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Foreword

Sorghum is the most important orop in Somalia. It is used for
humanrn food and animal feed. The fact that sorghum is widely grown in
Somalia reflects its adaptation to our environment which is described
as an arid to semi-arid zone.

Sorghum is the most important mandate crop for Bonka Researcoh
Station and is also an isportant crop for the Agricultural Research
Imstitute whose Jjoint Sorghum Improvement Program is aimed at
producing high-vielding and stable varieties., To achieve this,
research efforts are focused on yield-limting factors such as drought,
ingect and dissase damage. An end-product of such research will bhe
the development of lines that are acceptable to the farmers.

There has been a need to review past and present knowledge of
sorghum in Somalia.  The aim of the workshop whose papers are being
presented hers2 is to review ouwr research results. The discussion on
the papers has led to the foreulation of recommendations for future
action. We hope that the workshop has stimul ated more intensive and
wider ranging research on sorghum in the country, and that these
proceedings will serve as a useful reference for sorghum scientists.

This First Bienmial Sorghum Workshop was sponsored by the
International Development Research Centre (IDRDY, Bay Region
Agricultural Development Froldect (BRADF) and Agricultural FResearch
Institute (ARID).

T would like to esxpress my sincere appreciation to all the
individuals who donated their valuable time to make the workshop a
success. Farticular appreciation is due to Abdl Ghoed Mobamed
{(Baftfoy, Ahmed Sheikh Hassan, R.J. Buker, R. Lavigne, J. Lavignhe and
F. FPorter for their tireless efforts.

Husasein Mao Halji
Workshop Coordinator
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INAUGURATION


scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier


WELCOME ADDRESS

Mohamed Warsame Duale
Ganeral Manager
Bay Region Agricultural Developoent Froiect

It is a great pleasure for me to welcome vow, on bhehalf of the
organizers of this Biennial Sorghum Workshop, to the city ot Ragdoa
and to the Bonka Research Station. You have come to Haidos at
certainly ong of the best htimes of the vear weatherwise, and I hops
vouw will enjoy it.

This national sorghum workshop is the $irst of its kind.
National and expatriate scientists working or sarghum ers here to

discuss on didferent aspects of research related to this orop. It i
something to be proud of to see s9 many scientisits that belong o

different institutions of the country all ready fto contribubts ancd
share their ideas.

All of yvou assembled here are experts in one aspect of sorghum
improvement or ancother and all of vou are aware of the nesds and
challenges that relate to this important food and fesd crop.

I trust that the harmony which discussions generate from this
workshop will greatly assist us in overcoming the challasnges lving
ahead.

I wish all a pleasant stay and a +ruitful workshop. Towouldd like
now to welcome the Yice-Minister of Agricultwrsa Dr. Moor for the
cpening of the workshop.
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OPENING REMARKS

Dr. Mohamoud Abdi Noor
Vice Minister of Agriculture

LLadies and Gentlemen,

Good morning to a&ll of vou. I am very pleased to have the
apportunity to give the opening remarks. As you are aware crop
agricultuwre supplies a means of livelihood to about Z2% of Somalia’s
people, who cultivate about 1.0 million ha. The cropped area includes
some 70,000 ha under controlled irrigation, about 100,000 ha receiving
flood irrigation and 830,000 ha under rainfed conditions. The major
crops grown in Somalia are sorghum, mailze and sesame. Sorghum is the
major staple food for Somalis. It cococupies an area of arocund 520,000
ha under rainfed conditions<1?,

fAiccording to the current five vear plan, top priority is
accorded to increased cereal production. In order to achieve this
obiective, one must first recognize the major production constraints.
I helieve that this gathering for the first Sorghum workshop and with
the presence of the scientists who are actively involved in sorghum
research will allow a better understanding of the production
constraints of the sorghum crop. it will also give an opportunity to
understand each othars’ programs, discuss on the futwre strategies and
give priorities for ouw research in the different research areas of
the sorghum crop. ,

It is wonderful to see such an interest on this crop, and 1
sincaerely hope that we all gain new knowledge and ideas from the
workshop, to carry on apnoropriate research in the future.

I am swre that this workshop will develop much useful
information and contribute a great deal to the attention needed by
sorghum improvement.

Agsin I hope that ow deliberation will go well and that
useful results will emerge fraom this worbkshop.

¢ Somaliar Ag. Sector Burvey, April 19287,
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OBJECTIVES OF THE WORKESHOF
Hussein Mao Haii

It is a great pleasure to welcome vou all to the First Mational
Sarghum Workshop to be held in Somalia. This workshop has been made
possible through the generous support of the International Development
Research Centre, Agricultural Research Institute, and the Ray Region
Agricultural Development Project. We are most grateful to all three
institutions.

Sorghum is the major staple fcod for the Somalis. It occupies an
area of about 520,000 ha under rainfed conditions, of the Bay Region,
Northwest, Lower Shabelle, Middle Shabelle, Hiran, Bakol and Gedo.
Sorghum will, however, continue to be the most important crop in
Somalia because it is the most promising crop in the semi-arid and
arid climates where the little rain received is highly variable and
generally unreliable. Being well adapted to the semi—arid areas on
account of its drought tolerance, there is more scope for expanded
‘sorghum production in Somalia.

Sorghum vield in Bomalia is low (300-500 kg/ha) when compared to
the sorghum yield in Africa and Asia (500~-800 kg/hal. The reasons for
this are:

1 - Drought, which normally occurs at the final stage of crop

growth {after floweringl.
- insects of different types:
a) soil insects
b insects at the seedling stage
¢) grain eating insects
3 — Diseases

54

We will be having time to discuss the reasons for low vield and
how to improve the sorghum production in Somalia. Several research
works on sorghum — breeding, agronomy, sntomology, patholeogy, stc. —
tave been carried out in Somalia. It was thus felt necessary to bring
together researchers concerned with sorghum to discuss their work and
exchange views to evolve future research strategies and passible
collaborations.

Therefore, the objectives of the workshop are to look into the
production system of sorghum in Somalia, to identify the major
problems to start working with:; and to identify problem areas where
more research or collaboration is needed.

Let us clearly remember that ow client is the farmer and he is
not prepared to accept any kind of improvement that will involve high
risks. Therefore, his situation and approach should be taken into
consideration when we discuss future research strategies.

I hope we will have a most fruitful time hers together,
exchanging our ideas and views freely, and carefully considering the
comments of others. Hopefully, this workshop will lead to more
collaborative research between scientists from different places in the
country.
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CHAPTER TWO

INTRODUCTTION
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SO0RGHUM RESEARCH HIGHLIBHTS IN SOMALIA

Abdullahi Nwr Alic
Director ARI

1. INTRODUCTION

i.1. Climate

The rains in the regions of Somalia where sorghum ig grown total
around &00mm per year and have a bimodal distribution: 330mm for the
Gu season (April — July) and 250mm for the Dayr (October — February).
The rains fall duwring the first 40-50 days at the beginning of each
growing season. The rains fall in showers and it is not rare to have
130mm in a few houwrs (in Dinsore — RBay Region, 1921imm in 4 hours during
Dayr 85). At Bonka Research Station the air temperature range
registered was 20-43<C throughout the vyear; the soil temperature was
never below 28°C.

1.2. Saorghum
Sorghum, a dryland crop, is the traditional food-crop in Somalia.

Eoth ruwral and urban populations use it. With the advent of
irrigation, the areas close to the rivers are being sown to maize
which yield more than saorghum, and is less susceptible to GQuelea
damage. In those regions where irrigation facilities are available,
sorghum has virtually disappeared and what is more important, food
habits have changed. Moreover Guelea guelea and other birds make
sorghum cultivation, at present, uneconomical.

The rainfed areas, where sorghum is sown, is estimated to be
around 500,000 ha. Starting from 1984, with the liberalization of the
sorghum price, there was an increase in the area under sorghum. The
main regions where sorghum is grown are Bay, Bakol, Gedo, part of
Middle and Lower Jubba, part of Hiran and the Northwest.

The Bay region and the Northwest are the most important sorghum
producing areas. The Bay region alone accounts for more than half of
the area under sorghum. This is why the sorghum improvement projiect
is centered in Baidoa. The Northwest which has a different
agroclimatological zone should have its own center for research. The
sorghum variety as well as its environmental requirements for its
production differ completely from those of the Ray, and other southern
regions as a whole.

Animal production is another important facet of the Somali
economy. Camel, cattle and ovines are produced for the local market
as well as for export. Sorghum is an important element in the feed
composition. The stover, stalk and leaves, are consumed in the field
after the heads are harvested. Sorghum could play a more important
role as forage.

2. Research Highlights

2.1. Varieties

The local varieties can be grouped into two: the BRaidoa local and
Elmi-Jamma of Northwest. Both varieties are tall (may reach 2-2.%5m)
are very compact and goose-necked. Elmi-Jamma has larger heads than
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Baidoa local and requires around 1350-160 days to mature whereas BRaidoa
local requires around 115~120 days. It has a differently coloured
pericarp, but the endosperm is hard flinty and stores well. The crop
in the field is a mixture of lines from yellowish-pinkish to dark red
and brown. As the risk of bird damage increases in intensity, the
darker lines increase in the population. New varieties are desirable.
They should be earlier and higher vielding. The height of the plant
and number of leaves have also their importance. These
characteristics are desirable for the plant to be used for forage.

Recognizing the importance of forage sorghum and anticipating the
requirements in the near futuwre, we have already started research in
view of developing and releasing forage sorghum lines. 238 lines of
forage sorghum are now under trial.

In carrving out research in forage sorghum we are hopeful that
forage sorghum will give acceptable results in drylands. But at the
same time it is difficult to visualize forage as sole crop in dryland
regions, for the basis of the economy is subsistance. Therefore the
most desirable combination will be for drylands dual type: sorghum for
food and for feed.

2.2, The soil

The soil in the Bay region is the clay loam type known as cotton
black spil. It is the moderately expandable type. The pH is 7.5 to
8.0. The fertility of the so0il is rather limited and certain
elements, such as iron, copper and zinc are not readily available due
to the pH. The nitrogen and phosphorus are in short supply. The
fertility can be maintained and even improved by use of organic manure
and fertilizer. For the time being the chemical fertilizers are out of
reach of small holders due to high prices and low availability. As
for the manure the movement of the cattle make its collection, storage
and re—-use difficult. Thus the soils are being depleted creating
instability in production. Experiments are current to demonstrate the
effect of chemical fertilizers and evaluate their economics. The
barnyard manure is also under testing. Experiments with manure
carried out in late 19&40s showed a doubling in the yield in addition
to other benefits. Stability of vield is of high importance to the
farmer. The majority of the farmers in the sorghum producing areas
are subsistent farmers, thus consuming the major part of their
production. The varieties to be developed should maintain their
vields or else they will be refused by the farmers.

2.3. Diseases and Fests
2.3.1. Disepases

Sorghum, being grown in dryland conditions, is not affected by
many diseases. We have noticed anthracnose leaf blight and downy
mildew but they were of no economical importance.

The most important disease is the smut, mainly covered kernel
smut. Low incidence of loose smut and even lower incidence of head
smut are also observed. The occurence of this disease is more
prominent in some regions than in others. In the Bay region, the
Baidoa district is virtually clean. Experiments with inocul ated seed
gave 30% as highest incidence. The district of Ransadhere is known
for this affliction and the incidence varies between 28%4-40%4. The
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occurence of seut is even higher in the Northwest, and an average of
S50% of the sorghum is affected.

In view of the importance of this disease it would be desirable
that the new varieties have genetic resistance to it. But experiments
carried out by the department of pathology at CARS, Afgoi demonstrate
that the loss due to smut can be reduced very much by sged treatment.
Vitavax and Fernesan-D at 3 g/kg of seed have reduced the losses
tremendously. Therefore, we consider that work on incorporation of
the genetic resistance in the local and future varieties should have
lower priority.

2.3.2. Pest

2.3.2.1. Insects

Sorghum is attacked from its emergence, successively by
grasshoppers, mole crickets, shoot fly, armyworm, aphids, red spider
mites, earworm and in humid areas by the midge at flowering time.
Damage by grasshoppers/mole crickets can be serious at times. BRaits
made of bran and stomach poisons have given good results. The
stemborers, mainly Chilo partellus, are the only ones that can affect
the plant throughout its life cycle. We have seen up to 4 generations
in very bad years in Bonka. But Basudin 106 is used against the
borers. The new varieties need to have genetic resistance against
borers. But no absolute resistance is known, at least in the
cultivated species, and that is why scientists use the ‘less
susceptible’ terminology.

Around fifty lines, from ICRISAT, are under trial {for this
character. Most of them are being considered as germplasm. We do not
expect to have fast results as this characters is multigenic.

Whereas the local variety of sorghum is talerant to the
stemborers, maize varieties are not and a high percentage of loss has
been reported. Interspecific hybridization is not easy and far
exceeds the capabilities of ARI. We believe that some other way of
saving the crop can be found. We asked ICIPE to help us and they
agreed. After several meetings the project is ready and will start as
soon as the funds are available. This problem is atfecting a very
large sorghum producing area and we believe that the solutions
developed by ARI/ICIFE can be applicable elsewhere.

2,3.2.2. Birds

This second notable pest, fuelea guelea, is the most detrimental.
It starts its damage when the grain is in the milk or soft dough stage
and in certain years can cause very hiagh damage as in 1983. To combat
this pest ornithologists are using "Gueleatox” spray, even though it
is debatable if one could cause reduction in the population. FReports
from South Africa, cited by Dr. Doggetit, show great increase in the
population, after 25 years of efforts, instead of the anticipated
decrease.

The Guelea control project, an FAO regional project, has had to
overcome very many obstacles and consequently the efficiency was low.
The guelea control program of Somalia benefits nowadays from the
assistance of the German Technical Assistance (GTZ) which has donated
an aircraft, spray chemicals and funds.


scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier


-9 .

It is thought that earlier maturing varieties might escape the
damage. This theory has been proven untenable. The Australian project
at Kurtunwarey and Sablaleh used water injection to start the sorghum
ahead of the rains and thus assure an earlier crop. The birds caught
up with it.

We do not believe that there are resistant varieties. GScientists
have come to agree that some biochemical and morphological traits are
helpful if feeding pressure is low.

-

3. Cooperation

The Somali sorghum improvement program is a cooperative project
between ARI and IDRC. The comprehensive program that was established
initiated work on the crop and started a training program at the same
time. To date two graduates have received or about to receive their
M.5c. degrees in plant breeding. The entomologist is expected in
April 87 and the agronomist in July 87. the pathologist starts his
studies in August Bé&.

The program put up in cooperation with IDRC is a
multidisciplinary program. In addition to the agricultural
disciplines, food quality will be tackled at a later stage.

Although the present IDRC support is for a limited period the
program was designed and developed to have far reaching effects. With
the third phase the technical assistance will cease and the Somali
researchers, trained at different universities and on the job, will
take full responsibility.

Already, the sorghum team, under the advisorship of Dr.

Al ahaydoian has selected four varieties which are under testing in 1é
locations within and outside the Bay region. Already these four
varieties are under agronomic testing. These will be intensified
starting next season, Dayr 19846. This is the second season for such
testing and we are contemplating the release of at least 2 varieties.
A germplasm base has been developed with more than 1800 lines, in
addition to the partial collection done by ICRISAT. Flans are being
developed for another and larger collection, all over Somalia to
complement that done by ICRISAT in 1979.

A hybridization program has already been started and this season
it was enlarged. Desirable varieties, selected among many, are to be
crossed to local and to A lines. Next season we shall start the
crosses for entomological purposes.

Interspecific, shattercane x sorghum, hybridization, is envisaged
for the smut problem. We shall ask ICRISAT to give us a hand with it.

As soon as the varieties are selected, storage and gquality
research will start. A forage program has also been starced.

During the past five yvears many problems had to be solved. We
received much assistance. The Bay region agricultuwral development
project gave tremendous assistance putting at ouwr disposal land,
office spance, warkers and services. In fact our counterparts from
BRADF arw an inherent part of the sorghum team. We have much esteem
for their contribution. Special thanks go to its general manager Mr.
Mohamed Warsame for his unfailing moral and material support. Good
cooperation with the extension and faculty of agricultural sciences
has been established.
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ICRISAT with all its branches participated in ow program and
built up our germplasm base.
Thanks are due to Research Institutes of Kenya, Uganda, Ethiopia,
Egypt, Sudan, Uppervolta and Mali for their contribution in seed.
SAFBRAD with its contribution of seed, organization of workshops
and initiation of information services contributed and is still
contributing teo our program.
We are thankful to USAID, FAO and ACSAD for their support to our
program,
Special thanks go to Dr. Roger EKirkby (IDRC) for his unselfish
personal efforts, and to Dr. Hugh Doggett (IDRLC) for his advices.
Many thanks to all those who contributed and are still contributing to
our efforts. f
Finally we thank Dr. Mohamoud Abdi Nur — Vice Minister for
Agriculture, for his initiation and moral support of this inter and
intra-national collaborative work.
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A RESEARCH OVERVIEW

R. J. Buker
Research Director

The agricultural research program of the Ray Region Agricultural
Development Froject, headquartered at the Bonka Research Station, is
funded by several sowces. USAID, through a contract with the
University of Wyoming, plus the World Bank/IFAD, IDRC/ARI, African
Development Fund, and the SBSomali Bovernment all contribute support.

Sorghum may be produced on 954 of the cultivated land in the Bay
Region; therefore, our research effort is centered on sorghum and its
production problems. In the past Deyr season, the stalkborer appeared
to be the first limiting factor in production, where this season soil
fertility is seen as & major limiting factor. As production improves,
moisture undoubtedly will control vield.

Ouwr largest program is sorghum improvement, where the effort is
centered on testing lines developed from other programs, primarily
from international breeding centers throughout the world.

Since sorghum is a monoculture in the Bay Region, we wish to
reduce the population’s dependence on a single species. Therefore, we
have a grain leqgume and o0il seed section whose objective ig to provide
the Region with high protein legumes and reduce the Region’'s
dependence upon imported vegetable oills. This effort is primarily &
variety testing and introduction program. 0il crops that are also
legumes, such as peanuts and soybeans, could fill both roles. Cowpea
is second to sorgbum in production. We have located an early mungbean
based on 7 seasons’ data, which we plan to introduce from Taiwan. We
just started testing early pigeon peas. Sunflower and safflower are
the highest vielding o0il crop species under test. SBafflower has salt
and drought tolerance and produces a high guality o0il which we hope
can he extracted by a simple press.

The scils of the Bay Region are slowly declining in productivity,
for we note that recently cleared land produces higher vields. We
the same time produce forage at the end of each dry season,

The Agronomy Section is attempting to document present practices
and at the same time evaluate population, spacing and other cultural
practices used in the Region to produce sorghum.

The Dryland Agronomy Section works on fallow systems and moisture
relationships related to species and methods of cultivation. They
work closely with our farming operations team, who prepare land by
cropping it so that the land will be ready for future research work.
Chemical weed control during the fallow is encouwraging. Commercial
farming with imported diesal may be & guestional use of foreign
exchange and therefore, we are working on animal traction systems.

The Agricultural District Offices come under ow control. They
register land holdings, and provide information and materials to
farmers. We also coordinate our efforts with the Extension Service,
which is a vital link in the distribution of research findings to
farmers.

Where the stalkborer and other insects cause major losses in the
Region, we do research on insect control and provide chemicals and
train people to work in the plant protection area.
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The most exciting recent discovery is the marked response to
phosphorus fertilizer jointly demonstrated by our Soil Fertility
Section and our Farming Operations team. Placing triple super
phosphate under the seed at planting time has produced a fourfold
improvement in seedling height. At the same time, it has reduced
variability in plant height. In the past, this plant growth
variability has slowed the progress of all research efforts at this
station, but this season, for the first time, we appear to have
located the major cause of variable plant growth at Bonka. Nexit we
will have to fine tune this discovery to see how it fits with other
fertilizer elements and how chemical and local natural sources of P
fit into the economics of crop production throughout the Region.

And finally, education is an ongoing formalized and informal
process at Ronka. In the past nine months we have sent one staff
member to the U.S5. for a special program, three to India, one to
Nigeria, plus fouw to Afgoi. Also, Utah State University taught a
two—week class here on extension-research interaction. We have our
own English education program and nearly 20 took the TOEFL exam.
Investing in educating your most productive staftf guarantees future
progress,



THE EXPANDING ROLE OF INTSORMIL
Jerry W. Maranville#

The International Sorghum and Millet Collaborative Research
Support Frogram (INTSORMIL) was activated July 1, 1979. 1Its obiective
was to improve human nutrition through research and technology
development. During the first years, over 80 scientists from eight
Land Grant universities were active in collaborating with scientists
from several countries from around the world solving a variety of
problems in sorghum and millet production and utilization for human
food or animal feed. These crops were chosen as highest priority
since they are of major importance for the least developed and most
marginal areas of the world. The program functions under Title XII
legislation and is funded by USAID.

INTSORMIL has several well defined goals. These are:

1. Sponsor and support workshops in various areas of sorghum

production, utilization and socio—ecaonomics.

2. Support publication of sorghum and millet proceedings,

publications and newsletters. .

Z. Cooperate with building the international sorghum/millet

germplasm bank at ICRISAT.

4. SBupport & program of scientist exchanges.

5. Help build research institutes in host countries.

6. Promote communication among sorghum/millet researchers

worldwide. )

7. Train host country scientists through graduate degree

programs.

The latter of these goals has probably been the most effective
input INTSORMIL has made and continues to make. There have been
several dozen students obtaining M.5. and FPh.D degrees at the
universities involved in the several discipline areas in which
INTSORMIL is active. Other goals are being reached as well. For
example, a relatively recent workshop at ICRISAT was co-sponsared by
INTEORMIL and the proceeding, "Sorghum in the Eighties," has been
widely acclaimed as one of the best comprehensive treatments of recent
research accomplishments to appear for some time.

Before proceeding further, mention should be made of the
universities and other organizations involved., Collaboration and
training support initially was occurring at the University of Arizona,
Florida A%M University, Kansas Btate University, University of
Kentucky, Missisgippi State University, University of Nebraska, Purdue
University, and Texas AYM University. There were also several
international centers involved, including CIAT (International Center
for Tropical Agriculture), CIMMYT (International Maize and Wheat
Improvement Center), ICRISAT (International Crops Research Institute
for the Semi-Arid Tropics), and IRRI {(International Rice Research
Ingtitute). Additionally, cooperative relationships have heen
established with SAFGRAD (Semi-Arid Food Grain Research and
Development) and FAO (Food and Agriculture rganization).

o Mo it Lo i s i A SASAR st o Jhd S L St SR Sk P B S Seses P W4 B e el STt o638 Bbe S e mamEe

% Crop physiologist, Department of Agronomy, University of Nebraska -
Lincoln, U.5.A.
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Several discipline areas were designated in which collaboration
in research, development and training should occur. Projects in the
following areas have been initiated:

1. Breeding, genetics and varietal iaprovement

2. Agronomy, cultural practices

3. Plant pathology

4. Entomology

5. Physiology, especially plant stress research

&, Storage, utilization and nutrition

7. Socio-economic considerations

In many cases because of the particular training of scientists
involved and university program objectives, certain universities are
more active in some discipline areas than others. Texas AWM, for
example, having more of a tropical climate in some locations, is a
more suitable place to study the plant pathology and entaomology
problems. It is also known for its extensive sorghum breeding
activities in many areas, although a sorghum breeding component is
found at several other universities. FEansas State University is doing
most of the pearl millet agronomy and has a pearl millet breeder.
Recently, the University of Nebraska has joined the efforts in pearl
millet breeding, agronomy, and utilization for food. Puwdue
University is widely known for its cereal utilization program, and the
University of Nebraska for its crop physiology. Mississippi State
University has been taking the lead in acid soil research in
cooperation with CIAT.

Mention was not made of all the universities since during the
past six years of INTSORMIL ‘s existence, several things have changed.
One of these has been budget constraints which, just last year,
necessitated the removal of the socio-economic component from the
program. The University of Kentucky was most responsible for that
component and is now no longer part of INTSORMIL. Two other
universities, the University of Arizona and Florida A%M University,
have also dropped out of INTSORMIL, leaving only five universities to
carry out the program. Activity in the area of storage has also been
sharply curtailed, but again may be reactivated.

INTSORMIL operates by stressing “collaborative research” among
researchers working in host countries in a joint venture approach
which includes sharing knowledge, research techniques and plant
materials., INTSORMIL is not a funding agency where host country
scientists can apply for and receive grants to conduct research.
Resources are made available through the collaboration that is
occurring, and may be direct money expenditures agreed upon by both
sides. For sxample, if the collaborating scientists decided that
sample analysis was necessary to reach objectives and facilities were
not available in host countries, then analyses would usually be made
and paid for at the Land Grant university(ies) involved. A ceriain
piece of necessary equipment may be purchased at the U.S5, and sent to
host countries for use, There are instances where direct dollars have
been made available for operative expenses involved in the host
country research. The INTSORMIL management entity overseas
expenditures, and the headguarters is located at the University of
Nebraska, Lincoln, Nebraska (USA). The management entity includes the
program director, Dr. Glen Vollmar, assistant program director, Dr.
John Yohe, and two office stat+.
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Not every country in the world producing and consuming sorghum is
necessarily involved in INTSORMIL activities. The program has limited
resources and these impose certain constraints on how many countries
can be involved. A technical committee representing the various
discipline areas receives proposals and activates and makes
recommendations to a five-member Board of Directors who represent the
Land Grant universities involved. In addition, a committee
representing certain ecogeographic zones was established to make
recommendations regarding targeted areas to the same board.

Initially, major activities were ongoing in Sudan, Botswana, Honduras,
Fhilippines, Mexico, Columbia, Niger and Brazil. More recently, the
focus has been toward Africa, where a majority of INTSORMIL resources
are to be directed. The countries of Mali and Seneqgal were added, and
strengthening of the Niger program is underway. INTSORMIL activities
in the Sudan have been terminated for the time being.

USAID staff participate in technical committees, ecogeographic
zone committees and Board of Directors’ meetings. AID mission support
in host countries contributes to INTSORMIL 's activities. These
activities are reviewed by an external review panel of scientists who
are recognized internationally for their research achievements, and
make recommendations periodically to INTSORMIL participants.

Ta be involved, the AID mission within the host country generally
initiates the procedure. Representatives of the host country,
however, must be in agreement that INTSORMIL can provide useful
assistance and that a request be made. In the end, it is actually the
host country which will sign a Memorandum of Agreement with INTSORMIL
outlining the general objectives of the collaboration, and what each
entity can provide. A host country representative may actually
initiate some action by informing the AID mission that they desire
INTSORMIL. assistance. The AID mission can then contact USAID in
Washington or INTSORMIL directly requesting discussions for
collaborative involvement. Every request cannot always be acceptable
to INTSORMIL if the entire complement of resources available and
scientific manpower have been committed to other country programs. If
INTSORMIL should decide that collaboration is desirable and would be
potentially possible, a team is usually sent over to formulate
approaches and get the necessary signatures of the Memorandum of
Agreement. Sometimes this is a Memorandum of Understanding. For
example, the memorandum may state that INTSORMIL will train
scientists, do chemical analyses, and provide germplasm and some
research funds for research projects. The host country may agree to
provide transportation and lodging for the INTSORMIL scientist(s)
involved in the research whenever they travel there for planning,
reviews, etc. This ensures the continuity necessary for these
programs to work.

Each scientist within the Land Grant universities who is involved
with INTSORMIL generally has or is involved with a very specific
project. These scientists are known as "PI's" or project
investigators. For example, at the University of Nebraska, there iz a
project entitled "Sorghum Drought Resistance,” which is run by two
FI's and is involved in at least two or three host countries. Another
is entitled "Sorghum/Millet Mineral Efficiency,” and has two FI’ s,
Dr. J. W. Maranville and Dr. R. B. Clark) and is involved in three
host countries. This project has concentrated on nitrogen and
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phosphor-us research, and acid soil/aluminum toxicity problems as well
as making contributions to minor element research. Each targeted
country also has & specific research budget, and this is separate fro
that of the individual projects. The targeted country budgets are
partially controlled by the management entity of INTSORMIL at the
recommendation of & "country coordinator." This coordinator is also
usually a project FI, but familiar with a specific country’'s problems
or may be involved in a project directly related to a major country
constraint., The coordinator oversees the activities within the
country and coordinates all of the individual projects which may be
involved. The coordinator also identifies in collaboration with host
country scientists those problems which need attention and pairs them
with appropriate INTSORMIL projects and PI's.

INTSORMIL has been relatively successful in meeting its
abjectives. Frojects in the FPhilippines and Dominican Republic have
been strikingly successful. The formation of a hybrid seed productior
program in the Sudan and release of a new hybrid DH-1 attest to
achievements. Successtul collaborative conduct of workshops and
publications of their proceedings have aided considerably in our gquesi
to solve problems in sorghum and pearl millet growing nations. Now
that the mandate is for increased inputs to African nations where
these crops are consumed, it may open up new chances for other Africar
countries to be involved in addition to the ones already targeted.



CHAPTER THRETE

SORGHUM IMFROVEMENT AND PRODUCTTIAON
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REVIEW OF SORGHUM RESEARCH IN SOMALIA
A.H. Shirwa(#*) and M.A. Noor (%)

1. Introduction

In Somalia sorghum is the most important cereal from the point of
view of extensive cultivation, the use for human and animal
consumption, and was until recently the highest in total production,
heing slightly surpassed by maize. It is mainly cultivated in rainfed
areas and is estimated to cover a seasonal area of over 388,000 ha
(Ministero dell "Agricoltura, 1973).

The annual rainfall in the sorghum cultivated areas range between
250 to 700mm,with an average of 450-4600mm per annum (Maneghimi, 1960;
Tozzi, 19461b). Approximately 604 of the rain falls in the "Gu" season
(April-—-June), and the rest in the "Dayr" season (October-—December)

According to various souwrces the production of sorghum fluctuated
with the amount of annual rainfall e.g. bad years were 1935, 1934,
1974, 1983 and good years were 1954, 1957, 1975, 1982,1985 (Rocchetti,
19603 FAOQ, 1982; Food Early Warning Project, 1985). Table 1 shows the
average production of sorghum for various periods since 1994 and there
is a general trend towards an increase in production resulting from
expansion of area despite the fluctuation due to climate.

Table 1. Sorghum Production in Mt (7000)

S W o014 B oo e YD SOV SNORS VTR e e UM ORD RIS T a7 S FANAD WAOY PR SouRe RS SN WA OHROD SRR Smri AT WA FOALD . Fesa Y WP Y SOBT e Hmen SRS 4rTVR 44V RoSeE e $900 SUTES WA SRS e e S¥AGR JONS TSRS S0 Semme ekes Soeut Syioh b Srour et Tt VY WS S i boms et WO SO

Years 1954 1955 1956 1957 1958 1959 1970 1971 1972 1973 1974
Prod. 100 57 50 100 &5 63 126 119,46 175,5 102,7 94,6
Years 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
Prod. 129,9 1565,2 219,3 169,% 150 136,4 172,1 235 120 221 226

o i ohbo TN S it W 443 Srm s S Mo s S b S B W b hooe e G Yo e M. N St St St s $EA. S S4700 St Wt e S S, i S s S B S i S S SRRt Bt S Ll S0 B S B N s Vo S G Sy (U4 St ek S e St e Wond

As the vield of sorghum is also determined by the amount of
rainfall, in good years the vield per hectare ranges between 6-7
q-ha~*, in average years it is 3-8 g.ha"t*, in low rainfall year 1-2
g.ha"* and complete failure in extremely bad years (Tozzi, 196lajg
Tozzi, 1%96ib).

In the last 30 vears various programmes of research, studies and
developmental efforts were carried out with minimal impact on the
production per hectare. This is mainly due to the discontinuous nature
of these efforts, the fact that it was often carried out by expatriate
staff with limited spans of time, and that the resulits were aften lost
or remained unavailable to subsequent research workers.

This review is an attempt to put into perspective the findings of
the previous studies on sorghum and to sxtract recommendations for the
application of already generated technology.

(%) Lecturer in Agronomy at the Faculty of Agriculture, Somali
National University.

(%%) Senior Lecturer in Flant Breeding at the Faculty of Agriculture,
Somali National University.
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talian colonial administration ir Genals (1910119132 and Bonka
(19531954 and early 1940 's).

USAID in 1954 at Bonka.

University of Wyoming 1964-194% at Afgail and Bonka.
Agricultural Research Institute, 1970 till present.

IDREC, 1981 till present.

UNDF/FQD, 1976 till pressnt.

Bay Region Agricultural development Froldect with technical
assistance from University of Wyoming, 1981 till present.
Faculty of fAgriculture, assisted by University of Florence, 1774
titl present. ’

Settlement Development Agency and IDA supported semi-mechanized
rainfed, 1981 to present.

The maiority of the work done constituted ofz

Soreening of numerous varieties hoth local and introduced, mainly
for vields, put at times also for agronomic characters such as
2arliiness, disease and ingect resistance, bird resistance, drought
resistance, etc.

fAgronomic studiess involving fertilizer application both organic
and inorganic, land preparation mebthods, fallowing, inssct
control, plant population, weed control, eto.

Selection and breeding of both local and introdoaced lines.

Variety Trials

The most predominant type of cstudies were varietal trials. Four
af these rials are presented in this review from various periods
ot research activity. Table 2 summarizes the work done by
tniversity of Wyoming team in 194661967, which resulted in the
identifticetion, multiplication and release of the varighties
Wadakaer and Martin (Univ. of Wyoming, L®47: 19682:; 196%). These
variebies were eventually lost.

Tables % and 4 show the results ot varietal comparisons of F.ALO.
Horghue Obaervation Noarsery in "Gu” 1971 and "Dayr" 1971 at Afgoi,
which resulted in the identification of lines with high potential
vields., Howesver. no further studies were carried out on thess
iines (CARE, 1971).
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In 1981 trials were conducted on materials introduced from Sudan
and a local variety as shown in Table 3. Although vields wers
generally low, both Gadam el Hamam and Dabar out-vyielded the local
variety (BRADF, 1981la).

Considerable further work is under way in the IDRC and BRADF
supported research, however, no variety has been released so far.

Table 2. Varietal trials at Bonka from 19686 to 1967. Yields in
q.ha—?,

B s e L LTS —

Entries Gu 1946646 Dayr 19664 Gu 19467 Average Estimated
FProduction
1. 8.8, 79 17.68 8.97 1.9 10.2
2. Wadaker - 7.99 17.3 2%.7
3. Martin - 6.97 5.7 11.9
4, E-44 26.96 - 8.2 ih.6
5. HX451 24,39 - 6.4 14,8
&, HXS8 35.95 - 7.2 20.0
7. S.B. 65 14,98 8. 60 - 8.2
8. HX57 22.25 12.85 - 2.5
7. Serena - ?.01 - 10.2
10. Dobbs 10,69 - - 5.5
11. Franida 14.55 - - 7.4
12. HW10S 26.48 - - 1%.4
13. HW61 12.48 - - 6.3
14, S.B. 77 12.41 - - 6.3

[ — — o o . mabe oo o Ty i i Saask Lo IS SN M o et Rl Wit SARKL. MAAD AT Seses SRR SUBOE S HAD B4R WS W YIRS SOALL Pt Recse Ao Akl ALK KAbs s S S WSS ) ALHAD St ek e WS S dbvte S8 ey 1AV Wt W Pebtt

1> For Dayr 1%96&é
2 For Gu 1947
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Table 3. Varietal trial at Afgoi in Gu 1971.

[ S ——— - [rp—— a— - o 14145 2003 YD L1t oo s 5B AP OOV D S B . W AR St e R AR WA WL BRSO . S St s BT A P WA e S St S

Entries g.ha—? Entries q.ha—?
1. & DX &61/62 24.29 28. B.64L-3755 9.88
2. MB2219 AX 153471 22.91 29. TX 28528 468-L-7874 9.78
%, 5 DX 142/4 20,60 Z0. BATAN 69-739 FPa .64
4, CSH-2 19.87 F1. I8 3796 .33
5. B3521 i92.49 22. RT X 7078 F.20
b. CBH~1 18.18 I3, TX 2512 &8L-7842 8.70
7. 3DX 57/1/C 17.23 %4, TBS Z-4 8. 66
8. RT X 7000 146.68 5. Local 8.53
9. 1859301 18. 66 36. 85596 8.46

10, SWARNA 15.59 37. TX 2523 68-L-7865 8.37
11. TX 2519 6&8-6-78B06 15,38 38. 25522-2B 8.25
12. BT X 3197C K &OF3468 14.76 39. 188 13-7 7.97
13. VAR 45-814 14.03 40, 1 564 18C b.bé
14. 83609 132,29 41, TX 2521 68-L-7861 4.48
15. I8 511 12.81 42, TX 2829 6B-L-7876 6.28
16, RT X 414 F5469 12.56 47, TX 2525 48-L-7868 6.22
17. 78447 12.27 44, T8S 3-1 6.03
18. local 12.19 45. 1879 5.63
19. 159344 : 12.12 4565. TSS 171 S.28
20. BIXAL 11,98 47. TX 2532 68-1.-7883 5.14
21. B, ADL-S5432 11.90 48. TS8S 1-12 5.10
22. RT X 415-F569 11.78 49. 188 1-9 4.91
2Z. TX 2518 &48L-7854 11.37 50. T88 11-1 4.72
24, 3 DX 367172 11.30 51. 188 2-1 4,467
25. TX 2536 L—-64K-241 11.26 52, T8 11-3 4,44
26. E3 X A3 10,97 593. TSS 10-1 2.06

27. ROK Y 34 ?.99 54. 5912 1.54
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Table 4. Varietal trial at Afgoi in Dayr 1971.

et s s o o T S e W S T P AV ik AR o O T G S SACH P10 U MM Soind S SARME SHeLe A MO LIS S M ol BSOS AR SV SR D S0054 S e SO HOASH SASER e WA T SAARY VOB A SO WA L1t S s LA B S P bt Wk S St S SVHbe S S

Entries Frod. q.ha™? Entries Frod. g.ha™?
1. 85 DX 61/62 70.25 25. ROK 34 33,06
2. Swarna 55.36 26. Fdw. EHafir b 31.81
3. 4 dw. Katir 55. 50 27. F &5 Z0.90
4, 83521 F.06 28. F 64 FO,90
S. C 48 A 53.06 £29. 7078 30.87
6. Caprock 49,31 30. Kafir Milo 4dw.B I0.87
7. 5 DX 61/62 46.18 31, BR 44 29.65
8. BR 64 44,93 Z2. 7078 29.65
F. 3 dw. X S7/1/E 44,31 F3. 85596 28.06
10. E 57 43,68 F4. I dw. YE R 27.43
11. IS5 511 47,40 35. F 61 27.15
12. IS 3796 42.473% F6. BL X AL 26.93
13, 7078 deriv. 42.15 37. ROK 35 25.90
14, &5-814 41.82 F8. e dw. EKafir R 24,65
15. B3609 40,90 Z9. CKE &0 24,65
14, F 56418 C 40,87 40. 4dw. YE Hegar 24 .65
17. 78447 40,50 41. 7078 deriv. 20,90
i8. 18 3944 Z8.40 42, Zdw. Bmut Resist. 20,90
19. 7078 deriv. E7.18 43, 2822-2B 18.40
20. 4 dw. Vasey YE Fet. F6.81 44, EZ X A3 18. 40
21. Mildew Resist. R 34,465 45. 1879 18,40
22. 18 9344 34,31 46, B 32 A 14.94
23. € X 60 deriv. 33.40 47. A 28 12.16
24, C 42 Y 33.40 48. Batan 69939 12.15

- oo 3430 N SMVGL B W st RS Yok okl A b SOAE W S PUCAS G S S WO Smabt SN S Subes SUD SHa O B S S SN B BHRAS YA e AR FOSAN Ldase S WAS s ARG S S 4000 S SoLCh S o A SRS WS P TS JAREC M WG Ol BHARY RS S A WK USRS Mo WhCa ot

Table 3. Varietal trial at Bonka in Gu 1981.

e oot b S0 e B b A R i Al Sk A s Mtk WA U S B P Ve Wit St St W o W e o, Pt e PR S 080 TP A o, YR St S, SRS St S8904 S o v S Bt Sl SR At St W T kb B . o e S . B St WO St e Vot e

Entries Froduction g.ha—?
1. Gadam el Hamam 8,04
2. Dbabar 770
3. White Nilo 5.79
4. Local Fududug S.23
Si. Abo Saben 4,80

— o e saten srrne it o 8448 i St b i HR i S WAL e Sl SO S L Sk et b A e Akl s SR P UG AL b SR SO e ASONS Sl bt QALY W LIS S4NA S bl SRR At SO NS S S Sl Ao . P e

2.2 Cultural Fractices

Obgservation of plant population of sorghum in farmers’ fields is
around 15,000-20,000 p.ha~*; however, studies carried out indicate
invariably an increase in yvield resulting from increase in plant
population as shown in Table 4. Although the yields are generally low
from the above mentioned experiment, there is almost & doubling of
yield from 10,000 p.ha~* to 48,000 p.ha~* (BRADF, 1981a).
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Table &. The influence of plant population on sorghum vield in an
axperiment conducted at Bonka in Gu 1981.

e o e b oo W O e e O ) A5 SH9SS S04 P o St S S W S G4 SO PO o Sl WO PO S S SO WO o e, g MRS SO T e WIS, MO TS S WOVh AU YD ST S VA SRS ST S R JAONK AP S PTRN S G R S S A o S Ao T

Treatments Distance Distance Population - Production

between Lines within Lines
in cm in cm p.ha—? q/ha—?*

i 70 30 48,000 5.85

2 73 40 33,000 5.468

A 60 20 65,000 5.46

4 100 50 20,000 4.48

S 100 100 10,000 2.87

e it S s PR Baten SHLAY S R D SR Y O A e S VA S o S AN 4 e i W R A e SO SO Tt S S SAYAL A Kok Mo PSS b Sl SAAY SO SR e S AR W M Sl AA M S DD SR I o S S A A S A A D b o A IR

The Wyoming team in the 19460°'s made several studies on the
response of sorghum to animal manure ((Univ. of Wyoming, 1947; 1948;
1969) and presented adequate data, including visual presentation,
indicating positive response to the application of manure. Table 7 is
an example of such results. In addition, organic matter application
in the form of animal manwe was compared with the application of
inorganic NFK fertilizers as shown in Table B. There is clear
indication of response to both phosphorus and organic matter.
Nitrogen alone was inferior to phosphorus and manwre application.
There was no control in the experiment. These results seem to be
similar to results found in the Bu 1986 season in Bonka after 18
years.

Table 7. Response of sorghum vield to application of animal manure.

Season Froduction g.ha—?
Manure Control
Gu 19267 28.4 12.7
Dayr 1967 11.8 4.4
Dayr 19648 24.2 8.7

e A2 B S At S AL S i 4SS U dhane Soogn hnon WA e o Gy i KOS o O Yo Rt B0t i e e o S99 VA B St AR YO, e b S SO e e SO P S e SVl O W . Sl SHOY PO DO S SO4RY o s RO TS . S, S

Table 8. Response of sorghum vield to manure and NPK fertilizer.

i k. BB St il e e SO PP AR . B SRS 9640 At s MrORS ASHOS aen Teemn MA Se WAL S SRS WAAS SATRE SoC T SAYMY S45AR TS I SH HERR Ubrh DRGSO S W FRRS A0 WD NOORS S S WS VOTRD R, St B PN Ao, DK ST T Wit P

Treatments Production q.ha—?
i. 40 - 40 - O 21.5
2. 40 - 40 —- HO 20,7
Z. Manure 25t/ha (dry weight) 19.4
4, 40 - O — A0 17.5

5. 40 - 0 - O 1641

- — o 5299 o St i St ot Hoeh bk 4P SOt AR e Saboh P W e S o) YAAR Songy Tk Wart A e S i SARYY P Anema St AR SEOSK So00n SOL0S S SR NOORE SSSR PHRNS WG AW SHS AN DUWNR MRS SO CTUAS SO WM o Sobdh SOV A6 e e S S
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Similarly there was positive response of the vield of sorghum to

green manure application in the form of cowpea and aungbean as shown
in Table 9.

Table 9. Response of sorghum yield to green manure with cowpea and
mungbean.
Season Treatment Production g.ha-?*
manure control
Gu 1967 Breen manure after
harvest of grain - -
Dayr 1247 - 7.1 5.3
Gu 1968 Green manure in
flowering stage - -
Dayr 1968 - 6.8 4.8

- e = — — " " T ] T_" ST TS T " W SOES SRO O VS MM . T A M T A AN SOl i o AN D W i AL P St St S WA e Lot BTV Wl At St HORS D P AoBe N S o St AT KO Sdeit St b

Extensive and relatively long study was carried out on the effect
of fallow on sorghum (Univ. of Wyoming, 19653 1967:; 19683 1949);
however, there was no significant response to fallow in both “Gu" and
"Dayr" seasons. Summary data are presented in Table 10,

Table 10. Response of sorghum to fallow in g.ha—?*.

B e T T T T TR p——

Year Production in Gu Production in Dayr
After fallow Control After fallow Control
No.Repl. Mean No.Repl. Mean No.Repl. Mean No.Repl. Mean
19466 - - - 3 17.3 2 15.5
19467 3 11.3 2 1%.9 3 77 2 b.b
1968 X 15.9 2 1%.4 3 ?.2 2 10.6
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Farmers in Somalia know well the significance of weeding, and the
results obtained have supported this belief as shown in Table 11.

Table 11. Response of sorghum yield to time of weeding.
Treatment Time of weeding Froduction g.ha—?*
1 one week after emergence 4,21
2 two weeks after emergence 3.85
3 three weeks after emergence E.7
4 control 2.65

e 3 S Al ot T Wl Vo D LD A A S, o A AR St b S0 S VPSS OB AR AR S0t ShoSl Ml PO A Ao SBON SO S SIS Lot MM MARE i S WS WS s 4SRN WAL S R WD WS o RESH SU AR WD PO A WS S Sm083 MRS W Al st T W
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Stalkborer is a major insect pest on sorghum and results from
experiments show that its damage causes decline in yield and delay in
maturity while exposing plants to drought. Invariably application of
insecticides resulted in increased vield as shown in Table 12.

Table 12. Response of sorghum vield to stalkborer control at Bonka in
Dayr 1981.

Entries Production gq.ha™—t?
Treated Control
1. Dabar bL.47 1.36
2. 71403 4,65 0.54
I, 71464 4,65 Q.79
4., 71506 4.22 2.43%
9. Local Fududug 210 1.17
6. GFR 148 Z.05 1.17
7. 71288 2.27 1.04
8. 71341 1.68 0.73
?. 71261 1.43 1.75
10. LGF 23 1.35 0.55

2.3 Selection

Selection of both local and introduced material were carried out
for various objectives including earliness, insect and disease
resistance, bird resistance, and productivity. Table 13 shows that
improvement can be achieved by selection within local germplasam.

Table 13. Selection of local sorghum materials for yield in g.ha—?®.

aam sraes Snom tncoe o N A W20 H000 St S S8 ST SheRe Toder UL TeRSE SeSeS SBe S ERERA S RO WY W W S SOOI SO IRT SOR SO WS e e GG SRRl ARG CA3e0 Sash CHOGH R SUEN YR WOV VRS WS s Skt S Bt Soten o S

Lines Froduction

Bonka Afgoi

Selected by visual observation:

Highest yielding line 25.8 20.6

Lowest yielding line 10,7 7.0

Average of selected lines 12.9 12.4

Selected by weight for further testing:

Highest yvielding line 25.8 20.6

Lowest yielding line i4.4 12.0

Average of selected lines 21.5 - 15.4

B T g T L T eep————————

3. Recommendations

1. There is need for continuity in research, in order to obtain and
utilize generated technology and experience.
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There 19 dire need for trained Somalis to talke over the
responsibility for research and techneology development, so that
experience gained is not lost.

Ways must be found to conssrve and diseminate research results on
& wider basis.

A system of conservation and maintenance of germplasm, both local
and introduced that prove useful under our environment, must be
introduced.

Fopulation higher than the present farming practices must be
encouraged; approximate recommendation may be 30,000-40,000
plants per ha.

Early planting to use full advantage of a short rainy season
must be encouraged,.

There was definite response of sorghum to organic matter
application in various forms e.g. manure and green manure.
Therefore, the application of animal manuwre must be encouraged.
Fhosphorus application with seed seem to be bensficial, and
should be extended.

Fallowing has not proven useful and further verification is
necessary; however, its extensian should not be carried aut.
Early and timely weeding should be encouraged and more labour
saving devices introduced.

Stalkborer control by cultural practices and chemicals should
be encouraged.

Although data are not presented here, Smut control through seed
treatment must bhe popularized.

Tannin containing varieties, although bird telerant, should not
be sncowraged because of thelr negative effect on protein
quality.

In selection of grain sorghum the role of sorghum as {fodder must
be kept in mind, and forage types must also be studied.
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HIGHL.IGHTS OF THE SORGHUM IMFROVEMENT FROGRAM
Hussein Mao Hajiw

Abstract

Sorghum is the most important crop in the HBay Region. Therefors,
it was given the first priaority for research. During phase 1
(1981-1983%) , the program started slowly and one of the maior
constraints in achieving progress was the high (50-170%Y Cosfficient
of Variation (C.V.) encountered.

Une of the biggest achievements in stage Il was the reduction of
the Coefficient of Variation to a more manageable level. This has
contributed to the qualitative improvement of the results and
increased its acceptability. The program is dealing with & big amount
of germplasm (mainly introduced). The results obtained from ACEADR and
some other introduced lines were very encouraging. In phased I1
(198419861, a group of enthusiastic national staff, who received
their post-graduate training overseas, has taken over the Sorghum
Improvement Frogram leadership.

1. Introduction

Sorghum is the malior crop for food and fodder in Somalia. It
ococuples an area of arcund 400,000 hectares under rainfed conditions,
in Baidoa, Hiran and Bakol regions in the south, and Hargeisae in the
Northwest. In Bay region alone it occupies an area of 994 of the
total cultivated area.

The sorghum crop is grown entirely under rainfed conditions.
Maize cultivation has greatly incressed in popularity in the last two
decades replacing irrigated sorghum production almost completely.
However, sorghum is and will continue to be the most important crop in
Somalia; being well adapted to semi-arid areas on account of its
drought tolerance, there is more scope for exzpanding its production in
the country.

The average rainfall in the sorghum cultivated aresa ranges
between S00-A00 mm per yvear in a2 bimodal distribution: 300-350mmm for
the Gu season (April-Julv), and ZOO-250 mm for the Deyr season
(Ooctober-February).

The vield of the local sorghum is arournd 35 g.ha-?* in the Gu
seasaon and 1-3% g.ha™* in the Deyr seasan.

Since bBay region is the centre of sorghum production, a ioint
effort between EBRADF and IDRC/ARI supported program was initiated in
1981 with the following obiectives.

I} The general aobjective of the research proagram is the improvement
of sorghum for food under rainfed conditions in different
agroecolagical zones of Somalia.

11) The specific obijectives are the development of sorghum with the
following characteristics:

&) Higher yield potential

* FPlant bregder, Bonka Resgarch Station, Scorghum Improvement Program,
Raidoa.
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by Drought tolerance and easrly maturity

c) Tolerance to insects, mainly stemborer and to diseases like grain

mold and smuts

di}  Adaptability to environmental conditions prevailing in different
zones of the region

@) fAcceptability to Somali consumers.

To achieve these objectives screening program and selections of
the local sorghum cultivars and introduced germplasm was initiated in
1981, The introduced materials were received from the International
Crops Research Institute for the Semi-arid Tropics (ICRISAT) and from
ather sorghum improvement projects and institutions in Africa, US5A and
Azia. A cooperation with ICRISAT in carrying out the international
trials for vield as well as for disease and pest resistance was
estabilished.

2. FProgress in phase 1

I} Sixty-nine local sorghum varieties were collected from farmers’
fields mainly in the Bay region area. Eveluation in field blmts
showed that the local varieties:

&) have high tillering ability

b)Y are very tall and medium to arly in maturity

) are tolerant to derought when the rainy season ends earlier than
usual

g}  are comparatively more tolerant to stemborer than introduced lines

&) are low in vield

I17) Five hundred sorghum lines were introduced from ICRISAT (Indiad,
East Africea and Texas, U.S9.A. Evaluation of the i1ntroduced lines
in field plots showed thats:-

ar they are comparatively more susceptible to stemborer than the
local

h) many exotic types were poorly adapted to the dry, infertile

they ars unstable in vield over the seasons
d) some ot them yielded 3 fold of the local varietiez provided
protection from mainly stemborer was ensured
&) many syotic lines wers late in maturity compared to the local
£  they were shorter than the local sorghum and were open headed
types
One of the main constrainte during the experimentation in stage 1
and part of stage I was the high C.V., A& range of S50-170% was
calculated in the seasons until 1985. This high C.V. was mainly due
ta the heterogenelity of the soil. The variation of the seoil in
fertility delayved any progress for at l=ast two vears and thus
selection for improved cultivars over the seasons was almast
impossible.
Fhase I started slowly and the program was run by an expatriate
advisor with a very limited number of staff. In phase 11 a small

cadre of enthusiastic national statf have returned from overseas to
the proaject.
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Z. FProgress in phase 11

In phase Il the general and the specific cbjectives remained the
same as in stage I.

During stage 11, there was tremendous reducticon in the
coefficient of variation which was one of the maior constraints. A
range of 21-37%4 C.V. was calculated while a range of S0-170% C.V. was
reported in stage 1. This added to the qualititive improvemsnt of the
results and increased its reliability. This reduction in C.V. was
primarily due to the application of fertilizers, for the soil was
deficient of several elements, and to the use of a machine plot
planter and to the reduction of the number of rows per plot (2 rows
per plot). '

Twelve lines were identified from ISDRON-80, ASCAD and other
sources with: 1) high vield potential, 2) early to medium in matwribty,
3 less susceptibility to stemborer and 4) tolerance to drought.

These lines were tested in five locations within the Bay region
during Deyr 1985 and the results were encouraging.

New germplasm amounting teo 200 lines were intraoduced from
ICRISAT, Mali, Uganda and ASCAD (Damascus—8vyrial) to study their
adaptation under Bay Region conditions.

Selection of desirable characters (high vield potential, early
maturity, drought tolerance and tolgsrance to stemborer) was made from
"2 generations of the cross between the local and the exotic
materials.

4. HResearch Activities in phase 1 and 11

4.1 Yield Trials

a) Local Germplasm: v

Sixty-four entries out of 94 were available in 1981. A complete
set of the material was requested fram ICRIBAT and the zeed was
increased for extensive data collection. Many lines were
eliminated over the seasons. The resultg obtained showed that
there was narrow genetic variability among the local sorghum.
This may not be true since the collection was made in Bay region
and its surroundings only. The entries were reduced over the
seasons and came down to 11 in 1986 of which the hest entries are
selection numbers 57, 40 and 48.

by ISDRON-8O0:

ISDRON-80 nursery has been tested for seven seasons. Originally
the lines consisted of 80 entries. The pertormance was veary
variable over the seasons. The lines were reduced to 13 during Gu
1984 of which 712460, 71484, 71249-1 and 71240 werse found to have
been promising over the seasons. Three of the asbove mentianed
lines namely 71260, 714684 and 71240 were included in the 12 lines
which were tested in the offstation nurseries at five locations
within the Bay region.

o)  The Drought Resistant Nurserv:

The performarnce of the lines constituting this nursery was

highly variable. The number of the lines were reduced from 35 to
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12 lines. In Gu 85, the best +five lines were: [5 18611, TOWAEAL,
ET 12-5, 8PV 105 and SL 13502.
International Sorghum Freliminary Yield Trial (ISPYT):

This set has been tested for several seasons. The entries were
reduced to § lines. M 35-1 X RE/R-195-353-2-1, M 35-1 X
RE/R—-195~-3~-2-2 and the Indian Synthetic F~1-3 have shown
pramise.

The EKenyvan Nurserv:

Out of the 23 entries, 9 lines were promising and tested in the
Gu season of 198%. Few lines have been doing consistently well:
FI 9940631, IS5 8595 and I8 76T No.23.

International Disease and Insect Mursery (IDIN):

This nursery, from Texas ALM, originally had 30 entries,
The number was reduced to 5 by Gu 85. The agronomic
characteristics were not outstanding, and insect resistance was
not satisfactory. Twa line GFR 148 and QLT Texas were good
vielders and early in maturity, therefore were included in the
entomelogy nursery of Gu 1936,
The Ugandan NMurserv:

During the past 3 years the Serere scientists supplied us with
nearly forty lines. 5 DX 135/13%/1/3%3/1 (Sereno), Seredo, 4 M X
11797173 and Himidi have shown promise.

In Gu 1985 Seredo was tried in one replication with a plot of
around 25%00m*® and vielded 1207 kg.ha"*. The same variety in
experimental plots produced 430 kg.ha~'. GSeredo was included in
the offstation trial of Deyr 1985,

OAL/SAFGRAD Nursery:

This nursery was tiried for 2 yvears and only the lgandan line
SOXI35/13/1/3/1 has been the promising one.

Upper Volta Nursery:

From the early maturing lines of the Upper Volta nursery
varieties SCLOB/4/8XCE83841 and 32-1 have been promising in yield
and parly maturity.

International Sorghum Yariety Adaptation Trial {(ISVAT):

The nursery was reduced and some of sntries such as 5PV 138,
ICeY 147 and ICS 154 were worth considering, but still one more
testing is required for final selections.

FS Lines:

Deyr 19846 was the second season of test for the F5 lines. In the
next Gu season of 1987 the nursery will be reduced.
Sarghum Breeding Advance Lines:

These lines were received from Sudan by the courtesy of Dr.
Gabesa Ejeta. A total of 35 advanced breeding lines were tested
in two nurseries. The results obtained were variable therefore
one more season of testing is required. GBA S53I8, 5575, 5574 and
G54 5561 were the best vielders in both Gu 1985 and Gu 19864
SEASONES.

Elite Pallinators:

This collection of 746 lines were divided into 9 nurseries for
the ease of handling. The coefficient of variation for these
nurseries were higher than the rest ranging between 40 and &62%.
The materials were tested for 2 seasons and the results were very
variable. Many linss were promising though. However, one more
season of htesting is reguired.
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The intention for these nurseriss were to consider them as
breeding materials for the breeding program as well as for release
as varieties.

The ACSAD Nursery: :

This nursery was received from the Arab Centre for Studies in
Arid and Dry lands in Damascus, Syria. The seeds were recesived
atter the sowing date of Gu 1985, Therefore delaved sowing was
made and only 11 mm of rain was received after sowing them.
Surprisingly, the performances was exceptionally good and some of
the lines such as B1-990-1298, 1435, 15465 and 1194 even outvyielded
the laocal with significant difference at the 14 level. The &Gu
season of 1986 was the third season of testing these materials and
the above mentioned four lines were included in the offstation
trials.

Dabar Purification Trials

Dabar along with another sorghum variety (GADAM=-&L-HAMAM) was
introduced into the country as +ood and ssed aid to the entire
nation in general and as seed aid to the farmers in particular.
The seeds were imported in 1980 from Sudan by FAG after a severe
drought occurred. However, farmers found that all the introduced
sarghum varieties were not good and suitable for the underground
storage system they use.

In Deyr 1985, 72 heads of Dabar variety were selected from &
population of Dabar that was growing in the 1GO-ha farm. The
selection was based on sizable head grain, sarly matuwity, no
tillering, good exertion and medium height. To avoid
contamination from stray pollen, 811 the 78 entries were planted
in Bu 1986 in an area fairly distant +from other sorghum.

Only 7 entries were selected from the 72 entries. These 7
entries were high vielding ones that were average to slightly
earlier than average in maturity. None of the 7 entries were tall
or had poor exertion or were segregating for height genes.

Entomology Trials

Different sets of sntomology experiments were received from
ICRISAT for evaluation against stemborer, shootfly and midge. The
damage due to shootfly and midge are almpst negligible in the Bay
region. Stemborer is considered ags the major vyield limiting pest
of sorghum which can attack the sorghum plant at any stage of its
growth, Chilo partellus i1s the predominant species of stemborers
in the BHay region.

International Sorghum Stemborer Nursery:

The promising lines were I8 18467, 15 5538, FR 8254, FB 8311 and
FE 21119. 18 184662 was included in the offstation trial of Deyvr
1985 and has persistently been the best in 3 locations due to its
tolerance to stemborer. I8 8538 and PR 21119 have shown more
tolerance to stemborer in both Gu 1984 and Gu 1985 seasons.
International Sorghum Shootfly Nurserv:

Since the infestation due to shootfly is very low, the
nurseries weres screened for stemborer resistance and for vield
potential. The results were variable in Gu 19846. However, the
promising lines for the past seasons were IS5 44464, 18 55470, I6
18584 and 15 5585,
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International Sorghum Midge Nursery:

These sets were sent for midge screening in the limited areas
like Afgol where it can be found. Testing was made for yield and
stemborer tolerance as well. The results of Gu 178B& were variable
like the shootfly nursery. However, IS5 3441, I8 9807, IS5 19476
and AF 28 were promising in the past seasons.

Crossing Program:
A certain number of crosses between the high yielders of the
¥oltic materials and the local scrghum were made. Selections were
also made from the segregating materials. & certain number of the
crosses previously made between exotic and local were backcrossed
to their local parent.

An ISHAT (International Sorghum Hybrid Adaptation Trial) set
was sown in 1983 to study its praduction capacity. l.ater the
hybrids were subjiected to selections and the selected lines were
sown during Deyr 198%5.

Forty A%E lines received from ICRISAT were tested in the field
under observation prior to the crossing program. The results were
not encouraging.

Future Strateqies:

Az fodder is an important component for animal food,
simultaneous evaluation for guantity of dry matter, juiciness
and sweetness of stover of promising materials will be guite
useful.

Stemborer problem i very serious and needs top priority.
Hereening for stemborer through artificial infestation is not
feasible because of lack of facilities for such work. Therefore,
a search for "hot-spot’ where heavy infestation is available
naturally in every season will be carried out.

Considering that drought is a common featwe because of poor
amount of total rainfall plus the erratic distribution of 1t, a
priority and more emphasis should be and will be given to
finding drought tolerant lines.

Farliness is another important factor which will be included in
the top list of priorities.

In collabaoration with ICRISAT germplasm unit, a systematic
program of local germplasm collection nationwide will be
organised in order to increase the genetic stack.
Storageability of different exobtic materials will be studied for
the purpose of discovering consequences for the future release
of variety/ies.

Evaluation of the varieties that can be released to the farmers
will be ensured.

} Future introduction of new genetic souwres to contribute to the
accomplishment of the specific obiectives (drought tolerance,
stemborer resistance; esarliness, yvield response to improved
management, disease resistance and good storegeability) will be
assured.

Htudying the factors influencing the utilization of sorghum in
the urban areas will be conducted. A mini dehuller was recently
installed at Bonkas Research Station which can be used for that
purpose.
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L) Strengthen and expand the current relationship with other
institutions that conduct sorghum research programs nationally
and internationally.
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{.OCAL AND DABAR SORGHUM AT THE BONKA RESEARCH STATION
Abdullahi H. Wardere (Siiruu)#*

i. Introduction

The Bay Hegion, situated between the rivers of Shabeelle and
Juba, constitutes the main rainfed area whers rainfall ranges from
400-600 mm per year. :

Therd are two cropping seasons, namely Gu (March-July)! and Deyr
(September-December) ; which coincide with the main rainfall periods.
The environmental conditions of the region are conducive for sorghum
praoduction.

Sorghum was and still is the main staple food and rainfed crop
grown in the region for generations. It is a source of cash money for
the farmers of the region and also & means of trade for other things
needed. There is virtually no farm in the region where sorghum is not
grown.

The farmers apply traditional practices which contribute to the
low sorghum yields., On the average farmers obtain a yvield which
varies from 300 to 500 kg.ha*. Most of them grow sorghum atter
sarghum with no rotation. However, some farmers do sometimes
intercrop the sorghum with some pulses - primarily cowpea.

Usually the farmers put 335 seeds per hill, hoping that at least
one plant will emerge, since they don’'t use seed treatments. Based on
their own experience, the farmers ratoon their crop should they
foresee a bad rainy season.

Sorghum is used in the following ways:

a) The stover is used for livestock grazing and feed.

h) The stalks are used for hut roots.

c} The seeds are eaten after fixing them in beiling water {(this is
called “"cambuula").

d) The seeds are millied and then the coarse particles are put in
boiling water; aftter a short while the fine particles are added
and the whole mizture is stirred until it gets thick and thus
saerved {(this is known as “"soor').

) Another way 1s by making porridge ("mushaari” or “"shurbad").

£} BSometimes the seeds are roasted or fried and eaten that way
("dango").

The importance of the crop prompied the joint efforts of
collaboration between the Bay Region Agricultural Development Froiect
and ARI/ZIDRC in carrving out a Sorghum Improvement Frogram. In this
Frogram an effort is made to select within what is in the region
mainly on local and Dabar sorghums.

* Flant breeder, Bonka Research Station, BRADF, Baidoa.
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2. Research on Local and Dabar Sorghum

In 1979, local sorghum germplasm samples were collected from the
regions of Gedo, Rakool and Bay. There was not much genetic variation
observed in the local germplasm (Bonka Reserch Station, 1983).

To get more insight about the local germplasm, a selection of
eighty heads was made from the 100 hectare farm near Bonka Research
Station in Bu 1984. The criteria for selection were head sice, head
type, plant height, stalk strength and insect-disease-free
characteristics.

These eighty heads of local sorghum were selected primarily for
vield and were tested in Deyr 1984.

In each season, selected lines from the previous season were
retested. The selection operation was planned to continue for four
seasons — 2 Deyr seasons and 2 Gu seasons.

There was found a considerable difference in vield of the local
sorghum over the past 3 seasons while in any particular season the
difference in yield was narrow (table 1). The table contains yield
data of seven local sorghum entries grown during Deyr 1984, Gu 1985
and Deyr 1985, The data from Deyr 1985 are arranged in decreasing
order with respect to yield. These seven entries have been selected
for further testing in Gu 1984.

Table 1. Yield {(kg.ha *) of seven local sorghum entries over the
three seasons of Deyr 1984, Gu 1985 and Deyr 1985.

— - e - — - - ——— —— L e

Entry Deyr 1984 Gu 1985 Deyr 19835
67 662 497 213
31 1447 563 191
32 1417 440 155
34 1083 363 133
S0 - 837 S12 130
09 532 351 109
51 687 441 101
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This selection operation will terminate in this Gu season of 1986
and the resulting material will be multiplied and used for both
breeding crosses and production.

In addition to the eighty heads of local sorghum, a Dabar
selection of eighty heads was made from the 100 hectare farm. This
selection was handled the same way as the local selection.

The seasonal differences in yield over the I seasons were smaller
than that of the local selection while the differences in vield in the
same season were similar to the local selection (table 2). In the
table, the data of Deyr 1985 were arranged in decreasing order with
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COMPARISON BETWEEN STABILITY PROCEDURES FOR SELECTION PURPOSES IN
SORGHUM BREEDING

E. K. Alahaydoian#

1. Introduction

Genotype—~environment interaction has always played a very
important role in the performance of varieties at different sites.

The multilocational vyield tests, analysed in the conventional way,

give information on this interaction but not on the reaction of the
individal line or variety to that environment. Several procedures

were developed to evaluate these individual reactions.

Finlay and Wilkinson (1963) regressed the individual vyield on the
mean yvield of all varieties for each site in each season. To achieve
a high degree of linearity in the computed regressions, they used the
logarithmic scale.

Eberhart and Russell (1966) rejected the use of the logarithmic
scale, and regressed the individual observation on the environmental
index which is the mean of all varieties at a certain location minus
the grand mean. They consider the regression coefficient as well as
the deviation from the regression line as parameters for stability.

Anderson (1974) found good correlation between ranking, using the
site average as a common denominator, and the results of the Eberhart
and Russell regression procedure.

These procedures and others were compared to select varieties in
view of release and to choose the easiest.

2. Materials and Methods

A set of seventy sorghum lines, under the name of ISDRON-80, was
sent to the Agricultural Research Institute of Somalia in 1981.
Beween Bu 81 and Gu 84 the varieties were tested six times at the
Bonka Research Station, BRaidoa. In 1982 a certain number of lines
were selected and grouped in a separate set which was tested alone.
High coefficients of variability compelled us to increase the number
of replications so that the eleven lines to be discussed were tested
over the six seasons at replications ranging from one to eight.

The populaion used was 53,300 plants per hectare at the spacing
af 73 » S50cm (2 plants/hill). The randomised complete block design
was always adopted. No fertilizer was spread due to the lack of this
commodity. Basudin 106 was the standard treatment against the
stem—borer.

The stability analysis was performed according to procedures
described by Finlay and Wilkinson (1963) and by Eberhart and Russell
{1964). We also regressed the individual yield of a variety on the
vield of the local in the corresponding season (procedure 3. Two
ranking procedures: the Anderson method and as percentage to the local
were also tried as procedures 4 and 5, respectively.

* Plant breeder, Sorghum Improvement Frogram, Bonka Research Station,
Baidoa.
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respect to vield. The 13 Dabar sorghum entries in the table have been
selected for further testing in Gu 1986.

Table 2. Yield (kg.ha=*) of 13 selected Dabar sorghum entries over
the three seasons of Deyr 1984, Gu 19835 and Deyr 1985. .
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Entry Devyr 1984 Gu 1985 Deyr 198%
58 783 645 2473
70 ' 380 701 241
24 629 847 223
10 710 794 210
73 1445 742 121
9 716 &83 150
14 1011 02 148
20 659 &L58 140
33 B&4 753 140
63 a82 683 116
31 554 710 104
27 502 973 102
57 a7 668 101

This Dabar selection is also going to terminate in this Bu season
of 19846 and the resulting material will be handled like the local
sorghum selection.

The yield data of Deyr 1984 in both tables are unusually high
because the season had exceeded the normal Deyr rainfall by 130%
(Bonka Research Station, 1984).

On the 100 hectare farm where Dabar material was grown, we
ohserved many off-type plants as well as highly tillered plants. This
tillering was presumably due to stalkborer damage. Another
characteristic of this material was its poor exersion. Therefore,
another Dabar selection was initiated in Deyr 1985. Seventy-two heads
of Dabar were selected on the basis of their head sire, good exersion,
medium height and non-tillering habit. Each head was planted in a
two-row plot in an area away from contamination of pollen from other
sorghum. The objiective of the selection was to get a pure Dabar that
is early maturing, comparatively better yielding, with no tillering
and good exersion.

Reterences

1. Bonka Research Station (1983). Progress Report Deyr, 1983 - Plant
Breeding section. ‘

2. Bonka Research Station (1984). Frogress Report Deyr, 1984.
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3. Results

The analysis of variance for stability (Table 1) gave highly
gignificant results for the seasons, but neither the varieties nor the
variety-season interaction was significant. The stability parameters
are presented in Table 2.

The analysis according to Finlay and Wilkinson method produced
the fallowing series in increasing order of stability: Local, 71509,
71425, 71680, 71406, 71091, 71684 and 71205, whereas 71499, 71255 and
71244 prefer more fertile conditions increasingly. The lines 71684,
71091, 71406, 71680 and 71509 in the former group and 71255 and 71244
in the latter have outvielded the local. The lines 71091, 71680 and
714046 would be recommendable for moderately fertile soils in addition
to the local whereas 712585 and 71244 would be suitable for more
fertile areas. The line 71684 having strong opposition to changes
should be tried in land more impoverished than Bonka.

The roefficient of regression and the deviation from the
regression line are used concurrently by Eberhart and Russell. The
following would be a series with increasing stability: Local, 71499,
71244, 71235, 71205, 71680, 71425, 71091, 71509, 71406 and 71484, The
first five have very large deviations and their stability is
considered to be less even if the cosfficient of regression is lower
than the unit such as that of 71205%. The lines 71091, 71680 and 71404
would be recommended for areas of low fertility and 714684 for poor
areas. The lines 71244 and 71255, the former having large b-value and
the latter large deviation, may perform well in the fertile areas of
Bansadhere.

Table 1. Analysis of variance of yvield of eleven varieties of sorghum
of ISDRON-80C at Bonka.

Source of variation D.F. Sum of Sguares Mean Square F-value
TATAL 65 684526

SEABONS (5) S 2787922 757584 14.928
VARIETY (W) 10 519965 51997 N.S.
SEASON X VARIETY 50 28X7376 50748

SEASON (Lin.) 1 0,806 0.806

S X ¥V (Lin.) 9 4043723 449303 1.0
Pooled Deviations 40 0473261 22614882
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Table 2. Stability parameters for yield in eleven lines of sorghum in
ISDRON-80 at Honka.
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Line Mean F & W E % R Regressed on Anderson Relative
Yield Local Local
kg/ha b d= b d= % %

71091 824 0,635 0,669 141525 0.294 3044699 141 186
71680 773 0.761  0.806 81218 0.548 197077 130 160
71684 7446 0.33% 0.450 128488 0.184 206240 134 ig2
71244 704 1.510 1,526 1134699 0.321 1087355 106 149
71255 665 1.341 1.014 393440 0. 098 898376 105 155
71406 &38 0.727 0.997 111933 0,062 286567 109 149
71509 588 0.863 0.694 101923 0.163 322897 78 138
LOCAL 585 0.912 0.714 432395 1.0 Q00000 99 100
71205 580 0,203 0.479 361528 0.157 459036 103 140
714235 580 0.847 0,740 244611 0.385 194850 96 123
71499 544 1.126 1.175 374869 0.651 769935 85 112

oo 12722 W S41AD P33 S45mD RPRAY ShOS. TP S28KS PO T 7P Sovem T W SN T A S FNRGY TSR St B PRI SRS SeSoR W R SRR St TR R e S eSS0 SPOTS Ot Sk TR PO T PSR WA P o A3t Syt R e T S P Vi e e S T4 OROE SR ST Y o Al b S

The striking features of the results by procedure 3 are the
greatly reduced coefficients of regression and the greatly increased,
at times ten times, of the deviations as compared to those by
procedure 2. Three lines had coefficients larger than the unit by
procedure 2 but we do not encounter any line in column & which has a
b~value larger than that of the local. The following would be a
series to consider: Local, 71244, 71285, 71499, 71205, 71309, 71680,
71091, 71425, 71684 and 71406. The last five lines would be the more
stable ones and all but 71425 have outyielded the local. Selections
for poor lands will include 71684 and 71406 with small and very small
b-values respectively and moderate deviations, while for moderately
fertile areas 71091 and 71680 with medium and larger b-values and
moder ate deviations would be suitable, The line 71244 would be more
suitable far fertile areas with 71255 a possible companion.

The ranking procedures will permit us to select 71091, 71684
714680 and 714046 by Anderson’'s method and 71091, 71684, 71680, 713255,
71244 and 71406 by the last procedure. There is better agreement

between results by Anderson’'s method and that by Eberhart and Russell
" than between the latter and those by procedure 5. In this last
analysis 71244 and 71255 would be selected but not by procedure 4. It
is true that ranking does not specify the adequate environment for the
selected line.
The results of our selections are summarized in Table 3.
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Table 3. Selection results by different stability procedures in
I8DRON-80 sorghum lines.

FRECEDURE F & W E & R Reg. /Local Anderson‘s Rel.lLocal=
FERTILITY
FOOR 71684 71684 71684 71684 71684
714064 7140646
71406 71091 71091
71680 71680
71244
712595
MODERATE 71091 71091 71091 LLocal
71680 71680 71680
71406 71404
Local
HIGH 71244 71244 71244
71283 71255 7125577
Local

vt s v ot e nans et e e e S0008 St TR? A AN S LR eSS Foeos THes SV ML SRS ESESE TUSSS MRS FEAee PeERS Seees Beees s et SUReS Vosen Semta S Shute Hevee meben Arest S e Sa0ee St Gheas SPBSe e e dSeeL et o ol e dav el e % e b Hamp et S e it Seh

a In the last two procedures (ranking) the lines are grouped because
they are simply selected without designation of the environment.

4, Discussion

The results of the analyses agree very well with each other. One
can detect only minor differences between the selections by the three
regression methods.

The deviations from the regression line are rather large, much
larger than what are being reported by other breeders, which denote a
violent reaction of some of these lines to the growing medium at
Bonka.

In the semi arid tropics, perhaps the most variable factor of the
enviranment is the available moisture. The fertility of the soil
changes over time but quite slowly. The land around the station is
covered with brush and trees where Mimosoideae are represented
abundantly. The so0il in such regions is not very fertile initially.
We have seen areas of newly cleared bushland where the production had
started to decline after a few years of cultivation. Addition of
fertilizers, organic or inorganic, helps to maintain the fertility and
the uniformity of the soil, but if this practice is ignored for a long
time the soil will be exhausted, very variable and the genotype-
environment interaction will be very high. Therefore it is not
surprising the large fluctuations evidenced by the deviations.

At this stage a question of practical importance rises: What
should be the weight accorded to the deviation in any decision of
selecton? The gquestion becomes more important if environments like
ours are encountered. Finlay and Wilkinson have conveniently
side-stepped the issue by using the logarithmic scale. Eberhart and
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Russell do not address it. The few papers that we have seen, dealing
with stability, do not go far enough to announce the selections
performed, if any, and do not discuss the bases of such selection.
The problem is a complex one and no easy answer is expected.

In a conventional analysis of variance new varieties are always
compared to the standard, be that standard the local variety or that
in current use. The local is the check, the reference, the vardstick,
the variety intimately known to the farmer. Although the Western
farmer is much betier informed and his operation is more of a
commercial nature, the standard variety is always included in the
demanstration. Don't Plaisted and Feterson (193%) insist on it? The
farmers of the Third World, more subsistence farmers than commercial,
are even more conservative. Any variety presented to the farmer has
to be compared to his local variety or else it is doomed to failure.

The third procedure - regression on the local variety - has been
proven to vield results very highly correlated with the two other
procedures. Moreover it has the advantage to give information in
relation to the local or the standard, a known and widely used
variety. Thus the breeder ' s selection has more real foundations. It
could be argued that this variety varies in performance and at times,
ow case, rather widely. But these variations are already known to the
farmer and accepted by him. The site average and the environmental
index also vary and being an abstract concept are not easily grasped
by neither the Western nor the Third World farmers.

When variety release is the purpose of the national programs, we
recommend the use of the third proceduwre. However, in any other case,
agpecially for screening purposes, any af the three methods could be
used since they are nearly equivalent in their requirements of time
and effort.

In opposition to the regression methods, the last two procedures
are very simple mathematically. The calculations are very easy and
the time needed is very short.

The ranking has always been used by breeders: either the absolute
vield or relative to the local. Anderson’s concern is the risk
incurred by the farmer adopting a new variety. BRut to minimize the
risk, the variety should yield high and maintain its performance. In
other words high and stable yield should be the characters of this new
variety.

Ranking seems to have a good correlation with the regression
methods. At least 4 varieties selected by ranking are also possible
to be recommended using the regression methods. Yet, these four lines
are good for moderately fertile and poorer areas. Ranking relative to
the local permitted to select two more lines that are gooed for more
fertile conditions. But ranking does not deal with the environment
where the selected line can be used advantageously. That is left to
the regression methods.

The breeder could select the top vielders by ranking them
relative to the standard variety, then apply regression, to delimit
the adequate environments, to a reduced number of lines saving time
and effort but securing most of the information needed to base his
selection decision on concrete bases.
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STUDIES ON SOME SORGHUM ABRONOMIC PRACTICES
Habiba Ali Nuuwr*

1. Introduction

Sorghum is a major food crop in Somalia, especially in the Bay
Region. Agronomic information pertaining to a crop is specific to a
region. Such information is necessary not only to the agronomist, but
also to the farmer, breeder and a host of other scientists. There is
a scarcity of such information concerning sorghum in the Bay Region of
Somalia.

To remedy this situation, we undertook a series of ewperiments to
supply information on plant population, plant density, time of sowing,
time of thinning, and time of weeding of sorghum. These experiments
were started during the Dayr season 1984 at Bonka Resesarch Station.

—

2. Time of Sowing Trial

a) Objective: To determine the effect of planting dates on vield
of local sorghum.

b) Materials and Methods: Local sorghum was planted on four
dates and in eight replications in a randomized complete block
design. The dates of planting were; before the rain, soon
after the first rain, one week after the first rain and 2
weeks after the first rain. The plots were Z-row plots, rows
7%cm apart, Sm long, thinned to a paopulation of 40,000 plants
per hectare.

) Results: The results on grain yvield of sorghum planted at
four different dates during the last three seasons on the
Bonka Research Station were as follows: The treatment soon
aftter the first big rain gave the highest yvield in both Dayr
85 and Gu B85 seasons. But in Dayr 8%, results were unreliable
because the growth of saorghum was very poor and in consequence
the vield was generally very low. Sesvere damage by stalkborer
and shortage of rainfall were the major contributors to this
poor vielid.

. Time off Weeding Trial

a) Objective: To determine the effect of time of weeding on the
grain yvield of sorghuin.

b) Materials and Methods: Local sorghum was planted in &
randomized complete block design replicated eight times. The
plots were two-rows, 7Som apart, Sm long and the plants were
thinned to 40,000 plants per hectare. The weed population in
the plots reanged from @& low of 10% to a high of 0% ground
cover. Weed cover in the plot area was not wvnifarm and the
calculated coefficient of variation was 31.24. The first
weeding was done when weeds were Som high. The remaining
three treatments followed the first at one-week intervals.

*Aaronomist, Bonka Research Station., Baidoa.
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c) Results. In 1984 Dayr season, the treatment where weeding was
done the earliest, that is, weeds Jcm high, resulted in the
tighest yield of 970 kg ha~*. As the date of the first
weeding was delayed, vield decreased from the high of 9.70
q/ha to 766, 592 and 578 kg ha—*!, respectively. Similar
results were also acquired in Gu 85 season, where the first
treament resulted in the highest yield.

4.’Time of Thinning Trial

a) Objective: To determine if time of thinning has an effect on
sarghum vields. Some growers in the Bay Region delav thinning
so that they rough out emall diseased or insect infested
plants.

b) Materials and Methods: The plots were thinned to a population
of 40,000 plants per hectare when the sorghum plants were 10,
20, 30, 40cm above the ground. The plots were Z-rows, 75cm
apart, Sm long. The design used was a randomized complete
block design replicated eight times.

) Results: The dates for Dayr 84 and Gu 89 season showed that
the treatment where thinning was done when plants were 30cm
tall gave the highest vields. The treatment where thinning
was done when plants were 40cm tall gave the second highest,
but in both seasons the differences were statistically
non-significant for all treatment means.

5. Flant Per Hill Trial

a) Objective: To determine i+ the number of plants per hill had
any efftect on sorghum grain vield.

b} Materials and Methods: Local sorghum was planted in a
randomized complete block design replicated eight times. The
treatments consisted of hills spaced 33, é66, 100 and 133cm
apart within the row. The rows were 75cm apart and Sm long.
The plots were thinned to 40,000 plants/hectare. This
resulted in 1, 2, 3, 4 plants per hill.

c?) Results: The two seasons of Der 84 and Gu 85 were not
consistent. In the Dayr 84, 3 plants per hill gave the
highest vield of 800 kg ha=?*, while in Gu 85 the 2 plants per
hill gave the highest yield 3 kg ha—?*.

&, Flant Population Trial

a) DObjective: To determine which sorghum plant population
results in the highest grain vields and most stable
production.

by Materials and Methods: Local sorghum was thinned to a
population of 30, 40, 530, and 40 thousand plants per hectare.
The plots were two-row plots Sm long, 75cm between rows.

c) Results: In both seasons, the results were consistent in that
the treatment of 50,000 plants/hectare gave the highest yield,
20 kg ha—* and 200 kg ha—?, respectively, for Dayr 84 and Gu
85 seasons.  As could be seen from the two seasons, the 84
Dayr seasons always outyielded the Gu 85 season. The sorghum
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in the Gu 835 season had insect problems. Those included
infestation by stalkborer as well as heavy infestation by
Heliothis armigera (American bollworms).
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SORGHUM PRODUCTION ON BAIDOA SOILS

F.M. Paorter»

Abstract

The Baidoa soils are largely cropped to sorghum. They can be
classiftied as Typic Chromusterts, which indicates they are dark
colored soils with a large amount of clay that swells on wetting and
shrinks on drying. These soils are calcareous and alkaline, with a pH
of about 8. While the surface spil does not have a salt problem,
below 25 cm some profiles are saline, others sodic, and still others
saline—-sodic. They are low in available nitrogen and phosphorus, and
a growth response has been observed with the addition of these
nutrients. The iron and zinc levels are also very low and the
potential exists that these nutrients may limit plant growth in
certain areas. The soil moistuwre holding capacity of these soils is
vary high, However, a large portion of the moisture in the socil is
not available to the plant.

1. Vertisols

The Baidoa soils were formed in situ on the limestone plateaun and
occupy over 100,000 hectares in the Bay Region (Figure 1). They are
among the most fertile soils in the Bay Region and are predominately
cropped in sorghum (Hunting Technical Services, 1982, p.173).

The Baidoa secils could be classified as Typic Chromusterts,
meaning they are a fairly typical dark colored Vertisol with a ustic
(between aridic and udic) soil moisture regime. Conditions that give
rise to the development of Vertisols are parent materials high in, or
that weather to form, large amounts of montmorillonitic (expanding)
clay and a climate with wet and drvy seasons. One of the most
conspicucus characteristics of the Yertisols is their capacity to
shrink and swell enormously upon change in the moisture content.
Vertisols crack widely in dry seasons. After the cracks
develop,surface material sloughs off into cracks. 0On wetting the
clays, the soil expands again and the cracks close. This churning or
inverting action causes pedoturbation, a gilgai microrelief, and the
formation of slickensides, which are characteristics of Vertisols.
(Detailed information on these processes are found in Mohr et al,
19723 ébhemd, 198%3; Thompson and Beckmann, 1982; and Transactions,
1982.)

2. Soil Texture

Soil texture refers to the relative proportions of the various
size groups of individual =il grains in a mass of soil. It is an

* Spils Agronomist, Bonka Hesearch Station, BRADF, Raidoa.
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]

Figure 1.. The Baidoa soils in the Bay Region of Somalia (HTS, 1982,

p.26). (Baidoa soils = #1)
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important soil characteristic because it affects infiltration rates,
total water storage as well as plant available water storage in the
profile, and the fertility of the soil. The rate and extent of many
physical and chemical reactions important in plant growth are governed
by texture because it determines the amount of surface on which the
reactions can occur. Clay may have thousands of times more surface
area per gram than silt and nearly a million times more surface area
than sand (Foth, 1978, p.28).

The Baidoa soils are composed of a relatively large proportion of
clays, and are thus considered fine textured soils. Their organic
matter content is relatively low, but it is fairly uniformly
distributed in the first meter of the profile (Table 1). The dark
coloration of these svils is due to organic matter particularily
asgociated with the very fine clay. The dark colored Baidoa soils
have developed on nearly flat topography. 0On areas of greater relief
red soils have developed. Their coloration is due to the increased
weathering that has occurred on those sites. This association between
the dark brown scile and red soils is also found in Austrialia and
India (Ahmed, 1983, p.98 % 101),

Table 1. The soil texture and organic matter content of Baidoa soils.

L [T —,

Source Depth Sand Silt Clay 0.M.
cm % A % A

Univ. of Sydney, 1983 (average of 3 gites)

0~-10 16 17 67 0.9
Lockwood, 1948, app.2 {(average of 5 sites)
0-30 18 1= 69 1.4
I0-90 20 10 70 1.4
0150 26 10 &4 1.3
150~-190 24 8 &8 0.7
HTSh, 1982, p.47 (1 site)
010 20 32 48 ND#
10-20 11 30 a8 ND
20-52 11 30 58 ND
S52-97 20 25 55 ND
97-140 C20 25 55 ND
CARS, 19846 (average of 2 sites)
0-25 42 15 43 ND
25-30 28 11 61 ND
50-75 26 10 &4 ND

" e e wens St i, T RS #9404 PO SHTER Hatn Sttt R ST SR SHAK Y9Seh PURPE SN S e B PPORY MH9UR WAR P8 o TSRS ke S v $H400 WM WHUNY RS AL SEBIP S84 T OO WS WO SORYD TTURS FTOUR FrSFS S SR PSR SWARR WOPRE RS S PR ALY TS PSe
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3. Saline, Sodic and Salin-Sodic Soils

Saline spils contain sufficient spluble salts to impair plant
graowth. The main effect of soluble salts on plants is osmotic, since
high salt levels make it difficult for the plant to obtain water for
growth. The plant root contains a semi-permeable membrane permitting
water to pass but rejecting most of the salt. Thus, water is
osmotically more difficult to extract from increasingly saline
solutions.

The relative growth of plants in the presence of salinity has
been termed their salt tolerance. Sorghum is said to have a
‘moderate’ salt tolerance (USDA, 1969, p.67). OBrain yvields were shown
to be reduced by 10, 25, and 50 percent when the electrical
conductivity (EC) of the soil was 6, 9, and 12 mmhos.cm™*,
respectively (Bohn, 1979, p.233%). To determine the EC, the solution
(most commonly a saturation extract, but often a 1:2 or 1:5 soiliwater
extract) is placed beetween two electrodes. When an electrical
potential is imposed, the amount of current varies directly with the
total concentration of dissolved salts. At constant potential the
current is inversely proportional to the solution’'s resistance and can
be measured with a resistance bridge. Conductance is the reciprocal
of resistance and has the units of reciprocal ohms, or mhos. {The S8I
units for conductivity is siemens.m™*+ where 1 siemens (8) is equal to
1 mho. Thus & mmho.cm™* is equal to 0.6 S.m™*.) 8Since some
salt-sensitive plants are adversely affected in soils whose saturation
extracts are as low as 2 mmho.cm™*, the boundary between saline and
nonsaline soils is 2 mmho.cn™?* in the saturation extract.

Soil particles absorb and retain cations on their surfaces.

While absorbed cations are combined chemically with the soil
particles, they may be replaced by other cations that occcur in the
s0il solution. ‘Cation exchange’ is the reaction whereby a cation in
the soil solution replaces an absorbed cation. Certain cations, like
those of sodium, calcium, and magnesium, are readily exchangeable.
Other cations, like those of phosphorus and ammonium, may be held on
the soil particles and only are only exchanged with great difficulty.
They are said to be ‘fixed’. The sum total of the exchangeable
cations that a soil can adsorb is the cation exchange capacity (CEC).
The exchangeable-sodium percentage (ESF) is the percentage of the
cation—exchange capacity of a soil occuppied by sodium. If sodium
accounts for over 185 percent of the exchangeable cations (thus having
a ESP of greater than 13) the so0il is termed a sodic (formerly
‘alkali ‘) soil,

1f a soil contains both a high concentration of soluble salts (EC
greater than 2 mmho.cm™*) and a large amount of soluble sodium (ESP
greater and 135) it is termed a saline-sodic (formerly ‘saline-alkali’)
s0il.

Data indicate the surface 25 cm of the Baidoa soils are neither
saline, sodic, nor saline-sodic (Table 2). However, roughly a quarter
of the 29 soils sampled at a depth of 25-75 cm were saline, an
additional quarter were sodic, and a seventh were saline-sodic, BRelow
75 cm the proportion of samples that were saline, sodic, and
saline—~-sodic was approximately a quarter, a sixth, and a half,
respectively. Thus for the majority of profiles studied there is a
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high concentration of salts below a depth of 25 cm. The quantity of
soluble salts alone does not appear to be high enough to cause a
reduction in sorghum grain yvield (since an EC of & mmho.co™* would
cause only a 10 percent reduction in grain yield). Haowever, the
effect on sorghum growth and yield of the presence of high sodium
concentrations in the subsoil has not been studied in depth (ICRISAT,
1982, p.164).

The presence of high quantities of sodium causes
grganic matter and clays to disperse, thus making the soils slowly
permeable to water and impeding plant root development (Foth, 1978,
p.221). On non—salt affected soils the root system of sorghum occrurs
mainly in the top 25 to 30 cm. Reports indicate that while sorghum
roots can extend to a depth in excess of 1.5 m, over 79 percent are in
the top 30 cm (Peacock and Wilson, 1984, p.261).

Although there is no available data concerning the distribution
of the root system of sorghum growing on Baidoa soils, it is felt that
the roots do not extend very deeply into the profile. This may be due
in part to the elevated salt and sodium concentrations which occur in
the subsoil.

Table 2. Electrical conductivities (EC) and exchangeable sodium
percentages (ESF) of Baidoa soils.

e v e s Mo Wb Jow WOAY SO TS e e odh Y ene LAt S e S L T W SO W IR WIS UGS GOND AL Tadd e St SaSmm et SO o M ML S SEONO T SR AARS IMOTY MARS 4N L St AR Y B S S SO A U R A O D

Source Depth Average Number Average Number Number
EC Saline ESF Sodic Saline-sodic
cm mmho.cm™?* %

T T P N BRI PRV S R U SR —-————

Lockwood, 19468, p.12 of app. 2 (3 profiles analyzed)

0~25 1.0 O of 5 7.4 O of 5 O of §
25~100 6.4 Fof S 7.4 O of S 1 of 5
100+ 8.0 1 of 5 17.4 O of 9 4 of 5
HTS, 1982a, p.63 of vol. 2 (24 profiles analyzed)
025 0.5 0 of 24 4.5 O of 24 O of 24
2575 1.7 4 of 24 13.0 8 of 24 3 af 24
75+ 4,1 6 of 24 17.5 S of 24 11 of 24

e e e e O SO S S Do Ao o N oS S s SAGSG BSOS S08PR oo R SSveR SeNR SR el e M ALY O WSO 4500 SNOLE Sl NS Ml e Cat St St e S So W S U B WL ] I S D 1D KD S ST T D S NS S O

4. ©Soil pH

The aqueous liquid phase of the so0il and its solutes is termed
the s0il solution. If the soil solution contains more hydrogen ions
{H+) than hydroxyl ions (OH-) the so0il is said to be an acid soil. In
alkaline sails the soil solution contains more OH- than H+. Alkaline
soils are sometimes referred to as basic soils. The degree of
‘acidity’ {(or “alkalinity’) of a soil at a specified moisture content
or soil-water ratio is expressed in terms of the pH scale. An acid
s0il has a pH of less than 7 and an alkaline soil has a pH of greater
than 7.

A calcareous soil contains calcium carbonate (CaCO03) and, when
treated with hydrochloric acid (HCl), a bubbling can be observed
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representing the evolution of carbon dioxide. The Baidoa spils are
calcareous since they react when treated with HCl (Lockwood, 1968,
app. 1, profile 29). The pH of calcarecous s0ils is controlled by the
hydrolysis of calcium carbonate as follows:

CaClx + 2Hz0 -3 Ca(OH)z + H=CO=x
The greater dissociation of the calcium hydroxide (Ca(OH)z) and
production of OH-, as compared to the production of H+ from the weak
carbonic acid (H=COs), creates an alkaline effect. As a result the pH
of calcareous soils ususally ranges from about 7 to a maximum of 8.3,
A soil pH of greater than 8.3 generally indicates appreciable
exchangeable sodium ions.

Soil pH is used as a method for diagnosing possible nutrient
problems just as a doctor measures your body temperature to determine
the presence of a possible infection. Ferhaps the greatest general
influence of pH on plant growth is the effect of pH on the
availability (i.e. solubility) of nutrients. The general relationship
between pH and availability of several plant nutrients are shown in
Figure 2. Note that for calcareous soils phosphorus, iron, zinc,
copper, and baron may be too insoluble to meet plant needs.

The pH of saturated soil pastes from various depths with profiles
of Baidoa soils indicate that the pH varies only slightly with depth
and is approximately 7.8 (Table 3). The optium soil pH for sorghum
growth is 5.5 to 7.5 (Foth, 1978, p.210). However, grain sorghum can
be produced on soils that have a pH ranging from 5.0 to B.S (Chapman
and Carter, 197646, p.264).

To lower the pH of the Baidoa soils appreciably, the calcium
carbonate must be leached out, and this is impractical. 5Since the pH
of calcareous soils cannot be practically altered, crop selection and
fertilization with deficient nutrients are commonly the only practical
solutions for growing crops on calcarepus soils (Foth, 1978, p.219).

Table 3. pH of Baidoa soils.

Lockwood, 1968 HTS, 1982 CARS
DEPTH 5 samples 1 sample 2 samples
0-30 8.0 7.5 7.8
30-90 7.8 7.4 7.8
0-150 7.9 7.6 -
150+ 7.7 - -

i > >. p— " _LC o1 ] U o YL RS . R S R, ML S008I M U o LA WO WSS S S sk AN WA A SSeed Bune TN SO A Bt Seuon 4GS e A $4TO0 s L T S SHORG YRR T B S AR e e et S

5. Nutrient Status

There is only a limited amount of information concerning the
fertility level of the Baidoa soils. Work conducted at Afgoi in the
mid-1960 s showed that levels of available phosphate in the surface
horizons were very low, while the levels of potassium were high (HTS,
1983, p.8B). More recent analyses (Univ. of Sydney, 1985 and Soil Test
Ltd, 1983) produced similar results for phaosphate and potassium. It
was stated that available phosphate "is extremely low and would not be


scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier


- 53 -

Figure 2. General relationship between soil pH and availability of
plant nutrients: the wider the bar, the more available the nutrient
(from Foth, 1978, p.207).
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expected to suppaort satisfactory yields in grain craops.” University
of Sydney analysts state, "Both the organic matter and nitrogen
contents were also quite low, and it is very likely that improved
vields would not be sustained without application of nitrogen. As the
soil pH suggested, the trace elements zinc, iron, and copper are also
very low (2.0, <220, and <0.5 ppm, respectively)." Borghum growth is
known to be very susceptible to zinc and iron deficiencies but less
susceptible to copper deficiencies (ICRISAT, 1982, p.181-183). Rased
on the soil analyses and the requirements of sorghum, one would not
expect the other essential elements (especially potassium, magnesium,
suflur, and calcium) to be limiting sorghum growth on the Raidoa
snils.

For sorghum it is estimated that grain vields of 800 kg per
hectare remove 24 kg nitrogen, 2 kg phosphorus, and 24 kg potassium
(Agricultural Compendium, 1985, p.477). The fixation of nitrogen from
the air by bacteria amounts to between 20 and 350 kg nitrogen per
hectare per year (Agricultural Compendium, 1985, p.536&6; Transactions,
1982, p.67). Thus the nitrogen level in the Baidoa soils which are
continually crepped to sorghum may be at or near a steady state. The
already small amount of available phosphorus would be further deplsted
over time. These spils contain vast amounts of potassium reserve, so
that element would not be expected to be depleted.

Initial results from fertilizer research currently#* being
conducted at the Bonka Research Station show that the plant height of
the local sorghum variety is significantly increased by the addition
of both phosphorus and nitrogen but not affected by the addition of
just nitrogen (Figure 3). 1t should be stressed that the positive
efftect of the phosphorus and nitrogen fertilizer on sorghum growth
would not be expected if there had not been adequate rainfall or if
the fertilizer was not applied properly (Transactions, 1982, p.&?).

é. Soil Moisture

The Baidoa soils have a relatively high water storage capacity in
the root zone because of their high content of clay. However, the
so-talled ‘plant available water’ determined instrumentally is not
necessarily related to easily available water for crops growing on
this type of soil. The moisture content at the ‘wilting point’ (195
bar tension) of this type of soil can range from 20 to over 30 percent
on a gram per gram basis (Ahmed, 1983, p.103). Thus although the soil
appears wet and actually contains moisture, this moisture may not be
available to the plant because it is so tightly held by the clay.

In an effort to better understand the movement of water in the
Baidoa soils, spil moisture determinations are being conducted over
the course of time. The gravimetric soil moisture content at four
different depths in a field of sorghum is shown in Figure 4. At the
end of the ‘jillaal’ dry season the soil moisture content at depths of
25-50, 50-75, and 75~100 tm was approximately 28, 0 and 32 percent,
respectively. It took over 130 mm of cumulative rainfall before the
s0il moisture content at depths of 25-50 and 30-75 ¢m began to
increase substantially. Likewise, over 220 mm of rainfall had fallen

Gu 1986 (April - August)
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before the soil moisture of the soil at a2 depth of 75-100 cm began to
increase. This data indicate that the infiltration of moisture
through the soil profile is relatively slow. Further interpretations
of these results will be possible as the season¥* progresses and
additional data are recorded.

7. Conclusions

The Baidoa soils are calcareous Vertisols that are extensively
cropped with sorghum. The surface 25 cm of these soils has neither a
salt nor sodium problem, but below that depth higher levels of salt
and or sodium do occw in certain locations. It is unlikely that the
salts or sodium reduce sorghum grain yields or dry matter production.
Soil analyses indicate that the phosphorus and nitrogen levels in
these soils are extremely low, and a marked response in sorghum growth
has been observed due to the addition of phosphorus and nitrogan
fertilizers. Further studies involving phosphorus placement and rates
as well as the interaction between various phosphorus and nitrogen
rates are needed in order to predict both grain and dry matter
response. Although certain other essential elements are found to be
guite low in Baidoa soils it is unlikely that they are currently
affecting sorghum growth.
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THE EFFECT OF VARIOUS AGRONOMIC PRACTICES ON THE YIELD AND WATER USE
OF VARIOUS CROPS GROWN IN THE BAY REGION

M. A. Smith*

1. Introduction

If inputs , such as agricultural chemicals, machinery and
improved varieties were available, there would he a large number of
different agronomic practices available to Bay Region farmers.

Without these inputs, the range of options is greatly reduced and even
the better farmers are probably expleoiting the present agro-pastoral
system at a rate which is degrading the environment and reducing
future yield prospects.

Improvements in agricultural production in most other countries
have come from the adoption of a package of new technoleogy rather than
the introduction of one or two improvements. Therefore, this paper
will deal with a range of practices which have proven successful in
off-station demonstrations in the region, elsewhere in Somalia and in
other countries. No apology is made for the fact that the present
farmers are unable to use these practices due to deficiencies in the
agricultural sector’'s infrastructure. This must be improved at the
same time as new technology is introduced if vields are to be
increased.

2. Current Sorghum Yield Levels and Water Use in the Bay Region

There is very little reliable data available on grain yields of
durra type sorghum, the major crop in the region. The commonly quoted
figure is a mean yield over both seasons of 300 kg.ha™* per crop. The
Agricultural Research Component (ARC) of BRADF is now undertaking an
intensive survey to measure yields and rainfall throughout the major
cropping areas of the four districts. Results of a preliminary survey
in Gu 85 among Z2 samples contained yields ranging from 111 to 1130
kg.ha=* with a mean of 519 kg.ha"* in what was considered to be a good
season. In Dayr 835 there were crop failures in most areas but on
small areas which received favourable rains a mean vield of 450
kg.ha—?* was recorded.

In Gu 85, local durra type sorghum in a long term fallowing trial
(LFT) produced a mean yield of 4469 kg.ha ' on a seasonal rainfall of
FZ6mm. In Deyr 85 with some additions of fertilizer on the same trial
site the vield was 325 kg.ha ' on a seasonal rainfall of 173.Fmm.
Based on observations on both seasons the total amount and more
importantly the distribution throughout the season of rainfall must be
the major factor setting vield limits in a marginal rainfed semi-arid
tropical environment, such as that in the Bay Region.

However , these yields are below those recorded in similar
environments elsewhere in the world and reasons for this need to be
investigated. Wylie (1986) has reviewed the literature and made some

¥ Dryland Crop Agronomist, Bonka Research Station, BRADFP, Baidoa.
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generalizations reqgarding expected yields and water use efficiency in
similar environments in Queensland, Australia. These are incorporated
in Table 1, col. 4.

Table 1. Raidoa rainfall and probability of exceedance (from HTS 1982)
for each season and estimated maximum crop yield limits for

sorghum.
Rainfall Frobability Crop - Yield per mn Yield
Gu season of exceedance of rainfall limit
(mm) (%) (kg.ha=*) (q.ha?*}
139 0 sorghum tops 10-20 14-28
sorghum grain¥ 3= 7 4-10
181 75 sorghum tops 10-20 18-36
sarghum grain -7 9-13
240 50 sorghum tops 10-20 2448
sorghum grain -7 7-17
344 20 sorghum tops 10-20 34-68
sarghum grain F- 7 10-24

# This assumes a harvest index of 30% grain and 70% fodder for durra
tops. Commercial hybrids are usually S50% grain (Wade, 1986). Data on
harvest index of durra sorghum will be collected in the coming harvest
to determine an actual value.

In both the Gu and Dayr 19835 seasons, s0il moistuwre measurements
were made in sorghum crops at the LFT. Effective rainfall ceased
within 40 days of emergence in both seasons. Leaf area of the plants
at this paint in time was very low in contrast to that at the end of
the seasons so it is possible to assume that most crop growth was made
on stored soil moisture. In Gu 8% sorghum crops removed an average of
40mm of available soil moisture from the top 100 cm between the end of
the rains and harvest. At a vyield of 469 kg.ha"?* this equates to 11.7
kg.ha-*.mm—*, which is in the realm of possibility considering the
assumptions made in derivation. In the Dayr 76mm was removed with &
water use efficiency of 4.3 kg.ha"t.mm~*.This crop suffered severe
stalkborer damage.

The climatic factor of most importance to grain production is not
the lack of rainfall each season, but its short duration, especially
in the Dayr season which lasts for an average of only 37 davs in
Baidoa (HTS, 1982). Even a short season sorghum variety must
therefore complete the last 60-70 days on stored soil moisture. The
high cracking clay content vertisol scoils of the Region are ideally
suited to dryland farming under this rainfall regime. Total soil
moisture storage at the LFT site in the top 100 cm is approximately
430mm. Wilting point soil moisture content and therefore plant
available water content (FAWC) has not yet been measured on this soil
and it is necessary to use the assumption that half of the total water
is available. If this is the case, and there are some doubts due to

* Gu 1986
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marginal salinity levels being recorded lower in the profile (Smith,
unpublished data), then the sorghum plants are using only 1/3 to 1/S
of this resource with corresponding loss of grain production,

Observations of the current® heavily fertilized crop suggest that
phosphorus, =zinc and other nutrient deficiencies may have been
limiting root growth in past seasons to such an extent that the plants
could not exploit all the available stored soil moisture.

Additionally soil fertility appears to affect the phenological
development of the crop ensuwing that the plant will produce more
growth on stored soil moistuwre under more fertile conditions. A great
deal more work is required before this hypothesis is fully tested.

In summary it would seem that local sorghums are guite efficient
in converting the water they use into dry matter. Where improvement
in plant strategies could be made is in extracting more moisture from
the soil, to &allow more plant growth before the rains cease, and in
converting mare of the above-ground dry matter to grain. This assumes
that grain is more valuable than forage.

Z. Agqronomic Fractices with Development Fotential in the Bay Region

1Y Bare fallowing

In areas with low and variable rainfall and high water holding
capacity soils, i.e., Bay Fegion, farmers for many years have kept
land free from weeds for one or more seasons to allow rainfall from
that season to partially i1l the profile., This stored moisture in
combination with the cropping seasons’ rainfall assures a larger and
more reliable crop than could be expected if crops were grown each
season. Generally storage efficiency is approximately 254, i.e., 25%
aof the fallow seasons’ rainfall remains in the soil until the
following season. In addition to moisture storage, bare fallowing
increases available nutrients due to organic matter breakdown and
gives some control of weeds, plant pests and disgases,

The LFT was set up to measure, under controlled conditions, the
effect of 1 and 2 season duration bare fallows. The failure of crops
to exploit the soil moisture store has prevented the demonstration of
the probable bare fallow vield advantages to date.

As can be seen in Table 1, in 1 out of 2 Gu seasons rainfall
exceeds the total assumed FAWC of 215mm. A&s the GBu has an average
length of 38 days in Baidoa (Hunting Technical Services, 1982, it is
doubtful whether having available water in the profile at the
beginning of one of these seasons would be of any advantage. HRare
fallowing is likely to be far more beneficial in the drier, more
erratic Dayr =ssasons.

One small experiment where some treatments were fallowed in Gu 85
did show & significant increase in Dayr 8% vield from 229 kg.ha™t
where sorghum was grown in the Gu to 437 kg.ha * where a bare fallow
was maintained by herbicide., Lack of s0il moistwre data makes it
difficult to attribute this response to a particular cause, bhut as the
plots which were mechanically fallowed vieldesd only 237 kg.ha-?*,
improved weed control duae to the residual etfects of the herbicide on
the dominant perennial weedss seems to be an obvious possibility.

Although bare fallowing is of little advantage to the existing
genetically, nutritionally and entomologically debilitated sorghum
crops, a progeam of computer simulations is planned, in addition to
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the continuation of the LFT, to evaluate the probabilities of vield
improvement across seasons if and when crop growth can be improved to
take advantage of all PAWC.

2) Crop rotations and crop selection

I¥ sorghum yields are increased over all the existing farmland,
overproduction 1s highly likely as sorghum will never be a preferred
cereal in the more sophisticated urban markets. Farmers will have to
diversify and oilseeds are ideally suited to the region with very
little current production to satisfy local demand.

Safflower and sunflower are far more tolerant of saline soil
conditions than sorghum.

Electroconductivities of saturated soil extracts at which 10%
vield reductions are recorded are 8,8 and &dmmhos/cm respectively.
Some 48% of all samples taken by HTE (1982) from depths below 10cm on
agricultural soil types had levels above 8mmhas.cm™*. VYields of
suntlower and safflower have exceeded vields of sorghum in both
seasons completed to date at the LFT (Table 2).

Table 2. VYield of various crops at LFT -~ Gu and Dayr 85.

Season Crop Yield (kg.ha ?*}
Gu sorghum 46%

peanut 414

sunt l ower 1193
Daye sorghum 32

cowpea 271

safflower E40
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Crops are not obviously deficient in nitrogen at present, but if
vields are increased by adding other inputs, nitrogen deficiency will
again reduce vields to low levels without fertilizer in a sorghum
monaculture. Grain and possibly forage legumes in & rotation are the
ecanomically viable way to attack this potential problem.
3y Fertilization

This subject will be dealt with by another author (see Forter),
but first observations of crops grown this seasaon suggest that
fertilirers are necessary to gein maximum benefit from a whole range
of other crop management options. In mechanised farming it s also
very important to have eqguipment capable of applying this fertilizer
in the most =sconomic manner, e.9., braocdcasting of triple
superphosphate is obviously most inefficient in a high calcium soil.
4y \Weed control

The suite of weeds found on the old farmlands of the Bay Region
are exceedingly well adapted to avaiding damage by mechanical wesd
control methods. However, these deep-rooted perennial weeds can be
controlled economically in fallows using small amounts of water,
simple controlled droplet application sprayers and glyphosate. The
hormone weedkiller, 2,4,D, has given good control of dicots in sorghum
under ideal growing conditions.

5 Flant population and arrangement

Fopulation and spacing trials with local durra sorghum, at Baonka

Research Station, have given low vields under unfavourable growing
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conditions énd failed to give a clear indication of response to these

manipulations. Reasons for this are obvious. In Dayr 85 sorghum was
sown in the LFT at 40,000 plants.ha—*; after stalkborer attack there
were 128,000 tillers at harvest with only 20,000 viable heads.ha™?*.

With poor root growth it is likely that practices, such as
skip~-row planting, which have been tried at the farm this season will
reduce vields. Conversely, Thomas et al. (1981) and Blum and Naveh
(1976) found that sorghum grown on stored soil moisture with yield
expectations of less than 900 kg.ha™! would benefit from an asymetric
plant arrangement. FRow spacings up to 2Zm failed to reduce yield at
the same low plant populations suited to this rainfed crop. The
improvement in yield was due to the plants using water they could not
reach early in their growth at the more important grain filling stage.
The reduction in row length per hectare with increasing row width
makes the application of other inputs attractive. Machine planting,
hand or machine insecticide or fertilizer applications and within the
row hand weeding after mechanical interrow cultivation will all be
much faster at wide row spacings. Additionally, the same amount of
fertilizer per hectare is much more concentrated and therefore
available at wide row spacings.

4. Conclusion

Hopefully the first section demonstrated that sorghum yields in
the reqgion have not reached the rather low ceiling imposed by the low
and erratic bimodal rainfall of the region. There are many agronomic
practices which could be used to increase production and a few of
these are outlined in section B. To be effective these practices will
need to he combined with advances from other research groups -
breeders, entomologists and plant nutritionists.

1. Blum, A. and NMaveh, M. {1976). Improved water use efficiency in
dryland grain sorghum by promoted plant competition. Agronomy Journal
68: 111i-116.

2. Hunting Technical Services (HTE) (1981) Main Report, Vol. 1, Bay
Region Agricultural Development Project, August 1982.

%. Thomas, G.A., Myers, R.J.kK., Foale, M.A., French, A.V., Hall, BE.,
Ladewig, J.H., Done, A.A., Taylor, G.k., Lefroy, E., Wylie, F., and
Stirling, G.D. (1981). Evaluation of row spacing and population
density eftects on grain sorghum over a range of northern Australian
environments. Australian Journal of Experimental Agricultural and
Animal Husbandry 21: 210-217.

4. Wade, L.J. (19846). Adaptation of grain sorghum in semi-—-arid
environments - a direct testing approach. In: Foale, M.A. and Russed,
R.G. eds. Froceedings of the First Australian Sorghum Conference,
Gueensland Agricultural College, Gatton.

5. Wylie, F. (1986). Sorghum in farming systems in Gueensland. In:
Foale, M.A. and Russed, R.G. eds. Froceedings of the First Australian
Sorghum Conference, RBueensland Agricultuwral College, Gatton.



EVALUATION OF DIFFERENT CROPFING SYSTEMS ON SHALLOW BLACK SOILS IN
SEMI-ARID INDIA*

f. M. Abikarxx

1. Introduction

Insufficient and erratic rainfall is the general characteristic
of the semi-arid tropics. Rainfall is confined only to a limited
period of 3 to 4 months, leaving the rest of the year relatively dry.
More than 704 of the cultivated area of India is lying in the
semi—arid tropics.

Vertisols with different depth {(deep, medium and shallow) and
Alfisols {(red soils) are the predominant soil groups. Cereals such as
sarghum, pearl millet and setaria, and legumes such as pigeonpesa, mung
bean and chickpea are the major food crops; groundnut is the major
cash crop. Intercropping involving these crops is widely practised.

Shallow black soils (inceptisols) constitute nearly one third of
the Vertisol group (27.1 million ha) in India. Because of light
texture and shallow depth (15 to 3¢ cm), they heold less available
moisture (50 to 100 mm) in the profile. They are cropped only in the
rainy season, and whenever there are long dry spells during the rainy
season, crop are subijected to moisture stress. The rainfall is
generally more than sufficient for a single crop but may not be
sufficient for planting another crop in sequence. There was a need to
explore alternative cropping systems to effectively utilize the
seasonal water. Intercropping based on long season crops such as
pigean pea or ratoon cropping that extend cropping beyond the rainy
season may be more important for these soils. Double cropping with
two full season crops may not be possible but sequential planting with
very early maturing crops such as mung bean and setaria may be
possible. ,

The experiment was conducted with the following obiectives:

1) to explore the possibility of increasing the cropping
intensity on shallow black soils by intercropping, sequential and
ratoon cropping systems,

2) to identify promising cropping systems for shallow black
soils, and

) to identify operational problems associated with the practice
of different cropping systems.

Various terms of cropping systems used in this paper are defined
to avaid confusion in understanding them. These definitions are based
on the most widely accepted opinions (Andrews and kassam, 19763
Willey, 1979). ‘

* This study was conducted at ICRISAT, India, as partial {fulfilment
for MS5c degree. ’ ‘
*¥ Agronomist, Sorghum Improvement Program, ARI, Afgoi.
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1. Sole cropping

It is defined as growing of one crop variety in a pure stand in a
given season at the recommended rate of plant population.
2. Multiple cropping

Growing of two or more crops on the same field in a given year in
time ar space. It extends cropping beyond one season and allows to
harvest more than one crop.

a) Intercropping: Intercropping is growing of two crops or more
crops simultanecusly on the same area of land. The crops are not
necessarily sown and harvested at the same time, but usually involves
a substantial period of overlap in their growing periods. Crop
intensification is both in time and space dimensions. Intercropping
would have a distinct reproducible spatial arrangement which is not
the case in mixed cropping.

b) Sequential cropping: This refers to a sequence of two sole
crops grown one after the other, where the second crop is sown
immediately after harvest of the first crop with minimum turn around.
Crop intensification in this system is the time dimension.

c) Ratoon cropping: The practice of removing the apical bud of
crop plants and activating their lateral buds to produce a new crop is
known as ratoon cropping (Flucknett et al, 19270). The ratoon growth
can be managed for grain or for fodder.

Z. Methods of evaluating cropping systems :

Since crops differ in different cropping systems, indices used to
evaluate them should be such that they enable to combine the yields of
the component species in the systems (Rao and Willey, 197%). Several
methods have been developed to assess intercropping systems. The
Competition Index developed by Donald (1963), The Relative Yield Total
suggested by DeWit and Van Den Bergh (1965), and The Competitive Ratio
by Willey and Rao (1980) help to assess the competition between
species in intercropping. The Land Equivalent Ratio (LER) suggested
by IRRI (1974) helps to quantify whether or not an intercropping
system is advantageous over sole cropping, and if so, by how much.

LER is defined as sum of the relative land areas requitred as sole
crops to achieve the same yields as from 1 ha of intercropping
(Willey, 1979). It is calculated as follows:

Ya Yo
LER = La + Lo = -= + ==
S S
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where L. and Ls are LERs of the individual crops. Ya and Y, are the
individual crop vields in intercropping, and 8. and Sw are the
respective sole crop vields. A ratio greater than 1 indicates an
advantage for intercropping, and a ratio less than 1 indicates a
disadvantage for intercropping. LER indicates the binlogical
efficiency of growing two or more crops together in intercropping in a
given environment. LER is & ratio and large values could be obtained
simply because of low vields of sole crops, so sole crops should be
managed very well to obtain the potential vields. Some doubts have
been expressed on whether LER follow normal distribution and they can
be analysed. However, Oveijola and Mead (1982) aobserved that LERs
tended to be normally distributed if sole crop yields averaged over
all replications are used for calculation of individual plot LERs.
They suggested that LERs calculated on that basis can be subjected to
analysis of variance. Willey (1985) reviewed the merits and demerits
of LER and other methods of evaluating intercropping systems.

Yields of crops in intercropping can be combined on the basis of
nutritive value of component crops such as calorie, fat, crude
protein, lysine and methionine (Beets, 1977) or on monetary basis.

Monetary return is the most practical method of evaulation when
different types of systems are to be compared (Ferrin et al, 1979,
One limitation of this smethod is that since prices vary frequently
over time and space, relative ranking of systems may not remain the
same. However, to avoid this problem cropping systems may be compared
at different price ratios of crops so that inferences can be drawn
quickly for any price situation (Perrin et al, 1979); Reddy et al,
1982). UWhile comparing cropping systems the practical difficulties
encountered in the {field should also be taken into account. Othesr
criteria warth considering are labour demand and operational expenses.

2. Materials and Methods

The experiment was conducted at ICRISAT Center about 25 km
northwest of Hyderabad (17<N, 500 m elevation) during the rainy
(Kharif) and postrainy (Rabi) seasons of 1984-8% (from June 1984 to
February 1985).

The experimental plot was of a shallow blachk soil that has low
water holding capacity (about 75 mm of available water), and hence
subjected to rapid moisture depletion. The so0il was classified as
sandy clay loam. The nutrient status of the soil was low,
particularly in respect of nitrogen and phosphorous. It was medium in
available potassium. Therefore, crop yvields would be extremely low if
nutrients are not supplemented through fertilizers. The soil was
alkaline in reaction.

The total rainfall received during the period of esxuperimentation
from June 1984 to February 1985 was 600 mmy 511 mm of that rain was
received from June to September and B8.6 mm from October to February
(Fig. 1). Mean maximum and minimum temperatures were I0.4 and 17.2<C,
respectively. The average daily pan evaporation was 3.2 mm/day from
July to December 1984. Twelve different cropping systems were
evaluated for their biological and economic performance on shallow
black soils. These twelve treatments were examined in a Randomized
Elock Design having three replications. The plot size was 120 m=®
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a) Rainfall and evaporation
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Fig. 1: Meteorological data collected at ICRISAT Center from

June 1984 to February 1985.
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consisting of four broadbed-and-furrows, each of which was 1.5 m width
and 20 m long.

Flowing, levelling and sowing of crops were carried out with the
help of animal-drawn wheeled tool carvier (tropicultor). One hundred
kg ha—* of diammonium phospshate (18-46-0) was applied at planting
time using a fertilizer drill mounted onto the tropicultor. Top
dressing was done only to cereals with 42 kg N ha-?* after weeding.

KA
p

« Results and Discussion

Given the unfavourable climatic conditions, sorghum vielded
reasonably well at 2.46 t ha=?! in sole cropping. FPearl millet
produced only one third of the sorghum vield because of delaved
establishment and also partly due to the suppression of the crop by
weeds in the early stage. Sorghum suffered a vield loss of 224 in
intercropping with pigeonpea. Pearl millet also suffered a vield loss
of 307 in intercropping with pigeonpea. Earlier studies indicated
that cereals intercropped with pigeonpea would, under normal
circumstances, vield similarly as the sole crop if the intercrop was
planted same as at the sole crop density (Natarajan and Willey, 1980y
Rao and Willey, 1983%; Shelke, 1977). However, in a below normal
rainfall year, sorghum yield was significantly reduced in
intercropping (ICRISAT, 1980). This was attributed to aoisture stress
and increased competition between pigeonpesa and sorghum under such
limited moistuwre conditions. The sizeable reduction in vield of
intercropped sorghum and pearl millet in this study could be
attributed to moisture stress that the crops had experienced during
the dry spell. The dry spell coincided with flowering and grain
formation stages of the cereals, when drought effects are generally
more pronounced (Seetharama et al., 1983). Under limited moisture
conditions the cereal/pigeonpea intercropping may experience the
stress effect more than the sole crops because of having additive
populations.

Except the sole crops of pigeonpea and groundnut which gave above
one tonne per ha, all others produced very low vields. PMung bean
produced only 332 kg.ha™?* because of the dry spell during pod
formation stage. The yields of postrainy season crops were also low
because of the small amount of stored moisture left in the profile at
the end of the rainy season. In fact the postrainy season crops in
sequential systems could not have been established withaout the 73 mm
of rain received during September. For the same reason although mung
bean was harvested on 20 August 1984, setaria and safflower were not
sown until 2ist September. The performance of postrainy season
pigeonpea was poor partly because of the limitation of moisture and
the general reduction in growth of pigeonpea due to low temperature
and short days (Narayanan and Sheldrake, 1979). There was very little
moisture left in the profile after harvest of early pigeonpeas, hence
the ratoon growth was poor.
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Table 1. Grain or pod yield of crops in different cropping systems

Cropping systems Sorghum Fearl Medium Early Ground Saffl. Setaria Mung
millet FPigeon Figeon nut

pea pea
Sole Crop Systems
Sarghum 2457
Fearl millet 791
Figeonpea 1112
Groundnut 1228
(812)a
Intercrop Systems
Sorgh/Figeonpea 1924 401
Pearl millet/
pigeonpea 556 730
Fearl millet/
groundnut 913 825
(486)
Groundnut/pigeonpea 715 718
(486)
Seguential Systems
Mung—early pigeonpea 327 334
Mung-safflower 4146 335
Mung—-setaria 836 327
Ratoon System
Early pigeonpea/
rataoon 1035
SE (+) 238.6 132.0 108.2 89.9 68.5 42.5
(50.1)
LSD I6T.9? T47.3 269
(198)
CV*% 18.9 369 24 22.9 12.9 22.2
(14,.0)

a Numbers in parentheses are kernel yield of groundnut ha-—1i

The yield advantage of cereal/pigecnpea intercrops was much lower (144
and 36%) than was generally reported in previous studies (Natarajan and
Willey, 1980a; Rao and Willey, 1983; Shelke, 1977). This was because of the
reduced cereal yield in intercropping and relatively less contribution of
pigeonpea than in normal circumstances. Figeonpea yield as a proportion of
its sole crop was only 36% in intercropping with sorghum and 66% in
intercrdpping with pearl millet. Since the residual soil moisture in the
postrainy season was very low, intercropped pigeonpea did not compensate for
the loss of growth due to the competition of cereals in the rainy season.
This was evident from the significantly reduced growth of intercropped
pigeonpea compared to the sole cropped pigeonpea. Between the two cereals,
sorghum was much more competitive to pigeonpea than pearl millet, probably
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because of its height and longer maturity. Rao and Willey (1983) observed
that these two plant characters mostly determined the competitiveness of
cereals to pigeonpea. Hence, intercropping advantage was less with
sorghum/pigeonpea compared to that with pearl millet/pigeonpea.

Tablg 2. Land Egquivalent Ratico (LER) of different intercropping svstems
calculated on the basis of grain yield

et e e o i oo b AR bl b S Yot s S Vo B DL Sk {apt Ao e M W HO e AR PRl Soath ISR PP A P S Sk Sk LA Smm e o B4 Wt N ALK AL Lo s Ar4On S5 YAKS VORI IS R PO SR LAY 56U R PO AL AR SIS P “hime SO T IR G K MO

Intercrop Systems L.and Equivalent Ratio Total LER
Rainy season Fostrainy season
crop crop

Sorghum/Figeonpea& Q.78 0.36 i.14
Fearl millet/Figeocnpea Q.70 Q.46 136
Fearl millet/Groundnut 0.65 0.67 1.32
Groundnut /Figeonpea Q.59 0. 44 .23

s v o1
CV% 14,4

Fearl millet inntercropped with groundnut, despite having only
one fourth of the population, vielded same as the pearl millet
intercropped with pigeonpea. This shows that the lower population of
pearl millet was advantageous in a drought year. For the given pearl
millet population in this system, the expected yield was only 2854 {1
row millet : 3 rows groundnut) of the sole crop, but more than twice
the expected yield in this experiment indicated that the inter-species
competition between millet and groundnut was lower than the
intra-species competition. The increased millet vield was due to
increased yield per plant as a result of increased tillering (Reddy
and Willey, 1981). While the above could be the major reasons,
however, it must be pointed out that the higher relative vield of
millet in this system could be partly due to low vield of sole millet
which was replanted a week later. Intercropped groundnut gave 674 of
the sole crop yield, only slightly lower than the expected 754. The
overall yield advantage of this intercrop system was 324 which was
within the range of that reported by other workers (Reddy and Willey,
1981; Lima, 198%). The higher productivity of intercropping was due
to the efficient use of the growth resources (Reddy and Willey, 1981).
The relative vields of the component crops in groundnut/pigeonpea
intercrop were nearly equal, 594 in the case of groundnut and &4% in
the case of pigeonpea. Although this pattern claosely resembled that
observed in previous studies (ICRISAT, 1980), the relative vields
themselves were low, probably because of the detrimental effect of
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moisture stress. Thus the overall advantage of 234 for this system
was much lower than the 50U to 70% observed in normal vears (ICRIBAT,
1980) ., This intercrop system was also planted in additive populations
as the cereal/pigeon pea systems and groundnut matured around the same
time as sorghum. Lower relative vield of groundnut compared to
sorghum or millet indicates that groundnut had experienced greater
competition from pigeonpea than the cereal intercrops.

Considering the limitations of the environment, it appears that
sole cropping with full season crops such as groundnut, sorghum or
pigeonopea and intercropping with pigeonpea are the appropriate
cropping systems for shallow black soils.
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CHAPTER FOUR

SORGHUM PESTS AND DI SERSES



DISTRIBUTION AND BIOLOGY OF STALKBORER IN THE EAY REGION
Robert lLavigne#
1. Introduction

Stalkborers are by all reports the most important pests of sorghum
in Somalia. Unfortunately, this appraisal is based largely on casual
observation and there is little guantitative data available.

Certainly this is true for the Bay Region.

The first extensive description of the behaviour of stalkborers
in Somalia was prepared by Lazarevic (19748) in a report to the
Government of Somalia. He identified Chilo partellus as the most
destructive species on sorghum and maize, but did not have data to
back up his statement. Characteristics, biology and life cvcle of
this stalkborer on maize were studied by Nur (1978) at Afgoi. Van Gent
(1985) summarized the published information on stalkborers in Somalia
noting that in the period covered by the review (1961-19283), “Yresearch
findings were often either inconclusive, or the wrong conclusions were
drawn" from the data collected. He noted specifically that no data on
fluctuations in stalkborer incidence {(within-season, season-to-season,
or year-to-year) have ever been collected. Reported data to date
according to his review dealt only with the incidence of stalkborers
in the lower Shebelli region.

2. Incidence of stalkborer in the Bay Region

First gystematic surveys to determine the incidence of stalkborers
in the Bay Region were conducted by the author in 1985. It has now
been established, by random sampling of fields in all districts, that
stalkborers occur in 100% of the fields.

Two species of stalkborers have been found in the Bay Region:
Chilo partellus (Swinhoe), the spotted stalkborer, and Sesamia cretica
lLed., the pink stalkborer. These identifications were mades by
personnel at the Smithsonian Institution in Washington, D.C., U.5.A..
Sesanmia cretica is apparently a long time resident of Somalia, if not
a native insect. However, C. partellus is of Asiatic origin and +irst
appeared in East Africa in the egarly 19305 (Ingram 1983). Despite its
late arrival, it has spread rapidly and now is found in Eenya, Uganda,
Tanzania, Malawi, Sudan and Somalia. Like all invaders, its
surcessful establishment can be attributed to the fact that it arrived
without its complement of parasites and predators.

In the Ray Region C. partellus has become the dominant species
suggesting that either 5. cretica has never been very abundant or the
former species has outcompeted for the available resowce, i.e., the
sorghum plant. Despite its reduced abundance, larvae of the pink
stalkborer have been collected in most fields surveyed. Within fields
in the Bay Region, B80-100% (mean 94.4%) of the stalks were infested
with the spotted stalkborer in the Gu 1985 season, but only I9-52% of
the stalks were infested with this species

* Entomologist, Bonka Research Station, BRADP, Baidoa.
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in the Deyr 1985 season. 8Similarly in the Gu season 0-90% (mean
Z6.77%) of the stalks in any given field were infested with the pink
stalkborer, whereas in the Deyr season only &6-26% of the stalks were
infested.

. Damaqe

Damage caused by the larvae can be of considerable consequence.
The early instar larvae damage the tender leaves of sorghum while the
older caterpillars bore into the heart, stem and inflorescences. When
unirolled the damaged leaves attacked by early instars show
characteristic transverse rows of holes resembling each other in size
and appearance. The larvae tunnelling in the stalks fill them with
frass and excreta, while severly weakening them.

Young plants sometimes exhibit ‘dead hearts’ after destruction of
the growing point by developing stalkborer larvae. Flants adapt to
this interference with normal growth by tillering. It is suspected,
though not documented, that the resulting vield from tillers is less
than what would be produced by the original stalk. Certainly, we have
observed that many plants which exhibit ‘dead heart’ never produce
heads on tillers. Consequently, we conducted surveys in both the Gu
and Deyr seasons to obtain some idea of the potential loss to the
farmer as a result of dead heart. This data, collected in all four
districts in the Bay Region, is presented in Table 1. The mean
potential loss (percentage) to farmers in Deyr 19835 was 19.5 and in Gu
1986 was 14.6.

Table 1. Comparison of incidence of dead heart between the Deyr 1985
and the BGu 1986 season.

District Percent infestation
Pevyr 1985 Gu 1986
Baidoa 17.6% -
Bur Hakaba 15.9% 15.3%
Dinsoor i1%.8% 14.9%
Ransa Dhere 24.9% 13.7%

- oy ——" s S ‘—- soste Wit S Sotae Wod s b Smrm Sl A WS 4L W CALSS WO W LAl ot ORGSR SV SAEAD SMALL St oed e v e A S WO AP SR AR MRS A8 Ll R KB PR MISD S0 S RS Moai SR e ik

Fungi and bacteria can easily penetrate into sorghum stalks
through the bore holes of the pest, and ultimately weaken the plant.
Many infested plants fall to the ground during heavy winds prior to
harvest and the heads are then consumed by animals, such as
porcupines.,

Additionally, the growth of attacked sorghum can be severely
stunted and the vield can be considerably reduced. VYield loss due to
feeding of larvae in sorghum stalks throughout the season is as yet
undetermined for the Bay Region, although in Kenya it can reach 45%
(Reddy, pesrsonal communication’. When C. partellus was controlled
100% in maize, the vield per hectare reach 40 quintals at the Afgoi
Research Station in 1976, whereas in untreated plots the vield was
13.9 gquintals.ha™*, almost a three fold increase (Nur 1976). At
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Bonka Research Station in Deyr 1985, a single application of
ingsecticide served to increase saorghum yields by an average of 3.2
quintals.ha~?®* (30,000 plants/ha; Table 2), which is approximately
double the average cuwrrent vield of ca. 3.4 g.ha—t.

Table 2. Yield gain resulting from a single application
of insecticide at 5 weeks following emergence at 4 potential
plant populations.

o mias . " o SR G143 T e o o VS SOt LD AR SRS ANMAE WSS D000 APSAR TOONK MO U W i e 4t bt AW Bl S W S04AS SOOI SAD s Mt s Wotne o S Soest By Gubwe WAOIA HHUSD FOban i St Avstn ASMNS Gl donn e oo WO bk Pt e S10k Mt s WD et e iy, G Hhons e S

Yield Increase

Variety per plant per hectare at potential plant pop/ha

Chemical F0,000 40, GO0 50,000 &0 000
Dabar

Basudin 12.5g Z.8q9 5. 0q 6. 30 7.9q9
Dabar

Carbaryl 14.8q 4.4q H.9q 7«40 8.9q
Dabar

Endosul fan 4.7g 1.4q 1.9q 2.4q Z.8q
Seredo

Endosul fan 12.3g Z.7q 4.%q ba. 2 7444
White Charger

Endosul fan 8. 6q Z2.6q .40 4.4q S 2q
Mean 10.69 .20 4.2q S.3g &.4q

asson A o Vet St i Bk WAMS hoo AbreR Sbeen barie R SR S NG Yo MRS KALAS YA WAL® LESCD oamt NS S9N SUBME AUk bl Sreih MEEE $OMA) AN LALLD e So0sk S R AL R SAat £4UD WA AFED SR b k3ot AR Lokl FOLl SHAK Soto e 41400 Vo4 M, ol i b 5L AR s Lt Bt T NS {1006 e oo S

4, Life history and bionomics

A& brief synopsis of the life history of the spotted stalkborer on
maize, based in part on observations by Nur (1974) is as follows. The
egqgs are laid at night in clusters of 25-100 arranged in two or three
rows on the underside of young leaves. Eggs are usually laid the
night following emergence and one female may produce more than 300
eqgs. The eggs hatch aftter 4-8 days and larvae start to emerge in the
early morning hours. The larvae feed, after hatching, on the tender
folded leaves and bore, as soon as their size increases, into the
midrib and later into the heart or the stem. When the substrate
proves to be unsuitable for some reason, later instar larvae migrate
to other locations on the developing stalk and reenter it. Larvae
also feed on the peduncle. The larval period lasts 18-21 days under
laboratory conditions. PFupations takes place in the stem after the
fully—grown larva has gnawed an exit hole for the adult in the stem
wall. - The adult emerges atter 5-7 days. This continuous cycle is
observed during the rainy season. Where a conspicuous drry season
occurs, the pest enters into larval diapauvse (resting stage) sometime
aftter the rains. The diapausing larvae remain in the dry stalks or
stubble where they await the next rainy season. They pupate atter the
first rain showers and the moths emerge some days afterwards.

In the Bay Region the life history of C. partellus on sorghum is
essentially as that described above. Weekly surveys have been made
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during the Gu 1986 season on the Agricultural Research Complex 100 ha
farm. With the exception of the variety, Seredo (planted over a three
week period following the rains), all varieties were planted prior to
the rains and plants emerged 173-14 April. First instar larvae were
observed three weeks later on 4 May. Larvae presumably went through
the normal five instars and the first pupae were collected in 21 days,
i.e., 25 May. Adults have emerged from live pupae collected from
stalks after 1-7 days. .

According to Nw (1976) Chilo partellus has six generations a
year in maize at Afgoi, since each generation lasts about 30 days in
the laboratory (other than generations which go into diapause). While
the patential for multiple generations exists, it is highly unlikely
that more than two generations occur in & sorghum crop in & single
season in the Bay Region. First, eggs are deposited by females over
several weeks following the first rains and first instar larvae are
most prevalent around the 4th to &6th week of plant growth. In Kenya
at the Mbita Foint Field Btation maximum oviposition by females of L.
partellus occurred on plants aged 7.21 weeks (Alghali 19835).
Secondly, at Bonka the appearance of pupae (Table 3} coincides with
head development stage of the sorghum crop suggesting that there is
insufficient time left for a new generation of stalkborer to complete
its development.

Table 3., Incidence of stalkborer pupae in sorghum on the 100 ha farm,
ARC, Baidoa, Somalia (50 stalks/sample).

Date Variety of sorghum

Durra Seredo Dabar White Charger HD1
04/5 Q 0O O Y] O
11/3 O 0 0 Q 0
18/5 & O 3 o 0
25/9 2 Q 1 3 ¥
01/6 O 1 1 & 3
08/4 5 (1) 4] g O 4 (1E}
15/6 2 (2D O 2 (R2E) ' I O(4E) 1 (4E)

e e oo i Y A Sentn S ey o Ao o Pk T S R $He0E A S e M Akt S S S0 48 24 S S SoreA b T T e <k bt Semee i} S 4S8 Votit AT V0S4 Y PO T ey T STTES S b Lok P vy St SR Sk 1R 4ot $4419 gk oo e TS RS SaeSn e St Soneh Bt

Thirdly, the pattern of occurrence of apparent instars is what
one would expect of a species that oviposits over an extended period
of time (Table 4). The term apparent is used because measursd larvae
(thy length) fell into five groups which sesmed to simulate natural
instars. While the accepted method of determining instars is to use
Dvars law which involves measurement of head capsules, the method is
impractical where laboratory facilities are not available.
Additionally field sampling is facilitated where length of larvae can
be readily measured by relatively uvuntrained personnel. Az can be seen
in Table 4 what is presumed to be the second generation first instar
larvae appear in the durra (local) sorghum on 22 June. Since at this
date the sorghum is alvready hsaded out and can soon be expected to
start drying out 1t is highly unlikely that it would serve as an
attractive oviposition site in that condition.
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Table 4. Distribution of instars of Chilo parteliuvs based on
measurements of lengths of larvas collected in durra (local)
sorghum at EBEonka ARC, Gu 1984 saason.

Date
H

2276 | * * * *

15/6 | * * *
g/é6 i * * ¥ ¥
176 H * * * * #

DpEl/s ) * * * % * *

1875 H * * * ¥ *

1175 : * * * *

4/5 | #* #*

TTOU1-0.02  0.3-0.4  0.7-1.0 1.1-1.4 1.5-2.2 pupae
Length of larvae

In the Bay Region larvae which enter diapause may remain in
standing dead stalks in fields for a considerable period of time.

Data collected in the Hagar 1785 sesason show thalt some larvas that
entered diapause 1n late August were still alive in standing dead
stalks {(in fields not planted in the Deyr season) on 23 December, 4
months later. With the same intent, i.e., to determine larval
survival in diapause two ‘stooks’ {(solid houses made from sorghum
stalks) were constructed 29 September (985 from green stalks harvested
at the end of the Gu season. Bimonthly samples of 20 stalks were
examined for presence of live larvae. Live larvae were still being
found in the stalks 29 May 19846, 9 months later.

alternate hosts: maize, wheat, pearl millet, finger millet, foxtail
millet, sugarcane, rice, eleusine, and a number of wild grasses of the
genera Sorqghum, Panicum, Pennisetum, Echinochloa, Sporabolus,
Cenchrus, etoc. (Schmutterer 1949, Seshu Reddy 1983).

This tremendous adaptability of the spotted stalkborer to survive
adverse conditions has important implicetions +for control technigues.
Because of its ability to survive aver long periods of time, adult
females can be expected to emerge and lay eggs at any time during the
vear as long as a host plant is available. Because farmers in the Bay
Region do not practice sanitation, volunteer sorghum plants can be
found at all times of the yvear thus serving as a reservoir.

Therefore, there is no possibility of eradicating the pest even if the
stalkborer didn't use alternate hosts. It can be expected that
chemicals will reduce the density of stalkborer attack, but it is
doubtful if they will ever be economically feasible for the
subsistence farmer,

The major hope portrayed for subsistence farmers has been the
development of variegties ‘resistant’ to the stalkborer. Thus far, no
‘resistant’ varieties have been developed (Reddy, personal
communication?, but in the Bay Region Mao and Alahayodoyan (personal
communication) have tested a number of lines which show tolerance to
stalkborser attack in a nursery situation.
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Along this line we have been interested in determining if
stalkborers avoid any particular lines which we currently have in
production. Feriodic examinations of stalks dissected weekly during
the current Gu season* show that there are definite differences
between varieties in frequency of attack (Table 35).

in five varieties of sorghum grown on the 100 ha farm, ARC,
Baidoa, Somalia, 1986 (no. larvae/S0 stalks).

Date Variety of sorghum .
Durra Seredo Dabar White Charger HD1
04/5 6 O 1 25 7
11/5 31 8 9 2 74
18/5 42 9 8 67 a8
25/9 20 b g 28 56
01/6 9 5 S0 2 g
08/6 0 o = a8 5
1576 7 2 A 4 &
Mean 20.7 4.3 7.1 29 0.7

Thus there seems to be hope for the subsistence farmer if the
resistant varieties developed by Research are acceptable to the
farmers, i.e., have good taste, acceptable appearance and good storage
attributes. :
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SORGHUM, ITS QUALITY AND STORAGE IN SOMALIA
fAbdul H. Qureshi*

1.1 Introduction

Sorghum is one of the two staple crops which is grown mostly in
Bay Region. The production of sorghum had declined in the past few
vears for various reasons. It has again gained momentum since 1985.

In the current five year Development Plan the Government envisaged
attaining self-sufficiency in food grain through implementation of
various development plans to encourage increased food production both
in the irrigated and rain-fed areas. The most important step taken by
the Government was the liberalised policy as regards to producers’
price, open market and other incentives. The 1985 Gu season produced
a bumper crop both for sorghum and maire, This was attributed to the
pricing policy, though good rains and other incentives by the Ministry
of Agriculture also contributed to it. This combination of factors
necessitated ADD (Agricultural Development Cooperation) to come
forward and enter into competition with local traders in grain. The
Government quickly stepped in to arrange enough loan for ADC through
the Somali DRevelopment BRank. ADC once again established its
credibility and as a result purchased over 20,000 tonnes of sorgbhum
during 1983 Gu season. Frivate traders neither had enough storage
capacity nor did they have so much finance to compete with ADC as they
did before.

Almost all the senior staff of ADC had been receiving continuous
training since 1983 in ware—house management, grading and inspection,
guality control and monitoring, pest contrel and pest monitoring, and
grain book keeping and accounting under the auspices of FAOD Project
GCR/78OM/032 financed by the Netherland Government. Through this
training ADC became fully aware of the importance of standards and
maintainance of quality during long periods of storage. These facts
resulted in the puwrchase of guality grain by ADC and thereafter
maintaining the stocks in pest free and apparently mycotoxin free
conditions.

Ferhaps because of the good reputation which ADC has now
established, the international agency like the World Food Frogramme in
Somalia has entered into contract with ADC to purchase grain for
distribution to the refugees and more of such agencies are likely to
follow.

1.2 Gtorage of Sorghum

In Somalia farmers generally store sorghum in pits which are
usually dug out in front of their houses. These pits are first lined
with straws and such other materials for the prevention of the
migration of moisture from the underground to the grain. These pits
s0 prepared are filled with grain. After filling the grain the top is

Froiject Manager, FAOQ Froject GBCFR/SOM/O32/MNET,Mogadishu.
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cavered with straws or plastic sheet and finally compacted with earth
in more or less dome shaped fashion to protect the grain from rain.
The traders store their sorghum in whatever way they like. No
specific methods are followed. Sorghum or any other type of grain may
be stored mixed with any other crop the trader may be dealing with,
making pest control operation a difficult task. To save on storage
costs, the traders fill the store with bags of commodity lined up
against the wall and from floor to the ceilings, leaving no space
around for quality and pest monitoring.

1.5 __Storage at Governmental Level

At Governmental level, storage facilities mostly exist with ADC
for storage of locally produced sorghum and maize even though at times
they are also used for imported commodities such as wheat and maize.
ADC has about 103 grain ware-houses scattered all over the country.
Most of these ware~-houses are located close to the production areas.
Most of the stores in sorghum producing areas are fair in condition
for storage of sorghum. However, more storage facilities will be
regquired in view of anticipated increase in production due to the
availability of credit facilities and inputs. Further strengthening
of extension services will encouwrage the farmers to increase
production both through improved methods and seed and through extended
coverage. In March 1985, FAD also approved a project to advise the
Sovernment of Somalia through the Ministry of Agriculture on the
marketing of agricultural produce. This will further encowrage the
farmers to produce more sorghum and maize requiring additional storage
facilities in the not-too-distant future. By then some of the old
stores will have to be demeolished requiring additional storage
facilities for the sorghum.

1.4 Underground pits

There are a few old underground pits in sorghum producing areas
located within ADC premises. Some new ones were constructed duwring
1985 bumper crop season to take the season’'s sorghum crop. Storage of
sorghum in the pits, no doubt, limits the pest infestation to a
certain extent but cannot keep it free from the possibility of
creating hot spots and microbial activity. Based on my own judgement
through general observation, underground storage of sorghum could only
be safe for long term storage if the underground pits are rendered
moisture proof all round and the sorghum is placed inside insect
infastation free condition and with moisture contents not exceeding
about 10 percent. If this is not followed insects migrate to the top
af the bulk of grain and so does the molsture, creating congenial
condition both for insect and microbial activity. Due to diurnal
temperature, moist air migrates to the top of the grain bulk and
having no escape from inside the underground pits remain arrested on
the top space, causing excessive molsture on the top part of the
grain. During the night when the temperature drops down, the moisture
may sometimes condense affecting the grain. Sometimes the moisture
remains arrested on the sides of the pits and affects grain on the
periphery. In both cases continuead process of this kind causes
discolouwration and caking of grain besides posing health hazards due
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to mycotoxins. No doubt grain storage in underground pits of various
designs are being practised also in many parts of India, countries in
North Africa and Latin America. All these countries claim that the
grain could be stored for longer periods without deterioration. This
is indicative that serious studies should be undertaken through a long
term project under some technical assistance.

2 Study on sorghum quality in the Ray Reqgion

To the best of my knowledge, no serious studies have been carried
out on the quality of sorghum in Somalia, except that it is said to be
tannin free. During 1985 season information on pest situation in
stored sorghum indicated infestation by Rhizopertha dominica and
Tribolium species but only at lower to medium level. Thereafter pest
control operations were undertaken by FAD Project GCOR/SOMAOIZ2/NET
during December 1985 and January 1986 using FPHOSFHINE fumigation
followed by periodical residual structural spray using synthetic
pyrethroids, malathion and dichlorvos. Store hygiene work was also
carried out prior to storage of sorghum. Dwing that period the stores
ware periodically inspected for sign of reinfestation but strict store
hygiene kept the sorghum free of infestation. In order to determine
whether the quality of sorghum in Somalia conforms to general
internationally acceptable quality standards from the physical
properties point of view, physical analyses were carried out at the
ADC grain testing laboratory, by the author after collecting
randomised samples from Baldoa, (GQansadhere, Dinsor and Hfurow
districts in June 1986,

2.1 Method of Analysis

For the purpose of bulk sampling, sorghum was scooped at random
from every stack in the ADC stores at the locations mentioned above.
Each bulk sample comprised of about 20-50 kg in weight. The bulk
sample was then mixed and sub-divided into 4 samples each of about 1
kg. Each sample was analysed for the following factors:

1. Percent maisture content (dry weight basis) using moisture meter.
2. Percent extraneous matter including straws and twigs.

3. Percent half broken grain (weight basis).

4., Percent quarters and less (weight basis).

5. Fercent mouldy grains (by count).

6. Percent shrivelled (immature) grain (by count).

7. Percent Insect damage (by count).

8. Number of dead insects worked out on 1 kg basis.

9. Number of live insects warked out on 1 kg basis.

2.2 Conclusions and recommendations

The results are summarised in table 1. From the results given in
the table, it is evident that the gquality of sorghum in Somalia is by
no means inferior thanm the internationally acceptable standards though
scope for further improvement is evident.
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Table 1. Summary of the Analyses carried out for the Quality Standard
of Sorghumn produced in Somalia.
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1 Area

OVERALL 1 BAIDOA CQANSADHERE UFFOROW DINSOR OVERALL
FPERCENTAGE 1 AVERARBE
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BY WIEGHT 1
Moisture content I 11.93 11.465 10.8 2.2 11.65
Extraneous matter 1 .88 G.85 0.8 .47 Q.73
Half broken i 2.3 F.05 O.% 2.43 2.17
Quarters and less 1 2.28 2.25 2.5 2.13 2.29

BY COUNT i
Mouldy grain 1 1.7 1.5 .85 1.6 .41
Shrivelled grain 1 2.67% 1.5 1.43 ey 2.0
Insect damage i 2.0 5.0 245 2.25 2.9%

Live insect 1 0O O 0 O O

Dead insect 1 g.25 H. 7S 245 5.0 .13
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The following recommendations are made:
1. Long term study to be undertaken to determine guantitative and
qualitative losses of sorghum in underground storage.
2. To work out suitable designs for underground pits if necessary.
F. To reduce broken percentage by introducing improved methods of
threshing.
4, To work out losses due to harvesting and threshing. From the
sample there was an indication that harvesting and threshing were not
carried out properly.
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THE LEAF+* DISEASES OF SORGHUM IN SOMALIA
Ahmad Nur Jamax*

1. Introduction

The importance of sorghum as a staple food for almost every
Somali family is well documented in the literature and therefore needs
no emphasis in this paper. Nevertheless, it should be kept in mind
that ow dependence on this crop will unquestionably continue to
increase very rapidly. Fartly because of the failwre of other
substitute crops to survive in the adverse environmental conditions
that commonly prevail in the sorghum growing areas and partly because
of the ever—increasing national demand for basic food.

The effects of moisture on germination, penetration, incubation
period, sporulation and other subsequent steps of a disesase cyecle is a
weell known fact to the students of plant patholegy. No plant pathogen
will initiate infection without the presence of free molistuwe or, at
least, high relative humidity. This, obviously indicates how the
accurrence of almost all diseases in a particlar region is very
closely related with the amount and distribution of the annual
rainfall. Indeed, this was the situation we have very freqgquently
witnessed during our field surveys carried out between 19791984,
where a greater number of diseases with higher level of incidences
have been observed in wetter seasons than in drier ones, even though
favorable temperatures and availability of enough moisture
concomitantly determine the duration and number of disease cycles. In
sorghum areas of Somalia, moisture is the limiting factor, since
almost all other climatic factors are favorabhle for initiation and
development of many diseases and pests#%#% throughout the vyear.

Besides smuts and grain molds which are always considered as
inflorescence and grain disease, eight other foliar diseases have been
recorded by various researchers (Table 1). But, since these reports
were all based on plant symptoms, very recently, further iscolation
or/and identifications have been carried in our laboratory where the
exact entities of seven of these diseases have been determined either
by direct microscopic examinations of their spores and spore~bearing
structures found on collected plant materials or by growing diseased
tissues on appropriate artificial media to promote sporulation.

* Several criteria are used as a basis for classification of plant
diseases. These include according to the symptoms they cause, the
type of plants affected, the pathogen that causes the disease and
finally according to the plant organ affected by those pathogens. In
this context, therefore leaf disease means those diseases that
prevalently but not exclusively attack leaves.

*# Flant Fathologist, Lecturer at the Faculty of Agriculture, Somali
National University.

*%% The term pest is sometimes used to cover a wide range of biotic
agencies damaging to plants. In the present context, we are
restricting the definition to all invertebrates, with the exception of
nematodes, which cause damage to plants or their products.
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Table 1. Names of all diseases of sorghum in Somalia, their
respective causal agents, their geographical distribution
at present and the dates of record by different

researchers.
Disease Pathogens Host Distribution Date/Author
Covered Smut Sphacelotheca sorghum Widespread Golato (19673
sorghi
Head Smut 8. relliana sorghum » " "
Loose Smut 8. cruenta sorghum " " "
Long Smut Tol yposporium sorghum " Castellani, Jama,
ehrenbergii Issa (1979}
Grain Molds Fusarium spp. sorghum " issa, Hirabe
Curvularia spp. sorghum " (1981)
Rust FPuccinia purpurea sorghum v Ali (1979)
Downy Mildew Sclerospora maize Afgoi Isga, Hirabe
sorghi sorghum Balad (1981
l.eaf Blight Helminthosporium sorghum  Widespread Castellani, Jama,
turcicum - Issa (1979)
Saoaty Stripe Ramulispora sorghum  Only Gray {(1984)
sorghi southern
regions
Soonty Moulds Capnodia spp. sorghum  Only Hirabe, Jama
maize southern (unpublished)
regions
Rough Leaf Ascaochyta sarghum Only Jama, Issa
Spot sorghina southern (unpubl ished)
regions
Anthracnoses Collectrichum sarghum Widespread Castellani (1979)
graminicola
Maize dwardf Virus maize Afgoil Gray (1284)
Mosaic Virus sar-ghum

2. Description of the Diseases and their Causal Organisms

2.1. Rough lesaf spot

Z«.1.1. Symptoms;: slight chlorosis appear on leaf bleades at the
first symptoms on or around which groups of round black
pycnidia develop. The pycnidia protrude above the leaf
surface so that, when rubbed off, give the leaf a charac-—
teristic roughened textwe. Subsequently the infected
tissues become necrobtic and develop light-coloured civrcular

to oval lesions with dark margins. The lesions are
surrounded by chlaorotic haloes and are covered with the
black pycnidia. The lesions may coalesce and form longer
necrotic areas and the whole leaf may be killed.

2.1.2. Fathogen: The fruiting bodies of Ascophyta sgrghina are
glohose, depressed, papillate pyenidia with diameter
varving from 140 to 300 micron. They contaln numerous
oblong ellipsoid two-celled hvaline pycnaspores which are
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much coarser than those of A. sorghi.

Haohy Htripes

i.
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Leaf Blight

Symptoms: the first svmntome are slongated elliptic lesions
which are regular in outline and whioch, at first, haws shraw
colowr at center and purplish to oan lesion mergins, £
these lesions age, the cernbers decbken ard beoome grswvish
because conitdia are produced and then bBlaock or sooty colowrsd
as the momesrows black supesrficial loosely attached sclerabtias
gevelop {a olesrly distinguisher fealbwre of This diseasse from
tha similar leat hlightl.,

Fathogen:  +the signs of this funous consist of agoaregates of
myvcalium which form more or less cospact subepidermal
stromats from each of which fasciculate conidiophores arise.
Thesze conidiophores make sporodochia which emergs through the
stromata and produce abundant slender, filitorms multiseptate
contdia (3.8 ~846.3 ¢ 1.9-F micron) . Eventually the stromata
and the conidiophores produce black, scattered, sunerticial,
subglobose sclerotia (83 - 170 micron in diameteri.

Symptoms:  Lesad blight is symptomatologically very similar
to the sooty mold., It initiates with small Fflecks which

-

appear within 3 to 4 days after favoranle infection period.
Within twn weeks, these small lesions turn into arger
fusiform lesions which are tan to grey at centers and
pigmented at edge. Localized wilting within the iesaf as well
as total wilting of the individual plants are not uncommon
when favorable infection periods are prolongesd.

Fathonen: From subspidermal stromata develop 2 to 5 septate

L T

alivaveous conidiophores which measures (7 - 9 by LS50 - 250
microns). Later on, 2 to & conidiophores emerge from the
stromata. On their tips, these conidiophores carry straight
or slightly curved, pale olivaceous conidia which normally are
wideast in the middle but tapering towatrds both ends. The
conidia have 3 to 8 septate and vary greatly in size and shape
ranging from 45-132 by 15-25 microns.  Usually, they have a
protruding hilum and & polar germ tube.

finthracnass

Symptoms:s  Colletitrichum graminicola could infect ieaves,

stemns, pedicels, heads and the grain. However, leaf
infections always prodominate over the others. The symptoms
appear as small ovate to irregular zorale spots. The central
arsa of the lsaf spots is tan while borders are red to brown.
ficervuli develop on the older portion of the spots.

Fathonen: the fruiting structures of the pathogen consist of

dark, superficial, circular to oval acervuli, with dark
mycelium forming the basal stroma — these acervuli are present
in both surfaces of the leaft. Each acervualus has black to
dark hrown sepate setae or spines among the conidiophores.

The conidia which ars borne singly are terminal,
spindle-shaped, slightly curved, hyaline and one-celled.

Downy Mildew

Symptoms:  the characteristic leaf symptoms of this disegase on

sorgtium, like other orops, are white to yvellow streaking of
the lsaves and development of the downy mildew on the streasks,
followad Dy necrosis and browning. Dwarfing or reduced
glongation of the upper
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5.2, Fathogen: the fruitifications of the pathogen consist of

conidia which are borne on long sterigmata or the erect
conidiophores which are knobbed and bulbosed at the bottom
basal cell and a main axis (80-150 microns) which is usually
dichotomously branched into primary, secondary and tertiary
branches terminating in tapering sterigmata (13 microns long).
The conidia vary in size but most frequently measure 21 to
24,2 v 19 to 22.9 microns. They are hyaline with thin wall,
continuous at apex and unmodified and without papilla of
dehiscense. The conidia germinate invariably by hyphae.
Clearing the leaf with lactophenol or discolowrizing it by
overnighting in similar compounds, the oospores are easily
seen under microscope from the old leaf lesions. They are
formation of a germ tube.

Sooty Mould

2.6.1. Bymptoms and Fathogens: Bugary deposits commonly known as

3.

{a)
{h)

(c)
()
(e)
(f)

4.

"honey dew" from Aphids first appear on plant parts. As soon
&s the conditions favour, species of Capnodia and Limacinia
fungi grow abundantly on these exudates giving the leaves
superficial, black sooty appearance. These materials could be
easily rubbed off with a moistened cloth.

Kinds of Damage Caused by the Sorghum Leaf Diseases

Reduction in leaf growth.

Reduction in actively photosynthesizing leaf tissues by necrosis
or chlorosis.

Considerable defoliation.

Stress on translocatonal balance and wilting.

Increase of evapotranspiration.

Interference with the amount of light that reaches the plant.

Their world distribution and methods of contral

The World distribution, seasonal overcarryng means, factors
promoting plant disease development, their host range, their
control methods of the above described diseases are shown on
Tables 2 and 3.
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Table Z. Some Fathogens, their World Distribution, Seasonal
Overcarrying Means, and Factors Fromoting Disease
Development.

Fathogens Distribution Overcarrying Factors Promoting

Means
Ascohyta Africa Fyecnidia High temperature
sorghina America in/on crop Wind
Asia residues abundant nitrogen
Ewrope fertilizer
Ramulospora Africa Sclerotia Higher temperature
sorghi AsiAa and/or High humidity
America sporodochia (700-1000mm 1isohyets)
Australia on/in crop High nitrogen fertilizer
residue or
sclerotia
in soil/seed
Helminthosporium Africa Conidiophares 16-32° temperatures
turcicum Asia in/on plant High humidity
Oceania residues or
America seeds
Europe
Fuccinia Africa Teliospores Cooler humid
purpurea Asia in plant environments
America residues or
alternate
hosts or
valunteers
Collectotrichum Asia Acervuli in Warm, humid weather and
graminicola Africa plant wind rains, presence of
America " residues or Downy mildew infection,
Eurape in/on seeds abundant nitrogen
Oceania fertilizers
Sclerospora Asia Oospores in/ Temperatwes 32°C max,
sorghi Africa on plant, 21~2%e opt. and 10 min.
America spils, seeds Humidity 1004, big leaf
or glumes canopy, wind light

followed by darkness
exudates

hees v SARA W At it S S Tkt A P et A b o bk b SOt VAAGS . Yo SO S8 S L PR Koo P9 P P MUY T . . i 4314 VR PR PO SO, i S S YO0 AP, WS o M Sl e S SO P AP SO PO S, e o e e P P . e e e e
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their Respective Fathogens,

their Host

Range, Non Chemical and Chemical Control Measures.
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Control measures
Non Chemical Chemicals
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Anthrac-—
nose

PDowny
mildew

Rust

Sooty
stripe

Rough
Leaf
spot

Helmintho-

sporium
turcicum

Collecto—
trichum
Qraminicola

Sclerogspara
sorahi

purpuresa

Ramulospora

soraghi
Ascochyta
sorghi

Sorghum spp.

Maize,

Teosinate,
Faspalum.

Many cereals
and grasses.

Sorghum spp.

maize,
Fanicum,
typheron,

Heteropogon

contortus,
Euchlaena
Mixicana.

Sorghum spp.

Sorghum spp.

Sorghum spp.

Resistant Organomercurys*

varieties, Thiram, Manels,
sanitaton Chloro Thatonil
Resistant Benomyl , Manels,
varieties, Zineb, Captgol,
glimination Folpet and

of other Chiorothalonil.

hosts and
volunteers,
sanitation

like ploughing,
rotation, early
harvesting.

Resistant Matalauvyl,

varieties, Fhosetvl,
destruction Diothiocar—
of other bamates
hosts,
sanitation.

Resistant Thiram, Maneb,

Mancozeb and
Oxycarboxin,

varieties,
sanitation,
destruction
of volunteers.

Resistant Thiram, Zineb,
varieties, Captan,
destruction Methythiophonate

of crop
residues,
crop rotation.
Crop sani- Chloatheloril,
tation, crop Maneb, Zineb and
rotation, Apataftol.
sglection of
sead from
healthy plants.
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Table Z. (continued)

Disease Fathogen Host Range Control measures
Non Chemical Chemicals
Sooty Capnodia Many plants - Insecticides.
moulds SOP .
Viruses Maize Dwarf Maize/ - Insecticides.
Masaic VYirus  Sorghum,
others

¥  Seed dressings with organomercurials and other compounds have
considerable advantage over foliage application. However, the use of
mercuric compounds especially alkyl compounds has been decrsasing in
recent vears. Frobably because of human risk and environmental
reasons. Therefore, to reduce the risk we need some expertise, staff
and appropriate equipment.

. CLonclusions and Recommendations

To achieve substantial increases of food and feed production, it
will definitely require the fellowing parameters to be puwsued:
expansion of crop acreages, improved methods of cultivation, use of
fertilizers, use of improved varieties, and use of irrigation, when
possible. Nevertheless, realization of these parameters will be
attained only through effective and appropriate research closely
affiliated with well meptivated national extension services. But a very
interesting question is to what effect will these new agricultural
technologies have on the kinds, severity of development, and rates of
spread of the diseases that attack sorghum, a crop already plagued
with serious pest, dissases and weed problems? Clearly, the answer to
this question is the expansion and appearance of more devastating
pathogens that will cause further huge losses unless otherwise
effective and adeguate plant protection measuwres are accomplished
along with the other aforementioned parameters.

Although such work still remains to be done, in recent years,
fartunately, some progress has been made on Smuts and Grain mold
diseases, the most serious sorghum diseases at the present time.
Hence, we believe that it is very justifiable to give this area of
ressarch higher priority than other sorghun diseases. However, this
means neither to devote all owr attention nor to place all available
resources on the study of these two diseases.

It is true that yvield loss from a particular leat disease zeems
economically unimportant to a particular farm, but the total losses
are, without doubt, very substantial when considering the number of
various leaf diseases occuring on the plants of an individual field
and the large hectarages planted to this crop. Not less important
than that is also the complex relationship which most of these
diseases have among each other as well as with other pests and
diseases of sorghumn. Vectors and Viruses or Aphids and sooty moulds
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serve as good examples of such associations. Therefore, surveys are
urgently needed to study the geographical distributions of the leaf
diseases, to assess the extent of their losses and to determine their
interaction with other sorghum pathogens and pests. PMeanwhile,
particular attention must be paid to the discovery and identification
of new pathogens.

Moreover, detailed research must be conducted to know more about
the bioclogy of the individual diseases, since such findings are the
usual pre—requisite for designing and developing proper control
methods to enrich yields and safeguard quality.

S0 far, cultural treatments are the only control methods
available for most of these pathogens as well as for many other
notorious pests and pathogens of sorghum.

Floughing, removal of stalks and stubbles, burning or deep hurial
of plant debris immediately after harvest, destruction of alternates
and alternative hosts, weeding and other sanitary measures should be
vigorously practised as they have proved successful in many parts of
the warld on many crops by reducing pest and pathogen populations
drastically. SBimilarly much benefit derives from avoidance of crop
ratooning which is a common practice in Bay region as it harbows many
of these pathogens, as well as others, which increase their severity
in the subsequent crop.

Chemical applications other than seed treatments are not likely
to be economically worthwhile. For this reason, centres with reliable
and efficient machinery for treating seeds and testing their
germinability should be established at various districts of sorghum
growing areas. In fact this practice is a main requisite for the
introduction of a Home-Saved Seed FPolicy. Ba that, in the long run,
Somali farmers will get their seeds treated from seed suppliers alded
and controlled by government seed certification scheme. For the
moment some important chemicals recommended for use against sorghum
diseases as other cereal diseases and their corresponding target
organisms are listed in Table 3.

In cooperation with plant pathologists, plant breeders must
include disease resistance as a major item in their programme in
addition to their main aim of breeding for consistantly high yield and
better quality. Concentrating efforts on finding souwrces of resistance
which are reliable, that is, ones that are stable and durable, is
strongly recommended. For this purpose, close collaboration with
international institutes, such as ICRISBAT will be profitable.

It will take us many vyears or even some decades to put together
an efficient and absolutely magnificient plant guarantine service to
delay as long as possible or bethter vyvet to prevent the introduction
and spread of exotic, harmful organisms that would cause catastrophic
epidemics. This is dug to several limitations. First, the means are
lacking and both skill and experience are lagging. Secondly, Somalia
has very long borders with its neighbours and therefore it will not be
an easy task, i+ not impossible, to regulate the movement of all
leaving plants, living plant parts or plant products, Thirdly, as long
as the existing food imbalance exists, restrictions on the badly
nesded millions of tons of donated foodstuffs are impossible.
Nevertheless, to lay down a solid foundation for the future
development of plant warantine service priority should be given to
the following areas:
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1. To increase the number of the present personnel and improve
their skills through relevant training.

2. To provide the minimum required equipments and station Z to =3
staff members at each aof the main inland entries, international
airports and major harbows to regulate the movement of all
living plants, and living plant parts.

I. To import the safest type of planting materials from the safest
Areas.

4, To establish more properly equipped post-entry quarantine
stations, like the one recently installed at Afgoavye, in
various regions of the country.

Hopefully, if these initiatives are fostered, numerous plant
pathogens including foliar diseases of sorghum as well as many other
pests will certainly be intercepted.

Finally, experience has taught us that diseases which are
considered minor today may in time become major and therefore
overstressing the importance of today’'s problems could easily divert
our attention from understanding the nature of ocw tomorrow’'s headache
and what exact precautionary measures to be taken. It must be thereby
realized that disease such as Damping off, Mycotoxin, ergot, etc. are
not unimportant and by no means should be neglected. We believe
future research on these areas would be especially fruitful.
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FREL.IMINARY STUDY OF GRAIN MOLD ON DEVELOFING SORGHUM GRAINS UNDER
IRRIGATED AREAS

Mohamed Issa Mohamed, Ahmed Hassan Hirabe,
Abdi Adan Ali and Ahmed Nur Jama#¥

1. Introduction

Sorghum is the principal staple crop in Somalia. The bulk of the
crop is grown in the inter—-riverine areas both in irrigated and
rainfed conditions. (bservations made in irrigated areas have shown
the presence of large number of barren panicles, with no grains
developed.

A combination of complex factors such as grain mold, insect
attack, bird damage or environmental conditions were attributed to be
responsible for that barreness. Therefore, it is the objiective of
this work to screen these overlapping factors and at least find out
the primary cause of this barreness.

Because of its effect on grain development, grain mold was
selected as the first factor to study while others were tentatively
excluded.

2. Materials and Methods

The site of the experiment was at the Central Agricultural
Research Station (CARS), Afgoi. The material under experimentation
was a sorghum variety named Dabar.

The experiment included two treatments: treatment & and tre2atment
B each of which zontained two plots; treated plot and control plot.
The plot size was 4m ¥ 8m, and the entire area of the experiment was
100m=,

Before planting the germination viability of the sseds was
tested, and the result was aptimum. After the land was prepared
planting of treatment A was done on 5 May 1984,

Furadan was planted with the seeds of the treated plot to protect
the voung seedling from the attack of insects, especially stalkborers
and nematodes, while the control plots were planted without Furadan.

Three seeds were planted in every hill. Two days atter planting,
the first irrigation was done. Combined operations of weeding,
thinning and second irrigation were done 25 days after germination.

Forty—-five days after germination, first application of Rasudin
was done to the treated plot of treatment A, while the control plot
was left untreated. After two weeks from the first application, the
second application was done to the treated plot in treatment A.

On 7th of July, 304 flowering was recorded in treatment A4, and on
8th of July, a net was covered on the treated plot of treastment A to

* PMohamed Issa and dhmed Mur Jama are Lectwrers in Flant Pathology at
the Faculty of Agriculture; Ahmed Hassan Hirabe and Abdi Adan Ali are
Director and Flant Fathologist at CARS, respectively.
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protect it from bird damage, while the other plot (control plaot) was
left uncovered. 0On the same date, 10 heads of 10 plants were selected
randomly from each of the two plots. They were marked with numbers so
that samples can be collected for laboratory analysis at 4 day
intervals.

The collected materials were swface-sterilized by soaking them
in mercuric chloride solution (Q.1%) for two minutes. The materials
were then washed twice in sterile water and placed on autoclaved
potato dextrose agar (FDA) medium in petri-dishes. After 48-72 hours
of incubation at room temperature of 24-27<0C, microscopic examination
was done.

The hyphal tip purification method was followed in order to
obtain cultures for the identification of each isolated fungus.
Identification was performed according to the cultural characteristics
of the growing colonies on FDA, as well as their morphological
nroperties.

When the plants of both treatments were in half-bloom*, 50 hesads
from 350 plants were selected randomly from each treatment. These 50
plants were marked with numbers for the purpose of disease rating.

The following scale was adopted to measuwre the intensity of
attack.

{

i

Mo visual symptoms of grain mold.

1 Few caryvopsis were attacked by grain mold.

2 = 1/3 pf the panicle was attacked and no grains developed.

A o= 2/3F of the panicle was attacked and no grains developed.

4 = Complete attack of the panicle by grain mold and no grains

developed.

The second treatment of the experiment (Treatment B) was planted
on 30 May 1984, Furadan was planted with the seeds of the treated
plot, while the control plot was planted without Furadan. The same
agronomic practices were performed as in treatment A. Basudin was
applied 3 times between germination and flowering stage. S0%
flowering was recorded on 28 July.

P

Fa Results and Discussion

The climatic conditions under which the experiment was conducted
is shown in appendix 1.1. The half-blooms, soft-dough and the
hard—-dough stages of the first treatment A coincided with no rains.
But because the atmospheric condition was conducive to the development
of grain mold, visual symptoms of grain molds were observed. During
physiological maturity, many rains occured and the symptoms observed
earlier became clearer and developed seed discolorations were
evidenced.

The half-bloom stage and the soft-dough stage of the second
treatment B concided with many rainy occasions. These rains were in a
condition to increase the relative humidity of the heads which were

1 classification based on the growth stages of sorghum by Vanderlip
and Reeves (1972).
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under development. No rains occured during the last 2 stages of the
growth cycle, but the atmospheric humidity promoted the incidence
initiated by the early rains.

Conidial forms of fungal species of Cladosporium, Alternaria,
Helminthosporium, Fennicilium, Aspergillus, Fusarium, MNigrospora,
Curvularia and Colletotricum were found on the surface scrappings made
on 20 head samples, collected from the treated and untreated plots of
treatment A (see appendices 1.2-1.4),., While the suwface sterilized
materials of treatment A were dominantly encountered by the conidial
forms of the fungal species of Cuvuwlaria, Fusarium, Helminthosporioam
and Alternaria (see appendices 1.3-1.3).

Conidial forms of the fungal species of Cladosporium,. Alternaria,
Fusarium, Helminthosporium., Asperqgillus, Fennicilium, Colletotricum,

both treated and untreated plots of treatment B (appendices 1.6, 1.8},
while the species of Fusarium, Curvularia, Helminthosporium and
Alternaria were isolated from the surface sterilization made on
treated and untreated plots of treatment B (see appendices 1.7, 1.9).

Along the samplings, & rating method was done on the barrenness
caused by grain mold at grain development stage in all treatments.
The rating started at the half-bloom stage.

In the trested treatment A grain mold symptoms were not visually
observable, but few barren heads which did not praduce grains were
present, as the means of the ratings indicate (appendix 1.10). The
slight increase of the mean of the ratings dwing the soft—dough stage
indicates that slight traces of grain mold symptoms were present on
the grain development stage.

The grain mold symptoms observed in soft-dough stage made no
considerable change during the hard-—dough stage. The me2an of the
ratings made during that stage showed a very small increase.
Similarly, the mean of the ratings of the physiological maturity stage
made no significant increase compared to the other stages.

Mean of the half-bloom stages of the 30 heads in the control plot
of treatment A exceedsd the mean of the first two classes of the
disease rating scale which signifies that the carvopsis of the
panicles were attacked by grain mold. The presence of the disease
symptoms were visually ohservable, and a number of barren heads which
did not produce grains were also observed (see appendix 1.11).

A significant increase of rating means was encountered at the
soft—dough stage, which is the stage next to the half-bloom. This was
almost equivalent to the third class of the disease rating scale.
Symptoms of grain mold were visually observed on the heads, and the
attacked parts showed barrenness. Similarly, the rating means of the
hard-dough stage showed a considerable increase compared to its
antecedent stage {(the soft-dough). Its rating coincided with the 4th
class of the disease rating scale. :

At physiological matuwrity, which is the last stage of grain
development, the rating means indicated a score which is egual to the
Sth class of the disease rating scale.

In the treated plot of treatment B the ratings made during the
half-bloom stage showed no presence of grain mold which could be
visually observable (ses appendix 1.12) even though there were a
number of barren plants. During the soft-dough stage, no significant
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increase of the rating means occurred. Only few traces of grain mold
symptoms were observed on some plants.

The hard-dough stage which is the stage next to the soft-dough
stage showed no significant change of the rating means. A slight
development of the previous symptoms were observed.

The rating means showed a significant increase at the
physiological maturity stage. Slight discolorations of the grain was
also witnessed.

At the half-bloom stage, there was the presence of a good number
af barren heads which did not produce grains. Only slight syvoptons of
grain mold was observed, which signifies that few caryopsis were
attacked by grain mold as the rating means indicate (see appendix
.13,

In the soft-dough stage, slight discolorations were observed, and
an increase of the rating means indicated that change. During the
hard—dough stage, & significant increase of the rating means was
obser ved.

Well developed grain mold symptoms were observed on the
physiological matuwity stage. The rating means indicated that almost
the entire panicle was attacked by grain mold and no grains developed
in that attacked part.

4. Summary and Conclusions

fAs was mentioned in the obljectives of this exuperiment
considerable number of barren heads were frequently observed in the
sorghum grown under the irrigated areas.

‘ Many factors including the grain mold were attributed to be
responsible for the barrenness. Grain mold was selected to be the
first factor under study.

The climatoleogical data recorded during the duration of the
euperiment indicated that the climatic condition under which the
experiment was conducted was favourable for the incidence of grain
mold.

The fungal forms iscolated from the surface scrappings and surface
sterilizations made on the samples collected from both treatments of
the experiment showed that the growth of the majority of the fungal
species were superficial. While the species of Curvularia, Fusarium,
Helminthosporium and Alternaria were isolated in high numbers from the
surface sterilizations, the first two only can be considered as the
principle pathogens that cause grain mold.

The results from the disease rating made during the grain
formation stages indicated that grain mold was present and its
symptams were usually observable. Also very high frequency of barvren
heatds were observed in the contreol plots of both treatments.

Moreover serious infestations of stalk-borers on the vegatative
stages and heavy bird attacks during the grain formation stages on the
control plots of both treatments were observed.

From the results obtained, it can be concluded that grain mold
cannot be attributed as the primary factor of barrenness observed in
sorghum heads grown in irrigated areas. I+ the problem has to be
minimized, good control measure against insects primarily stalk-borers
and grain eating birds should be formulated.
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GERMINATION RESFONSES OF SORGHUM VARIETIES
(SORGHUM BICOLOR L. MOENCH)
TO FUNGICIDE SEED TREATMENTE =

Alhimed Shedkh Hassanss

Lo introdoct;

The discovery of eecc btreastment for tho oonteol
clates bhack ta bthe severtesnth century whaen somo far
Erigland, seoved whest seeds from & sunser ime Une of
wan reported to have olanted soms of Lhe salbty whest
that nig 2lants were orotected from the orain smet owhach = s d
oroblem at thal time, The farmsr succesded in conviaoing othes area
farmers that salty sesds, when planted, did ﬁrt contract the ol sgsase.
This techrniigus was probably discontinued when Do hw ‘ ; ' g
recommended blue Vitriol instead of sslt as 8 oeec
the uss of chemical fungicides and insecticides as
becams & common practice,

Fungicide seed treatments are used to pravent o redure
losses from disgases caussd by fungal organis i
plant growth particularly during seed germlnatzom znd =
development, Certain chemicals kill the organisms on th
the seed, while obthers destroy the organisms within the
still ofr a2 chemicals kill or retard the activity of 501
near the planted seed (Agrios, 1973, In treating sesds
chemicals, precaution should be tabken regarding ths dosage uvsed s0
that the viability of the seed is not lowersd or destroved. It is
also important that encough chemical shouwld be retained on the ssed for
ite protection against soil pathogens and soill organisms which have an
adverse sffect on the germinating sesed or developing sesdling.

The obiectives pf this fungicide seed trzatment study were:

- Ty determine the chemicals’ etfects on the sorghum seed
oermination.

~ To determine if highstr chemical rates than those recommendsd
cause phytotoxicity in sorghum seeds.

~ To determine germination reactions of difterent cultivars to
the differsnt seed treatments.

A i

f

2. tateriale and Methods

Mine differsnt cultivars of sorghum seeds obtsined from the same

s2ason’'s harvest and four fungicide seed treatments, Benlate (0504
Benomyl}, Captan, Vitavax-34 and Vitavay-200FF (Vitavasw + thiram) weare

# This study was conducted at the seed laboratory of Arizona Crop
Improvement Association in Tucson, Arizona, USA, as partial fulfilment
for MSo degree.

*%  Agronomist, Bonka Research Station,; ERADS, Baldoa.
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used in this euperiment. The chemicals were applied at different
rates: below recommended rates, recommended rates, and above
recommended rates.

Each chemical and its rates were analyzed separately. A 959%
confidence interval of the rates and cultivars for each chemical was
calculated using the mean square error of the control tests and was
compared with the increments that the treatments provided. If the rate
increment yielded higher than the upper confidence interval, then it
was conlcuded that at a 253% confidence level, the rate gave a higher
germination percentage than the controls. If the rate increment was
less than the lower confidence interval, it was concluded that the
rate gave a germination percentage lower than the control germination
at a 99%4 confidence interval. :

. Results and Discussion

{i) BRenlate treatments: The analysis of variance of the germination
increments that Benlate (systemic fungicide) provided suggest that
there were both rate and cultivar differences at the .03 level of
significance. The first three rates used (0.25, 0.3, 1.0 g.kg—* of
seed) gave significantly higher increments of germination to the
cultivars at the .05 level, but when the fifth rate (2.0 g.bkg * of
seed) was applied, there was no significant increment (Table 1). This
can be attributed to the phytotoxicity at the level of chemical used,
even though it did not indicate a lower increment than the upper
confidence interval.

Table 1. Germination increments relative to the control mean
germinations af nine cultivars of sorghum provided by the
application of 5 different concentrations of Benlate
{chemical 1).

Cultivar X Y% Germination Rates of HEenlate X
of Controls i 2 = ) 5 (. FH~1.04)%=
& 59,50 G T N | 1.03 110 Q.99 1.0%a
g 2. 20 1.19  1.0% 1.24 1.04 1.10a
1 L. EH 1.27 1.27  1.1% 1.003 1,190
2 &£8.89 1.08 1.12 1.07 1.01 . e
4 TELE 0.6 1.08 1.11 .13 1,07 1.08a
5 74, &G L.OF% L0 1.04 1.09 1.07 1.05a
9 7. 44 L9 1.07  1.08 1.11% i.01 1.07a
7 81.0% 1.4 1,03 1.04 1.04 1,07 1.053a
i 82. &H4 1.04 1.06 1.0F 1.0&6 1,05 1.058a
{371, 032)> X 1.10a 1.0%9a 1.0%a 1.07abl.04b

Means of rates or cultivars followed by the samse lettsar do not
differ significantly From sach obther at the .05 level (LE0).

1. PO contidence interval for rates.

2. 95% confidence interval for cultivars.
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The cultivars that had cantrol mean germinations lower than 70%
indicated the highest increments in germinastion when Benlate was used.
Also, the cultivars with control mean germination lower than 70%
provided little or no increments at all when the fifth rate was used.
It can be concluded that these cultivars showed mora2 reduction in
pnermination increment tharn the cultivars with control mean
germinations of above 80% at the Sth rate. Similar results wers
concluded from the work done by Ellis, et al (15735 and Mengistn, et
al (1974 on sovbean seeds. )

{ii) Captan treatments: The analvsis of variance of the germination
increments that Captan (seed protectant fungicide? provided indicate
that rates were not different at the .05 level of significance, but
there was a cultivar difference at that same level. Rate 5 (2.4 g

AT kg of seed) was the only rate that provided a higher mean
increment than the upper confidence interval, but it was not
statistically significant (Table 2). When the fourth (3.25 g A.I./kg
of seed) and fifth (3.90 g A.I.7/kg of seed) rates were used, there was
a substantial reduction of the increments that rate ¥ provided, which
can he attributed to the phytotoxicity of the chemical at the level
used.

Table Z. Germination increments relative to the control mean
germinations aof nine cultivars of sorghum provided by the
application of &6 different concentrations of Captan
{chemical 2.

Cultivar X %1 Germinat- Fates of Benlate X
ion of i 2 = 4 5 & (.96—1.04)%
Controls
& 59.590 1.01 1.03 1.00 0.94 1.04 1.02 1.01cd
& S 20 0.9% 0.79 1.15% 0.91 0.87 .95 O.935a
1 HE.2 0.90 1.03 1.13 1.07 1.03F 1,04 1.04de
Z &8, 89 Q.94 1.05 1.085 0.40 0.87 0.94 O.F6&ab
4 G 1.04 1.12 .95 1.11 1.07  1.10 1.07e
b 74.60 .08 1.10 1.07 1.06 1.04 1.03 1. 0be
? VAT 101 0.92 1.02 0.9 0.98 1.05 . 99bc
7 81.03 1.907 1.06 1.06 1.05 1.G4 1.05 1.06e
i g2.64 1.04 1,08 1.035 1.10 1.04 1.08 1.07e
(7103 X 1.00 1,02 1.0&6 1.01 1.00 1.03

Means of rates or cultivars followed by the same letter do not
differ significantly from each other at the .05 level (LSD).

1. 9284 confidence interval for rates.

2. 934 confidence interval for cultivars.

On the other hand, like Benlate, Captan was more phytotoxic ta
the cultivars that had low control mean germinations. Unlike Benlate,
Captan applied to those cultivars did not result in large increments
of germination.
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(iii) Vitavan—34 treatments: The analvsis of variance on the
increment data of vitavax—34 (systemic fungicide) revealed that there
was both a rate and cultivar difference at the .001 level of
significance. The third rate used (2.6 g.kg™?* of ssed) indicated a
significantly higher increment than both the upper confidence interval
and the other rates (Table 3). There was a decrease in increment when
the fourth (3,25 g.kg?* of seed) and fifth (3,90 g.kg?* aof seed) rates
were used, suggesting that the higher rates were phytotoxic., The sisth
rate (4.9 g.kg—* aof seed) gave a slightly higher increment than the
prior two rates for which an explanation is not available at the
present time.

Table 3. Bermination increments relative to the control mean
germinations of nine cultivars of sorghum provided by the
application of 7 different concentrations of Vitavax-34
ichemical 3).

Cultivar X % Rates of Vitavax-34 ¢
Germination 1 = E 4 b 6 7 {.B6~1.04)=

of Controls

& 59.50 1.03 .74 1.13 0.94 1.03 1,15 G.93 3. 93ab
a G20 1.12 0.97 1,086 0.97 G,.98 1.10 (.04 1.03cd
1 XL 29 .96 0,923 1.18 1.08 .96 1.01 O.94 1.01iba
z &8.89 0,96 0,95 1.08 .99 .85 0.98 0. .81 0. Fha
4 TELE 112 1.03 1.08 1.13 .95 1.01 1.07 1. 06d
=5 74,60 Q.99 0,98 1.02 1.01 0.97 1.03 1,05 i.2ibo
9 7?.64 100 0,97 1.11 1.03 0,97 1.07 1.07 1a03cd
7 81.03 104 1.0F% .01 1.04 1,01 1.03 1.05 1. 03
X 82. 64 1.02 1.07 1,10 1.64 1.3 1,06 1.064 1. 050
(B7-1.03)* X 1.03 Q.94 1.09 1.03 0,97 1,04 1,0G
b & < b & b ab

Means of rates or culiivars folliowed by the same letter do not
differ significantly from sach other at the .05 level (15D).

1. ?5% confidence interval for rates.

2. 9EL confidence interval for cultivars.

The cultivars with control mean germinations of abowve 70K
perforamed better than those with lowsr control mean germinations.
There were indications of decrease in increment in these culitivars
with control mean germinations of less than 704 when high vates of
vitavax-34 were used. Only cultivar 8 gave an increment in
garmination when Lthe sisth and sevenih rates were used, while it
indicaeted & decrease with the fouwth and f:4th rates. The specific
reaction which is different from the other cultivars witn Low cantrol
mean germinations could not be explained. This chemical was more
phytobtoxic to peoor guality seesds than to good guality sseds, which
agrees with the previocos chemicals.

{ivy  Mitavay-200FF (Mitavarx + Thivamiz The analysizs of variance on
the increment data implisd that there were bhoth rate anc cultivar
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differences at the .05 and 001 level of significance, respectivelv.
All seven rates of the chemical used gave higher increments comparad
to the upper contfidence interval for rates (Table 4. The second (2.34
g.kg™?* of seed!, third (3,12 g. kg™ of seed!, fourth (3.9 g.kg-?* of
gesd: and tiftth (4.9 g.kgr* of seedd) rates used gave good incraments
to the mean rate value of the nine cultivars., The fourth rate of the
chemical gave the highest increment even though it was not
etatistically different from rates 2, 2 angd 5,

Table 4., Germination ingrements relative to the control mean
germinations of nine cultivars of sorchum provided by the
apnlication of 7 different concentrations of VYitavay-200FF
{chemicsl 40 .

Cultivar X %4 Fates of Vitavas—200FF X
Germination 1 2 53 4 e & 7 (961, 04)=

af Controls

!
'
H
i
H
i

& 59 .50 1.18 1.26 1.21 1.31 1.29 1.18 1.14 1.3%e
a &L 20 1.14 1.19 1.12 1.24 1.419% 1.18 1.049 1.14cd
i &%, 28 .11 1.12 1215 1,14 1.12 1.15 (.14 1. 13bc
b &£8. 89 1.08 1.08 1.08 1.12 1.07 1.08 0.92 1.064a
4 7E3.354 0.96 1.10 - - - - - 1.03a
5 T4 b0 1.04 1.09 1.03 1.08 1.08 1.046 1.09 1.048a
9 79.64 1.06 111 1.1C 1.173 1.11 1.09 1.03 - 1.0%ab
7 81.03 1.08 1.02 1.11 1.07 1.09 0.99 1.02 1.05a
3 8. 64 1.06 1.08 1.97 1.11 1.09 1.01 0.99 1.0ba
(971,031 X 1.08 1,12 1.11 1.14 1,13 1.09 1.035

ab bocd bod c od abc a
Means of rates or cultivars followsed by the same letter do not
differ significantly from each other at the .05 level ((LSD).
1. 95% confidence interval for rates.
2. 994 confidence interval for cultivars.

Mean cultivar increments provided by the seven rates indicate
that all the cultivars vielded higher increments than the upper
confidence interval for the cultivars except cultiver 4, which was
treated only with rates 1 and 2 due to a shortage of seeds available.
The cultivars with low control mean germinations (&6, 8, 1), gave
higher increments than the rest when each rate of the chemical was
used. This agrees with the study done by Ellis et al (1978) on
soyhean seeds and also with Benlate treatments in this experiment.
Contrary to the results of Benlate, though, vitavar—-200FF produced
more phytotoxicity to good quality seeds rather than to poor quality
seards,

4. Bummary and Conclusions

Four seed treatment fungicides {(Benlate, Captan, Vitavax-34 and
Vitavar—-200FF), in varving concentrations, were applied to nine
sorghum cultivars., Benlate and Vitavax-200FF improved the germination
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of the sorghum cultivars better than Captan and Vitavax-34. Benlate
ang Vitavax-200FF also showed a lesser phytotoxicity to sorghum
cultivars than Captan and Vitavau-34 when high concentrations of the
chemicals were used. All four chemicals increased the germination of
the cultivars that had control mean germinations less than 704 to a
greater degree than the cultivars with mean control germinations
higher than 70%. Alsa, the cultivars with mean control germinations
less than 70% showed more phytotoxicity than the others when high
rates of Benlate, Captan and Vitavar-34 were used. On the contrary,
Vitavaxr—-200FF did not cause lower germinations in the cultivars with
control mean germinations less than 70% but in those with control mean
germinations above B0%. Vitavau-200FF at the concentration of 3.9
g.kg—* of seed gave the highest increment in germination.
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THE DRIFT SPRAYER WITH ROTARY ATOMIZER FOR BIRD CONTROL
Gerhard Redwanz#*

1. Introduction

The need for economical methods to prevent bird damages was the
reason to develop the "Ground Drift Spraver'". As experience in
Mortheast Nigeria and Niger demonstrated, the Ground Drift Sprayer can
replace aerial treatments which require much higher inputs in know-how
and money. It should be pointed out that the positive experiences
made with the Sprayer in the Sahel countries are not necessarily
applicable to other regions or bird pests other than the red-billed
weaver bird.

Frequently the control by aircrafts and sometimes by the ground
sprayers are not very economical to solve bird problems. And even the
total figures of bird damages are sometimes negligible in connection
with the whole economic system of a nation. But for the regional
policy it makes sense to use even relatively expensive bird
controlling methods to prevent the migration of concerned farmers.

2. The Ground Dritt Spraver

The main component units are:
1. one generator
2. one compressor (air)
3. one spray tank
4., one telescopic mast
9. one atomizer head

The operating principle of this unit is as follows:

The generator produces the electricity on a very high frequency,
more than 120 Hz, compared to normal electricity which has only S0 Hz.
This high frequency is necessary to produce the extremely high speed
of the atomizer head.

The compressor has to condense the air which is pressed in a tube
to the spray tank. The compressed air has the function to transfer
the avicide "fenthion’ (Cio HiwOx FSz) from the spray tank into the
atomizer head. Inside the atomizer is a perforated aluminium tube and
the chemical can penetrate through this perforation with its high
pressure. From there it clashes on the outer perforation with high
speed rotating the atomizer head and the avicide is expelled from
there into the surrounding air.

The high speed rotation in connection with the high pressure is
able to pulverize the oily chemical into small droplets (35 um). This
super fine droplet is needed to ensure that the spray stays air-borne,
like a fog bank for a sufficiently long time. Thermic and inversioan
layers lengthen the period in which the spray floats in the air.

Wind or non—-wind conditions endanger the success of the treatment
because with zero wind speed the products’ cloud will fall straight

¥ Agricultural Engineer, Bird Damage Frevention Froject, Flant
Frotection Department, Ministry of Agriculture, Mogadishu.
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down on the ground. High wind speeds have also fatal results because
there are not sufficient chemical particles per cubic meter floating

in the air, thus making sure that the birds have enough contact with

the avicide.

3. The exact survey of a roosting site or breeding colony of Guelea
birds

In the detailed survey information must be collected on the
following points:

F.l. Time of inflight is bird specific. But it is also influenced by
the number of birds at the site, the concentrations over a specific
unit area, the distances between the feeding grounds, the drinking
places and the roasting sites. Also the diversity of feed available
and the prevailing weather and daylight conditions influence the
inflight time.

Z.2. The inflight direction is influenced from the above mentioned
points and here particularly from scarce feeding grounds, which is
forcing the birds to search over widely scattered areas. In this
case, the swarms will return less dense and from varied directions to
the site.

3.%. The height of inflight is primarily species-specific. The
topography and the height of the vegetation in the vicinity of the
area are influencing factors.

3.4. The number and species of birds in a roosting site is calculated

by using both a "count-estimate method" and an exact observation
method of the incoming species in a roosting site.

Z.59. The prevailing wind direction during the time of spraying has to
be observed with a compass several days before treatment. It is also
important to check the wind direction immediately before treatment.

Z.4. The veqetation heiqht is closely related to the inflight height
of the birds in the site. The density and caomposition of the
vegetation are also important factors to the inflight behavior of the
red-billed Quelea. Rirds usually have a high inflight height whesn
descending to a roosting site with dense and heavy vegetation. In
lighter stands of vegetation they also fly in from the sides or below
the crown tops.

2.7, Main hird concentrations in the siter: Observing the intlight in
the evening does not usually suffice to localise places where birds
concentrate in the roost. Furthermore, movements within the site take
place for longer periods afer inflight, before the birds take up their
final resting space. A better indication of the main locations where
birds concentrate can be the observation of the fly-out in the morning
which is more direct, over a shorter period and with denser swarms.

If ground conditions allow, the site should be thoroughly surveyed on

foot.
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Z.8. Gize and shape of the site: The site can be measured exachly
using & prismatic amplitude compass, & directing pole and a topofil.
The mesasures obtained are transterred onto graph paper and an outline
sketch is obtained.

I+ the main inflight directions of the birds, the prevailing wind
direction at the time of the treatment and the specific bird
concentrations on the site are all entered into the sketch it becomes
a major decision making aid for the control operation.

4. Environmental aspects

It has to be noted that the environmental effects of the ground
drift sprayer are not negligible. Sometimes useful birds, small
mammals and some reptiles feed on treated and dying birds and they can
die too. Even domestic animals which graze in the area could be
atfected by the falling particles of the chemical.

However, the total consumption of 2 drift sprayers are bestween 10
and 20 1 of Fenthion. Treatments by aircrafts often use 10 times
higher amounts compared to the drift sprayers. Therefore, the ground
drift spraver is a good alternative to reduce unwelcomed environmental
etfects. '



CHAPTER FIVE

Ss0OCIO-ECONOMIC CONSIDERATIONS
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RESEARCH AND DEVELOPMENT:THE CASE OF THE BAY REGION

Abdi A. Mohamed (Batfo)r#*

1. Intraduction

The Bay Region is the most important dryland agriculture area in
the inter-riverine zone of Somalia. It covers an area of
approximately 40,000 sg. km. The economic importance of the region
for the country is reflected by the priority it is given in the
national development planning. The ongoing Bay Region Agricultural
Develapment Froiect (BRADF) was established in 1980 with the major
ohjectives of creating the physical infrastructure necessary for
increased agricultural output as well as conducting research on crop
production to enhance productivity.

This paper examines the role of agricultural research in the
overall development process, and discusses accordingly the problems of
and prospects foar agricultural research under the specific conditions
of the Bay Region.

2. The instrumental role of agricultural research in the overall
development process.

-y

2a Small farmer economics and the efficiency of traditional
agricul ture

The majority of the farmers in developing countries are small
farmers. They are in essence subsistence farmers whose main concern
is to secure adequate food for household consumption, and they are
only secondarily attracted to markets (Ruthenberg, 19307, This does
not mean that small farmers are completely self-sufficient and have no
connactions with the market. Their requirements for industrial items
and agricultural commodities not produced on the farm are met either
through either zelling part of their food praoduction or by producing
also a cash crop. On the other hand, many small farmers are trapped
in a chronic underproduction situation where the basic food
requirements are barely met.

The resources at the disposal of the small farmer are the two
components of the physical environment, land and water —-— i.e.
rainfall and/or irrigation --, and family labouwr (Holenberg, 1978).
Although the production systems resulting from the use of these
resouwrces are characterized by low productivity it is nevertheless
well recognised that the small farmer is an efficient producer in
allocating resources between enterprises and activities so that the
maximum benefits are derived from the farm as a whole (Mellor, 1967).

However , the economic efficiency gained by the small farmer does
not negate further improvement of the system; it simply indicates that
given the resources available in a traditional agriculture the small
farmer is aperating in the most rational manner utilizing each input

¥  Agronomist, Bonka Research Station, BRADF, Baidoa.
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at its optimum level with the best combination of resources. In other
words, given the low level of the technology they employ, farmers are
confronted with limited options, and by trial and error experience
accumul ated through generations they have developed production systems
which have low productivity but are stable and efficient.

In this sense, then, the small farmer is already doing a good job
and would need very little advice. But any changes in the esconomic
environment or level of technology affect the established efficiency
and create a need for adjustment. Indeed, the image of 2 traditional
agriculture that is static, both in economical and ecological terms,
is undergoing a change: involvement in market production is increasing
while population pressure is undermining the bases of some
ecolagically sound systems. At present, traditional agriculture faces
the difficult tasks of feeding an increasing rural population and of
accomadating the changing consumption habits of a fast growing urban
populatiaon. To meet these demands, the efficiency of traditional
agriculture has to be improved.

Efficiency is a term that denotese a relationship between input
and output in a given svstem and varies with different svystems
(Spedding, 1979). Thus, despite the foregoing discourse on the
efficient management of the small farmer it is evident that the
traditional agriculture of the developing countries is much less
productive than the modern agriculture of developed countries (Todaro,
1981). Comparing the two systems, Todarc (1981) reported that in 1980
only 73 million people were engaged in the agriculitural sector of the
developed countries and had produced commodities worth USF125 wmillion,
whereas a total agricultuwral population of 1,230 million in the
developing countries had generated a value of only US¥77 million.

From the biological point of view, although the conversion of the
photosynthetically active solar radiation into plant dry matter in the
tropics is potentially tweo to three times greater than the potential
in a temperate environment, the actual transformation shows a
performance value of just one tenth of that cbtzined in a2 tesperate
climate; fuwthermore, the proportions of dry matter converted into
ediblie parts are 30-54 per cent and 5-35 per cent for the advanced
agriculture in the temperate zones and traditional agriculture in the
tropics, respectively (Ruthenberg, 1980). Evidently, the low
progduction associated with traditional agriculture emanates from its
inability to realize what is potentially feasible with the application
of technological innovations, rather than from the use it makes of its
presently available resowces Mellor, 19703,

2.2 Transfter of technology

Most of the agricultural advances realized in the developed
countries have resulted from the application of science and technology
to farm problems. The use of fertilizers and pesticides, the
development of high-vielding varieties, and the provision of improved
irrigation technigues and efficient farm mechanization svstems have
created the basis for a highly productive agricultural system. The
total production of 17 maior crops in the US4, for srample, increased
from 2592 million tons in the period 193840 to 410 million tons in
1978-80. The 242 per cent increase was achieved with an increase of
just three per cent in the cropped area (Rorlaug, 198%.
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The need for the transfer of technology from the developed
countries is very obvious. The process is, however, comple}x and
requires critical evaluation and adaptation of the introduced
technology (Matlock, 1984). A vivid example of a technologically
surcessful transfer is the so called “"Green Revolution’ in which the
vield/hectare and total production of cereal crops in som2 devaloping
countries have been dramatically increased through the application of
technological innovations. In India, the production of whsat at the
time of the introduction of the high vielding varieties was 11 million
metiric tone with a national average vyield of under one ton per
hectare. By (981, almost 15 vears later, wheat production had
increased to %6.5 million metric tons, largely due to & 100 pesrcent
increase in the national average yield (Borlaug, 1983%).

2.3 The social dimsnsions of rtechnoloqical changes

Although Green Revolution packages have dramatically increased
the vields of several food crops, the technoloagical improvements have
been adopted mainly by large rather than small farmers (Adams, 1982).
The differential rates of adoption of the proposed technology among
the two grouns of farmers were determined by differences in their
socio-economic conditions (Andrew and Alvarez, 1982). Although the
high vielding varieties were scale-neutral in nature and could be used
in baoth large and small farms, the supplesmentary inputs required to
realize their potential vields were not, The additional costs imposed
by the new technology for acquiring fertilizers, pesticides and farm
machinary and for implementing proper irrigation systems reguired
financial commitments the small farmer could not aftford. Furthermore,
the small farmer did not have access to credit nor could he bear the
risk associated with the new technologies.

The reason why small farmers do not usually benefit from
agricultural develaopment programmes can be explained by the
development strategy underlying the programmes themselves. The
diffusion approach which is widely used in agricultuwral extension
programmes is a progressive—farmers strategy that gives pricrity to
the large farmers because of their responsiveness to innovations.
Although diffusion theory assumes that the benefits of a new
technology will ultimately trickle down to the least responsive ones,
i.2. the small farmers, there are several imperfections in the
diffusion model that undermine the validity of this proposition
(Roling et al, 19763 Adams 1982). In fact, the technologies developed
for divulgation suit well the needs and conditions of the large
farmers rather than the small ones. Even in the case of scale-neutral
technologies the messages that indirectly reach the small farmers are
distorted in the process of interpersonal communication. Also, due to
the policy of the extension bodies favouring the perpetuation of their
established links with the progressive farmers, technologies are often
channelled successively almost through the same network, hence
preventing the small farmers to ever catching up.

The diftusion approach, therefore, reinforces the autonomous
diffusion occurring within the existing socio-economic setup and aims
at promoting the efficiency of the most competitive producers
operating under the economic forces of the market. This development
objective was adopted by the now developed countries when they were
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undergoing the transitional phase of sconomic transformation to become
industrialized nations. Under those circumstances farmers who failed
to adapt themselves to the rapidly changing technelogical innovations
were doomed to bankruptcy and were forced to leave the rural areas to
join the growing industrial workforce. The uncritical application of
the diffusion approach to the conditions of the contemporary
developing nations is certainly ahistorical. In the developing
countries, the industrial sector is either almost non-existent or has
a limited capacity for growth to be able to absorb a considerable
number of farmers driven away from their land. In the absence of
these industrial opportunities, technological innovations that
discriminate against the majority of the farmers ~ i.e. the small
subsistence farmers — in favour of the few better-off ones simply
distort the development that is needed in the developing countries by
further aggravating the conditions of the ruwal poor and widening the
gap between the rich and the poor. The problem with the
progressive~farmer strategy is that it emphasizes the need for
econamic growth and pays little or no consideration to the gquestions
of equity in income distribution and social justice. Naturally this
is not an acceptable development strategy.

2.4 Appropriate technoloay from relevant research

After having experienced failures in the wrong direction of rapid
industrialization strategy, Third World countries have ultimately
recognized the fundamental role of agricultwe in their overall
national development. Also, since the 1970s, the agricultural reserch
policies in those countries have undergone changes shifting their
priorities from export crop problems to the more pressing ones of food
production.

The Greesn Revolution has demonstrated that impressive results in
vield and output of food crops can be obtained in Third World
countries by exploiting the world scientific and technological stocks,.
However, the high social and economic costs that were involved - i.e.
greater dependence on expensive imported inputs and increased social
digparity - have warned against the indiscriminate use of technology
and have underlined the need to search for alternatives (George,
1977). The most important lesson that agricultural scientists can
draw from the Green Revolution is that "isproved seeds cannot solve
the problems of unimproved farmers" (Owens and Shaw, 1974). The
improvement of the farming community as & whole is, thus, today the
dominant issue in the develapment thinking.

The general consent among researchers is theat to be effective in
raising the productive capacity of the small farmers as well as
improving their living standards, proposed technologies should be
appropriate to the conditions of these small-scale producers. Matlock
(1984) gives perhaps the most comprehensive definition of an
appropriate technology as "one which meets the perceived needs or
desires; makes fullest possible use of locally available resources for
construction, aperation and maintenance; minimizes secondary problsms
of environmental degradation (pollution and depletion of rescuces)g
and is compatible with the social, pelitical and economic constraints
of both men and women users and their community®.
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Accarding to Greenland (1973 the problem of appraopriate
technology is mostly one of creating new technologies rather than just
a transfer of existing ones from the advanced agriculture of the
developed countries. For the small farmer in the humid tropics, where
s0il erosion is also a problem, he proposes a mixtwe of modern and
improved traditional technologies: (1) rero tillage; (2) improved
varieties for mixed crops; (3) phosphorus fertilizer; (4) legumes of
high nitrogen fining capacity; and (5) ash or mulch of deep-rooted
species to control acidity, where lime application is not feasible.

On the other hand the development of the semi-arid tropics
requires not only careful management of technology, but also social
and cultural adjustments to meet futuwre needs of populations living in
the area (Bowden, 1979). On the development of the semi-arid regions
of Africa, for instance, Jones (1985) concluded that "Any ‘green
revolution’ .... will come, not as a result of a wonder package of new
seed and list of infallible instructions but, slowly, by gradual
improvements on a broad front". The major challenge to research in
semi—arid environments is to find methods of soil and water
conservation that increase the presently low rainfall-use-efficiency
obtained in most of the existing farming systems (Thorne and Thorne,
1979 Jones, 1985%.

Given the meagre amount of resources allocated to agricultural
research in the developing countries, the question of efficient
utilization of these resowces in the search for appropriate
techneology is of considerable importance. The judgement on the
appropriatensess of a technology lies ultimately with the farmers, and
they express this through adoption or non—adoption of the proposed
innovations. 0One important factor, other than suitability to the
physical environment, that determines the adoption of a research
developed technology by small farmers is 1ts ability to match with
needs, objectives and resources.

The importance of the involvement of the small farmers in the
research process, from early stages of prablem diagnaosis up to the
final stages of technology evaluation, is nowadays being increasingly
appreciated by the scientific community (Matlon et al, 1984). The
classical approach to technology generation which has been adopted by
mast agricultural research institutions is that researchers identify
farmers’ problems and undertake studies to find solutions, while the
extension people are left with the task of persuading farmers to apply
research recommendations. The shortcoming of this approach is that it
ignores the value of the participation of the potential users in the
process of technology creation.

Lundgren and Raintree (1983) eMpose the irrationality implied by
the top-down research model:

"The answer of many researchers, that they ‘already know what the
problems are’ without having to bother with the complications of a
formal diagnostic procedure, is analogous to a doctor ‘s making either
the patently absurd assumption that all patients are the same, or his
claiming arrogantly that a well-trained practitioner is able to treat
patients without recouwrse to examination."
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2.5 The ‘ideal’ resesarch model {for developing countries

Several alternative methods, aimed at ensuring more active
involvement of the farmers in the research process, have been emploved
as alternative to the conventional top down madel. However, saome of
them, too, suffer from the same major defect as the top-down approach:
lack of research attention specifically directed to the solution of
the problems of the resource—-poor subsistence farmers (Chambers,
1985) .,

The ideal model for agricultural research in developing countries
would, probably, be the one termed by Chambers (198%5) as
‘Farmer—-First—-and-Last’ (FFLLY. The following discussion is based on
the ideas expressed by the author in his article "Agricultural
Research for Resouwrce-Foor Farmers: The Fermer-First-—and-Last Model®,

The FFL model is in a developmental phase, but the application of
its prototypes under various circumstances in several countries have
shown promise. The distinguishing characteristics of the FFL model,
grouped according to the stage of research process they belong to, are
as follows:

(i) Appraisal stage:

- rapid and cost-effective appraisal

-~ haolistic view of the farming systems
tincluding household and its needs)

- learning from farmers

- multi-disciplinary spproach and genuine dialogue

{(ii) Research and development (R%D) stage:

- on—farm and with-farm R&D

~  experiment-station-hased research and scientists as a
supporting system providing consultancy

(iii) Technology evaluation stage:

-~ adoption by the +armers as criteria for evaluation

The comparisons between the conventional research model,
denominated by Chambers (1985) as Transter of Technology (TOT), and
the new approach, FFL, (Tables 1 and 2) show how research, in the
context of the latter model, is viewed as mesns for the development of
the majority really in need, rather than for just a small group. The
FFL model links research to the real world of the small-scale
producers and avoids research that is undertaken in isolation from the
farming system.

The cornerstone of the FFL model is its commitment to assuring
that researchers are not engaged in answering wrong guestions. To
avoid that undesirable situation it proposes to consider small farmers
not Jjust as a “target group’, but as valuable research partners who
have also the right to actively participsate in their own development.
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Congtragsts in learning and Location

TOT

Research priuritiea and
conduct determined
mainly by

Crucial learning is
that of

Role of farmer

Kole of scientist

Main R and D
location

Fhysical features of
R and D mainly
determined by

Mon—-adoption of
innovations explained
by

Evaluatian

Needs, problems, per-
ceptions and environ—
ment of scientists

Farmers from
goientists

‘Reneficiary’

Generator of
technology

Experiment station,
laboratory, glass-—
house

Scientists’ needs and
preferences, including
statistices and
experimental designg;
Research station
resources

Failure of farmer to
learn from scientist;
Farm—level constraints

By publications;
By scientists’ peers

FFL

Nesds, problems, per-
ceptions and environ-—
ment of farmers

Scientists from
+armers

Client and
professional
colleagus

Consultant and
collaborator

Farmers® fields and
conditions

Farmers needs and
prefarences

Failure of scientist
to learn from farmer;
Research station
constraints

By adoption;g
By farmers
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Source: Chambers (198%)
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Process of Activities and Their Location
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Resource—rich 1
conditions 1

Resouwrce—-poor
conditions

Resource—-rich
conditions

1

1

Resource-poor
conditions
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Scientists 1
define problemsl
and 1
opportunities 1
1 1

1 1
On—-station 1
research 1
1 1

1 i

New high- 1
yvielding 1
technology 1
1 i

1 1
Demonstrations 1
and testing 1
on-—farm 1
1 1

1 1
Other 1
resource~-rich 1
farmers 1
i

Resaource—poor
farmers

Scientists
learn about
farm ftamilies’
needs,
resources and
priorities

1

1

l1Jdoint detinition

1
1
1
1

On—-station referral 1

of problems

Resource-rvich
farmers

v sau st s sav sore st 1

fowd  fet ot fad Bt et bemd s Dd

of problems and
opportunities
1
1
On—farm with
farmer R and D
1
1
Farmers test
and svaluate
1
Dther
FRSOUCe-noor
farmers

Souwrce:

Chambers

(1985%)
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He Case Study: The RBav Region

I | Introduction to the reqion’'s agriculture

Dryvland farming, defined as the growing of craps and/or rearing
livestock under limited availability of rainfall (Bowden, 19793 Arnon,
197%)a, is the exclusive form of agriculture in the Bay Region, axcept
for BRaidoa district where an area of 100 ha is under irrigation
(Hunting Technical Services, 1982). The dominant feature aof the
economy is semi-nomadism characterized by mixed farming systems with
distinct enterprises of crop and livestock production. Most of the
rural population pursue both activities concomitantly, while only &

few households can he classified as pure farmers or pure nomads. The
Bay Region is heavily rural in character: the rural population makes
up 23 per cent of the estimated 440,000 inhabitants of the region

(Hunting Technical Services, 1982).

0+f the region’'s total area of 4 million hectares, only about 15
per centis suitable for dryland crop production whereas the rest is
utilized for natural grazing (Hunting Technical Services, 1282).
Given the estimated total cropped area of about 134,000 hectares
(Ministero dell "Agricoltura, 19279), it would appear that approximately
75 percent of the potentially cultivable land is still unexploited for
crop production. However, the realistic potential for expansion of
the currently cropped land is considered by some people to be just
half of the above stated value (Hunting Technical Services, 1982).
The limitations on the utilization of these areas for cropping
purposes are generally imposed by low rainfall regimes, but more
importantly by constraints on permanent settlement - i.e. lack of
water supply for domestic and animal use.

The total number of livestock has been estimated to be about 1.02
million animals consisting of 31 per cent camels, 30 per cent cattle
and 34 per cent goats (Hunting Technical Services, 1982).

-

.2 Thirtv—four vears of research and extension

The region’'s Bonka Research Station was founded in 1952 (Worzella
and Musson, 1934). The fragmentary nature of the available
information on its activities since then makes it difficult to
undertake a thorough critical research review. From the few available
documents, however, it is possible to draw a historical sketch of the
agricultural development efforts in the region. The periodization of
the history of research and extension projects in the Bay Region
(Table 3), based on the operational periods of the implementing
bodies, helps to reveal several important points.

First, no systematically organized research activities were
conducted before Bonka Research Station was rehabilitated under BRADF
management in 1981. The period prior to 1981 can be subdivided into
two categories: (1) periods (1932-60 and 1976-80) in which research
existed as a separate institution and (2) periods (1926062 and
1963-70) in which research activities constituted a secondary task of
an extension scheme. The information on the initial activities of the
Bonka Research Station during 1282-60 is scarce, while the 1976-80
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period, when the research station next regained its autonomy, can be
considered a very unproductive one.

Table 3: Research and Extention Projects during 1952-1981 and Their
Main Activities.

1952-1960

19541960

1960-19635

1963-1970

19701973

o gt

MOA

— Establishment of BRonka
Research Station

- varietal adaptation of
sorghum and millet

- crop rotation and fallow
systems

- new crops: cotton,
peanuts, saybean and
agava fibre plant

AFIS — Foundation of
Bonka Farmers’
Training Center

- oaxen training
for plowing and
raw-planting

No available information MOA — oxen training
- distribution aof
oxen drawn
implements (plaws
and cultivatars)
and seeds

tUniversity of Wyoming

MOA

Research and extension institutions merged together
ta form Farmers’ Training and Demonstration Center
demonstration trials on the effect of animal
manure, green manure, commercial fertilizers

and fallowing.

observation trials on cultural practices and vields
of sorghum

distribution of improved seeds of sorchum, peanuts,
cowpeas and mungheans

distribution of eggs for hatching of improved

poul try breeds (Rhode Island Red)

Mo trials or extension activities were carried
out
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Continuation of Table 3.

1976-1980 1 ARI — Center reshabilitated OO - No
1 thirough FAQD/ZLNDF extension worl
1 Froject
1 - very little research
i work accomplished
19791111 1 AFMETY
present 1 ~ animal training
1 -~ an—farm and centre-
1 based demonstration
1 and trials (row-
1 planting, inter-
1 cropping, use of
1 animal power)
i -~ distribution of
1 improved seeds
1
1981-ti11l 1 BRADP: Experiments on:
present 1 -~ soarghum impraovement
1 - fertilizers
1 -~ entomoalogy
1 ~ fallowing
1 - ail and legume crops
1 ~ intercropping
1 -~ forage
1 ~ animal traction

S ekl B S S BEAOD SO WA S sl ot S RS D SOUD 1AL S0 Eroa ey S bl S S Wbrad BAARD S et sy S U S S . e Mot oot L 1enh WA W SH B Bndem S04 s P At WA o Ao Tbrmt bt o o NS A AN RS M T e AT TP YA SAUHE W 53 Ao s

Sources: Worzella and Musson (1954); Hoffarth (1964); Ali Hussen et
al (19464)
University of Wyoming (1968): Hunting Technical Services
(1982)
Notes: AFIS (Amministrazione Fiduciaria Italienne delle Somalia)
MOA  (Ministry of Agricultuwre)
ART  {(Agricultural Research Institute)

Most of the trials carried out before 1981 were set up for
demonstration puwrposes rather than for experimentation and hence are
of limited scientific value. For instance in the Dayr of 1963
{Hoftarth, 1964) only one out of almost ten trials conducted had
replications at all. S8Similarly, only one in nine trials during the
Deyr 1968 season had a replicated design (University of Wyoming,
1968). This would mean that only ten per cent of the trials in these
periods were designed to produce useful information on the problems
under study.

Second, the emphasis on extension activities rather than on
research reflects the tendency that prevailed in the agricultural
development thinking in the 19850s and 1%260s. The major issue at the
time was to demonstrate to the farmers the beneficial effects of some
agricultural technigues assumed to be undisputedly superior to the
traditional ones. Thus, rigorous experimental works seem to have been
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considered avoidable if not unjustifiable during those early stages of
technology transfer.

Third, the establishment of successive unrelated projects,
financed and implemented through foreign technical assistance, have
diverted attention from the need to build up the institutional
foundations of the Bonka Research Station in terms of cadre
preparation and formulation of long—-term research plans.

3.3 Reasons for lack of success

Despite the large investment in extension activities and the
formerly limited and presently intensified research efforts,
traditional sorghum production techniques and the cropping systems in
the Bay Region remain unaffected. The proper identification of the
factors that have obstructed the adoption and diffusion of the
proposed innovations — i.e. row-planting, legume-sorghum rotation, ox
cultivation, and introduced sorghum lines — is very essential for the
formulation of correct research and extension policies in the future.

Generally, the lack of acceptance of a proposed technology by the
farming community may be attributed to any of three possible causes or
combinations of them: (1) farmers’ reluctance to change, (27 a weak

tension system, or (3 the inappropriateness of the technaology
itsel+f. It is my contention that the lack of research and extension.
impacts on the farmers’ production in the region is mainly due to the
absence of convincing improved technigues produced by ressarch, rather
than to either poor extension work in reaching the farmers or to the
farmers’ resistance to change.

Although the process of change is uwsually marked by reluctance in
the early stages, farmers, in the end, tend to adopt those
technologies that fit their needs and production objectives well. The
activities of the Bonka Farmers’' Training center over the past thirty
vears indicate that a considerable number of the region’s farmers have
heen exposed to the thinking and technical messages endarsed by the

wtension institution. Therefore, if the farmers bhave not absorbed
the recommended technigues this might well be interpreted as their
conscious response towards technologies that have not appealed to
their needs. .

A close erxamination of the comparisons between supected reasons

far the adoption of the proaposed technologies and probable

¥planations for farmers’ reluctance to accept them (Table 4) suggest
that the ‘innovations’ already presented to the farmers are unfinished
products of research which require further reftinements. &nd this,
‘perhaps, explains why technologies that are apparently ‘appropriate’ -
i.e. simple and affordable — have failed to attract the interest of
the small farmers in the region.

The brief historical analysis of past research projects in the
Bay Region shaows that due to the short span of life of each individual
project, the studies undertaken apperently were not properly designed
to produce conclusive data. In fact, the existence of these projects
and separate unrelated entities have hindered the institoutiornal
development of the Honka Research Station, leading to inadeguate
research plans within esach project and lack of follow-up across
prajiscts, The other important factor that has contributed to lack of
meaningful results from past research and extension effoarts ig the
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Table 4: Comparisons between claimed advantages of promoted
technologies and probable reasons for farmers’
digsatifaction with them.

Reasons for Frobable reasons for
Technologies promotion lack of adoption
(Farmers ' questions)

(1) Introduced sorghum -~ Yield superiority ~ Alwaye?
lines (Dabar and compared to local - Storage
GRR-148) varieties characteristicsg?
(2) Row-planting - Allows better wesad - Labour requirements
control and use at sowing®
of agro-chemicals - Ease compared to

random planting?

- I+ no agro-chemicals
are used and farm is
salaax <’

—
e}
-

Ox cultivation - Labour saving, - Economics?
ease drudgery work, - salaay farms?
better weed control
and increased food
production

(4) Legume/Sorghum - Improve soil ~ Compatibility of the
rotation fertility as well legume sole cropping
as human diet with the farming
system?
- Brain legumes’
storage

characteristics?

(5) Legume/Sarghum - same as above — Sorghum yield in
intercropping intercropping
campared to yield in
traditional mixtures?
- Optimum sorghum:
legume proportions?

<1’ Weed—-free condition
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choice of the top-—down model adopted for both activities. This
approach opts for dictating isprovements to farmers regarding their
production technigques and hence their own livelihood, rather than
learning from them in arder to develop together techniques that thay
can really afford to adopt.

Z.4 Loocking ahead

Agricultural research plays an important role in fostering the
rate of agricultural develapment in developing countries. It is,
however , unreasonahle to expect that “faith in science’ alone wouwld be
sufficient to justify research undertakings. Planning and programming
of agricultuwral research is indispensable to achieving an efficient
utilization of the limited resources allocated for research {Arnon,
1975)b.

In consideration of past shortcomings of the Bonka Resesrch
Station, the following proposals can be made to improve the
resource-use efficiency at the research station:

(1} Formulate a clearly stated and officially documented research
policy of the institution. This requires a defination of the
aorganization’'s research goals and the research areas rqulred
{frnon, 1975)bG.

(2) Establish a well-defined plan with proper articulation between
its component programmes. Here a balance between short—term
programmes, reflecting the immediate needs of the farmers, and
the long-term ones, that respond to the national requirements, is
essential. in this regard, the igprovement of the traditional
techniques should be given a top priority; the obiective should
be small, incremental and sustainable changes rather than grest
technalogical leaps away from the preasent faraing svyshtem.

(3 Adopt a Farming Bystems Resesrch approach,.  Much more emphasis
needs to be placed on the identification of farmers’ felt needs
and the development of appropriate technologies with the
collahoration of farmers.

(4) BRADF should improve the Bonka Research Station not only as a
research organization that has to serve the project dwing 1ts
short life span, but aleo as a station that has to develop into
anrn indipendent dryland research institution in the future.

References

1. Adams, M.E. (1982)., Agricultuwal Extension in developing
countries. Longman, Singapore.

2. Alil Hussen; Abdullahi M. Jumale and Clayviton, L.0. (1%2464). History
and developmnsnt. BRonka Farmers’ Training Center, Baidoa.

Z.  Andrew, C.0. and Alvarez, J. (1982, Adoption of agricultural
technology: developments in agro-socio-economic thooght, Social and
Economic Studies, Vol. 31, pp 171-189.

4. HArnon, I. (1975)a. Physiological principles of drvland crop
production. In: Gupta, U.S., ed. FPhysiological aspects of drvland
farming. Ouford and IBH, New Delhi.


scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier


- 124 -

5. Arnon, I. (1975b. The planning and programming of agricultural
research. FAl, Rome.

4. Borlaug, NJE. (198%). Plant breeding and world food production.
7. Bowden, L. (1279). Development of present Dryland Farming
systems. IntHall, A.E., Cannell, G.H., and Lawton, H.W.. eds,
Agriculture in semi-arid environments. Soringer-Verlag Berlin
Heidelberg, Germany.

8. Chambers, K. (178%). Agricultural research for resourcs-poot
farmers: the Farmer-First-and-Last Model, Agricultural
Administration, Vol. 20, pp 1-30,

G, fGeorge, 9. (1977). How the other half dies. The real reasons for
World hunger. Cox and Wyman, Great Britain.

10, Greenland, D.J. (1975 . Bringing the Green Revolution to the
shifting cultivator. Science, Vol. 190, pp 841-844,

11. Hoffarth, F.l. (1964). Crop ftrial results. Bonka Farmers
Training Center, Baidoa.

12, Holnberg, J. (1278)). Monitoring and evaluation of rural

devel gpment projects and programmes assisted by FAO. FAOD, Rome.

1%, Hunting Technical Services (1982). Hay Region Agricul tural
Development Project: Main Report. Herts, England.

14, Jones, M.d. (1585, Conservation systems and crop production,
FPapar presented at the Agricultural Development in Drought-Prone
Africa Conference, September 13, Tropical Agricultuwral Association,
United Kingdom.

15, tundgren, H. and Raintree, J.E. {1982). In: Nestel, B., ed.,
Agricultural research for development: potentials and challenges in
Asia. TENAR, Hague.

16, Matlock, W.G. (1984). Problems and solutions in agriculturasl
technalogy change or transter. International Journal {for Development
Studies, VYol. 2, pp 93-105.

i7. Matlon, F; Cantrell, R.3; ¥ing, D: and Micheal Benoit-Cattin.
{(1984) . Coming full circle. Farmers’ participation in development of
technology. IDRC, Ottawa.

i8. Mellor, J.W. (1967). Towards a theory of agricultural
development. In:Southworth, H.M. and Johnstones, B., eds, Agricultural
development and economic growth. Cornell tniversity FPress, New York.
19. M™Mello-, J.W. (1970). The subsistence farmer in traditional
economics. In: Wharton, C.R., ed, Subsistence agriculture and economic
development. Franc Class and Co. Ltd.

20. Ministero dell "Agricoltura (1978). bBtatistiche agricole.
Dipartimento Pianificazione e Statistiche, Mogadiscio.

21i. {Owens, E. and Shaw, R. {1974). Development recondisered:
bridging the gap between Government and the people. Lexington Boolks.
22« Folling, N.G.s Ascroft, J.; and Fred Wa Ehege {(1974). The
diffusion of innovations and the issue of equity in ruwal development.
In: Rogers, E.M.. ed, Communications and development. 5Hage
Fublications, Inc., USAH.

2%. Ruthenberg, H. (1980). Farming systems in the tropics. Oxford
University Press, Great Britain.

24. Spedding, C.R.W. (1979). Agricultural Systems. Applied Science
Fublishers, England.

25. Todaro, M.P. (1981). Economic development in the Third World.
Longman, New Yark.


scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier


- 125 -

26. Thorne, D.W. and Thorne, M.D. ({279}, Goil, water and crop
production. Avi FPublishing Company, USA.,

27. University of Wyoming (1968). Semi-annual Report {(June -
December) . Mogadishu, Somalia.

28. Worzella, W.W. and Musson, A.L. (1954). Froposed program for
agricultural technical assistance for Somalia. USA Operations Mission
to Somalia, Rome.



FLANNING ON-FARM RESEARCH WITH FARMING SYSTEMS PERSPECTIVE
Michael Y. Boateng and R.L. Smith#

1. Introduction

Somalia Agricultural Extension Training and Farm Management
Froject is one of the several projects which turned to On-Farm
Research with Farming Systems Perspective (FSF) towards the end of its
life. The project had 2 vears to go when it was rewritten to have FS
flavor/component. It should be mentioned that at the beginning the
project was Extension and Training and had no FS element in it. A
Farming Systems Economist was added to the team just about 18 months
baefore the project was to expire. With a very cooperative chief of
party and a very progressive agronomist, the Farming Systems economist
was able to function effectively towards the recommended goal.

tInderstanding Farming Systems prevailing in & particular
environment may be necessary but not sufficient condition to design an
effective intervention for addressing small farmers’ problems.
Designing an appropriate intervention and suggesting alternatives need
technical experience and ingenuity. There are several approaches to
addressing the same problem but determining which of the approaches
can best address & problem is an art. '

In order to understand the Farming System prevailing at the
target area, the FS specialist, with the help of the other fteam
members, first, conducted an exploratory survey. The analvsis
reveal ed several pertinent farmers’ problems and farming systems in
the survey area. The target area wag classified into three
recommendation domains — traditional, transitional, and improved
stages (Appendix 2.1). There were unique practices associated with
gach domain., For sexample, the traditional stage used local seeds and
practised intercropping and random planting. The transitional stage
used some improved seeds and practised some row planting. The
improved stage practised row planting, used some improved seeds and
applied some chemicals such as fertilizer and insecticides {(Appendix
1.

Farmers' ' problems were ranked and classified into endogencous and
exagencous. The endogenous problems were those within the control of
the researcher, such as labour at weeding time, pest problems, etc.,
and the exogenous ones were those outside the control of the
resgarcher, for example lack of fuel, lack of rainfall, etc. The
agronomist developed siople interventions based on the survey results
at the Extension Training Centers to address some of the problems.
Such trials as irrigation, weeding, stalkborer control and fertilicer
were gstablished at the Extension Training Centers (ETCs). These
triale served three paposes:

# Dr. Michael Boateng is the Farming Systems Egmnomist of the Utah
State University (USW) Team in Somalia; Dr. R.L. Smith is USU faculty
member and Agronomist of the USU Team in Somalia.
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1. As interventions to farmers’ problems.

2. As practical training grounds for the training of the Field
Extension Agents (FEAs).

2. As training for the Subject Matter Specialists (8MSs) in
experimental design.

There has always been a Seasonal Training designed for Regional
Extension Officers (REOs), Subject Matter Specialists (SMSs) and the
District Extension Officers (DEOs), at the beginning of every season.
Since the project was rewritten two seasons ago, the emphasis has been
problem solving with systems approach. At the training of Dayr 198%
farming systems approach to problem solving was the focus. The
proceduwre adopted during this training constitutes the main theme for
this paper. The first part considers Systems Approach to Froblem
Solving. It is followed by group presentation of different approaches
to the same problems and, then the plan of work.

2. Systems Approach to Froblem Solving

The field officers were informed of the date of the training and
were told to prepare reports on progress and problems of the previous
season as well as general problems. The training was scheduled +or
two weeks. After the opening ceremony, the REOs were given time to
read their reports. The REO and his subordinates formed a panel duwing
the presentation. Contributions were given and questions asked. A
summary of the problems was outlined on the chalkboard and recorded by
the participants. The reading and discussion of the reports took
about two days for six regions.

The Technical Assistants (TAs) listed all the problems reported
by the regions. Common problems were put together and non—comman ones
reserved for individualized attention. The next stage was to classify
the praoblems into exogenous and endogenous. The exogenous ones were
listed to be referred to the Froject Management Unit (PMU), which has
mandate with the Ministry of Agriculture. The common endogenous
problems were written on the chalkboard for attention. These problems
were associated with three main crops: maize (corn), sorghum, and
segame. Farticipants were divided into groups by regions. To each
regional group was assigned the crop(s) produced in its region, and
was asked to:

1. State the problem(s) in simple sentence(s).

2. State probable causes (here to the participants were
explained the difference between symptom and cause).

F. Suggest possible interventions (this took one day).

-

3. Group Fresentation

Group/regional presentations took two davys. Each group presented
its work and very interesting discussions ensued on relevance and
applicability of points raised. A summary for each discussions was
put down and suggestions offered by the TAs. The most common problem
identified by all the regions was "Labour at Weeding Time". Five main
interventions were suggested by the group, namely: row planting and
plant population, intercropping, timely weeding, use of herbicide, and
use of fertilizer.
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Explanations given to each suggested intervention wers as
follows:
(i} FRow planting and plant population: By planting in rows it would
be possible to ascertain the number of plants per field area and thus
an optimun plant density. It will also afford faster weeding =and
application of chemicals., This suggested intervention was mostly for
Transitional Stage domain as well as for some Traditional 5Stage
farmers. It alzso applied to maize and sorghum.
{ii) Intercropping: The idea here was that farmers would be taught
how to intercrop in rows at different patterns, for example, one row
of maize one row of legume, two rows of maize one row of legumes, or
the reverse, and two rows of maize two rows of legumes. The same
patterns were suggested for sorghum and sesame. The rationale for this
practice is that by intercropping, some space would be filled and the
legumes might spread and thus might reqguire only one or fewer
weeding(s)., Also, the legumes might replenish some nitrogen lost to
the grains. This practice was geared towards the Traditional Stage.
(111} Timeliness of Weeding: A4 season’'s trial at the ETCs showed
that the first weeding was critical and that two weedings were
requisite for a season’'s production.  The guestion was, "When should
the first weeding take place and thus the second weedinag¥". Different
times were suggested for the first and second weedings. This practice
was sugaested Ffor Transitional Stage and perhaps the Traditional
Stage domains.
{iv} Use of Herbicides: This intervention was not emphasized very
much because there has been very little or no study on the use of
herbicides in Somalia. Consequently it was suggssted that farmers who
monocropped and especially used fertilizer could be a good target for
such trials. This intervention was definitely meant for the Improved
Stage domain.
(v} Use of fertilizer: The idea is not to reduce labour costs or
costs for weeding. The suggestion by one group was that if the farmer
could increase his/her yvield by, say, a third, then he/she would
increase his/her income ~ all things being equal - and thus would be
in a position to afford labour or any weeding costs. This trial was
also geared towards the Improved domain.

4, Flan of Work

Aftter a1l corrections, contributions, and suggestions had been
made, each regional group was asked to use its work to prepare a plan
of work for the Season. Examples of the developed plan of work for
one region is appended (Appendix 2.2). A common data collection
proformat was developed for collecting agronomic and economic data in
the course of the trials (Appendix 2.3). All trials, intended for
farmer ‘s fields, were also to be established at the Extension Training
Centers (ETCz), to serve the three purposes mentioned earlier, and to
enable the SMSs to exercise closer control over them.

Gince the rewritten AFMET project concentrates mostly on twao
regions, the above plan would receive emphasis in those two regions.
The arrangeinent was that due to fewer TAz in the new proiject, the
Agronomist would be fully responsible for the trials at the ETUs with
the SMSs as his contact/delegate persons, and the Farming. Systems
Economist be in charge of triale on the farmers’ fields with the DEOs
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as his contact persons. It is intended that by the end of the
project, September 198&, the national staff should be able to identify
praoblems, develop possible causes, and suggest practical intervention
to the problems.
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AN INSTITUTIONAL BUILDING ADAFTIVE RESEARCH FROTOTYFE:
A CASE STUDY OF FARMING SYSTEMS RESEARCH/EXTENSION
TRAINING FOR THE BAY REGION, SOMALIA

long, G.; Beckstrand, G.; BDoateng, M.Y.3 and Smith, R...#%

i. Introduction

A continuing debete centers on which research-dissemnination model
should be used in Third World countries. Should we export owr very
successful experiment station gensration of technology that is
disseminated through extension, or is the farming system research
{FSR) perspective a better model? Those that prefer a model that
invalwves the farmer in defining the research and in testing and trial
veritication prefer the FBER model. The jeointly sponsored USAIE, World
Bank and African Development Fund Agricultuwal Farm Managemeant
Extension Training has been short of research and supervisory support
for the mandated Training and Visit System (T & V).xx

There iz increasing support for perticipatory involvement in
pffarts to maximize farm-family livelihood and gquality of life in
Third World countries. Top-down dissemination of technology often
faile for many reasons. For example, sustainability of practices,
after the inputs of donor intervention, requires commitment based upon
participation. Needs assessment of farm families are usually lacking.
Technology being transferved is generally not individuslized to
specific nesds of farm families, thus only accepted by the more
prograssive farmers. As usual then the subsistence farmers continue
to be forgotten. The application of the maximum participatory
involvement concept is vital for implementing effective agricultural
praograms in developing countries. Adaptive Research is developed and
utilized to the degree of Research/Extension/Farm Family correlation.
If any one of these groupings is slighted, breakdown of technology
transfer results.

It is most importent to understand that this maximum
participating involvement is not automatic but rather happens in
logical sequence., The normal and very natural procedure is identified
in the following diagram: ‘ :

Bl P RS ——

¥ Agricultural Education Specialist, Extension and Staff Development
Specialist, FSR Economist and Agronomist, respectively; Agricultural
Farm Management Extension Training, (AFMET), Afgoi.

** T & V methodology implemented in Somalia was very narrowly defined
as Top-down technology transfer, with no transition for Agent/Farm
Family input involvemsnt.


scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier


131 -

Model for Acceptance
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This illustration shows that some acceptance is genesrated by both
telling and selling but that a much greater amount of acceptance takes
place when people arse invalved. This implies that involvement should
be at &ll stages of program development - from needs asssessment
through adoption of technology. It also implies that, {for most
people, introduction of an ides or A pa articul ar -wcnnmiagv might
logically begin with telling or sell fg Ay exvtansion aethodology,
when utilizing this approach to ar ve Research developmant and
Technology Transfer, should be mo ?t Ffective., T & ¥V, as implamnsnted
in Somalia, emploved the first two stages but has never included the
third stage, thus creating a very stagnant programming envivonment.
For this reason the AFMET Froject has generally accepted the
programming conceptes included in Farming Svstems Ressarch/txtension
Ferepective (FSR/AEFY to reinforce the mandated T & V svstem.

The preliminary efforts by the AFMET stafd members for conducting
FER/EF was most encoursging.  For example, extension statd responseo
the Region, District and Villags levels was most positive. Uonducited
in selected villages, farm families responded guite E!th“ﬂlﬂwt1Cwlli
to surveys., District Extension Officsrs (DEO), sts and Field
Extension Agents FEA) and Farmers in selscted vxll,m:-_ collaborated
in conducting both verification trials (on-farm i trialse) and
recommended demonstrations to be wused for Foarmer 's Filield Dave.
Excallent agronomic data was collected by FL
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Lemoorary duty personnsel Bogriooal tuwral Boducestor and Exvteasion
Specialist) fto provide, with the ¢
a btraining waorkshop for the combined Bessarch and betansion statd
tha Basy Reglon.

.

LS

tancer of the USLH Projesct staf
£ ¢

for Training

:

Farming Bystems Researcoh/ bctension Perspective looks sl
technology development and technology transfer, from the pasrspacitive
of the Yarm family. Tdentified felt needs are considered az problems
and/or opportunities for program rasolvemsent.  Scme of the needs
become regearch problems.  Farming Systems Research studies the
contert within which fare families live and work. Therefore,
Extension liaison menbers of the team need 1o be trained to study not
Just the cropping and animal production systems, but more

specifically, fthe interrelstionships bhetweesn oropping and animal
systems and soclo-aconomic factors.

Extension i1s edpected to generate ferm—family perceilved
opportunitiss that suggest research either at tha Research Station, at
the BEducational Training Center (ETD)Y, or on farm. Receesrch designs
and conducts the on-station trials, sssists in designing and
ingtalling the ftrisle at the ETC and a2ssists E«tension in designing
the on-farm trials that are conductad by the ftarasr with close FEA
supervision. f particular problem might legically reguire testing at
any of the three levels., A trust relationship bestwsen the fare family
and FEA will inswre farm family commitment to the Research/Froblem
Salving team.

It was hoped that this training might overcome impediments
prasent in Somalia between Research and Extension. This was ssen to
be an institutional building process to promote tesmwork and trust
through productive experiencs.

A even more encompessing desired outcome of this training was to
stimulate an interest within the Central Agricultural Research Statiaon
Administration to become involved in this cooperative Institutionsl
B lding mode. If this were accomplished it was felt that the
hureacratic impediments between Resgarch and Extension would be
overcome. This experimental involvement, supported by sound Farming
Systems Research/Extension Ferspective theory, resulted in excellent
Research/Extension team building. Even before the two-wesk workshop
was completed, interest was expressed by the CARS Administrator to
conduct a similar workshop in the Lower Shebelle Region to develop
similar Research/Extension Institutional Building between CARE and
Extension. Net only are Extension and Research “ready" for this
relationship but private entities as well as other governmental
organizations/ institutions will be included as the “"perspective” mode
evolves.,

Prigr to thig training, programming emphasis has been directed
toward agronamic production. It was decided thal farm family members’
involvement with inter-—disciplinary interactions shouwld be taught. It
was also agreaed that FEREF training should include group pracess
theory and practice that builds social skills and probem solving
critical thinking skills. Participants need instruction Lo gaio an
appreciation for integrative decision making to include clearly stated
goels, positive use of canfrontation, de-emphasis of nagotiation and
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majority-minority impact on decision making and the generation of the
best solutions that logic and reasoning can derive through wide
participation ef the total group. The training was also designed to
have FSR/EPF support and reinforce the mandated T % V methodology ——
that FEA's would become more effective in technology transfer through
effective adaptive research development and dissemination.

FZ. The Training Frogram

The training program began with a presentation to the Research
and Extension participants by Dr. F. Buker, Director of the Bonka (Ray
Region) Research Station. He explained agronomic research and small
plot design and analysis. His presentation provided intraduction to
assignment of Extension participants to assist in harvesting research
plots. Research and Extension teams harvested plots from 8:00 a.m. to
11:00 a.m. on & of the 10 days of the Workshop. Farticipants were
sensitized to the need for accuracy of experimentation, sound plot
design, and procedures for data collection, analysis and subseqguent
recommendations ftor an—farm application.

The remainder of the schedule for each day, 11:30 a.m. to 1:00
p.m. and 3:30 to 6£:00 p.m., was devoted to the following topics:

1. Explanation of research (explained above:

. Explanation of Extension Services in Somalia

. Explanation of Farming Systems Research —-- linking Extension

to Research

4, Euplanation of why FSR/E

9. The approaches for FSR/E —- Interdisciplinary program
devel opment

6. Practicing Sondeo surveying with Role Flaving for effective
Agent-Farm Family interaction

7. Developing practical Sondeo using interdisciplinary approach

2. Conducting actual Sondeo. The Sondeo or rapid rural
reconnalssance was se2en to be of malior importsnce for this
workshop. Role plaving and practice resulted in participants
gaining skill and contidence in doing surveys and an initial
appreciation for systematic study to combat potential
erroneous assumptions and biases in interpreting farm
problems.
Small group problem solving was used to generate topice for
the swvey instrument and to analveze swyvey results.
Instructors observed group interaction and reinforced the
stages of group development that represent the individual
member movement from commitment to personal gozls to s
commitment to group goals.

Z. Identifying direction for a deteailed survey using
interdisciplinary approach

10, Freparing questionnaire using interdisciplinary approach

11. Practicing guestionnaire administration using role plaving

120 Actual administration of the guestionnaire

13, Buestionnaire analysis/Broup problem solving process

14. COreating awareness of use of the survey resuits by both
Research and Extension in developing appropriate technology
with the farmer--the "down-stream” approach

e r
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2. Recounting the process and suggoesting gaasibi@ constraints
16, Plannminmg and conducting suploratory su ey (Scnden? as a
portion of the 2-day Monthly Training of FEA ™=

Thie 10--day Workshop dirsctly preceeded the Z-dayvy Monthly
Training for FEA 3. In anticipation for using thess local FEA 3 o
murvey the villages within their responsibiiity, the Regional and
District Extension Officers, supported by the Hesserch stati. planned
for teaching Sondon the first S-howr day and supervised survey of &
naearty  village the second and final day of the Monthly Training. Thes
FEA = enjoved the experisnce and gained & better perspective of
farmers’ problens from the survey sxperience. Analysis of the data
collected was shared with all REQ's, Subliect Matter Specialists and
DEO s at the Annual Extension Training at AFMET.

48

The Resesrch and Extension participants gave a most positive
responss in their evaluation of the Workshop. They were asked to rate
the Workshop on a 10-point scale Yrom —9 to 45 for interest, take-home
value, and genesral effectiveness. They rated the Workshop from 3.9 to
4.4 with a mean of 4.0, Farticipants received & high rating for this

- g

progress toward a working understanding of FSR/EP.

S GUmmAary

Sufficient models =2xist to impsct positively on research
technology transfer in developing countries. There are many
Jimitations to the application of these appropriate models, often
beginning with turt protection of various groups, organizations and
institutions, The difficulty found in obteining cooperation among
these different entities often limits progress toward effective
technoloy development and transfer.

The effort to institutionalize cooperative relationships
between Ressarch and Extension in Somalia repressnts an attemplt to
foster teamwork at the grass roots level. The éAnnual Training was
conducted ssquentially for the Bay Region Bonka Research Station
{(Rainfed), and the AFMET Froiect, proceeding on the assumption that
Ressarch and Extension needed to establish a close working
relationship. Conditions were "right"” for this development to
succeed, For the past 18 months Research and Extension were seeking
ways to support each other to maxvimize the use of facilities and
program staff.  Through opportunistically using harvest time and
training schedule conflict to work as a Research-Extension team, a
positive first step was taken to build a sustainable cooperative
environment. While all purposes nof exploratory surveys for FSR/E were
not reached in this 10-day training, real progress was made. Both
Regearch and Extension staffs gained & working understanding of FSR/EF
programn development. Specifically they gained practice in developing
survey skills and a beginning understanding of the farm—~family problem
identification. Categorization into domains, useful for designing
intervention strategies, was internalirzed during plan of work
praparation.

A very signifticant epplication of this annual training for
District Extension Officers and Subject Matter Specialists was their
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subsequent two-day monthly training for FEA's. This was accomplishsd
by preparing them to teach Hondeo technigques to FEA's. The FEA's did

conduct Sondeos on the second day of their program. Preliminary
evaluation indicates that this transfer was most successful.

It is expected that this training, with appropriate follow-up,
will provide Research and Extension a means to madimize participatory
involvement of a total team effort in providing intervention {for
resol vement of farm—family problems. Heretofore, the T & V Extension
methodology has been top-down-—-—research to farmer approach, with
little concern for farmer-specific arientation and subsequent
participation in problem solving. -

This instructional program was planned and conducted s & step
towards development of a prototype that would also serve in the
development projects in other Third World countries.
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SEASONAL FRICE TRENDS AND MAREETING OF SORGHUM IN THE BAY REGION
Orhan Savagidegers

1. Introduction

A the main agricultural policy of Somalia is to becoms sels
sufficient in food grain praoduction, certainly szorghuam will play an
important role in achieving this goal. Among the measwes instituted
in the current plan which are expected to stimulate sorghum production
are an upward revision of producer oricss and devaluation of the
Bomali shilling.

However, in the Ray MHegion it is egually important to stabilize
the seasonal variakion of prices recelved by farmers in orgse to
reduce the risk they sre facing. Betler pricing mschanism and
stabilization of prices would, of cours be achisved through the

improvemasnt of the marketing structure of ths regilon. This paper
attempts to find out whether the recent government policies have made
any impact on price level, price stabilization and eventually on the

production level of sorghum.

2. Main Marbketing Institutions in the Bay Rogion

In 1971, ADD was given a monopoly powesr aver all trade in zorghum
and maize. ADC has established agents throughout the Bay Region for
the collection of grain and pavment to the farmer. The principal
ohiective of the ADD is to securs a faiv price to farmers and protect
them from seasonal fluctuation of pricves. Total storage capacity of
ADE exceeds 400,000 tons and they are located in the majior producing
areas aof the region!. The law enacted in 1971 gives ADLD a2 monopoly
power over the trade of sorghum and maize in Somalia. But after 1980,
ARG began to allow private traders to resume buying and selling
activities. The Fresidential circular of 9 August 1982 changed the
1971 law, allowing farmers to store grain and stating that farmers are
not obligated to sell grain to ADC.

Taday ARC plave a reduced role in buying and selling sorghum and
maize in the region. Farmers and private traders are selling grain
mostly at the local markets in the region. There are two types of
sorghum sellers on the market: wholesalers who sell in the shops and
retailers who sell it in the gutside market. The second type are
mostly women. The private markets operate seven days a week and are
mostly located at the centre of the cities.

% Agricultural Economist/Statistician, National Monitoring and
Evaluation Facility, Ministry of National Flanning (MMEF}, Mogadishu.
1 4DC has above and underground storage facilities totalling to
470,000 tong in Baidoa, Dinsor, Fansa Dhere/Ufuru and Buaur Akaba.
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F. Bame Basic Intormation on Sorghumn Marketing
Souwrce of Supply and Marketing Distsnce

According Lo a survey® which was carried out on the privats
markets in Baidoa, Eansa Dhere and bBuur Akaba, average marketing
distance for farmers selling their product on these markets is around
25 km. This distance varies from one market to ancother. Farmers are
coming to Baideoa market from an average distance of 30 km since this
market plays an important central role. These distances redoce to 15D
km oand 29 ks for Buwr Akaba and Eansa Dhere markets repectivelwy.
However, the survey resullt reveals a fact that farmers are coming ao
far as 100 ko and more to sell sorghum on the market fto mesht his cas
reguirements. The marbketing distaence ezspecislly tends 1o increass
afttar Gu season harvest as farmers neasd aore cash sinoz they keep more
animals for breesding.

Table 1| shows the major sorghum producing areas ant thele
distances from the csntre markebs. The swewey result suggests that
Awdinle which is about 20 km from Baidoa is & major supply ares for
sarghum in the Baidosa district as this centre suppliess almost
one-fourth of scorghum Lo the Baideos merket, Overzll, Baidos marbet
serves some L00 "Tuulos” around a 100 ke perimebter.  Some 13 psroant
of farmers retsiling sorghum at Buor Akaba market are reported to be
coming from Buoor Haybe which i1s 3G km from the distrit marketh.

Thouwgh smaller than Baidos market, Buur Akabs servss moreg than 180
different sorghum proaducing "Tunlos" in the district.  The main
sorghuum supplying centras in the K s Dheve digtrict are Duurayv,
Hurow and Ismaciil whioch are soms wmoperimetse aroound the market.

= Marketing Study in the Bay Reglon: NMEF dWorking Fapse Ro. 3.
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Table 1: Fercentage Share of Sorohum Producing Centres snd Theds
Distance from the Local Markehs,

From To Faroentage Bimtance {(ke)
PAwdinle Baidca 22 R
K, Dhere 12 g5
Bardaale =] 0
Bonday S 12
Sarmanderas = 55
Others 45 -
B/Haybe B/fkaba 13 20
Masaaro 7 26
B/Akaba A -
.. Dhere o 12
Duray = g
Others &4 -
LUfurow k. Dhers 19 14
Duuray 17 i2
ismaciil 13 &
Hasaalay & 17
¥, Dhere & -
Others =7 -

Source: NMEF Files.

4. Seasonal Price Trend of Sorghum

The price data presented are based on the survey conducted in the

Bay Region

during 19841985 period and represent the average of the

threse major district markets?.

It was observed that farmers are mostly selling sorghum in one
litre tin cans. They are locally called "shood" and the amount of
sorghum they contain varies from one type and seller to another. Thus

the amount
the prices

Tabhle
marbtets of
Looking at

of sorghum in the "shood" was weighed many times and then
were converted to standard one kilogram units.

2 shows the average prices received by farmers aon the three
the Eay Region during the period of June 1984 to HMay 1985,
the Table, one can see that the impact of the seasons on

sorghum prices is very pronounced. Fricee progressively rise as
farmers exhaust their harvest of the previous year. A peak is reached
around May-June for sorghum. During and after harvesting season,
however , price falls. This sharp decline is caused by the combined
effect of markets being flooded with large quantities of newly
harvested crops and the availability of substitute for each of the

*  Haildoa,

Buur Akaba and Eansa Dhere markets.
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crops. FPrices are at their lowest around September-Movember after
which it begins gradually to rise as the guantities of surplus produce
brought to the market decreases.

Table 2: Average Monthly Sorghum Prices Received by Farmers (1?844
1285) (8o. sh./kg).

, Aver -
Months J J A 5 0 N D J F M A M age

White 19.8 17.0 16.0 11.6 11.6 12.5 14.6 14.5 13.7 14.4 18.2 19.5 19%.4
Red 19.1 16.7 15.8 11.0 12.2 11.3 13,3 12.0 12.4 18.4 146.5 17.46 14.5

Aver—
age 19.4 16,9 16.2 1123 114 11.9 13,9 13.5 13,0 14,7 17.5 18.& 15.0

Source: NMMEF Files.

The prices of white sorghum are consistently higher than the
prices of red sorghum. On the average this difference ravolves araund
S to & peroent which reflects the premivum paid by the buyer for white
sorghum over the red ons.  However, this percentage in the free market
is lower than thes percentage difference of 12 percent offered by ADC
(See Table 4 on page .

Table 2 comparss farner &€ prices
obtained from the FMogadisho SPFT calow

with the market retsill price
lations during the samse period.,

Table 3: Compariscon PBetween prices on Baldoa snd Mogadishu markets
(Bo.Bh. Jkg!

Months

Mogadishu 38,7 23,9 55,9 30,09 29.4 29,10 20,4 34,0 235010 22,8 2.1

’ff“m)

i

6.2 11,3 11,4 11,9 13,9 13,5 15,1 14.7 17.58 8.4

Baido=m 19.4 1&.
(Pl

. . ey .y g o . - .y - - 5
F'MKFXE_} e €3 P A w e Wl EP o . a4 e ] P 1.8 Peo

The ditferanco of prios b vimen o cing and consuning centres
becomes dramatic espegially afop the ha et GEason where the rural
prices drop ; Fhaasd img Glf¥erance of
mors bran 100 per 0t the transporitation coste, ?anrllnq VA e,

zhop rents and siddlesnen margins. Mowamver . 1t s obvious that
overhead costs are higher 10 Zomalia siacse the amounts involved are

~ite Th
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Table 4: AN Buving Prices (S0.8h. 7100 kg,

Agrcwﬁ_aqpr fhanae (az

198178 1985 1w 1L98%/82 19847835 1985/34

FRw 1460 ER20 400 1igs 7 150 1%é
Qﬁrghum 1 &0 LED 70 450 1500 1A 10 189

Motes  ADRD Frices are effective from September to Ssptember.
ofAs of December 19324 prices were adivsted again.
= fs of July 19HE.

mhle D Comparison of Prices (1984785

Mean Local Mean ADRD AL Price compared
Marbket Frice? Buying Frioce® with Marbkst price

fled Sorghum 14.5 L. 4 Less by S0G.1
White Sorghum 15.4 Tl Less by O1.1

T Table 2.
= fverage of 1984 and 1988 ADC buving prices, Table 4.
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He Ccnr1u51mn

Folicy-makers are usually sefting policies and targets without
any relevant information available to them. Frices that farmers
receive and other related marketing information are extromely
important paramesters for any regional development program or for
setting future policies and targets. HSeasonality of sorghum price
suggests that ADD has been plaving a reduced role in stabilizing
sorghum prices. Frivate traders are more active and efficient in
collecting sorghum from the farmer in the region only bte sell at a big
profit margin st the big consumer centres. Leriainly, this doss not
help the Government policy of keeping food oprices down at the
reasonable level. Unhoce again, the new policies of privatigation sesms
tao be working at the sxpense of farmers., ADLRCD showld play a more
active role in shaping up new Qrain pricing oolicy which would
transfer some of the excess orofit back to the farmars.

The survey results also point oul some sorghum suarplus aress
within the region. These arsas should be given more atbtention by the
research component of the Bay Region Agricultursl Development Froiesct
{BRADF} in the future as the farmers of these areas may be Lhe early

followers of the new technologles recoonended.
The averag: marketing distances for amrqhum 1y that the

farmers in the rogion s~ not subsistance farmers. Theg ara indesd
commercially oriented. They are producing 2 certain amount of swplus
sorghum and are travelling on the average, 28 to 20 km to the market
to sell their prodocts and buy other Lhings.

Finally, the sorghum prices over o yvesr period sre ob
at the same lesvel despite Lhe high inflation rate of the scaonomy
during the same period. This observeation impliess that the oroduction
level is indesd golng up in the Bay fBsgion partly dus ta the doint

MET and mainly due to the favorabls waather

¥

etfort of HRADF and AF
conditions in that particular yvear.,

Morpitoring pricess and obther aarkeling parsmeters s importasnt for
the project managesent unit amd the poliocy makers at Large.
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Appendix 1.1. Weather data in 1984.

Temperature

Date Min.Temp. Max.Temp. Mean Temp. RH % Frecipitation
1/7- 7/7/84 20.0 28.5 24.3 77.4 6.4
8/7-14/7/84 20.6 Z8.8 24.7 81.8 8.1

15/7-21/7/84 28.2 28.2 24.2 78.0 6.2
22/7-28/7/84 i9.7 24.9 22,3 60,0 -
29/7- 4/8/84 21.3 28.9 25.1 80.0 -
5/8-11/8/84 20.7 29.0 24.9 71.1 -~
12/8-18/8/84 20.9 29.5 25.2 6.2 -
19/8-25/8/84 17.7 25.0 21.4 L0 0 -
264/8- 1/9/84 21.1 0.0 25.6 70.7 -
2/9- 8/9/84 20.2 29.4 24.8 68.6 -
16/9-22/9/84 21.7 EOLT 26H.2 7l.6 -
23/9-29/72/84 21.6 I0.3 26.0 67.9 -
30/9-6/10/84 21.2 0.4 25.8 6?1 24,4
7/10-10/10/84 22. 1.1 26.6 b9.9 36,0

Appendix 1.2. Fungi Identified from Suwrface Scrapping Treated of
Treatment A.

Species Conidial Frequency
Cladosporium sp + o+ o+
Alternaria sp + 4+ +
Helminthosporium sp + A+
Fenicillium sp + +
Asperqgillus sp +
Fusarium sp +
Collectotrichum sp +
Curvularia sp +

+ = Low Conidial Freguency
++ = Medium Conidial Freqguency
+++ = High Conidial Freqgquency
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1.3. Fungi Isolated and Identified from Surtace

Sterilization Treated of Treatment A.

Appendi s

Species Conidial Freguency
Curvularia sp + o+
Fusarium sp + o+ o+
Helminthosporium sp + +
Alternaria sp +

+ = Low Conidial Frequency

++ = Medium Conidial Freqguency

+++ = High Conidial Freguency

1.4. Fungi Identified from Suwrface Scrapping of Untreated
Treatment A.

Cladasporium sp
Alternaria sp

..i‘.
+
Helminthosporium sp +
Penicillium sp +
Fusarium sp +
+
+
-+
+

Aspergillus sp

Nigrospora sp
Collectotrichum sp

Curvularia sp

e sive e oo e e S4ate oy 59937 PHS WS S7 HETHY SO WO AR SHEVR FRRRE St Remn Syba Steey Avote e ety PR U SO SIS YEONY OO 3ep o St e i ot ok S0 S S SHa $HUKD Sodg e s o S Lo Soor B Bt W b Sl Shows . mnee

+ = Low Conidial Frequency
++ = Medium Conidial Frequency
‘High Conidial Freguency

+
+
+
it
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Appendix 1.3, Fungi Isnlated and Identified from SBurface
Sterilization of Untreated Treatment A,

o o S4b40 eoae o e Y948 WARY V5407 HITS PSR PSR s e T NP FUANS BOSHY FPORS FrSSS SRoSt SRSR S04PY SOV SAMY WENER SONRE SOSHS SEI0 SSEP TeSER SOTOS VO POUNA WM SRS S Svare DesmE S FSARA. SOONS HOURS AUETR GYPen Soer B s e PRRS WA SHUE TP ShARe ARLD S PR PSS

Curvularia sp + +
Fusarium sp + 4+ +
Helminthosporium sp + +
Alternaria sp + +

+ = lLow Conidial Freguency
++ = Medium Conidial Frequency
+++ = High Conidial Freguency

Appendix 1.6. Fungi Identified from Surface Scrapping of Treated
Treatment B.

Species Conidial Freguency
Cladosporium sp + +
Alternaria sp + -+
Helminthosporium sp +

+

Collectotrichum sp
Stemphylium sp +

Curvularia sp +
+ = Low Conidial Frequency

++ = Medium Conidial Freguency
+++ = High Conidial Frequency
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Appendiy 1.7. Fungi izolated and ldentified from Surtace
Sterilization of Trested Treatment K,

Species Conidial Freguency

Curvularia sp + o+ 4
Fusarium sp + o+ o+
Helminthosporium sp + o+
Alternaria sp +

+ = Low Conidial Freguesncy
++ = Medium Conidial Freguency
+++ = High Conidial Freguency

Appendix 1.8. Fungli ldentified from Surface Scrapping of uUntreated
Treatment B.

Species Conidial Freguency
Cladosporium sp +
“+

Helminthosporium sp
Asperqgillus sp
Stemphylum sp
Collectotrichum sp
Nigrospora sp
Fusarium sp

il
]
=1
ok ¢
¥
-
ot
o
i+
o
E|
0
R
L B R R N R A

B T e L P —p——————

+ = low Conidial Freguency
++ = HMedium Conidial Frequency
+++ = High Conidial Fregquency
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Appendix 1.9. . Fungi Isolated and Identified from Surface
Sterilization of Untreated Treatment B.

et Sovet b v e T e 24040 Sk ST S S g AR W VoS NS WY Sy A Sk HLMA Lo} S8R oot Al Serte Btn Seeak Bk Y Y AR YRR W S WO St FAAS S Hhadh B Seain et Sespe S S AR R VORI VY SO e o e poer 2o farem

Fusarium sp +
Curvularia sp +
Helminthosporium sp +
Alternaria sp +

+ = Low Conidial Freqguency
Medium Conidial Freguency
High Conidial Fresquency

+
-
it

+++

1]

Appendix 1.10. Ratings on Grain Development Against Grain Mold and
Barrenness of Treated Treatment A,

NF 10/7 13/7 18/7 23/7 2877 2/8 748 12/8
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Appendix 1.10 continued
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Appendix 1.11. Rating on Grain Development Against Grain Mold and
Rarrenness of Untreated Treatment A.

NF 1057 1377 18/7 2377 2877 278 7/8 12/8
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Appendix 1.11 continued
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Appendix 1.12. Rating on Grain Development Against Grain Mold and
RBarrenness of Treated Treatment B
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Appendix 1.12 continued
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Appendix 1.13. Ratings on Grain Development Against Grain Mold and
Barrenness of Untreated Treatment BR.
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Appendix 1.13 continued
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AFFENDIX 2.1
RECOMMENDATION DOMAINS
GENERATED FROM THE SURVEY RESULTS
The results of the diagnostic survey conducted for planning

on—farm research demonstrated some unique characteristics associated
with the FEA (Field Extension Agent) units surveyed. The main
indicators for this categorization are types and levels of input use,
and farming practices. This approach was used because the whole area

falls under one big domain ~ irrigated - and the farmers grow
identical crops. Moreover, they all practice the same religion -
Islam ~ and speak the same lanquage — Somali. The main distinguishing

factors are types, levels and use of inputs and ways of cultivating

the identical crops. It was found legitimate therefore, to identify

and categorize the farmers into some homogenous groups by using the
above indicators.

Three main domains were identified, namely:

a. Traditional Stage or First Stage

B, Transitional Stage or Second Stage

c. Improved Stage or Third Stage (See Figure 1)

The name coined for the domains are just to show the level of
development in production. The reader may be warned that the authors
do not mean that the traditional stage produces less than, say, the
transitional stage. It is most probable that a farmer in the
traditional stage is proportionately more economical in total
praoduction than a farmer in the improved stage. Also, a FEA wunit may
not fit neatly into one domain. Table 1 shows the spread of the FEA
units in the Recommendation domains. FEA units such as Sameisamel,
Majabto and Mushani fit into the categories pretty well, while
Farhane, B/Sheikh and Gebei are fairly spread through two or more
stages. Classification of the surveved aresa has been suggested below,
based on input wuse and practices.

Mushani — Mushani farmers are mostly traditional in their use of
inputs and practices. Most of the farmers do not use
insecticides, fertilirers, and improved seeds. They also
practice intercropping or relay cropping and plant at random.
The suggested categorization is the Traditional Stage.

Gebei - This FEA unit has moved a little up above Mushani. At least,
most of the farmers do row planting and only about 25% practise
intercropping/relay cropping during the Dayr season. The common
practice and use of inputs in this wnit are: use of local seed,
non—-use of insecticides and fertilizers, and intercropping/relay
cropping. BGebei may fit into Semi-Traditional Stage.

B/Sheikh ~ The farmers here are a little more advanced than the first
two areas. However, there are traits of traditionalism. They
still use local seeds and & sizeable number of them plant at
random and practice intercropping and relay cropping. Few
farmers wuse fertilizers. In fact, the use of ftertilizers makes
this unit different from the first two areas. This unit may be
classitied in the Transitional Stage.
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Maiahbto —~ Majabto uses some fertilizer, improved seeds and does some
row planting to some extent. This area is, thereftore, the most
advanced in the use of inputs, and practices of all the areas
mentioned above. However, weeding is below the reguired number.
Alen, their use of insecticides is not effective because the
rate reported is far below the minimuam. This area is very small
compared with the rest of the five areas. Majabto also is
suggested to belong to the Transitional stage.

Sameisamei ~ This area is & neighbour to Majabto. It has similar
characteristics to Maiabto: it is comparatively a small areag
the farmers use fertilizers and some {(more) insecticides (than
in Majabto); and weeding is below minimum. Howsver, about 2074 of
the farmers do not plant in rows, and very few use local seeds.
This unit is in the Improved Stage.

Farhane ~ This is the largest unit in the FEA units surveved, in terms

of farm family. It is azs big as Majabto, Sameisame2l, Gebei and

B/Sheikh put together. Consequently, any traits shown by this

unit in this swvey mean a large number of farmers are involved.

Farhane demonstrated almost a bit of all the characteristics

found in all the aresas. However, the most prominent of all are

the use of fertilizer, use of local seeds, and planting at
random. Farhane may be classified under the Semi-Improved

Stage.

Figure 1. Recommendation Domains generated from the survey results.,

Recommendation Domains souwrce: Borrowed from a discussion with
Dr. M.P. Collinson.

Table 1. Some suggested categorizations of FEA units into some
Recommendation Domains for on—farm research/trials.

ot bt et i St St 3 e okt S S itk St o WO $64YR B0 180 Lhmin Sapis Sebeh B o A it t Smea® OO S S S SULE W O i e, PO P ST S S S e Sk St SR MAA® O W S LS S ot R S S 440 Yoot b, b et Tt Pt s Wil WO S e

FEA unit Traditional Stage Transitional Btage Improved btage
(8tage 1) (Stage &) (5tage 3

Sameilsameai X XXXXX

Majabto XXXXX X

Gebei XXXX XX

B/Sheikh X XXXX X

Mushani XAKXEX*

Farhane X XX XXX

¥ Totally in the Traditional Stage.
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AFFENDIX 2.2 Yasin M Esea
SMES for Agronomy
Guidelineg for Farming Bystems Approach to Research
Comparison Trials for Dayr season 1985
Middle Shabelli Region

It was discussed at the seasonal training that the Middle
Shabelli region should have a number of comparison trials for the Dayr
1285 season. Thus, after lengthy discussion with the REQ and DEOs in
the Region, three main districts were selected for the trials. The
arrangement is that each of the FEAs, in consultation with the DEls
and 8MS, will establish four trials in his unit. The trials suggested
are:

1. Intercropping

2. Weeding (Timing)

3. Fertilizer fApplication (plus or minus)

4. Flant Population and Thinning Practices
Respongihilities

The location of the trials at each FEA unit is to be decided by
the DEOs and FEAs. The FEA is to select farmers who are cooperative,
not necessarily his friends or relations. The REQ is to see that each
DEQO has established the required number of trials. He is to arganize
periodic meetings with his DEOs to acquaint himself with the progress
and problems respecting the trials.

The 8MS is to help the DEO lay out plans for the trials (each FEA
is supposed to draw the field plan of the trials he/she is
conducting). Area supervision rests on the DEDO. Field supervision
rests on the FEA. He should know, follow up, and record what and when
the farmer is doing in the field. He is to report the problems and
progress as well as the suggestions to the DEO.

Specific Trials

All the trials in farmers’ fields are also established at the ETC
farm.

1. Flant Population: The FEA is to be present or instruct the farmer
on how to sow the seeds according to the specification.

Example:

Two population levels - BO om between rows and 50 cm between hills.
Thin to: (a) Two plants per hill for 50,000 plants/ha () One
plant/hill for 285,000 plants/ha. For a 25 m row, there will be 100
plants to give 30,000 plants/ha. For 285 m, there will be 30 plants to
give 25,000 plants/ha.

2. Fertilizer: This comparison will only bhe established where the
farmer can obtain fertilizer, Thus we have two situations: (a) where
the farmer is plamning to wuse fertilizer, and (h) where the farmer is
not planning to use fertilizrer bult can obtain enough to establish a
trial.

Note: Three tyvpes of data are needed at harvest - yield on
A 100 kg/ha
be Z00 kgrsha
c. O kg/ha fertilizer fields for comparison.
There are Lbwo suggested application periods:
A&, Just aftter emergence, and

bb. Hefore tasseling.
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Even though the farmer is responsible for spacing, plant
papulation, application of stalkborer control, row planting, eto., the
FEA is to record all these data and, in fact, all the operations
parformed on the farmer’'s field, including irrigation, weeding, data
af rainfall ;etc.

FZ. Weeding Trials: The objective here 1s to consider or observe
timing of weeding. The plan discussed during the seasonal training
was to obtain two Jjibals after the farmer has planted and then record
all field practices as the farmers carry them out.

1st weeding: lst jibal — weed 15 days after emergence

Znd Jjibal — weed 20 days aftter emergence

and weeding: 35 days after emergence on both jibals

Frd or 4th weeding: record if the farmers weed.

Mote: Weather can alter these fixed data but the intervals for
weeding should be kept.
4. Intercropping: Crops to be considered -

a. Maize intercropped with a legume

bh. Sesame intercropped with some vegetables.

Spacing 80 cm ¢ 50 ocm or 73 x S0 cm with 2 plants/hill or as farmers
decide how it should be cropped.

Mote that the FEA should measure or weligh before the farmer consumes
any of the lsgumes.

Four vield data are supected at harvest, separatelvy:

(1} Yield of intercropped maize

(& Yield of intercropped lequmes

(%) Yield of pure stand maize

(4 Yield of pure stand legume.

These comparison trials will serve as an integrated concept.
Through the different management practices of the farmers and their
econaomic acceptability, we can classify the specific and the common
constraints facing the farmers duwring the season. The results of these
trials and their interpretation will show the adoptability of
extension philosophy and methodology in this region.

The record keeping {all the agronomic and economic datal) that we
considered, concerns not only the comparison trials but also the other
contact and non-contact farmers in order to get fuwther information
about their improvement.

Comparison Trial lLavout
1. Fertilizer application

1 1
1 Level 1 1
| 1 Farmer ‘s Field
1 1
1 lLevel 2 1
1 1

A I+ the Farmer & Field is zero Urea‘ha, then Level 1 would

be 100 kg Ureasha and Level 2 would be 200 kg Ureasha.

b I the Farmer s Field is 100 kg Urea/ha, then Level 1 would
be zero Urea, and Level 2 would be 200 kg Ureasha.

. If the Farmer ‘s Field is 200 kg Ureasha, then Level 1 would
be zero Urea and Level 2 would be 100 kg Urea/ha.
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2. Weed Control

ok wwon 6AA7E Voo o Swmon ke SR484 St SRt SeRer Aragn Ttk ek WIS VS e S b g e M hesh SAGhS JAime Saine Shows Woets Seses Mo Ak VLAY SokE RS SRS TGL VG WSAS ShRae S e e st

1 1
1 a&. Early weeding 1
L 1 Farmer s Field
1 1
1 b. lLate weeding 1
e e
-a. Early weeding ~ first weeding 135 days aftter emergence and
second weeding 35 days after emergence
b. Late weeding - first weeding 20 days after emergence and

second weeding 38 davs after emergence
Any additional weedings will be done if the farmer weeds his field.

z. Intercroppint

1 1
1 a. Fure Maize 1
| 1
1 b. Intercrop 1
1 Maize/lLegume i Farmer 's Field
1 1
1 i
1 c. Pure Legume 1
1 1

a. Pure stand of maire as farmer plants.

b. Intercrop of maize and legume. Alternate rows of maire and
legume on same row widths and spacing the farmer uses.

c. Pure stand of legume as farmer plants.

4. Population and thinning

1 a. 50,000 1

1 plants/ha 1

S | Farmer s Field

1 b, 25,000 1

1 plantse/ha 1

L R S

Row width = 80 cm, between plants = 30 cm. See accompanying

sheets on Flant population and Spacing.

a., S50,000 plants/ha will have 2 plants per hill at
thinning.

he 25,000 plants/ha will have 1 _plant per hill at
thinning.
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APPENDIX 2.3 Yasin M. Essa
SMS for Agronomy
Agricultuwral Extension Training and Farm Management Project
Johar Region
Record keeping Data for Farming System Approach/Research

Cpmparison Trials for Dayr 1985,
Name of the FEO
Name of the Village e
Name of Contact/Non—-Contact Farmer

Type Of T d L e e e e
1. Field size ay Jibal b} Hectare
2. Land Preparation Data From __ 0 TO oo
3. How many days she/he spent in land preparation .
4. Date of Flanting From o O
H. Mode of planting

&) Yambo i Cost/Man—day

by Tractor __ oo Bost/howr

c) Animal Traction ___ . Cost/animal day ____
b. Man—days he/she spends in planting ____ Cost/man-day___
7. Date of Thinning From _ e VO e

8. Man-days spent on first weeding and thinning ____ Cost/man~day
Y. If it occurs, record first weeding date/thinning date

From oo T
10. Man-days spent on first weeding and thinning ____ Cost/man-day___
11. Second weeding date From ____ __ To __ Cost/man—day __
12, Third weeding date From _____ To ... Cost/man-day______
1%. Canal Oleaning date From __ T _
Man-days spent __ Cost/manday o
14, Guarding - Number of persons__ Cost/person/day ___ .
Number of days ___
15. Harvesting
Date of cutting __ man—days spent __ Cost/man-~day _____
Date of collecting _____ man—-days spent _____ Cost/man-day ___
Date of husking_______ man—days spent __ Cost/man~day _______
Date of threshing ___ man—days spent ___ Cost/man-day ___

i6. The ways of measurement used
a. Eilogram

b, sacks _ __ Weight/sack
c. Buintal
d. Suus

17. Yield Obtained (to be recorded on separate sheet where possible)
1i8. Storage by:

a. PFPit ___ days __ Costfman"day MMMMMMMMMM
b. Room Rent Equivalent _
. Drum No. of Drums used Cost/Drum

19. Chemicals Used for Storage
a. Date of application
b. Rate of application __ o
c. Sort of chemicals ____ oo Cost of chemical 7kg
d. Days spent
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GL.OSSARY

Dayr A Somali word for the minor agricultural season
(Dctober-January)

Farming practices
The various operations reqguired in farming, such as land
preparation, sowing, weeding, irrigating, harvesting,
controlling pests, etc.

Farming Systems
The system encompassing all farming operations, crops
and animals.

Bu A Somali word for the major agricultural season
(April-—-July) :
Inputs Those items supplied by man to his farming system.

These may be personal, such as his and/or his family’'s
labouwr, or purchased such asg tillage implements,
irrigation, seed, water, fertilizers, chemicalz, hired
labour, etc.

Jibal A Saomali word meaning 1/16 of a hectare.

On Farm Research (OFR)
(0ff— station Research) Conducted at the ETCs, and on
farmers’ fields. 6t the ETCs will be applied agronomic
research trials as well as demonstration and comparison
trials. On farmer’'s fields will bhe demonstration and
comparison trials.

Buintal 100 kilograms

Recommendation Domain
A grouping of farmers who will be given the same
recommandations, usually grouped because of availability
to various inputs, or agroecological differences.

Subsistence Farming
Farming enterprise in which over S50% of the produce is
consumed at home.

Technology Development
The working together of the farmer and Subject Matter
/Extension Specialists to develop a farming svystem
that is suitable to the farmer.

Yamho A Somall word meaning hoe.
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Farticipants of the Workshop

Abdi Ahmed
BRADE, F.0.

Mohamed (Baffor
Bowx 2971, Mogadishu,

Abdul H.
FAO/U.N. ,

Fureshi

F.0. Box 24, Mogadishu,
Abdulkadir
Faculty of
Mogadishu,

Abdi Alim
Agriculture,
Somalia.

F.0. Box

AbdulKadir
Faculty of
Mogadishu,

Hassan Shirwa
Agriculture,
Somalia.

F.O0. EBEox

fAhdulFadir Mohamed Abi kar
Aaogricultural Research Institute,
Mogadishu, Samalia.

Abdulkadir Mohamed &hmed

Somalia.

Somalia.

801, Somali National University,

8G1, Somali MNMational University,

Ministry of Agriculture,

Faculty of Agriculture, F.0. Box 801, Somali National University,
Mogadishu, Somalia.

Abdul lahki Hussein Abdi

BRADF, F.0. Box 2971, Mogadishu, Somalia.

Abdullahi Hussein Adan

Ministry of National FPlanning, Mogadishu, Somalia.

Abdullahi Hussein Wardere

BRADF, F.0O. Box 2971, Mogadishu, Somalia.

Abdullahi Mohamed Haybe
AFMET, Baidoa, Somalia.

Abdullahi Mohamed Mohamoud

Faculty of Agriculture, FP.0.Box 801, Somali National University,
Mogadishu, Somalia.

Abdullahi Mohamed Muse

A.R.I., Ministry of Agriculture, Mogadishu, Somalia.

Abdullahi Nur Alio

AR.I., Ministry of Agriculture, Mogadishu, Somalia.

Abdullahi Osman Alid

Faculty of Agriculture, F.0. Box 801, Somali National University,
Mogadishu, Somalia.

Adan Elmi Abdullahi

BRADF, F.0. Box 2971, Mogadishu, Somalia.

fAddo Adan Magan
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BRADF, F.0. Box 2971, Mogadishu, Somalia.

Ahmed Abdullahi Mohamed
BRADF, F.0. Box 2971, Mogadishu, Somalia.

Ahmed Abdurahman Hassan
A.R.I., Ministry of Agricultuwre, Mogadishu, Somalia.

Ahmed Habane Obsiye
Faculty of Agriculture, P.0. Box 801, Somali Mational University,

Mogadishu, Somalia.

Bhmed Mohamed Jumale
AR.I., Ministry of Agriculture, Mogadishu, Bomalia.

Ahmed Mur Jama
Faculty of Agriculture, F.0. Box 801, Somali National University,

Mogadishu, Somalia.

Ahmed Sheikh Hassan
BRADF, F.0, Box 2971, Mogadishu, Somalia.

Ali Ahmed Hirabe
Faculty of Agriculture, P.0. Box B01, Somali National University,

Mogadishu, Somalia.

Awes Amin Mohamed
Faculty of Agricultuwre, P.0. Bowx 801, Somali National University,

Mogadishu, Somalia.

Eugene kK. Alahoyodian
IDRC/81IF, F.0O. Box 2971, Mogadishu, Somalia.

Gerhardt Redwanz
Somali-German Bird Damage Frevention Froiect, Mogadishu, Somalia.

Habiba Ali Nur
BRADF, P.0. Box 2971, Mogadishu, Somalia.

Haiji Sheikh Ahmed
BRADF, F.0. Box 2971, Mogadishu, Somalia.

Hussein Mao Haji
A.R.I., Ministry of Agriculture, Mogadishu, Somalia.

Jerry W, Marannville
Department of Agronomy, University of Nebraska, Lincoln, N.E.

Michael Boateng
Utah Team, AFMET, Afgoi, Somalia.

Mike A. Smith
BRADF, F.0. RBox 2971, Mogadishu, Somalia.
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3%. Mohamed Abduwrahman Mohamed
BRADF, F.0O. Box 2971, Mogadishu, Bomalia.

4, Mohamed Hassan Adan
A.R.I., Ministry of Agriculture, Mogadishu, Somalis=x.

35, Mohamed Isse Mohamed
Faculty of Agricultuwre, F.0. Box 801, Somali National University,
Mogadishu, Somalia.

26, Mohamed Mahamoud Farah
A.R. 1., Ministry of Agriculture, Mogadishu, Somalia.

E7.  Mohamed Sheikh Abdullahi
Froduction and Extension Department, Ministry of Agriculture,
Maogadishu, Somalia.

38. Mohamed Warsame Duale
BRADF, F.0O. Box 2971, Mogadishu, Somalia.

2%. Mohamoud Abdi Nur
Ministry of Agriculture, Mogadishu, Somalia.

40. Mumin AlL Mumin
Faculty of Agriculture, P.0. Box 801, Somali National University,
Mogadishu, Saomalia.

41, Omar Haji Duale
BRADF, F.0. Box 2971, Mogadishu, Somalia.

42. Orhan Saygideger
NMEF, Ministry of FPlanning, Mogadishu, Somalia.

4%,  Faul Porter
BRADF, P.0. Box 2971, Mogadishu, Somalia.

44, Robert Buker
BRADF, F.0. Box 2971, Mogadishu, Somalia.

4%, HRobert Lavigne
BRADF, P.0O. Box 2971, Mogadishu, Somalia,

446, Robert Smith
titah Team, AFMET, Afgoi, Somalia.

47. Said Hassan Said
BRADP, F.0O. Box 2971, Mogadishu, Somalia.

48, Yusuf Ahmed Gelle
BRADF, F.0. Box 2971, Mogadishu, Somalia.
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