic value. 

Recommendations on research needs and 
priorities generated from each of these workshops 
have emphasized that much more still needs to be 
done to stimulate further basic research and that the 
ongoing efforts need to be supported, sustained and 
nourished. In this connection, consolidation of in- 
formation on and results from work already carried 
out has been undertaken. One example of this is 
that preparations for a bibliography of papers on 
published research carried out in China on bamboo 
in the last ten years have been finalized and access 
to this publication should open up a whole new area 
of information (Anonymous 1988a, b). Access in 
English translation to key papers front the extensive 
literature in Chinese and Japanese could similarly 
provide new insights. Also, greater access through 
translation to papers published in Spanish and Por- 
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tuguese on work carried out in Latin America, and 
in French on work carried out in Africa (including 
Madagascar) would similarly be very helpful. 

As the efforts to stimulate and coordinate re- 
search on bamboo progress and mature, new for- 
mats and meeting configurations will need to be 
experimented with to facilitate and hasten further 
priority developments. This paper suggests a pos- 
sible format for a network on bamboo by means of 
a regularly convened international working group, 
and outlines some of the research areas that could 
be addressed in one small category of effort, name- 
ly, plant tissue and cell culture. 

Needs and Recommmendations on How 
to Meet the Needs 

We feel that the most urgent priority in addition 
to stimulating more basic research on bamboos is 
to provide a vehicle for effective co-ordination of 
efforts and collaboration on issues of common im- 
portance. 

"Networking" is increasingly being appreciated 
as a logical approach to developing working 
relationships among scientists from different 
countries (cf. e.g. Plucknett & Smith, 1984). While 
the main objective of networking, namely, to real- 
ize benefits of collaboration in a cost effective way, 
is easily appreciated by all, the difficulty lies in 
developing and implementing an efficient scheme 
that does minimal violence to the primary objective 
on account of what is increasingly (and distasteful- 
ly) recognized as "micromanagement". 

Traditionally, scientists have carried out net- 
working on a "one on one" basis or in small groups 
ever since the beginning of science. This will, in 
our view, continue to be the choice vehicle. 
Workshops such as this one and earlier ones which 
were more specific as to scientific methodology- 
namely tissue culture, will retain their great impor- 
tance and value (cf. Rao, 1982). Nevertheless, it is 
becoming increasingly clear that scientific 
developments in areas of significance to those 
seeking to foster bamboo production and use, albeit 
not necessarily directly carried out on bamboos, 
are too rapid and the consequences of unawareness, 
mis- and disinformation so potentially disastrous 
that a mechanism which further optimizes access 
(i.e. quickly and cheaply) to accurate information 
and which is stimulatory and conducive to genera- 
tion of new data specifically for bamboos be estab- 
lished. 

It is reeommended that an international work- 
ing group on Bamboo be established to deal, on a 
regular and continuing basis, with a range of 
relevant problems. 
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By establishing a working group, comprised of 
individuals representing a balanced coverage of 
problem areas, it is anticipated that one will have 
provided a vehicle for stimulating development of 
both "appropriate" and 'futuristic technologies" 
and the use of the best multilevel capabilities. 

Our conviction is that interested, concerned 
and, above all, knowledgeable people exist in 
several sectors of the community in numbers suffi- 
cient to form a critical mass - scientific, academic, 
governmental and quasi-commercial and commer- 
cial, whose participation in such a working group 
would provide the necessary scientific and techni- 
cal infrastructure and thus serve as a major thrust 
to the overall objectives of those committed to 
promoting bamboo work in all its aspects. No doubt 
a substantial amount of expertise already exists. In 
the U.S.A., for example, the American Bamboo 
Society publishes a Newsletter and a Journal. In 
Japan, there is the Japan Society for Bamboo 
Development and Protection. The help of a number 
of such organizations, worldwide, needs to be 
sought. Their membership comprises a resource 
of immense amounts of knowledge. Annotated 
membership lists should be obtained, calls for iden- 
tification of researchers and technologists working 
on bamboo should be issued to a wide range of 
agencies and groups, and a directory should be 
compiled that includes means of rapid communica- 
tion wherever possible. (A beginning towards a 
world directory of bamboo researchers is to be 
found in Higuchi, 1981.) Not only do such people 
have to be identified, but an intellectually and 
pragmatically attractive forum for engagement of 
an appropriate representationfrom their ranks for 
their involvement and co-ordination must be estab- 
lished. 

An early objective of such a working group 
would be to provide and/or draw "consensus 
conclusions" by means of detailed position papers 
and the like as to various national and regional 
needs. It would be expected that specialized and 
potentially instructive examples of handling local 
needs would also emerge here and perhaps serve as 
models for developing and/or utilizing "ap- 
propriate technologies". Based on such consensus 
conclusions, it is expected that one can then set 
progressively more realistic and informed priorities 
for the working group. 

It is more than likely that many of such long 
term priorities and needs have already been set by 
various countries but it will be part of the consen- 
sus-building operation to formalize them to a max- 
imal extent. The projection is that the vast majority 
of priorities will be common to most, if not all. 
Priorities may change, of course, as new develop- 
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ments occur. It is expected that agenda items of the 
working group will evolve and focus, as needed, on 
specific and urgent problems. 

It is anticipated, for instance, with a degree of 
certainty that inadequate production and 
availability of clean planting stock will comprise, 
for many if not most, a major limitation to optimiz- 
ing the growing and utilization of bamboo on the 
scale that it requires and deserves. 

A major and early agenda item of the working 
group would therefore be to assess the status of 
germplasm availability, and propagation techni- 
ques, ranging from the more traditional and con- 
ventional (if there really are any such - cf. e.g. 
Abeels, 1962; Lin, 1970; Prange, 1974; Kondas, 
1982; Farrelly, 1984) to those involving latent 
developments such as tissue culture. One would 
anticipate the publication of as detailed as possible 
and profusely illustrated a guide to, or position 
paper on, germplasm collection, availability and 
propagation. Publication should include video 
cassette format as well as conventional book form. 

The publication on propagation would repre- 
sent a group effort which would be written by such 
devices as assignment of special topics to in- 
dividuals or small splinter groups, put together and 
then collectively honed and polished. Alternative- 
ly, circulation of preliminary and working drafts by 
mail to individuals for consideration and modifica- 
tion can further expedite matters. Ideally, com- 
puter technology when available could be used to 
communicate. 

The working group by this mechanism would 
provide a forum forprompt, effective dissemination 
of new findings orfindings that have long been in 
practice in one location or setting but are unknown 
to or inadequately appreciated by others in dif- 
ferent places. It would be expected that regular 
updatings and revisions would be carried out. 
Prices would be kept to the absolute minimum. 

Special attention would be given by the working 
group to the latest developments in plant tissue 
culture. 

The means for assessing the need or desire to 
integrate the same into production schemes would 
be expected to emerge. If it turns out that sufficient 
capability already exists, then the means to 
facilitate transfer of the biotechnology would be 
discussed and established. This would entail 
modification of the biotechnology so as to find a 
convenient and cost-effective transfer and im- 
plementation strategy. (More about this later.) 

The working group woulddevelop a mechanism 
and serve as a focal point for providing training 
where needed in a specific technology. 

In the event, as it can be projected with certainty 
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that, much more basic and applied research and 
development is needed, a splinter or sub-group or 
panel of the Working Group would be established 
to deal exclusively with the problems of newer 
approaches such as tissue culture. This relatively 
small group would have permanent cote members 
which would be supplemented as needed with guest 
advisors, consultants, etc. Some members of the 
splinter group might also serve on the Working 
Group or in other splinter groups. 

As appropriate, the subgroup would convene 
tissue culture and related workshops and issue and 
broadly circulate technical position papers and 
guidelines on latest methods. 

It is anticipated that this panel or subgroup 
(and related ones dedicated to other relevant areas) 
would comprise a crucial component of the work- 
ing group and provide on a continuing basis, 
recommmendations and guidelines to the Working 
Group. 

The establishment of an effective Working 
Group would by virtue of its analytical, coordina- 
tive, scientific, technical and educational roles be 
able to provide a unified voice to donor agencies at 
the local, national, regional and international level. 
This unified voice would not only have the requisite 
clout and credibility but would permit optimizing 
the chances of gaining necessary resources from 
botte private and commercial organizations as well 
as international and national ones. 

At the outset, the Working Group would neces- 
sarily be modest and considerably smaller than its 
desired and eventual full strength and capacity 
membership. As an evolving structure, it is to be 
expected that the Working Group would undergo 
growth, adjustment and refinement as the needs of 
the user community evolve and develop. The sub- 
groups or panels would "self-destruct" as their pe- 
riodic priorities were dealt with and completed. 
They would, however, by the nature of the work 
they do be expected to be in operation for relatively 
long periods. 

The more detailed objectives and format of the 
Working Group would have to be carefully worked 
out and convincingly presented to some potential 
donor agencies. While it would be difficult to 
provide dollar values on the impact bamboos have 
for the world at large, reasonable extension would 
have to be made based on those figures that are 
available to convince potential donors that the 
amount is very high. Financial help would be 
sought to establish an ongoing and regularised ac- 
tivity. The first phase should last no fewer than five 
years. 

Funding sources for such a venture would have 
to be carefully considered, of course, but the 
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broader the base and the more agencies involved 
the better. (Sharing of financial responsibilities is 
always attractive.) A major caveat would be that 
any funds for research and development should not 
become consumed in the interest of bureaucracy 
and paperwork. The best way to minimize over- 
head costs is to make certain that the majority of 
people in the Working Group be scientists actively 
engaged in research. 

Some Tasks and Objectives as They 
Relate to Tissue Culture 

The area selected for a bit more development 
here relates to a subgroup or panel on tissue culture. 
Other relevant topics would be covered by ap- 
propriate splinter groups. Among the tasks that 
should be addressed at a tissue culture panel or 
subgroup workshop would include how: 
1. To prepare in a form suitable for dissemina- 

tion existing bamboo tissue culture achieve- 
ments. 

2. To further modify, develop and ultimately per- 
fect existing shoot tip and nodal culture proce- 
dures so that they can be extended to as wide 
a range of species and genotypes as possible. 

3. To utilize or develop technologies to 
demonstrate conclusively that material 
propagated is free from bacteria, fungus, 
specific pathogen, virus and even from 
mycoplasma (if such exist in bamboos). 

4. To disseminate to the maximum extent allow- 
able by regulations "clean" bamboo genotypes 
hitherto unavailable or of limited availability 
for "field" and site testing. 

5. To develop meristem, cell and protoplast cul- 
ture methods so as to permit decisive evalua- 
tion of the potentiel of these methods for rapid, 
clonal multiplication on the one hand, as a 
means of generating useful variation on the 
other and as a vehicle for eventual genetic 
engineering as yet another. 

6. To assess whether long term and clonal storage 
can be achieved by using any of the procedures 
under (2) and (5). 
Because plant tissue culture work is interdis- 

ciplinary, and depends, at its best, on access to 
substantial base-line data, it is anticipated that the 
subgroup would have to deal with problems of 
access to germplasm. Existing germplasm collec- 
tions would have to be identified. The International 
Board on Plant Genetic Resources (IBPGR) in 
Rome would be asked to participate in this effort. 
An inquiry would have to be conducted to deter- 
mine the most profitable areas to explore for or 
collect bamboo germplasm, if such is deemed 
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necessary and we predict it is. In order to determine 
whether germplasm can be exchanged, existing 
rules and quarantine regulations would need to be 
compiled by country and a detailed position paper 
prepared (cf. Kahn, 1979,1988; Parliman & White, 
1985). Since bamboos are taxonomically in the 
family Poaceae: Gramineae: subfamily Bam- 
busoideae: tribe Bambuseae, and as grasses are 
perceived, whether infested or diseased or not, as 
constituting a major potential threat to cereal and 
sugarcane production, the regulations are sure to be 
stringent and severely restrictive. In the U.S.A., 
material (like all members of the Poaceae) is only 
importable without problems from Canada, and if 
it derives from any place else, it is permitted for 
research purposes only - that too by special so- 
called departmental permit - and only with fairly 
stringent control. Otherwise it is forbidden. In the 
early days, there was considerable concern over 
introduction of scouts (cf. Anonymous 1967; Ap- 
pendix 1; Table 1). 

Some attention has been paid to fungal diseases 
of bamboo (cf. papers in Rao et al., 1987) and 
traditional means to establish whether bacteria and 
fungi-free material has been achieved in vitro are 
more or less easy to implement. At least they are 
straightforward. Testing by specific nutrient broth 
for bacteria and fungi has been generally outlined 
by tissue culturists concemed with mass propaga- 
tion and, provided precautions are taken and 
monitoring is rigorously exercised, one can an- 
ticipate that problems can be handled for the bam- 
boos (cf. Schaffner, 1979). 

Screening by electron microscopy for presence 
of virus or mycoplasma is, of course, more arduous, 
but this too can be implemented. Tests by serology 
(ELISA) for virus is yet another means of pathogen 
indexing. This latter testing is far more difficult 
and work needs to be done. A major difficulty is 
the use of methods to detect and identify viruses, 
the presence or identity of which have yet to be 
disclosed. Even here, however, methods exist to 
show the presence of foreign nucleic acids (cf. 
Hamilton et al., 1981). Most plants that have been 
propagated for long periods by vegetative means 
have been found to contain viruses. Bamboos may 
well be one of these plant groups. The fact is, of 
course, that production of strictly virus-free plant- 
ing stock can only be assured if the methods to 
detect them in cultured material exist. Efficiency 
of thermotherapy in combination with meristem 
culture (cf. Kartha, 1981; Schaefer- Menuhr, 1985) 
will have to be evaluated. It should be recalled that 
thermotherapy per se is no guarantee of clean stock 
production. Rigorous monitoring must be carried 
out. The whole effort is not a casual one (cf. Fig.1) 
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but should be done especially when international 
germplasm movement cornes into consideration. 
While it is arguable whether one should "bother" 
when materials are being investigated within the 
country of origin, the fact remains that the base-line 
data concept demands knowledge of viruses, etc. 

Apparently disease-tolerant clones that are 
known to be free of pathogen in one area should 
indeed be tested in as many areas as possible. It 
would be desirable to get as many of them as 
possible into axenic culture. It seems that a prudent 
and responsible programme could find the means 
whereby material established to corne from a non- 
infected area could be excised and imported into 
various countries for investigation. 

A quarantine area, or its equivalent, could en- 
sure limitation of any potential hazards. For ex- 
ample, a laboratory outside the normal bamboo 
growing area, say in a temperate climate for tropi- 
cal species, could fil this requirement. Material 
could be excised in one area, put through conven- 
tional microbiological testing procedures for fungi 
and bacteria detection, and thermotherapy and 
meristem culture, examined by electron micros- 
copy, etc. to ensure absence of virus, and then 
multiplied by nodal or shoot tip or meristem culture 
for field planting, again in a quarantined area. 
These would then be provided to appropriate inves- 
tigators using proper quarantine procedures. While 
this would be a somewhat complicated procedure, 
it has great promise for making available, relatively 
quickly, bamboos which have high potential for 
use. 

The often limited and very restrictive bamboo 
germplasm base in certain areas of the world is 
explainable on historical, ecological, phytogeo- 
graphical preference and/or over-exploitation and 
mismanagement grounds. Surely the time has 
corne to take measures towards seeing whether the 
base can be expanded without negatively altering 
or damaging that already existing. One can ap- 
preciate that one should not merely "trade one set 
of problems for another", but to ignore the 
availability of potentially valuable germplasm is 
another! Stringent guidelines for quarantine and 
import restrictions must be respected for traditional 
materials but newer procedures provide the poten- 
tial to circumvent restrictions which may, in a new 
and specific context, no longer be relevant - care- 
fully monitored or indexed tissue cultures are one 
example of this (cf. Hewitt & Chiarappa, 1977; 
Kahn, 1988). 

The task of disseminating bamboo genotypes 
hitherto unavailable or of limited availability for 
worldwide or multiple site field testing and evalua- 
tion should be a natural outcome of the successful 
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Identify viruses (if possible) 
SELECT INFECTED 
PARENT CLONE i_ Thermotherapy of parent plant, 

if necessary (30-40°C,6-12 weeks) 

EXCISE MERISTEM/TIP 
(apical dome plus one or 

more leaf primordia, 

0.3-1.5 mm diam.) 
Thermotherapy of culture 

2-10 weeks) 

CULTURE ON SUITABLE Chemotherapy of culture 
MEDIUM 9E -(antiviral chemicals in medium, 

REGENERATED PLANTLET 

PLANTLET ESTABLISHED 

IN SOIL 

VIRUS-FREE PLANT 

VIRUS-FREE CROP 

e.g. Virazole) 

Manipulate culture medium for 
required growth 

Careful control of humidity 

Intensive virus indexing: 

a. indicator plants 
b. electron microscopy 
c. grafting 

d. serology 
i. ELISA 

ii. serum-specific electron 
microscopy 

Maintenance: 
a. virus-free glass and 

screenhouses 

b. lowered temperature tissue 
culture 

Clone selection (monitor genetical 
or physiological changes) 

Multiplication: 
a. conventional vegetative 

propagation 

b. rapid tissue culture 

propagation 

Compare yield with infected crop 

Monitor virus re-infection 

Fig. 1. Schematic representation of the sequence of events involved in the production of a virus free 
"ci-op". Note that this is merely a guideline which emphasizes the complexity of the operation. 
Scheme reproduced with permission of Dr Frederika Quak, Wageningen, The Netherlands. 

358 



BAMBOOS Current Research 

achievement and realization of the previous tank, 
covered above. 

A number of different kinds of research or- 
ganizations exist which can participate in the effec- 
tive distribution of tissue cultured or other clonai 
materials for field testing. These organizations 
could be encouraged to make arrangements for 
testing and evaluation. 

While the tasks outlined at 1, 2, 3 and 4 em- 
phasize meristem, shoot tip or nodal bud culture 
techniques, it is well known that mature, living, 
plant cells from some plants may be induced in 
vitro to proliferate, to multiply more or less in- 
definitely, to release free cells and small units and 
to produce somatic embryos and hence form 
plantlets that can develop normally. The classic 
model for this is the carrot (cf. Krikorian, 1982). 

This has led to the recognition that potentially, 
ail the living mature cells of the plant body retain 
intact in their nuclei the full information of the 
zygotic nucleus, and moreover, in their cytoplasm, 
the ability to make that information fully effective. 
Whether controlled cell culture techniques will be 
readily applicable to very many bamboos is very 
well worth testing. If it proves practical, as we 
suspect it is, the objective would be to control the 
development so that somatic cells, growing in 
isolation from the plant body, would recapitulate 
the behaviour of zygotes or fertilized eggs faithful- 
ly. If all this were feasible today, it would add 
greatly to an understanding of development and 
could, simultaneously provide the long-sought 
means for clonai, asexual propagation of plants in 
very large numbers from somatic cells (cf. 
Krikorian, 1982). Also, if it were feasible to use 
free plant protoplasts, it would be an equally 
powerful tool in genetics and plant breeding. The 
full exploitation of these ideas and methods despite 
numerous facile daims for their routine application 
await, for ail plants, a more complete under- 
standing of the systems in question. Studies on the 
nature of the developmental controls which obtain 
in cultured bamboo cells and protoplasts could not 
only lead to the production of large numbers of 
clonal plants but help us achieve a better under- 
standing of the controls of development and lead 
the way to the basis of a new system for genetic 
modification and micropropagation. Bamboo seen 
in this context, would be a useful and informative 
model system. 

The induction of totipotent cell suspensions of 
monocotyledons, both those grown as annuals or 
perennials, is generally appreciated as being rather 
difficult to achieve but it is indeed within reach 
since impressive progress is being made in a num- 
ber of laboratories. At Stony Brook (USA), 
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suspensions are routinely initiated from a number 
of clones of the perennial Liliaceous genus 
Hemerocallis, the daylily (cf. Krikorian et al., 
1986). The same has been done with the African 
oil palm (Elaeis guineensis) (cf. Krikorian & 
Kann, 1986), More recently, morphogenetically 
competent cell suspensions have been generated 
from a seeded diploid, omamental banana - Musa 
ornata Roxb. (cf. Cronauer-Mitra & Krikorian, 
1988b) and some triploid, essentially seed-sterile 
edible banana and plantain clones as well. Figure 
2 provides, schematically, the inter-relationships 
of several levels of organization of aseptically cul- 
tured "units" and their theoretical capability or 
potential for giving rise to new plants. One can 
start with a relatively large unit structure, say a 
nodal explant, and progressively go to a smaller and 
smaller size of morphologically competent unit. In 
this scheme, the isolated protoplast is seen as the 
ultimate of a reduced unit (cf. Fitter & Krikorian, 
1982). 

There is a large body of information on sugar- 
cane tissue culture and somatic embryos can now 
be produced in profusion (cf. e.g. Ahloowolia & 
Maretzki, 1983; Ho & Vasil, 1983; Maretzki, 
1987). The task for sugarcane technologiste is to 
integrate the methods into the broad picture. This 
is not a casual activity and requires a number of 
conditions to be met. The volume on "Sugarcane 
Improvement by Breeding" (Heinz, 1987) provides 
an excellent example of a holistic approach to this 
kind of process. This volume could, incidentally, 
serve as a model for one of the several kinds of 
publications needed on bamboos. Sugarcane has 
been worked on infinitely more extensively, but 
even on a much more limited scale, such a work 
should be attempted for bamboo as soon as possible 
and revised as information warrants. Lack of an 
authoritative publication emphasizing experimen- 
tation and procedures that pulls a great deal of 
information together in a single place is sorely 
needed. 

The cereals, long considered very difficult to 
work with (cf. e.g. Thomas et al., 1979), have 
yielded to skilled hands and much progress has 
been made here as well (cf., e.g. Maddock, 1985; 
Vasil, 1988) and here too somatic embryos can be 
regenerated in profusion. The extensive work on 
rice is but one good example (cf. e.g. Anonymous 
1982; Power et al., 1984; Cocking et al., n.d.; 
Yamada & Loh, 1984; Abe & Futsuhara, 1986). 

It remains, of course, to be seen whether all 
bamboos will respond with the same degree of 
vigour as the cereals and other grasses. But bam- 
boos are after ail, woody grasses! And one should 
be anxious to try to achieve in bamboo what has 
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tissue expiant 

1 
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large callus mass plantlet 

nodular callus mass and root development; 

small compact clusters 

cells (suspension culture) 

l 

adventive or somatic 

embryo formation 

single cells callus masses 

protoplast clusters 

("aggregates") or 

free protoplasts in 

culture 

1 
isolated, free single 

protoplasts 

walled cells 

Fig. 2. Relationships of propagational units in aseptic or tissue culture from the perspective of site. 
On the left-hand side of the scheme, one goes progressively fi-om a large unit, a cutting 
including a nodal bud, ail the way down to an isolated, free protoplast. Each of these units and 
levels of organization provides, in theorv, a means of regeneration. The challenge is to develop 
and pei fect the capability so as to be able to use each of these capabilities as needed or desired. 
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been achieved in rice, etc.! 
A good start has indeed been made on bamboo 

tissue culture and a number of laboratories have 
begun to make some real progress (cf. Huang & 
Murashige, 1983; Nadgir et al., 1984; Rao et al., 
1985; Yeh & Chang, 1986, 1987; E1 Hassan & 
Debergh, 1987). 

The morphology of bamboos presents more 
than a few reasons to be optimistic as to realization 
of broad and real tissue culture achievements (c.f. 
Fig. 3). Not only does tissue culture have the poten- 
tial to increase multiplication rates, but by produc- 
ing much smaller plantlets in vitro, the minia- 
turization process per se enables studies on 
anatomy, morphology, biochemistry, physiology, 
etc. to be carried out more readily. Flowering in 
vitro has been well documented for a number of 
tissue cultured materials (cf. Scorza, 1982; Tis- 

Fig. 3. Sketch of a bamboo shoot showing 
growth areas. The intercalary meriste- 
matic regions which show active new 
growth are more densely stippled;, the 
less densely stippled represent slightly 
older growth and the unstippled areas 
represent oldest growth. Of necessity, 
the tissue culturist is concerned with the 
zones of active growth. Redrawn from 
Porteifield (1930). 
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serat & DeMason, 1985; Krikorian & Kann, 1986; 
Ammar et al., 1987) and the potential for studying 
this in bamboos is increasingly becoming apparent 
(cf. unpublished studies in the Department of 
Botany, University of Delhi). 

As grasses with compact apices, nodal buds, 
and intercalary meristems (cf. Hsiung et al., 1981), 
bamboo experimentation may justifiably, at least to 
some extent, draw on that body of information 
which derives from work on cereals and sugarcane. 
The principles already established for those grasses 
and other monocotyledons should hold. Figure 4, 
from a classic paper on sugarcane (Venketraman, 
1926), emphasizes, for instance, that the size of a 
cutting will have an impact on regeneration poten- 
tial and efficiency. One could draw, by analogy, the 
conclusion that nodal cuttings in vitro could pro- 
vide a point of departure for investigation. The 
bigger the explant, the greater the success potential. 
Yao and Krikorian (1981) showed that rice could 
be multiplied very conveniently in vitro from asep- 
tically cultured nodes with the use of the auxin 
2,4-D. (Sec also Kumari et al., 1988.) No one is 
suggesting that bamboos should or will behave 
precisely like Oryza but the point is that relatively 
simple approaches might provide some major op- 
portunities and leads. Years ago sorghum was 
shown to respond to simple non-aseptic vegetative 
multiplication strategies (cf. Rea Karper, 1932). 
People were surprised it could be done. 

Arguments that primary explants from soil 
grown bamboo are difficult to get clean and aseptic 
and hence the problems are really at the "grass roots 
level", so to speak, are legitimate (cf. Knauss & 
Miller, 1978) but there are many means of getting 
explants, even of field-grown material, disinfected 
(cf. George & Sherrington, 1984) including the use 
of antibiotics. While there may be some problems 
with the use of some antibiotics, etc. (cf. e.g. 
Thurston et al., 1979), more options are now avail- 
able to tissue culture workers. In extreme cases one 
can resort to direct use of modern antibiotics, fun- 
gicides and bactericides in the culture medium. 
There is an increasing body of information which 
confirms that this is a very useful device (cf. 
Staritsky et al., 1983; Shields et al., 1984; 
Hauptman et al., 1985; Haldeman et al., 1987). 
Work at Stony Brook with rice nodes utilized a 
combination of fairly extreme measures for 
sterilization (c.f. Yao & Krikorian, 1981). Other 
problems such as darkening, blackening, etc. can 
likewise be dealt with (cf. Krikorian, 1989 and 
references there cited). Protoplast work likewise 
has its potential for proper development (cf. 
Krikorian et al., 1988 for some work on protoplasts 
from perennial monocotyledons). 
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Fig. 4. Diagrammatic representation of the "irreducible minimum" of a cutting of sugarcane that has 
to be planted with the bud to ensure vigorous "germination". 1, single budded "set" with inch 
of internode on each side; Z, as in 1 except sliced longitudinally into two equal halves--the 
bud half being planted; , similar to 2 but only bearing a quadrant of the set; 4, similar to 
1 but the "pith" removed; 6, similar to 2 but the "pith" removed; 6, similar to 3 but the "pith" 
removed. The effect of the removal of increasing portions of the cutting on germination are 
clear (From Venketraman, 1926). 

Far too little attempt has been made to study the 
basic minerai requirement of bamboos in vitro. 
Embryo culture work was attempted many years 
ago (cf. Alexander & Ramana Rao, 1968). Some- 
times the media one tests for nominally recalcitrant 
plant species are simply too rich or concentrated, 
and/or overly supplemented with additives. A sys- 
tematic evaluation of the minimal needs should 
help put things on the right track. 

In those countries which are more economically 
developed, there is frequently the concem that tis- 
sue culture procedures are labour-intensive and 
hence expensive - perhaps prohibitively so. On the 
other hand, in less economically developed 
countries, the negative aspect of the labour inten- 
siveness diminishes considerably and takes on the 
aspect of a positive feature. Opportunities for 
employment open up and the involvement of many 
hands makes rapid progress a possibility. This is 
all true, of course, and should be put in its proper 
place and temporal context. In the beginning, it 
will indeed be a potentially preferred approach to 
decide on a given strategy without pre-occupation 
as to potential labour-intensive aspects. Indeed, 
tissue culture is labour-intensive. 

In this connection, it should not be overlooked 
that what may be termed a "tissue culture men- 

tality" albeit without asepsis can be explored as 
well. In those industries involved in research on the 
mass multiplication of conifers, etc. the use of 
cytokinin applications in the field to foster bud 
break, followed by the rooting of sprouts under ex 
vitro conditions has shown considerable promise 
(cf. Krikorian, 1982 and references there cited). A 
number of preparations are now on the market and 
have demonstrated value in a number of horticul- 
tural applications. Pro-shear Growth RegulatorTM 
by Abbott Agricultural Products Division, N. 
Chicago, Illinois 60064 contains the cytokinin N- 
phenylmethyl)-IH-purine-6-amine (2 % w/w) and 
is advertised as bud promoter. Such compounds 
should be tested on bamboo. There also ought to be 
an inventory made of what kinds of chemicals have 
been tested on bamboos for multiplication motives 
(cf. e.g. Wang, 1981 for use of ethylene: Uchimura, 
1984 and Seetalakshmi et al., 1983 for auxins and 
coumarin). Alternatively, what could be termed 
combination strategies can be adopted. For in- 
stance, aseptic culture might be adopted to effect 
germplasm introduction and multiplication of a 
critical `mother block' of clean plants but more 
traditional, non-aseptic methods could be used for 
multiplication and distribution of plantlets as the 
situation dictates. 
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But the real tank will be to develop as promptly 
as possible those methods that permit use of cell 
suspensions to generate large numbers of plantlets 
or propagules, preferably somatic embryon. The 
ultimate requirement for sheer numbers, even for 
research, will dictate that totipotent cells be worked 
with as early on as possible. 

Capability of working with cells and 
protoplasts will also provide the necessary basis for 
more sophisticated molecular biology manipula- 
tions. Figure 5 shows that even here, there is a 
logical relationship between status of cultures, 
status of the propagational units involved, and the 
definitive morphological events. The number of 
plantlets producible is greatest with the strategy of 
multiplication via suspension cultures (cf. 
Krikorian, 1982; Krikorian et al., 1986; Vasil, 
1986). In the case of somatic embryos from suspen- 
sions, the production of somatic embryos and their 
potential encapsulation as "artificial seeds" also 
becomes a realistic possibility (cf. Redenbaugh et 
al., 1988). 

There has always been the problem of estab- 
lishing and assessing the best means of establishing 
any tissue or cell culture-derived propagule in soil 
in a pot or in the field (cf. George & Sherrington, 
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1984). Hardening off procedures have sometimes 
been slow, inconvenient and plantlet losses may be 
high. Arelatively simple means of acclimatising in 
vitro generated plantlets (including those from 
somatic embryon of rice) has been reported by 
Selvapandiyan et al., 1988). Here the procedure of 
"painting" with glycerol or liquid paraffin and other 
simple, inexpensive mixtures to prevent desicca- 
tion is decidedly "low teck". Success rates were 
virtually 100 percent. All this shows that "where 
there is a will, there is a way". Time will, of course, 
show whether this approach can work with bamboo 
propagules. 

One of the more interesting and important 
points that will eventually emerge from tissue cul- 
ture work is the reason why bamboos of the 
monopodial (running) habit should be so much 
more easy to multiply vegetatively than those with 
sympodial (clump) habit. Since the sympodial 
types are perhaps more important and common in 
the tropics and subtropics, this is no minor matter 
(cf. Cobin, 1947). Whether a special nutrient 
reserve in a morphologically recognizable rhizome 
is a requirement in vitro for propagule estab- 
lishment and growth is another major question (cf. 
Kondas, 1982). 

Definitive Events Status of Cultures Statua of Units Present 

proliforative 

growth 

induced 

liberation 

of cells 

and small 

units 

organized 
growth 

stimulated 

mbryogenesis 

plantlets develop 

isolated expiants mature, attached, 

quiescent relis 

cultured expiants randomly proliferating, 

attached,somatic relis 

I 
1 l 

suspension culture 
free cells and sma 
derived clusters 

growth unorganized multiplied and propagated 
in suspension 

proembryonic 
stock culture 

cells and aggregates with 
varying capability for 
orderly organized growth 
maintained by frequent 
subcul[u 

highly organized units in various stages 

embryonic cultures of somatic embryonic 

1 

developmeLnt 

propagated crop of r 
mbryos and plantlets plantlets in profusion 

Fig. 5. Events and relationships as they pertain to culture status when one seeks to generate plantlets 
in quantityfrom suspension cultures. A scheme such as this should one dav be applicable to the 
task of bamboo multiplication in quantity fi-om virtually all species and clones. 
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Whether there ever will be widespread and 
intensive monoclonal cultivation of bamboos in an 
agroforestry context remains to be seen. The fear 
that monoclonal plantings of any sort can spell 
disaster has been expressed and appreciated for 
years (cf. Hartley, 1939; Day, 1973). The more we 
leam, however, the more we can make intelligent 
decisions on management schemes - including 
monoculture. First, we need the options so we can 
test and evaluate thein. 

Gaps in plant germplasm collection and main- 
tenance strategies in all our plant resources have 
also been appreciated for years (cf. Creech & Reitz, 
1971). The simple tact remains that germplasm 
maintenance is not a simple matter. Much more 
attention has been placed on food crops (Plucknett 
et al., 1987) but the problems are complex and no 
doubt apply to bamboos as well. 

Caveats 

Despite the potential attractiveness of an effec- 
tive working group, to prompt, interpret and 
evaluate research progress, the fact remains that 
without a major commitment from those relatively 
few working on bamboos, the plan we have put 
forward here in summary form could be a design 
for disaster or failure. There must be convincing 
evidence that there is an effective advocacy group 
for bamboo and that the individuals to be involved 
are intent on making the activity work. The format 
of a working group implies, of course, that one who 
participates is willing "to work". "Homework" as- 
signments will necessarily be made and expecta- 
tions of tank completion must be fulfilled. If a firm 
commitment is not apparent, then there should be 
enough dedication to reality to recognize that the 
time is not right for establishment of the group. 

We feel there is no time like the present for 
generation of discussion and activity. 

Simultaneously, the fact is that throughout his- 
tory, a relatively small and dedicated group of 
individuals have made the difference. With leader- 
ship and a realistic, not overly grandiose, format 
which is conducive to accomplishment, there 
should be every reason for a Working Group such 
as the one described here to succeed. 

There should be no doubt that the challenges 
will be great. In some tropical and subtropical 
countries, the rate of forest destruction is so great 
that there seems little hope for reversal of the tide. 
Perhaps this fact in itself should incite one to un- 
dertake the formation of a group that can speak out 
yet again, however late, to the appropriate local, 
national and world bodies. 

Knowledge on the basic biology of bamboos is 
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far from adequate. Like many other plants of great 
use to man (woody and herbaceous alike), exploita- 
tion has generally been the "norm" without ade- 
quate attention to stabilizing supply via re-planting 
and basic study. While we can talk all we wish of 
"databases", somaclonal variation generated via 
aseptic cell and tissue culture (cf. Larkin & 
Scowcroft, 1981) and the like, no amount of talk 
can replace good scientific inquiry and documen- 
tation. When one analyzes the dearth of basic plant 
physiological knowledge on such things as growth, 
reproduction and flowering in bamboos, it becomes 
quite intimidating (cf. Janzen, 1976; 1985). Too 
little is known about virtually all aspects of the 
physiology of bamboos. Only relatively recently 
has any modem work been donc on the detailed 
anatomical structure and sequence of 
embryogenesis (cf. e.g. Reeder, 1962; Philip & 
Haccius, 1976) and that too of'only a few species 
or groups. Years ago some very interesting but 
preliminary work was carried out on grafting in 
monocotyledons (bamboo was included in the 
studies - cf. Muzik & LaRue, 1954). 

It is critical that there be a commitment to the 
development of appropriate technologies (cf. 
Krikorian, 1988a, b). At a time when much is being 
said about "high technologies", workers who have 
commitments to realization of practical objectives 
play a crucial role in establishing strategies for 
priorities to be met even as more basic and theoreti- 
cal work goes forward. 

The hope is that the more advanced strategies 
for multiplication will be realized within the next 
decade. There is every reason to believe that this 
objective could be reached fora reasonable number 
of crucial species and clones. Even when this 
capability is achieved, however, one will be con- 
fronted with additional, perhaps even greater, chal- 
lenges. Figure 6 provides a few examples of 
problems that are inherent in development and/or 
transfer of "advanced technologies" such as tissue 
culture. Tissue culture must be put into a broad and 
proper context (cf. Thompson, 1985; Krikorian, 
1989). If the Working Group is as effective as it 
ought to be, the infrastructure will have been 
thought out and put in place to make the implemen- 
tation a practicality. 

As more basic information is accrued on the 
basic cell, protoplast and tissue culture, the chal- 
lenge will be to attempt cryopreservation (cf, e.g. 
Kartha, 1985), "real" genetic engineering and 
modification of the bamboo genome in considered 
ways (cf. Sybenga, 1983 for a thoughtful analysis 
of what the "new" approaches really have to offer 
for any breeding program). 

The idea of the working group, therefore, is one 
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Potential problems in technology development or transter 

1. Ignorance of proposed technology 

(a) The potential user group is 

unaware of the existence of the 

technology and'or the proposed 

new uses of an existing technology, 

(b) The potential user group is 

unaware of the limitations of the 

technology. 

(c) The potential user group is 

not capable of understanding the 

technology or its use. 

2. Lack of developers of new tech- 

nology 

(a) Insufficient manpower or re- 

sources to develop the new tech- 

nology. 

(b) Insufficient emphasis or com- 
mitment placed upon the develop- 
ment of the new technology. 

3. Possessiv e'restrictive attitude 

of the technology developer 
The holder of the technology 
will: (i) not release it, or do 

so at a prohibitive cost; or 
(ii) place restrictions on its use. 

4. Failure of change agents 
(a) The number Qf change agents 
is not sufficient to produce an 
impact; or b) change agents are 

ineffective in their job. 

5. Misunderstanding of users' pro- 

blems, or of their possible solutions 

Faculty identification by agencies 
and advisors of users' problems, or 

of solutions to those problems. 

Fig. 6. Potential problems in development andlo,- transfer of issue culture technology (adapted 
Ahmed & Grainge, 1985). 
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of continuing activity and appraisal. It will be a 
body committed to the creation of opportunities for 
bamboo improvement and utilization by all those 
who wish to do so. 
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Appendix 1. Quarantine regulations as 
they relate to bamboo in the U.S.A. 
(Anonymous 1967) 

United States Department of Agriculture 
Agricultural Research Service 
Plant Quarantine Division 

Bamboo Quarantine 34 As published in 7 CFR 
Revised January 1, 1967 

Tille 7--AGRICULTURE 

Chapter III--Agricultural Research Service, 
Department of Agriculture Part 319 - 

FOREIGN QUARANTINE NOTICES 

Subpart - Bamboo 
§319.34 Notice of quarantine. 

(a) The fact has been determined by the Secretary of 
Agriculture, and notice is hereby given, that dangerous 
plant diseases, including the bamboo smut (Ustilago 
shiraiana), new to and not heretofore widely prevalent 
or distributed within and throughout the United States, 
occur in Japan, China, India, Philippine Islands, 
Australia, New Zealand, Oceania, Africa, Europe, South 
America, British West Indies, Cuba, and Central 
America. 

(b) On and after October 1, 1918, and until further notice, 
by virtue of the act of Congress approved August 20, 
1912, known as "The Plant Quarantine Act" (37 Stat. 315; 
7 U.S.C. 151-167), the importation into the United States 
for any purpose of any variety of bamboo seed, and 
species of the tribe Bambuseae, from the above-named 
and all other foreign countries and localities, is 
prohibited, except for experimental or scientific purposes 
by the Department of Agriculture: Provided, that the 
entry for immediate export, or for immediate transporta- 
tion and exportation in bond, of bamboo seed, plants, or 
cuttings thereof capable of propagation, including all 
genera and species of the tribe Bambuseae, may be 
permitted in accordance with §§ 352.2-352.8 of this 
chapter: Provided, further, that this prohibition shall not 
apply to importations into Guam of the bamboo seeds, 
plants, or cuttings designated in this paragraph but such 
importations are subject to the requirements of §§ 
319.37-4(b) and 319.37-6. 

(c) This notice of quarantine does not apply to bamboo 
timber consisting of the mature dried culms or canes 
which are imported for fishing-rod, furniture-making, or 
other purposes, or to any kind of article manufactured 
from bamboo, or to bamboo shoots cooked or otherwise 
preserved. 

(d) As used in this subpart, unless the context otherwise 
requires, the terni "United States" means the States, the 
District of Columbia, Guam, Puer to Rico, and the Virgin 
Islands of the United States. 
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Table 1. List of bamboo genera covered by the U.S. Department of Agriculture 
Notice of Quarantine (Revised, June 1977). (From Anonymous 1976). 

319.34 - BAMBOO 

M319.34. Notice of quarantine V. a. Plants, seeds and propagable cuttings of the following bamboos are 
prohibited entry from all foreign sources: 

Apoclada Greslania Pseudocoix 

Arthrostylidium Guadua Pseudosasa 

Arundinaria Guaduella Pseudostachyum 

Athroostachys Hickelia Puelia 

Athractantha Hitchcockella Racemobambos 

Aulonemia Indocalamus Rettbergia 

Bambusa Indosasa Rhipidocladum 

Bonia Klemachloa Sasa 

Brachystachyum Lingnania Sasaella 

Cephalostachyum Melocalamus Sasamorpha 

Chimonobambusa Melocanna Schizostachyum 

Chloothamnus Merostachys Semiarundinaria 

Chusquea Myriocladus Shibataea 

Colanthelia Nastus Sinarundinaria 

Decaryochloa Neohouzeaua Sinobambusa 

Dendrocalamus Neurolepis Sinocalamus 

Dendrochloa Ochlandra Swallenochloa 

Dinochloa Oreobambus Teinostachyum 

Elytrostachys Oxytenanthera Thamnocalamus 

Fargesia Perrierbambus Thyrsostachys 

Gigantochloa Phyllostachys Yushania 

Glaziophyton Pleioblastus 

b. The above articles may be entered for export, either regulations and may be imported without restriction other 
for direct exportation or transportation and exportation, than verification and inspection. 
under the provisions of Sections 352.2 - 352.8. 

As a guideline for bamboo canes, if the canes show any 
c. Dried bamboo canes and articles made thereof, cooked green, they may be considered as capable of propagation 
frozen, or otherwise preserved bamboo shoots, and dried and entry will be denied. 
bamboo leaves for cooking purposes, or articles made 
thereof, are the scope of quarantine 

I/ Importations into Guam exempt from this quarantine but subject to quarantine 37. 
(Rev. June 1977) 
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Bamboo Information Centre (China) 
Zhu Shilin 

Institute of Scientech Information, 
Chinese Academy of Forestry, 

100091 Wan Shou Shan, Beijing, China. 

Abstract 
This paper describes the activities of the Bamboo Information Centre (BIC), established 
by the Chinese Academy of Forestry (CAF) and supported by the International Develop- 
ment Research Centre (IDRC) of Canada. The objectives of BIC are given in detail. 
The organization of a national bamboo information network, the training of personnel, 
the establishment of a computerized database, the preparation of bamboo publications 
and the compilation of a micro-thesaurus of bamboo terminology are discussed. The 
BIC intends developing cooperation with bamboo-related institutions in all countries. 

Objectives of BIC 

The Bamboo Information Centre (BIC) was 
established towards the end of 1987 by the Chinese 
Academy of Forestry (CAF) in cooperation with 
the International Development Research Centre 
(IDRC) of Canada, at the Institute of Scientech 
Information of CAF. The Institute is a national 
centre of scientific and technological information 
on forestry and employs more than 160 persons 
and publishes seven information periodicals; its 
library has 300 000 volumes of books and sub- 
scribes to some 1600 periodicals. The deputy 
director of the Institute is acting as the project 
leader of BIC. Therefore, the BIC enjoys full sup- 
port from the Institute and has among other things, 
a computer room and a printing house. 

The long-term objective of BIC is to promote 
the sharing of knowledge and experience about 
bamboo research, development and utilization in 
Asia. Its short-term objectives are to organize and 
disseminate information regarding Chinese bam- 
boos to users in China and abroad, and to selective- 
ly collect and organize information on bamboos of 
other Asian countries for the benefit of bamboo 
users in Asia. 

Activities of BIC 

Organization of a National Bamboo 
Information Network 

In China, most southem provinces engage in the 
cultivation, utilization, research and development 
of bamboo. In recent years. due to the serious 

shortage of ordinary wood and rapid development 
of a commodity economy, new forms and new 
technologies of bamboo utilization have been 
developed, and workshops on bamboo research are 
being held in many provinces. It is impossible to 
collect all this information in Lime without an effi- 
cient national network. For this purpose, the BIC 
has formed a bamboo information network, con- 
sisting of about 30 persons from almost all the 
southern provinces of China. They are employees 
of universities, research institutions, governmental 
bodies and enterprises. As a result of the network, 
BIC receives all important information on bamboo 
from all bamboo cultivating provinces. 

Training Network Members and BIC 
Personnel 

A workshop was organized in January 1988 in 
Nanjing and another one in October in Fujian for 
training the members of the network. In these 
workshops, the structure of the classification sys- 
tem of forestry literature, the thesaurus of forestry 
terminology, the principles of indexing, the rides of 
abstract compilation and the input sheet form for 
computer storing were explained. Members also 
discussed the proper distribution of work amongst 
themselves. Consequently, the information cornes 
to BIC without overlap, in the right format and in 
time. 

BIC is a small-sized information centre, with 
international contacts. The working tearn consists 
of seven members. To ensure high efficiency and 
accuracy, the project assistant was deputed to the 
Rattan Information Centre in Malaysia to study 
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modern management methods and the routine 
working of a well-run small information institution. 
At the same time, a computer engineer was sent to 
Singapore and Thailand to observe the application 
of computers in information and bibliographie ser- 
vices. In addition, the project leader and senior 
editor of BIC will visit information institutions of 
some ASEAN countries to get acquainted with the 
policies and trends in modern scientific and tech- 
nological information management. 

As the main products of BIC are its publications 
in English and Chinese, it is very important for its 
personnel to master English. To improve com- 
petency in English language, two BIC employees 
have been attending an intensive course in English 
language. In addition, a consultant visits BIC once 
a year to edit the English version of its publications. 

Establishment of a Database of Bamboo 
Literature 

The bamboo literature is scattered in various 
periodicals devoted to forestry, agriculture, light 
industry, civil engineering and mining industry. 
Besides, there are several other publications such 
as proceedings, papers and monographs devoted to 
bamboo research. For professionals to identify 
and locate them, a computerized database is 
needed. Since the amount of bamboo literature is 
not very large, it is possible to establish a database 
on a microcomputer system. Thanks to the financial 
support from IDRC, a North Star NS 1200 com- 
puter complete with three terminals has been ob- 
tained. The computer division of the Institute 
compiled a programme for document retrieval, 
called FORES, which can be run on medium-sized 
computers, minicomputers and microcomputers 
(mainly IBM PC series), both in Chinese and 
English. Since the beginning of this year, we have 
been inputting bamboo abstracts and titles into our 
database. At present, it contains around 2000 ref- 
erences. Intime, however, it will grow into a useful 
database, capable of offering retrieval services to 
information users. 

Publication of Bamboo Literature 
The most important activities of BIC are to 

collect, process and disseminate bamboo informa- 
tion through its publications. 

BIC issues Bamboo Abstracts twice a year with 
both English and Chinese versions containing 150 
titles per issue. One hundred titles are taken from 
Chinese sources and the other fifty from foreign 
sources. The first English issue was completed and 
delivered to users in August 1988. 

A Retrospective Catalogue of Chinese Bamboo 
Literature has been edited its Chinese version con- 

Proceedings of the Int'l Bamboo Workshop, Nov 14-18, 1988 

taining 1200 titles and the English version, 600 
titles. All the titles, taken from Chinese bamboo 
literature, were published during 1975-86. This 
catalogue has also been delivered to the users. If 
financial resources permit, catalogues of Chinese 
bamboo literature published before 1975 will also 
be compiled. 

All the titles in the first issue of Bamboo 
Abstracts and the Catalogue of Chinese Bamboo 
Literature Abstracts were arranged according to the 
Chinese bibliographie classification system which 
differs greatly from the international UDC system. 
In order to suit foreign users, an international sys- 
tem will be used in the future. 

The library of the Institute maintains all the 
Chinese bamboo literature cited in the Bamboo 
Abstracts and the Catalogue of Chinese Bamboo 
Literature. Any foreign user, wishing to obtain the 
full text of the paper he is interested in, may contact 
the BIC and get the Chinese original or its English 
translation. 

As China has a history of about 3000 years in 
the cultivation and utilization of bamboo, much 
information is available on this plant. BIC is going 
to edit a collection of selected Chinese bamboo 
literature. This collection will include one hundred 
of the most important key documents that bench- 
mark the progress of bamboo research, develop- 
ment and utilization. Each document will carry an 
English abstract or a full translation. This task is 
tremendous, for it takes much time and labour to 
find these out from a vast sea of Bamboo literature, 
most of which is written in classical Chinese, much 
different from modem Chinese. The experts, who 
undertake this task need to master not only the 
bamboo sciences, but also the Chinese language 
and, if possible, English as well. At present, very 
few bamboo researchers know classical Chinese. 
We plan to form an editing committee, consisting 
of five members, well-versed in bamboo science 
and the languages. Professor A.N. Rao from the 
National University of Singapore and Professor 
Hsiung Wenyue from the Nanjing Forestry Univer- 
sity have agreed to take part in the work of the 
committee. The Collection will be issued in 1990. 

A Bamboo Newsletter in English is being is- 
sued twice a year from the Nanjing Forestry 
University with financial support from IDRC. It 
reports recent developments in work connected 
with bamboo. The Newsletter carries the narre of 
the Bamboo Information Centre on its front cover 
and is issued under the editorship of Professor 
Hsiung Wenyue. 

An English-cum-Chinese information brochure 
about the Bamboo Information Centre will be 
prepared and distributed in 1989. 
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Development of Printing Facilities 

BIC prints a maximum of 1000 copies of all its 
publications. In Beijing, all commercial printing 
bouses do not accept orders less than 2000 copies. 
The Institute's printing houle lacks facilities for 
English publications. For this reason, BIC had to 
develop its own printing facilities. We purchased 
a Laser Jet printer HP II, a mini-offset printer, some 
font cartridges and some printing software. As a 
result, the capability for printing publications has 
been built up besides reducing the production cost 
of the publications. 

Compilation of a Micro-thesaurus of Bamboo 
Science and Technology (English-Chinese/ 
Chinese-English) 

Since international exchange of bamboo 
knowledge and experience is becoming very fre- 
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quent, the translation and indexing of bamboo 
literature requires a unique thesaurus of bamboo 
terminology. We have decided to compile such a 
thesaurus and it is due to be completed in 1990. The 
senior editor of BIC, having taken part in the 
compilation of the Chinese thesaurus of forestry 
science and technology, is making all necessary 
preparations for the job. 

As a newly set-up information institution, BIC 
looks forward to developing links with all in- 
dividuals and institutions dealing with bamboo cul- 
tivation, processing, utilization and research, and 
welcomes candid criticism and suggestions for the 
improvement of its work. 
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Bamboo Information Centre (India)* 
K. Ravindran 

Kerala Foi-est Research Institute, Peechi 680 653, 
Kerala, India. 

Abstract 

Information is an essential input for research and effective implementation of research 
results. It is also vital for firaming natural resource policies. A Bamboo Information 
Centre (BIC) has been set up at the Kerala ForestResearch Institute (KFRI) with IDRC 
funding for disseminating information on bamboo. The main functions of the BIC will 
lie (a) to develop and manage an integrated database comprising Indian bamboo 
literature, specialists and current research programmes; (b) to provide search services 
from the database backed with a document delivery service; (c) to publish a half-year- 
ly bulletin containing abstracts and research news; (d) to prepare a compendium on 
bamboos describing the 137 species found in India; (e) to popularise research results 
by producing extension bulletins and slide sets; and (f) topublish a directory of bamboo 
scientists and current research programmes. 

Introduction 

Shrinkage of the forent area, coupled with in- 
creasing demand and over-exploitation is depleting 
the bamboo wealth of India. This is a matter of 
serious concern, particularly for the poorer folk 
who depend solely on bamboo for their livelihood 
and who cannot compete with large organized in- 
dustries for their raw material. Efforts are on, 
therefore, to research into cultural and agronomic 
techniques which will boost bamboo production so 
that raw material in sufficient quantity can be made 
available to farmers, rural households and large 
industries. 

For the research programmes being carried out 
on the bamboos at KFRI and in the country as a 
whole, access to information (especially that 
produced in India itself) is desirable. At present, 
this information, especially that in the older litera- 
ture, is scattered in several institutions. What is 
needed is the collection and organization of the 
existing and emerging literature on bamboo under 
one roof and facilitation of easy access by means 
of appropriate documentation and reprography 
services. 

For effective documentation and dissemina- 
tion of bamboo literature, a Bamboo Information 
Centre has been set up at the KFRI with financial 
and technical assistance from the IDRC. 

Objectives 

The following are the objectives of the BIC 
(India): (i) to develop and manage an integrated 
database comprising Indian bamboo literature, 
scientists engaged in bamboo research and current 
research programmes; (ii) to provide search ser- 
vices from the database backed up with a document 
delivery service; (iii) to publish a half-yearly bul- 
letin containing abstracts and research news; (iv) to 
prepare a compendium on bamboos describing all 
the species of bamboos found in India; (v) to 
popularise research results by producing extension 
bulletins and slide sets; and (vi) to publish a direc- 
tory of bamboo scientists and current research 
programmes. 

Accomplishment of these objectives will com- 
plement and support indigenous research, avoid 
duplication of past research, facilitate contact be- 
tween scientists, promote the use of research 
results in the field and enable scientists to identify 
new research problems. The Bamboo Information 
Centre will serve scientists doing research on bam- 
boo, personnel from bamboo-based industries, of- 
ficials and research staff of forest departments, staff 
and research students of agricultural universities, 
as well as the agriculture and forestry extension 
services of Kerala. 

KFRI scientific paper no. 191 
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Methodology 

An Advisory Committee will be constituted by 
the Director of KFRI to guide and advise the work 
of BIC. All categories of BIC users will have 
representation in the Committee. The KFRI Direc- 
tor and Project Leader will also be members of the 
committee which will meet twice a year. The 
present KFRI Librarian will function as the Project 
Leader, who will supervise and manage the Centre. 
One existing Librarian will be deputed to work full 
time for the Centre. She will implement and coor- 
dinate the programme of work. In addition, a key- 
board operator and a technical assistant will also be 
recruited by the project. All other KFRI library staff 
will contribute their part-time services to the 
project. 

The Library has a IBM PC AT microcomputer 
on which it is running the Micro ISIS software. This 
machine will be used to create the BIC database and 
publications. To facilitate data entry a PC will be 
purchased for the Centre. A UPS will also be pur- 
chased. 

The BIC database will be an integrated one in 
which data concerning documents, scientists and 
research programmes will be incorporated using 
the Common Communication Format, using Micro 
ISIS and the Cabvoc thesaurus. This protocol will 
generate the major outputs of this project. It is 
expected that in the first year nome 1000 annotated 
references to the literature will be inputted into the 
database. In succeeding years 300 references each- 
will be inputted. For the directory of scientists it is 
estimated to have at least 100 entries and for their 
research programmes up to 300 items. 

The Library has a good collection of conven- 
tional bamboo literature published since 1978. To 
acquire older published and unpublished material, 
BIC staff will visit up to ten libraries to collect 
information dating back to the colonial era. This 
will include the Forest Research Institute, Deh- 
radun; the Indian Agricultural Research Institute, 
New Delhi; the Agricultural University, Coim- 
batore; and the Indian National Scientific 
Documentation Centre, New Delhi. Documents 
will be procured in paper and microform. To 
facilitate use of the latter, a microfilm/fiche plain 
paper reader-printer will be purchased. While visit- 
ing these institutions, BIC staff will collect data on 
scientists and research programmes using predeter- 
mined worksheets. Institutions which cannot be 
visited will be asked to complete the worksheets 
themselves. 

During the first year of operation it is hoped to 
provide current and retrospective services and SDI 
from the BIC database. To ensure a responsive 
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document delivery service a photocopier will be 
purchased. All published outputs will be prepared 
using desktop publishing techniques facilitated by 
the Ventura software which runs on IBM 
microcomputers. Camera-ready copy will be 
provided to local presses who will print it in offset. 

Two issues of the BIC Bulletin will be publish- 
ed annually. In addition to abstracts and the author, 
subject and species indices, the Bulletin will also 
contain news concerning meetings and events, 
short notes on current research and so on. Five 
hundred copies will be distributed to scientists, 
forestry officers, industries and selected extension 
services. At the end of the third year the abstracts 
and indices will be cumulated into a single bibliog- 
raphy for distribution to BIC Bulletin recipients. 

In the second year of the project, 500 copies of 
the directory of scientists and research programmes 
will be published. BIC staff will ensure that the 
database is kept current. Updates will appear in the 
BIC Bulletin. Also during the second year, the 
project will begin to produce extension materials to 
popularise the results of in-house and IDRC-sup- 
ported bamboo research at KFRI. In conjunction 
with the Kerala agriculture and forestry extension 
services, five booklets in the Information Bulletin 
series will be written by KFRI scientists. Topics 
can include: harvesting, seed collection, intercrop- 
ping, use, propagation, diseases and control. 
preservation and treatment. Malayalam (local lan- 
guage) versions will be prepared for the local 
extension services and English versions for wider 
distribution within India. All the publications and 
services offered by the Bamboo Information Centre 
will be outlined in a booklet to be published in the 
second year of operation. 

The came topics mentioned above will be con- 
sidered for the production of five slide sets which 
aim to propagate sound cultural practices. These 
will be prepared by the scientists and photographer 
of KFRI during the field experimentation period. 
The scientists will prepare English and Malayalam 
scripts to accompany the slides. Twenty duplicate 
sets of each will be provided to local extension and 
protection services and similar agencies in the 
bamboo-growing areas of North-east India. 

Todate, there exists no single publication 
describing all the bamboos found in India. Litera- 
turc is scattered throughout a wide variety of sour- 
ces including files and publications dating back to 
the colonial times. In addition to the desirability of 
having comprehensive information about bamboos 
in one source, a bamboo compendium would also 
help in the field identification of species and their 
properties along with their commercial applica- 
tions. The KFRI Bamboo Research Group will 
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compile a compendium of Indian bamboos describ- 
ing their appearance, habitat, characteristics, use, 
nomenclature and so on. This will be achieved by 
reference to the collections of BIC and by consult- 
ing the files and personnel of key agencies. The 
scientists will visit the Forest Research Institute, 
Dehradun, the Botanical Survey of India, Calcutta; 
the Department of Forests, Gauhati (Assam); and 
the Department of Forests, Andaman Islands. 
Whenever possible, plants will be collected for 
adding to the live bamboo collection at KFRI. 
Work will start in the first year and the publication 
of the Compendium is expected in the third year. It 
will be written by KFRI scientists and illustrated 
with line drawings. Five hundred copies will be 
produced. A scanner will be purchased to transfer 
the artist's drawings to the microcomputer to ease 
formatting when producing the camera-ready copy. 

To promote contact with the Chinese Bamboo 
Information Centre, all BIC publications and the 
database will be exchanged with China. In addi- 
tion, the Project Leader will visit Beijing to deter- 
mine ways in which his Centre can use the 
resources of the Chinese Centre. It is expected that 
the Chinese will provide BIC with their database 
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and publications. This would prove useful because 
even though Chinese bamboos tend to be temperate 
and Indian bamboos tropical, there is an overlap of 
species. It is also hoped that the project leader of 
the BIC (China) will pay a visit to the BIC (India). 

Provision has also been made in the project to 
translate Indian language publications into English 
and to microfiche rare and old bamboo literature. 

Training 

Two practical training courses will be provided 
by the project. In the first place, three BIC indexers 
will visit ICRISAT for a two week abstracting and 
indexing training. Secondly, one staff member will 
visit the International Centre for Development 
Policy Modelling, Pune, for two weeks training on 
the Ventura desktop publishing software. In addi- 
tion, two staff members will be supported to take 
the Master in Library and Information Science 
degree at an Indian University. This will bring te, 

the Bamboo Information Centre enhanced skills 
and knowledge especially on modem information 
handling techniques. 
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Using the Scientific Information System 
F.S.P. Ng 

Foi-est Research Institute Malaysia (FRIM), 
Kepong, 52109 Kuala Lumpur, Malaysia. 

Abstract 

The number of scientific periodicals has doubled in the past 20 years. English has 
become the dominant language of science and is used in over 80 percent of scientific 
publications. In spite of the rapidly increasing number of publications, the volume of 
useful information remains manageable. This is because with the passage of time, 
information has been rationalized, simplified and condensed. Papers for publication 
should tell a simple and logical story. The abstract, being the representative part of the 
paper that gets into most information databases should summarize all important facts 
in the pape: To use the scientific information system effectively, both for retrieving and 
inputting information, one should understand and adapt to the peculiarities of the 
system. 

Introduction: History of Scientific 
Publication 

The scientific information system consists 
primarily of information published in books, peri- 
odicals and patents. Historically, books came first, 
and until the establishment of periodicals, the 
supreme achievement for a scientist or any learned 
person was to write a book. The book format gives 
ample room for the author to develop the subject 
matter in a complete manner, starting from the first 
principles and answering all anticipated questions, 
thereby displaying his mastery of the subject. 

One of the most famous of all scientific books 
is Isaac Newton's Philosphiae Naturalis Principia 
Mathematica or Principia in short, which was pub- 
lished in 1687 and covered almost a lifetime of 
Newton's discoveries in mathematics and physics. 
In this monumental book there was a section 
devoted to calculus. Newton is thought to have 
discovered the principles of calculus around 1666, 
but delayed publishing it by 20 years because he 
was saving it for his book. In the meantime, Got- 
tfried Lebnitz independently discovered the prin- 
ciples of calculus, by a different approach, 
sometime between 1673 and 1676. The bitter con- 
troversy over who first discovered calculus 
blighted the last years of the lives of these two great 
men of science. 

Nowadays, a scientist does not save up a 
lifetime of work for the sake of a book. Work is 

published in segments as and when a segment is 

ready and acceptable for publication in a periodical. 
This change from book form to the periodical for- 
mat for the publication of original works, has 
several advantages. It provides a means for 
knowledge to be saved in small segments, other- 
wise much knowledge would be lost because of 
failure to write books. Publication in a periodical 
also disseminates knowledge rapidly thereby 
catalysing further thought and development with 
minimum delay. Finally, but perhaps most impor- 
tantly, for the individual scientist, publication in a 
periodical is a means for claiming priority and 
honour for each unit of personal achievement. 

The earliest scientific periodical was the 
Philosophical Transactions of the Royal Society, 
first published in 1665. Initially this resembled a 
newsletter. The practice of using the periodical to 
publish original research, supported by references 
to previous work, took about 200 years to get firmly 
established (Price, 1963), because scientists took a 
long time to appreciate the advantages of publish- 
ing in a periodical, as compared to publishing a 
book. 

For those scientists involved with discoveries 
or inventions of commercial potential, there is 
another means of establishing priority and that is 
through the process of patenting. Patent laws have 
their origin in the Statute of Monopolies passed in 
1624 by the British Parliament, which allowed 
monopolies to be granted for "the sole working or 
making in any manner of inventor or inventors 
thereof". In other words, the "truc and first" inven- 
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tor would be granted a monopoly for the commer- 
cialization of the invention. At first, a new inven- 
tion was defined by a title, but by about 1710 it 
became a condition for the patentee to file a written 
description of the invention. Eventually, the written 
description became a legal and technical specifica- 
tion that could be tested in a court of law. 

Looking back, we can appreciate the fact that 
the Statute of Monopolies in 1624 and the first 
scientific periodical in 1665, were by a happy coin- 
cidence and parallel development, to exert the most 
profound influence on science. 

The ancient civilizations, of Egypt, India and 
China made remarkable progress in science and 
technology; but such progress was erratic because 
they had no system for recognizing the people who 
contributed segments to scientific and technologi- 
cal development, and knew no dependable method 
for systematically saving and disseminating such 
segments. The periodical and the patent solved this 
problem, thereby allowing science and technology 
to grow at an exponential rate. There is therefore 
much justification for considering that the modem 
age of science and technology started in about the 
mid-1600s. 

Characteristics of Scientific Information 

Rate of Publication has Doubled in 20 Years: 

An idea of the growth of scientific information 
can be obtained from the rate of increase in peri- 
odicals. A comparison between the 12th and 25th 
editions of Ulrich's International Periodicals Direc- 
tory, for various sciences, is given in Table 1. 

Table 1. Number of periodicals in print 

Subject 2nd Edn 25th Edn 
(1967-1968) (1986-1987) 

Biology 788 1592 

Chemistry 380 588 

Earth Sciences 266 575 

Mathematics 225 428 

Physics 282 524 

*Basic biology, not including medicine, agriculture, 
foresny, horticulture, etc. 

The doubling time for periodicals in biology is 
about 20 years, but different sciences have 
developed at slightly different rates. It has been 
suggested (Price, 1963) that there is one periodical 
for every 100 scientists and that the increase in 
periodicals in each discipline reflects the increase 
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in number of scientists in that particular discipline. 

English as the Language of Science 

Until about 1970, young scientists were advised 
to learn English and one or two other "languages of 
science", e.g., German, French or Russian. 
Nowadays, the emphasis is almost entirely on 
English. The reason is because English has become 
the dominant language of science. The degree of 
dominance is apparent from the contents of peri- 
odicals indexed in ISI's Science Citation Index. In 
an analysis of 700 000 papers indexed in 1986, 
Garfield (1987) produced the figures given in Table 
2. 

Table 2: Analysis of 700 000 papers in 1986 
Science Citation Index, by 
language (%) 

English 87.8 

Russian 4.0 

German 3.7 

French 2.5 

Japanese 0.8 

Spanish 0.6 

Others 0.6 

Scientific Information Gets Devalued 

Science does not have classics in the manner of 
religion or literature. If there are any classics in 
science they are considered only for archivai 
reasons, as noteworthy episodes in the history of 
science. Newton's Principia is not used in the train- 
ing of modern physicists. Biologists do not need to 
read Darwin's Origin of Species (1859). One can 
be a taxonomist without ever seeing a copy of 
Linnaeus' Species Plantarum (1753). Each of 
these scientific classics, which generated intense 
interest and enthusiasm at one time are now dealt 
with in college textbooks in the passing pages. 

The development of science is very much the 
development of the concepts by which we interpret 
natural phenomena. The birth of an interesting new 
concept is accompanied by new observations, ex- 
periments, arguments, and by a deluge of scientific 
papers. Eventually, the whole issue gets condensed 
into one chapter of a textbook, later still into one 
page, or it may eventually even disappear. With the 
benefit of hindsight, ail complicated issues can be 
rationalized, simplified and condensed, and this is 
what happens in science. 

Even papers that deal with facts go through the 
same process. For example, a paper describing the 
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properties of a newly discovered element may be 
important for some time but gets superseded by a 
review that summarizes and places this element in 
its proper place within the chemical system. The 
description of a new species of plant is soon ab- 
sorbed into a regional flora,a forestry experiment 
into a forestry textbook, and so on. 

Modem genetics acknowledges Gregor Mendel 
(1822-1884) as its founder, but reinterprets 
genetics according to the most recent concepts, sot 
from Mendel's perspective, because although 
Mendel's discoveries were a big breakthrough in 
his time, they are rudimentary by present standards, 
and will become more so as genetics develops. 

The process of reinterpretation, rationalization, 
simplification and condensation, from hindsight, 
ensures that science will never be overwhelmed by 
the rate at which scientific publications increase. 
The teaching of science also remains manageable 
because of this. Indeed, most topics in science get 
easier to teach as the topic matures because it is 
easier to teach something that is well understood 
than something that is poorly understood. 

Getting Information from the System 

Because scientific information is continuously 
generated, evaluated, and ultimately devalued by 
new developments, a scientist needs to adopt a 
dynamic attitude towards information. Informa- 
tion is to be scanned critically, used selectively, and 
discarded when no longer found useful. The best 
introduction to a topic in science is still a book, 
because a book would discuss the topic from first 
principles and gradually lead into the more compli- 
cated matters. However, books vastly differ in 
quality, content and style. 

The content of a book becomes obsolete with 
age, but the rate of obsolescence varies with the 
topic. Given the current rates of development, 
books on biotechnology are obsolete if more than 
a few years old. On the other hand, taxonomic 
books are still cited (but not necessarily read) after 
200 years because taxonomy has a strong archivai 
composent in its methodology, self-imposed by the 
rule of priority in nomenclature. We have to 
develop a feel for the rate of obsolescence in our 
own areas of interest. In general, we should be 
wary of any science book which is more than 20 
years old. 

Writing and presentation styles vary greatly, 
and the difference between a well-produced and a 
badly-produced book can be enormous. If we make 
a bad selection, we may waste a lot of time strug- 
gling through a bad book. Scientists are, on the 
whole, quite conditioned to reading badly written 
books, but it is unfortunate when librarians use up 
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tight budgets on bad books when better ones are 
available. We cannot leave it to the librarians to 
assess the quality of books in specialized subjects. 

Ideally, there should be, in science, a system of 
comparative reviews. Instead of reviewing a book 
in isolation, a reviewer should deal with a range of 
current books on the same subject at the same time, 
draw attention to the differences in content and 
presentation, and rate them accordingly. The cur- 
rent review system, based on complimentary books 
by publishers, which get to be reviewed singly and 
haphazardly, is quite unscientific. It is time for 
scientific book reviewing to be organized on a 
professional basis. 

After getting a good introduction to a subject 
from a good book, we will need to refer to peri- 
odicals for more information, so as to keep up to 
date. Papers published in periodicals are usually 
very narrow in scope and are aimed at the author's 
peer group. Finding the papers relevant to one's 
own needs requires the approach of a prospector 
who quickly sorts through the dirt to find the gold. 
The task has become easier because of the develop- 
ment of electronic databases in which titles of ar- 
ticles and abstracts are stored for easy retrieval and 
selection. As the cost of subscribing to such 
databases cornes down it should become possible 
within the next few years for even small, new and 
isolated research institutes to obtain this service, 
and thus, for the first time in history, to have a 
chance to narrow the information gap between 
themselves and the established scientific centres of 
the world. 

Most papers can be scanned on the basis of the 
title. Scanning the titles of periodicals is an impor- 
tant activity for scientists because that is the best 
way to develop a feel for the speed and direction in 
which various topics are developing. Those titles 
that sound useful may be evaluated on the basis of 
the abstract. Of these, only the most promising 
ones, perhaps one in a hundred will warrant the 
trouble of requesting for a reprint, or a photocopy. 

Established and competent scientists need to 
spend only a small proportion of their time reading 
articles in order to keep on top. They do this by 
scanning titles, reading selected abstracts and 
studying papers that are of real value. 

At the beginning of our scientific careers, we 
need to spend a large amount of time reading, 
because we do not know enough to make value 
judgements. This is an unavoidable phase of the 
leaming process, but we should try to get through 
this phase as quickly as possible. 

In countries where Engli sh is sot popularly used 
in daily communication, poor command of the lan- 
guage figures as a major drawback slowing down 
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the development of young scientists. Anyone who 
has to stop and refer to a dictionary once in each 
paragraph already runs a high risk of wasting a lot 
of lime labouring on articles that tum out to be of 
low value. A good command of English has be- 
come essential for scientists. Translation services 
are expensive and cannot keep up with the ex- 
ponential increase in scientific publications. 
Moreover, the rate of devaluation of scientific in- 
formation makes il futile to organize any systematic 
translation service at all. 

Putting Information into the System: 
Writing for Publication 

The main rule in scientific writing for publica- 
tion is to keep the story simple and logical. For our 
own records, we need to write down exactly what 
happened during an investigation but we cannot 
publish what actually happened because few 
original investigations ever proceed along a 
straight and logical pathway. The original 
hypothesis gels modified along the way, the 
methodology is changed to cater to unforeseen 
problems and finally the results can be interpreted 
in more ways than one. In writing for publication, 
we have to apply the hindsight rule: choose the 
interpretations, then rationalize, simplify and con- 
dense the story, as if the whole investigation was 
planned and executed in a brilliantly logical man- 
ner. This is the only way to present work without 
dragging others through the saure twists and tums 
that we may have gone through. The researcher is 
like an explorer who, alter scouting out an un- 
known territory is able to take others across with 
the minimum of trouble. 
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One minor disadvantage of this approach is that 
administrators of science and the general public gel 
fooled into thinking that science is completely logi- 
cal and plannable. Partly because of this, we are ail 
obliged to write detailed and logical proposals in 
order to gel funds for research. However, there is 
a larger reason, which is to ensure that all of us have 
the ability to plan and communicate clearly. The 
main thing that could go wrong with a logical plan 
of investigation is when such a plan is carried out 
blindly. 

The title is the part of the paper that will be most 
widely read. Il must be short, yet contain the right 
words to attract the right kind of readers to go one 
step further, into the abstract. 

The abstract is the representative part of the 
paper that will gel into information databases. 
Therefore, il must say all the important things that 
are said in the paper. Do not say "this paper will 
describe the properties of x". Say "the properties 
of x were found to be: a, b, c........ If there are no 
important things to say, then we must ask ourselves 
why we want to publish the paper at all. 

Finally, the list of references should only con- 
tain those references that provide a necessary basis 
for our own paper. A paper to be published in a 
periodical is not a proposal for funding nor a thesis 
for examiners to vet. An unnecessarily long cita- 
tion list wastes a lot of space and will not impress 
the editor. 
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Recommendations of the Third International 
Bamboo Workshop 

Preamble 

The Third International Bamboo Workshop was 
the largest gathering of scientific and technical 
experts of its kind in the world. Together, these 
experts represent much of the combined talent and 
current wisdom that currently exists on the bam- 
boos. 

The forum recognized the cardinal role that the 
sustained support, principally from the IDRC, has 
played in the promotion of bamboo research and in 
the bringing together of people working on this 
very important plant group. The increasing nation- 
al support to bamboo research as well as the in- 
creasing interest of other donors in the bamboos 
was also recognized. Research on the bamboos is 
in many ways research for the upliftment of the 
poor as the resource is largely utilized by them. 

International Cooperation in Bamboo 
Research 

The forum unanimously agreed that greater in- 
ternational cooperation in différent fields of bam- 
boo research was imperative. Greater collaborative 
research and interaction among scientists was es- 
sential in order to make a significant headway in 
the gathering of information and the overcoming of 
problems related to various aspects of bamboo 
production and its utilization. 

Three mechanisms were identified in the con- 
cluding session for greater international coopera- 
tion in bamboo research: 
1. There was near unanimous support for the es- 
tablishment of an International Centre for Bamboo 
Research (INBRI). This was deemed essential in 
order to bring greater focus on the plant and to bring 
together a critical mass of researchers to enable 
effective solution of research problems. In this con- 
text, attention was drawn to the vast progress in the 
agricultural crops through the establishment of re- 
search centres all over the world, with différent 
institutes for different crops. While many favoured 
a centralized set up, some felt a decentralized 
INBRI would serve the needs better. Another sug- 
gestion was to have two centres, one for the 
monopodial and the other for the sympodial bam- 
boos. Mention was also made of the possibility of 
having regional centres and sub-contracting the 
work to national laboratories. 

2. The prime role of meetings such as the Interna- 
tional Bamboo Workshop in promoting informa- 
tion exchange and interaction was emphasized. As 
agreed by all the participants, the role of this meet- 
ing in furthering international cooperation was self- 
evident and would have a lasting effect. It was, 
therefore, proposed that the meeting be further 
institutionalized. This would help in increasing 
coordination in research efforts. The setting up of 
national coordinating bodies was also suggested. 
3. A program for exchange of scholars and scien- 
tiste fora meaningful period of time for the leaming 
of technical skills, furtherance of research and to 
facilitate greater exchange of information was also 
proposed. 

Bamboo Society of India 

During the concluding session, one of the mem- 
bers proposed the setting up of a Bamboo Society 
of India. There was all-round support for this 
proposal and Mr Karim Oka announced a grant of 
CAD 500 from the IDRC for supporting its ac- 
tivities. 

Research Recommendations 

The forum having recognized the work that has 
been accomplished in the last decade through the 
efforts of international agencies such as the IDRC, 
national agencies and other donors, drew attention 
to the following areas in which research needs to 
be continued or initiated. The wide range of re- 
search fields indicated is a reflection of the actual 
current need for research on the bamboos. The 
increase in the fields of research and overall interest 
in bamboo is also evident from the number of 
papers submitted to the Workshop. From a small 
number in 1980 to 52 in 1985 and to 69 in 1988 in 
successive Workshops represents a significant in- 
crease both in research interests and in the diversity 
of problems being investigated. Under each area 
of research, specific topics are given which the 
delegates felt required the attention of all con- 
cerned. 

1. Propagation of bamboos 

Development of methods for collection, storage 
and exchange of bamboo seeds; increasing the ef- 
ficiency of conventional vegetative propagation 
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methods including the use of growth regulators, 
better containers, etc.; use of tissue culture methods 
for the mass propagation of bamboos. 

2. Conservation of the bamboo resource and 
its improvement 

Collection of gene-pools in germplasm banks 
both in the regional and national contexts; 
germplasm exchange: the use of plant tissue cul- 
ture methods to facilitate germplasm exchange was 
emphasized; collection of data on the flowering 
cycles of bamboo; work on the reproductive 
physiology of bamboos; research on the induction 
of flowering by both in vivo and in vitro methods; 
breeding and all items related to bamboo breeding 
for the improvement in quality; generation of 
variants through tissue culture. 

3. Estimation of the present resource base 

Documentation of the existing stock through 
remote sensing and field surveys; development of 
a field-guide for the identification of the bamboos. 

4. Management of bamboo forests 

Intensive management of monocultural stands; 
examination of the question of monoclonal versus 
polyclonal plantations; effect of spacing on produc- 
tivity; management practices for maximizing 
production in a unit area; effect of fertilization on 
productivity; intercropping of bamboos with other 
plants; work on the allelopathic characteristics of 
bamboo. 

5. Physiology, ecology and cytology of 
bamboos 

Basic studies such as plant nutrition, plant-soil 
relationships, growth studies, water use efficien- 
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cies, photosynthetic efficiencies; matching of bam- 
boos to soil conditions; effect of flooding on sur- 
vival of bamboos; cytology of bamboos. 

6. Diseases and pests of bamboos 
Protection from pests and diseases especially in 

plantations. 

7. Bamboo as a construction/housing material 

Investigation into joints with bamboo to 
facilitate construction; strength properties as af- 
fected by specific applications; development of a 
design code for bamboo; establishment of an en- 
gineering database to facilitate the use of bamboo 
in the construction and building industry; 
biodeterioration management and alternative ar- 
chitectural strategies. 

8. Ultilization of bamboos 

Continuous product development to ensure that 
bamboo remains in vogue including engineering 
products for urban and rural use; documentation 
and dissemination of cottage industry technologies. 

9. Economics of bamboo 

Assessment of the employment generation 
potential of the bamboos; cultural-anthropological 
impact on product development; market surveys 
and development of marketing strategies; socio- 
economic implications of the depletion of the bam- 
boo resource. 

10. Bamboo information system 

The BICs should be able to complement each 
other in compiling and disseminating all available 
information on the monopodial and sympodial 
bamboos. 
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Report on the Meeting of the Sub-group on 
`Building and Engineering with Bamboo' 

A meeting on Building and Engineering with 
Bamboo was organized on 15 November 1988 
under the auspices of the Third International Bain 
boo Workshop at Cochin, Kerala, India, with Dr 
Jules Janssen as Chairman and Dr Geoff Boughton 
as Secretary. Twenty-seven other participants of 
the Bamboo Workshop were present. 

The Chairman highlighted the status of the 
meeting as the first one of the Sub-group on Build- 
ing and Engineering with Bamboo. Professor 
Hsuing, Chairman of IUFRO-P.5.04 as well as Dr 
R. Youngs, the Coordinator of P.S, had agreed to the 
convening of the meeting. The IUFRO Vice-Presi- 
dent, Dr Salleh Mohd Nor, was also being in- 
formed. 

The activities for the group (which appear in 
detail in the paper by Jules Janssen) deal with 
durability, properties, housing, larger buildings, 
bridges, roads, reinforced concrete, woven bam- 
boos, plybamboo, chipped bamboo panels and 
piles. Publications on these topics will be prepared 
for researchers, designers and for education. The 
group will also take care of construction manuals, 
and standards for testing and building regulations. 

The need for a grading system for bamboo and 
the development of a simple building code was 
emphasized by the participants. The generally felt 
need for information exchange and retrieval was 
also voiced. It was mentioned that the BICs in 
China and India could be of help in information 
exchange. Dr Cherla B. Sastry said IDRC would 
be willing to make CAD 5000 available for printing 
and distributing a small booklet on this subject. 
This booklet should contain an annotated bibliog- 
raphy. Volunteers for an editorial board were: Ad- 
koli, Boughton, Chavez, Ghavami, Gutierrez, 
Janssen, Mukewar, Ranjan and Sastry (ex officio). 

It was decided that the editiors would determine 
whether to include architects' opinions or to restrict 

the scope to physical and mechanical properties. 
The target group would in the first place be the 
scientiste and in the second, the practitioners and 
users. The bibliography would be a State of the Art 
Report and would deal with the world situation. Dr 
Sastry offered the help of a computer search on the 
subject. The subjects "roads" and "piles" will be 
included in "bamboo and soil aspects" and Dr 
Douglas agreed to contribute on this point. 

It was agreed that building codes for bamboo 
will have to be developed at three levels: the real 
scientific level (like CIB and ISO), on the second 
level, appropriate codes would be needed for in- 
dividual countries and on the third level, many 
different codes for village levels. Dr Ghavami, Dr 
Low and Dr Janssen would participate in this work. 
The group was also informed that Dr Boughton is 
Chainnan of the CIB-W.18B group on a bamboo 
building code. During the discussion several 
aspects such as that of lire retardant treatments 
were considered. It was also pointed out that 
several countries have a bamboo building code 
which could be useful material. Even in North- 
eastern India, engineers have a bamboo handbook. 
The fact that over five to ten years would be re- 
quired for the development of such a code was 
recognized by ail. 

A code is essential for the use of bamboo by 
governments. Nevertheless, simplified documents 
are also needed. One suggestion was that the code 
should try to reserve the construction techniques 
that have been used traditionally, while adding the 
necessary safety features. Another was of produc- 
ing a code of building and philosophy in parallel. 

It was decided that work on a bamboo building 
code would be carried out over the next three years. 
The next meeting of the sub-group was also 
scheduled (in all probability) for the next bamboo 
workshop. 
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Opening session 

Some of the distinguished participants 
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Coffee-time discussions! 
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Two of the sessions in progress 
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Two views of the field trip 

A a x ` 

Kar 
p s 

c, n 

rm o ' 

393 



BAMBOOS Current Research Proceedings of the Int'l Bamboo Workshop, Nov 14-18, 1988 

394 




