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Ab st ract This publication presents the results of a meeting held in 

Bogor, Indonesia, 6-10 October 1986, that focused specifically on the assess- 

ment of small ruminant production systems in South and Southeast Asia. It 

considered the prevailing circumstances, the innovations, and the strategies 

that are pertinent for stimulating increased productivity from goats and 

sheep. The present patterns of production were examined in detail with 

reference to characteristics of the small farms, existing management methods, 

and nature and components of the production systems. These systems include 

extensive systems, systems combining arable cropping, and systems integrated 

with tree cropping. The discussion of the systems were further highlighted 

by country case studies, issues and policies that considered the available 

production resources, especially the genetic and feed resources available, 

constraints to production, and potential means to achieve desirable improve- 

ments. An important session was devoted to examining research methodology, 

strategies for development appropriate to individual systems, and a concep- 

tual framework for on-farm economic analysis. Together, these discussions 

enabled a definition of research protocols and the priorities for future 

direction that are likely to have a major impact on productivity from small 

ruminants. 

Résumé L'ouvrage présente les conclusions d'une réunion tenue à Bogor, 

en Indonésie, du 6 au 10 octobre 1986, portant sur l'évaluation des systèmes 

de production touchant les petits ruminants en Asie du Sud et du Sud-Est. On 

y a brossé un tableau de la situation actuelle, des innovations et des stra- 

tégies susceptibles d'accroître la productivité dans l'élevage de la chèvre 

et du mouton. On a examiné en détail les méthodes actuelles de production 

dans la perspective propre aux petits exploitants, les éthodes actuelles de 

gestion, le type de systèmes de production et leurs éléments. Il s'agit ici 

des systèmes extensifs, des systèmes associant la culture des terres, et des 

systèmes intégrant la sylviculture. Les discussions ont été étayées d'études 

de cas, de problèmes et de politiques émanant des divers pays et portant sur 

les ressources disponibles pour la production, spécialement les ressources 

génétiques et fourragères, les contraintes à la production, et les possibi- 

lités d'amélioration qui existent. Une importante session fut consacrée à 

l'examen de la méthodologie de la recherche, des stratégies de développement 

convenant à chaque système, et d'un cadre conceptuel pour l'analyse écono- 

mique des activités sur le terrain. Toutes ces réflexions ont permis de 

définir des plans de recherche et d'établir les priorités qui, dans l'avenir, 

auront vraisemblablement un impact majeur sur la productivité liée à 

l'élevage des petits ruminants. 

R esu men Esta publicaci6n presenta los resultados de la reuni6n cele- 

brada en Bogor, Indonesia del 6 al 10 de octubre de 1986, cuyo temp principal 

fue la evaluaci6n de los pequenos sistemas de producci6n de rumiantes en et 



Sur y Sureste asiético. En la misma se analizaron las circunstancias 

imperantes, las innovaciones y las estrategias pertinentes para estimular la 

mayor productividad del ganado caprino y ovino. Se examinaron detenidamente 

los patrones actuales de producci6n con respecta a las caracteristicas de las 

pequenas granjas, a los métodos de manejo existentes y a la naturaleza y 

componentes de los sistemas de producci6n. Estos sistemas incluyen sistemas 

extensivos, sistemas que combinan et cultiva de tierras arables y sistemas 

integrados con plantaciones de érboles. La discusi6n de estos sistemas 

estuvo acompanada del anélysis de etudios de casas en diferentes paises, asi 

coma de problemas y politicas relacionados con los recursos de producci6n 

disponibles, especialmente los recursos genéticos y alimenticios disponibles, 

las limitantes de la producci6n y los posibles medios para obtener las 

majoras deseadas. Una importante sesi6n estuvo dedicada a examinar la 

metodologia de las investigaciones, las estrategias para et desarrollo 

apropiadas para cada sistema individual, y un marco conceptual para la 

realizaci6n de anélisis econ6micos en las granjas. En su conjunto, estas 

discusiones permitieron definir los protocolos de investigaci6n y las 

prioridades para et futuro, que probablemente habrén de tener importantes 

repercusiones sobre la productividad de los pequenos rumiantes. 
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INTEGRATED SMALL RUMINANT AND TREE-CROPPING SYSTEMS 
IN INDONESIA 

A.A. Reese, S. Ginting, P. Ketaren, W. Handayani, and M. Boer 

Small Ruminant Collaborative Research Support Program, 
Sub Balai Penelitian Ternak Sunqai Putih, 

P.O. Box 1, Galang, North Sumatra, Indonesia 

Abstract Sumatra has large areas of plantation crops. By 
using the weeds found in plantations, productivity can be 
increased in terne of profitability from livestock and from 
reduced weed-control costs. 

Plantation weeds or planted cover crops in rubber pro- 
duction can be used as a ruminant feed. The nutrient qualityy 
of the weeds is low and the palatability of cover crops is 
marginal. Quality of weeds can be improved by planting 
high-quality or high-producing forages in the interrows. 
Replacing weeds with cultivated .grasses does not affect rubber 
production. Legumes that are good-quality livestock feeds 
appear to give the sanie stimulus to rubber production as do 
more traditional lequme around covers. 

Another way to improve the quality of plantation forage 
diets is through the use of other by-product suppléments that 
are produced in Sumatra: e.g., rite bran, coconut méat, 
cassava meal, molasses, and oil palm by-products. Individual 
by-products are inherently imbalanced and must be combined with 
other feeds to provide a balanced digit. Rumen-fermentable 
nutrients appear to be in shorter supply in tropical forages 
and feeds thon they are in temperature environments. The 
feeding of concentrates is not always economical; therefore, 
economic analyses must be done as frequently as possible to 
determine minimum and optimum economical levels of feeding. 

Sheep and goats are relatively easy to raise; they are 
prolific, have a ready market, a low maintenance cost, and a 

low initial investment; they are also capable of converting 
crop residues into high biological value food. These 
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advantages have resulted in small ruminants being widely dis- 
tributed in Indonesia. They are mostly kept in villages by 
smallholders (4,180,000 householders). The total small rumi- 
nant population in 1979 was 11 x 106 head or 57% of the total 
ruminant population (Biro Pusat Statistik 1983). The goat 
population is apparently higher than the sheep population in 
all provinces. Of the countries in the Association of South 
East Asian Nations (ASEAN), Indonesia has 95% of the sheep and 
80% of the goats. Within Indonesia, Sumatra has only 3% of the 
sheep and 10% of the goats. Most of the people and the highest 
concentration of small ruminants are found in Java. The aver- 
age annual population increase for sheep and goats in Indonesia 
from 1974 to 1982 was 3 and 2.6%, respectively. These rates 
are higher than the human population growth rate of 2.3% per 
year. 

SMALL RUMINANT PRODUCTION SYSTEMS IN INDONESIA 

Small ruminants are reared in traditional ways in 

Indonesia. Some animals are continuously confined to small, 
raised, wooden animal houses, whereas others are grazed during 
the day and brought home at night or when it rains. 

Traditional small ruminant barns in Indonesia are well 
designed and particularly well adapted to the environment. In 

Sumatra, roofs are made of palm fronds or alang-alang (Imperata 
cylindrica), walls are woven bamboo or wooden boards, and 
floors and supports are often split palm trunks or bamboo. 
Floors are raised at least 1 m off the ground, allowing easy 
collection of manure (usually composted and put on crops) and 
reducing the humidity inside the barn (Ketaren et al. 1984). 

More than 6.6 x 106 ha were under crops in Indonesia in 

1975, about 86% of which was owned by smallholders (Harimurti 
1978). Therefore, the crop-animal system is of special impor- 
tance to small farmers. As cropping has intensified, lands 
that were formerly used as off-season pastures are double 
cropped. 

Perennial tree crops, such as coconuts, oil palm, and 
rubber, occupy land for as long as 50 years. Competition for 
nutrients from annual and perennial weeds is a continuous 
problem. Alternatives include pulling or cutting the weeds by 
hand; however, these procedures are very expensive and labori- 
ous, and must be done four or five times per year. Grazing 
improves weed control and some benefits are realized from crop 
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production increases as a result of manure deposited by grazing 
animais. 

INTEGRATING RUMINANTS WITH RUBBER PLANTATIONS 

Large areas of Sumatra are used for plantation crop pro- 
duction, mostly rubber and oil palm. Generally, the current 
policy forbids any livestock to graze plantation areas. There- 
fore, estates do not keep livestock, nor do they officially 
sanction the use of estate lands for livestock production. 

Smallhoiders are responsible for 82% of the total rubber 
production in Indonesia. In Sumatra, 1.5 x 106 ha is devoted 
to smallholder rubber (Direktoral Jeneral Perkebunan 1984). 
Since 1977, the government has been developing new rubber-based 
transmigration schemes. Problems with these schemes have 
arisen because there is no income during the relatively long 
lag time (about 6 years) between planting and rubber pro- 
duction. Food can be planted in the interrows for 2 or 
3 years, but then follows a period of stress when the farmer 
must either make a living from an outside job or from farming 
other land. Plantations are often negiected during this time. 
Undergrowth is dominated by uncontrolled alang-alang and shrubs 
(Prawiradiputra et al. 1979). Weeds compete with trees for 
soli nutrients, especially nitrogen. Tree growth is slowed, 
bark becomes thin and white, time to first tapping is delayed, 
and lifetime production of the plantation is severely reduced. 

Forage is most plentiful in the pretapping years of the 
plantation; however, varying amounts of forage are available 
throughout the lifetime of the plantation. With this in mind, 
a project was started in 1985 at Sungai Putih, North Sumatra, 
that was jointly sponsored by the Small Ruminant Collaborative 
Research Support Program (USA), the Animal Research Institute 
of Indonesia, and the Rubber Research Institute of Indonesia. 
Two flocks of 40 sheep were grazed in 7-year-old, newiy tapped 
plantations. Forage production in these plots was probably the 
lowest that it would be during the lifetime of the plantation 
(Fig. 1). Two more flocks of 44 sheep were grazed in a mature, 
13-year-old plantation. 

Of the three leguminous cover crops planted when the 
plantations were established, only Pueraria javanica remained. 
Pueraria javanica has been found to be relatively acceptable to 
sheep and goats Ginting et al. 1987); however, it did not 
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persist well under heavy grazing and disappeared from the plots 
within 6 months. 

Grasses, especially Paspalum conju atum, were grazed 
preferentially by sheep an persisted fairly well. Other 
broad-leaved vegetation, such as Mikania micrantha, a moder- 
ately acceptable species (Ginting et al. 1987 , persisted very 
well. It was found that overall forage value was severely 
limited by unpalatable or marginally palatable species. 
Production was also limited because the recovery of many 
species appeared to be directly related to the amount of 
incident sunlight. Slowness of recovery reduces carrying 
capacity and, if rotational grazing is practiced, will lengthen 
the required rest period. 

According to Dahan et al. (1978), energy rather than 
protein is likely to be the limiting factor in rubber-grazed 
pastures. Accordingly, the 168 project sheep were placed on 
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four treatment diets based on increasing levels of energy with 
protein held constant. Supplements were mainly rice bran, with 
cassava meal and molasses added to increase energy levels. 
Fermentable and bypass protein were balanced in the diets by 

adding small amounts of urea and fish meal. Supplements were 

fed at 0, 0.6, 1.0, and 1.4% of average flock body weight. 

Sheep were purchased as lambs and, during the first 

6 months, growth rates of the four treatment groups were 37, 
48, 57, and 64 g/day, respectively. During the second 

6 months, reproductive parameters were studied. Supplemen- 
tation resulted in a significant drop in mortality rates of 
newborn lambs: 25, 12, 0, and 6%, respectively. In addition, 
the highest level of energy supplementation resulted in 
significantly more twins being born: 32, 44, 16, and 59%, 

respectively. The overall effect of supplementation is evident 

from the weight of lambs weaned during the first 13 months of 
the project: 83, 185, 227, and 300 kg, respectively (Handayani 
and Reese 1987). 

In addition, data on rubber production, soil fertility, 
and soil compaction have been monitored. First-year results 

indicate that sheep are not adversely affecting rubber 
production or soil characteristics (Reese et al. 1986). The 

study is being continued for a 2nd year to arrive at firmer 
conclusions. 

Because weed species frequently have low nutritive value, 
one solution is to plant improved grass or legume species. 
Sheep may disturb young rubber trees; therefore, during the 
first couple of years, trees would need to be protected by 
baskets. Improved forages must be established before shading 
reduces germination rate, probably before the 3rd year after 
planting. 

It is also possible to use interrows for cattle zero- 
grazing systems. During the past year, the Rubber Research 
Institute at Sembawa, South Sumatra, has initiated a project 
using Bali and Bali-cross cattle that are fed Setaria plicata, 
a high-yielding grass that has been planted in the rubber 
interrows. 

Earlier research in South Sumatra was carried out by Ba'as 
(1983) using improved species planted in rubber tree interrows. 
Forages were cut for cattle. Ba'as found that improved grasses 
produced significantly more dry matter than volunteer grasses 
(90% Axonopus compressus) under immature rubber. Annual dry 
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matter production was 16,000 kg/ha for Pennisetum purpureum and 
13,000 kg/ha for Brachiaria decumbens, compared with 5000g/ha 
for the A. compressus plots. There was, however, no signifi- 
cant effect on trunk girth increase of the immature rubber 
trees. A subsequent experiment under mature rubber trees again 
showed that there was no significant difference between 
improved and volunteer grass species in their effect on rubber 
production. 

The legumes used in the experiment under immature rubber 
were less productive than the improved grasses, but 
Stylosanthes guianensis yielded the saure as A. compressus, 
5000 kg ha per year. The yield of Centrosema plumieri was 
lower than that of S. guianensis, 2000 kg ha per year; however, 
both legumes increased the rate of trunk girth growth. This 
shortened the time to first tapping by 5.5 months, probably by 
sparing or providing nitrogen. Under mature trees, rubber 
production was also significantly increased in legume plots. 

Rubber estate plantations frequently plant cover crops, 
mainly Pueraria javanica, Pueraria phaseoloides, Calopogonium 
muconoides, and Calopogonium caeruleum (Nasution 1985). These 
legumes shade out alang-alang and other weeds, reduce erosion, 
and provide nitrogen to the trees. The two Calopogonium 
species are particularly low in palatability (Ginting et al. 
1987), although C. caeruleum palatability may be improved by 
wilting (D. Ffoulkes, personal communication). 

It may be that rubber productivity can be maximized by 
planting legumes in rows flanking the trees. The centre of the 
interrow could be planted with high-yielding or high-quality 
grasses. The width of the interrow and the tree spacing could 
be increased to support more livestock. 

Generally speaking, forage production under mature rubber 
is insufficient to economically justify maintaining cattle 
(M. Ba'as, personal communication). Sheep can be grazed in 

mature plantations, provided that pastures are managed to 
prevent overstocking. To foster adequate regrowth, on-hand 
volunteer species should not be allowed to drop below 
800-1000 kg/ha. 

FEED CONSTRAINTS 

Rumen-fermentable nutrients are in much shorter supply in 
the tropics than in temperate regions. In tropical pastures, 
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ruminants will eat out the grass before the legumes. They do 
this even though tropical grasses are generaily higher in fibre 
and lower in quality than temperate grasses. Because, in 

temperate climates, animais generally preferentially graze 
legumes, the inescapable conclusion is that tropical legumes 
are relatively unpalatable. 

Why would this be true? One possibility is that where 
there is no winter dieback from environmental plant pathogens, 
plants have evolved chemical and physical pathogen barriers. 
Structures or chemicals that slow or prevent bacterial attack 
in the environnent will probably slow or prevent bacterial 
attack in the rumen. This problem is compounded as varieties 
of crops that are more pathogen resistant, such as rice, are 
developed, because of the possibility of by-products or stubble 
being more resistant to rumen fermentation. 

Logically, supplementary feeding would be needed to 
provide rumen-fermentable nutrients. This contrasts with 
temperate feeding, where fermentable nutrients are generally 
abundant and supplementing with bypass nutrients is emphasized. 

Fermentation of by-product feeds is often retarded by 
processing with heat or chemicals, so that nutrient quality is 
frequently highly variable depending on the processing tech- 
nique utilized. By-product feeds found in Sumatra include rice 
bran, coconut meal, oil palm by-products, cassava meal, and 
molasses. 

Rice bran, the feed most commonly used as a concentrate 
supplement in Sumatra (Pulungan et al. 1985), is very resistant 
to rumen breakdown. In animais fed a basal diet of sugarcane, 
nearly 60% of the rice bran dry matter remained in the nylon 
bag of a rumen-fistulated cow after 24 h; only 22% of the 
nitrogen and 58% of the starch had disappeared (Ffoulkes 1985). 
Most of the nitrogen and a lot of the starch had bypassed the 
nylon bag. Copra cake, maize, and cassava tuber were much 
better sources of fermentable nutrients: 60-70% of the nutri- 
ents were apparently utilized in the rumen. 

A second constraint of by-product feeding is that by- 
products are incomplete feeds. Not only is rice bran poorly 
utilized in the rumen, it also has a very poor calcium- 
phosphorus ratio. To properly evaluate its feed potential, 
the bone minerai ratio must be corrected with shell meal, 
limestone, or a high calcium - low phosphorus feed such as 
molasses, which is also high in fermentable carbohydrate. 
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Cassava is also widely grown in Sumatra. Both leaves and 

meal from roots can be used as animal feeds. Leaves are high 

in protein but may also be high in cyanide-producing compounds. 
Cassava meal is high in starch and has virtually no protein. 
On Sumatra, ail cassava is used for human consumption, although 

"washings" from cassava production are occasionally used for 
feeding livestock. Cassava is not commercially available for 
feeding animais. 

Sugarcane is also raised on a commercial basis in 

Sumatra. The processing plant in Medan, North Sumatra, 
produces 30 t molasses per day. Molasses is high in readily 
fermentable carbohydrate and calcium but has no protein. The 

major problem regarding molasses is handling. In liquid form, 

it is awkward to handle; blocks require fairly controlled 
cooking temperatures. The Medan sugar factory is considering 
making molasses - rice bran pellets. If pelleting is feasible, 
molasses - palm kernel meal may also be a good combination. 
Currently, molasses is not commercially available in Sumatra as 

a livestock feed. 

Oil palm by-products show great potential as livestock 
feeds. Studies at the Animal Research Substation at Sungai 
Putih showed that growing sheep supplemented at 1.5% of body 

weight with palm kernel cake reached gains of 100 g/day 
(Ketaren et al. 1985). 

Smallholders are responsible for a greater proportion of 

coconut prodction than any other plantation crop in Indonesia 
(95%, 3 x 100 ha). The quality of coconut meal is highly 
variable. Its energy level is dependent on the effectiveness 
of the expelling process. Protein availability is dependent on 

the temperatures used in processing as well as the method of 
processing. Coconut meal is generally available in feed stores 

in Sumatra. 

How should feeding guidelines for tropical situations be 

developed? Feed tables do not pive fermentable versus bypass 

nutrient values. In any case, those values may be highly 

dependent on basal diet, and the'whole concept of feed tables 

will be disrupted (D. Ffoulkes, personal communication). 

It is commonly suggested in the tropics that concentrate 
feeding does not pay for itself. This is probably related to 

the lack of fermentable nutrients and other problems previously 
mentioned. Daud and Yusuff (1983) fed rice bran or coconut 

meal at 1% of body weight to sheep grazing under rubber trees. 
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Sheep supplemented with rice bran showed an economic loss of 5% 
when compared with unsupplemented sheep; however, sheep supple- 
mented with coconut meal demonstrated a 57% economic advantage 
over unsupplemented sheep. 

The sheep involved in the rubber project in Sungai Putih, 
North Sumatra, showed similar results, although in terms of 
reproduction (lambs sold) rather than growth. During the first 
13 months of the project, 33% more lambs were weaned by ewes 
supplemented with rice bran than by unsupplemented ewes. 
However, when molasses and cassava meal were added to the rice 
bran, ewes weaned almost 90% more lambs. Ewes supplemented 
with rice bran showed an economic loss of 17% when compared 
with unsupplemented ewes; however, ewes supplemented with 
molasses-cassava demonstrated a 20% advantage over the unsup- 
plemented ewes. The increase in number of lambs weaned in ewes 
supplemented with rice bran was due to a sharp decline in 
preweaning mortality rate, indicating that the ewes were 
producing stronger lambs and more milk. Ewes supplemented with 
the higher level of fermentable carbohydrates combined with 
same low lamb mortality rates with a significantly higher 
twinning rate than any of the other dietary groups. Therefore, 
the increased energy supplementation had increased ovulation 
rate or embryo survival. 

CONCLUSIONS 

Intensifying agricultural production on Sumatra by 
integrating livestock and plantation crop production is 
receiving a lot of attention. Grazing sheep can help control 
weeds on estates and provide income to smallholders during 
critical pretapping years. Forages that tolerate shading, are 
persistent under grazing, and provide adequate rates of gain 
need to be located and tested. Optimum carrying capacities for 
different-aged plantations should be determined. It appears 
that government policymakers in Sumatra are relatively open 
minded and that, with adequate data, policy will be altered to 
allow sheep to graze in plantations. 

The problems of using supplementation to obtain adequate 
growth and reproduction rates are more complex than expected. 
By-product feeds, unlike whole plants or seeds, are not 
complete, and nutrients must be balanced before the potential 
of the feed can be evaluated. In addition, nutrition research 
will probably have to focus on providing the rumen-fermentable 
nutrients required. 
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In formulating research programs in Indonesia, one should 
keep in mind that Indonesian farmers are already part of the 
money economy. Research needs to focus on small-scale 
commercial production to maximize benefits to both the 
smallholder farmers and the burgeoning city populations. 

REFERENCES 

Ba'as, M. 1983. Exploration of integrated cropping systems of 
forage and rubber. University of Sriwidjaja, Palembang, 
Indonesia. PhD dissertation. 

Biro Pusat Statistik. 1983. Buku Statistik Indonesia, 1982. 
Biro Pusat Statistik, Jakarta, Indonesia. 

Dahan, M.M., Hutagalung, R.I., Wan Mohamed, W.E. 1978. 
Integration of small ruminants with plantation crops. 
In Proceedings of the seminar on integration of animals 
with plantation crops, 13-15 April 1978, Penang, 
Malaysia. Malaysia Society of Animal Production and 
Rubber Research Institute of Malaysia, Kuala Lumpur, 
Malaysia. pp. 70-83. 

Daud, M.J., Yusuff, M.K.M. 1983. Supplementation with 
selected feedstuffs for sheep grazing under rubber 
plantations. In Proceedings of the 7th annual conference 
of the Malaysian Agricultural Research and Development 
Institute, Kuala Lumpur, Malaysia. pp. 199-205. 

Direktoral Jeneral Perkebunan. 1984. Statistik Perkebunan 
Indonesia Tahun 1981-83. Departemen Pertanian, Jakarta, 
Indonesia. 

Ffoulkes, D. 1985. Practical feeding systems for ruminants 
based on sugarcane and its by-products. In Proceedings of 
the 5th annual meeting of the Australian-Asian fibrous 
agricultural residues research, 13-17 April 1985, Ciawi, 
Indonesia. University of Melbourne, Melbourne, Australia. 

Ginting, S., Handayani, S.W., Ketaren, P. 1987. Acceptability 
and digestibility of forages from rubber plantations. 
Paper to be presented at the International conference on 
advances in animal feeds and feeding in the tropics, 
6-7 April 1987, Malaysia. In press. 



267 

Handayani, S.W., Reese, A.A. 1987. Effect of energy 
supplementation on preweaning performance of Sumatera 
Lokal lambs reared in rubber plantations. Paper to be 

presented at the International conference on advances in 

animal feeds and feeding in the tropics, 6-7 April 1987, 
Malaysia. In press. 

Harimurti, M. 1978. Possibilities of integration of animais 
with plantation crops in Indonesia. In Proceedings of 
the seminar on the integration of animais with plantation 
crops, 13-15 April 1978, Penang, Malaysia. Malaysia 
Society of Animal Production and Rubber Research Institute 
of Malaysia, Kuala Lumpur, Malaysia. pp. 34-40. 

Ketaren, P.P., KaroKaro, S., Panusunan, Djamil, M. 1984. 
Bungkil inti sawit sebagai makanan domba yang sedang 
tumbuh. Sub Balai Penelitian Ternak Sungai Putih, 
Kabupaten Deli Serdang, Sumatera Utara, Indonesia. 
pp. 34-40. 

Ketaren, P.P., KaroKaro, S., Reese, A.A., Gaylord, M. 1985. 
Goat and sheep husbandry in Kabupaten Deli Serdang, North 
Sumatra. Balai Penelitian Ternak, Bogor, Indonesia. 

Nasution, U. 1985. Manajemen tanaman kacangan penutup tanah 
di perkebunan karet. Lembaga pendidikan perkebunan 
Medan. Balai Penelitian Perkebunan Sungei Putih, Medan, 
Indonesia. 

Prawiradiputra, B.R., Herawati, T., Batubara, L.P. 1979. 
Kemungkinan pengembangan ternak di perkebunan karet rakyat 
P3RSU (dengan perhatian khusus pada potensi hijauan). In 
Proceedings: Penelitian dan Penunjang Pengembangan 
Peternakan, 5-8 November 1979, Lembaga Penelitian 
Peternakan, Bogor, Indonesia. 

Pulungan, H., Reese, A.A., van Eys, J.E., Johnson, W.L. 1985. 
Survey of small ruminant farmers in Sumatra. SR-CRSP/NCSU 
Working Paper No. 47. 12 pp. 

Reese, A.A., Taryo-Adiwiganda, Y., Sumarmadji, Handayani, S.W., 
Ginting, S., Reese, G.R. 1986. Keterpaduan pemeliharaan 
domba dengan perkebunan karet: 1985-1986. [Integrating 
sheep with rubber plantations: 1985-1986.] Balai 
Penelitian Perkebunan Sungei Putih, Medan, Indonesia. 



268 

Wan Mohamed W.E. 1977. Utilization of ground vegetation in 

rubber plantations for animal rearing. In Proceedings of 
the Rubber Research Institute of Malaysia, planters' 
conference, 17-19 October 1977, Kuala Lumpur, Malaysia, 
pp. 265-272. 




