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FOREWORD
 

Prompted by the need for further developments in the agricultural sector, the 

Indonesian Government is encouraging the application of integrated farming systems 

to improve resource allocation among various agricultural enterprises. This approach 

is expected not only to increase the utilization of slack variables and, therefore, 
optimize the allocation of resources; but also, and more importantly, to improve farmers' 

income. The integration of livestock and plantation production systems is an example 

of the implementation of this approach. Integrating these production systems also 

provides employment and utilizes family labor, and has an ecological impact in 

reducing environmental degradation. 

There is a vast extension of land under plantations and permanent crops in the 
ASEAN (Association of Southeast Asian Nations) region. In Indonesia alone, over 10 
million hectares of land are devoted to this type of exploitation that can sustain live
stock production in a mutually beneficial interaction for both plantation and livestock 
development. However, integrated tree crops and livestock production systems are not 
yet fully developed nor extensively adopted among end users; this being an arduous 
process to be undertaken by the joint efforts of education, research and extension 
agencies, and the private sector. Programs on integrated production systems can now 
be seen in this region as a consequence of the interest of governments in exploiting the 
existing potential of areas under tree crops. In Indonesia, the Agency for Agricultural 
Research and Development (AARD), in line with Government policies and priorities, 
has established a research program on integrated production systems that includes sheep 
and rubber production. This program located in North Sumatra, the typical and 
traditional plantation region of the country, is coordinated by two research agencies 
under AAIRD: the Research Institute for Animal Production (RIAP) and the Rubber 
Research Center (PPP) in Sei Putih. Contributing to this research task is an old 
associate of ours, namely, the Small Ruminant-Collaborative Research Support 
Program of the U.S. Agency for International Development. 

AARD was very pleased to host a workshop that was multidisciplinary in essence 
and brought together the knowledge on research methodologies acquired in the region. 
This event also was a forum for establishing personal interactions among scientists who 
not only exchanged specific views and research experiences but also formulated the 
basis for mutual collaboration and more active regional networking endeavors. We 
hope that the excellent scientific material contributed by the participants and the 
conclusions and recommendations of this workshop will be reflected in new and 
improved methodologies, and technological options for the end users. 

Dr. Soetatwo Hadiwigeno 
Director General 
Agency for Agricultural Research and Development 
Jakarta, !ndonesia 
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INTRODUCTION 

LUis C. INIGUEZ AND MANUEL 1). SANCHEZ 
P.O. Box 210, Bogor, IndonesiaSmall Ruminant-Collaborative Research Program, 

Plantations and tree crops are important commodities in the ecoiuomies of 

Indonesia, Malaysia, the Philippines and Thailand, member countries utothe Associa

tion of Southeast Asian Nations (ASEAN). The plantations in these countries also 

offer tremendous potential for increasing animal production, considering that 

ree crop3 could supply forage and the crops themselves couldextensive areas under 
..niall ruminants which are in increasing demand in bothsupply by-products to feed 

regional and international markets. 

During the last decade much effort has been devoted to the integration of planta

tion crops and small ruminant production systems in the ASEAN region as a means of 
diversifying national agricultural production. These efforts, however, have been 
developed somewhat fragmented through the initiatives of various national research 
institutes and various private sector activities. Therefore, research on integrated tree 

cropping and small ruminant production systems (IPS) remains a relatively new field 

with many challenges and a diversity of research methodologies developed within the 
respective ASEAN countries. 

In 1984, the Small Ruminant-Collaborative Research Support Program (SR-CRSP) 
began a research project on integrating sheep with rubber production in North 
Sumatra, Indonesia. This research is being conducted in collaboration with the Agency 
for Agricultural Research and Dcvelopment (AARD) through the Indonesian Research 
Institute for Animal Production (RIAP) and the Rubber Research Institute (RRI). 

Over several years, SR-CRSP scientists and their colleagues within the ASEAN region 
have identified a number of constraints to research, specifically: 

* Scarcity and (or) dispersion of information needed to contrast research results, with 
a need for developing an information network on this subject. 

* Methodological gaps in the multidisciplinary research areas in IPS and the need for 
a unified research methodology. 

* Almost nonexistent training at all levels in these integrated systems. 

In view of these considerations, AARD, the SR-CRSP, and the International 
Development Research Center (IDRC) sponsored a workshop on Research Methodolo
gies inherent to Integrated Tree Cropping and Small Ruminant Production Systems, 
which was held in the city of Medan, North Sumatra, Indonesia, on September 9-14, 
1990. The main objectives of this event were: 

* To discuss research constraints in thL various disciplines of IPS. 

" To propose methodologies suited to IPS as a means to support further developmenu. 
in this field. 

" To strengthen the linkages among workers and institutions involved in IPS research 
and production. 

* To disseminate information related to IPS to other ASEAN research and business 
concerns focused on research and development. 
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The workshop was organized in 4 sessions for the presentation and discussion ofcontributed papers, and a roundtable on research methodology. The first session
covered the environment in reference to forage resources, soil and the microenviron
ment. The second was devoted to animal productivity including nutrition and management, breeding and rzproduction, and animal health. The third session discussed socio
economic aspects, marketing, training and networking. The last session included 
country case studies and commercial production aspects. 

There were 28 papers delivered and a total of 65 participants representing
Australia, Indonesia, Papua New Guinea, Malaysia, the Philippines, Thailand, and the
USA. The authors mostly focused on the workshop's objectives although not all 
necessary followed our suggested outlines. 

The roundtable played a key role in achieving the workshop objectives andprovided the opportunity for a general participation that yielded a set of recoinmenda
tions for the various disciplines involved. 

We hope that these proceedings will contribute to the development of research 
on IPS. In particular, we hope it will serve as a reference for colleagues needing to 
compare and discuss their views on research methodologies. 
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METHODOLOGY FOR ESTABLISHING SELECTION
 
CRITERIA FOR FORAGE SPECIES EVALUATION
 

W.W. STUR 

Department of Agriculture, University of Queensland, Queensland 4072, Australia 

ABSTRACT 

The evaluation ofnew forage species for integration into plantation systems is a vital step 

in the quest to improve animal production. Before embarking on a species evaluation process, it 

is necessary to define the aim of the evaluation and to establish criteria which will be used to 

select new species. This requires an understanding of the environment, the existing animal 

production system and the limitations infeed supply, the opportunities for forage improvements 

in the plantation system and a detailed description of the proposed use and management of the 

forages. These considerations need then to be translated into desired species characteristics. 

INTRODUCTION 

The raising of ruminants in association with plantation tree crops is a well 
established practice, both for aniimal production and for the control of undergrowth. 
Natural vegetation will always grow under plantations as trees cannot fully utilize the 
incoming light, the available water and nutri,ents. While regarded by plantation 
managers as weeds, a large proportion of the naturally occurring vegetation under 
plantations is eaten by ruminants and can therefore b: regarded as forage rather than 
weeds. Once animal production becomes an objective within plantations, the question 
of improving the existing feed resources to raise the level of animal productivity 
becomes an issue. 

The Australian Centre for International Agricultural Research (ACIAR) has 
commissioned Tne University of Queensland to conduct a collaborative research 
program with the Rubber Research Institute in iialaysia, and Sam Ratulangi and 
Udayana Universities in Indonesia. The project is entitled "Improvement of Forage 
Productivity in Plantation Crops" and one activity of the project is the evaluation of 
forage species for shaded environments. This evaluation includes not only existing 
cultivars, but also a large number of accessions which have originally been collected 
in shaded habitats. 

Evaluation of new, introduced forage species for integration into plantation 
systems is a vital step in the quest of improving animal production. Before embarking 
on a species evaluation program, it is necessary to define the aim of the evaluation and 
to establish the criteria which will be used to select new species. This paper will discuss 
the various factors which need to be considered when establishing selection criteria, and 
this will be discussed in relation to two contrasting plantation types, rubber (Hevea 
brasiliensis) and coconut (Cocos nucifera). 

The establishment of selection criteria requires an understanding of (i) the 
environment, for which the forages are intended, (ii) the existing animal production 
system, particularly in regard to the current feed supply and its limitations, (iii) 
opportunities for forage improvement, taking into consideration constraints imposed 
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by the plantation crop, and (iv) a detailed description of the proposed usage and 
management of the forages (Table 1, Fig. 1). This can then be translated into a descrip
tion of the characteristics the ideal forage species should possess. 

The 	more detailed the description of the selection criteria: 
" the fewer species that need to be included in the evaluation process, 
* the more realistic can be the management and treatment imposed during the 

evaluation,
 
" the fewe, measurements that need to be taken, and
 

" the shorter the time needed to obtain realistic results. 

Table 1. Checklist in establishing selection criteria. 

The Environment 
* climate (rainfall amount and distribution, temperature, light transmission) 
* soil (pH, fertility, texture, moistuie holding capacity) 

Description of Current Farming System
 
" animal production system
 
" type of farming system (small-holder, estates)
 
" animal type
 
" intensity of land use
 
* management kvel
 
" fertilizer inputs
 
" profitability of animal rearing
 
" attitudes
 
" likelihood of adoption
 
* economic realities 

Feed 	Resource Limitations
 
" quality or quantity
 
" particular periods during the year
 
" special animal requirements
 

Opportunities for Forage Improvements 
" young vs. old plantations 
" grass vs. grass/legume mixtures 
" annuals vs. perennials 
" herbaceous legumes vs. tree legumes 
* persistence 

Proposed Usage and Management 
" cut-and-carry vs. grazing
 
" grazing management (grazing method, tethering)
 
" grazing/cutting intensity (grazing pressure)
 
" fertilizer input (low or high input system?)
 
* establishment options 

Ideotype Description 
" translate into plant characteristics 
* basic characteristics (disease tolerance, anti-quality factors) 
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Climate . Animal Production System Plantation 
[ Soils Crop 

Environment-1 

- - [Feed Resource Limitations 

Desired Forage Opportunities for Forage 
Improvements Improvements 

I 

Proposed Use and Management 

Ideotype 

Figure 1. Steps in establishing selection criteria. 

THE ENVIRONMENT 

A detailed description of the environment of the target area is needed. This 
includes climatic data such as temperature range, amount and distribution of rainfall, 
length of dry season and an estimate of the likely rainfall variability, and soil data such 
as soil type, texture, water holding capacity, pH and soil nutrient status. 

In order to provide a general picture of the environmental conditions 
encountered in rubber and coconut producing areas, a summary of the distribution and 
growth requirements of these two plantation crops has been extracted from Purseglove 
(1968 and 1972). Rubber is grown at low altitude in the humid tropics between latitudes 
15'N and 10°S. Rainfall is usually in excess of 1900 mm per year and good rubber yields 
can only be achieved in areas with no or only a short dry season. While it is grown 
on a wide range of soils of pH 4-8, rubber is often found on acidic soils of low fertility. 
Coconuts are grown between latitude 20'N and 20'S at altitudes of less than 300 m. 
Coconut distribution is usually confined to a coastal belt, although it occurs on a wide 
range of soils of pH 5 to 8. It is often found on neutral or slightly alkaline soils. Annual 
rainfall in coconut producing areas varies from 1270-2550 mm and many of these areas 
have a short dry season. 

The light environment under rubber plantations (which is similar to that 
encountered under oil palm) is very different from that under coconuts. The following 
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light transmission levels refer to integrated photosynthetically active radiation (PAR) 
values, measured between 1100 and 1300 h on sunny days. Light transmission under 
convcntionally planted rubber is very high after planting ( > 80%) and remains relatively 
h;gh for the first 2 years. Light levels decrease sharply between the third and the fifth 
to seventh year, when it drops to 10 to 20%. Light transmission then remair.f low until 
the plantation is at least 20 years old. After that, light levels may increase again as wind 
damage and disease thin the tree stand. The rate of decline of light levels will vary with 
factors such as tree clone, planting distance and soil fertility. In coconut plantations, 
the light transmission is high at planting (> 80%), decreases to below 5070 between 
years 5 and 10, and then increases steadily (60 to 80%) as the age of the stand increases. 
As the life span of coconuts is much longer (>75 years) than that of rubber (25 to 30 
years), the potential for sustained forage growth under older coconut is considerable. 
The light transmission quoted here occurs under the tall variety of coconut trees; light 
levels under hybrid varieties are much lower, but follow a similar pattern. 

CURRENT FARMING SYSTEM 

The emphasis here is on the animal production system, but the integration of 
animal production into the whole farming system is of importance. Often crop residues 
and by-products constitute a large proportion of the available animal' feed, at least 
during parts of the year. Major differences in animal production systems exist between 
small holders and estates. This relates to factors such as the intensity of land use, 
management level, animal type, herd management, feeding system, fertilizer inputs, and 
also to attitudes to animal rearing and adoption of new technology. For example, while 
estates often operate extensive grazing systems, small holders are likely to either tether 
animals or use cut and carry feeding. Completely different types of forage species are 
needed for these varying needs, and concentration on one or the other system would 
simplify selection criteria drastically. The availability and cost of labor are also 
impoitant factors, as this affects animal management and pasture establishment 
options (e.g. viability of vegetative plantings). New forageg need to fit into existing 
farming systems, and need to be appropriate for the economic and cultural realities of 
the particular system. 

FEED RESOURCE LIMITATIONS 

Once the target farming system has been identified, the current feed resources need 
to be examined. What are the current I1. itations in forage supply? Is there a certain 
period during the year in which forages are limiting? Is it the quantity or the quality 
of forages which limits animal production? Answers to these questions will help to 
focus the evaluation on particular species. If there is a feed shortage during the dry 
season, then drought tolerant species or feed banks (e.g. tree legumes) may be needed 
to overcome this limitation. As most rubber and coconut areas are situated in environ
ments with no or only short dry seasons, a relatively even forage supply is ensured. If 
forage quality is limiting animal production (as expressed in low daily weight gains), 
then legumes need to be included in the feed supply. Since detailed knowledge about 
the nutritive value (e.g. proportion of protected proteins) exists for some legume
species, the inclusion of particular nutritive value requirements should be part of the 
selection criteria (e.g. to be usffi as a supplement with a low quality roughage such as 
rice straw). If overall stocking rate is low, higher yielding species may be able to 
increase the carrying capacity of the farm. The varying nutritional requirements of 
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different animal classes need to be balanced with feed supply and this has to be seen 
on a whole farm basis. 

The end point in the consideration of the limitations of the current feed resources 
should be a list of desired forage improvements which would have the greatest impact 
on animal productivity. These can then be checked against the opportunities for forage 
improvement which exist in the particular plantation system. 

OPPORTUNITIES FOR FORAGE IMPROVEMENTS 

Under rubber, the carrying capacity of the pastuit, is closely related to the light
level. While a high stocking rate can be maintained Linder young ,';ees, this rate is not 
sustainable as the trees mature and decreases rapidly to a iovw !c'vei. The commonly used 
cover crops in young rubber plantations, Calopogonium mucunoides (calopo),
Pueraiaphaseoloides (puero) anid Calopogonium caeruleum (caeruleum), have 1 
relatively low yield potential, which could be incrcased by the inclusion of grasses and 
possibly other herbaceous legumes. Caeruleum is avoided by sheep and cattle (Pillai 
et al., 1985; Middleton and Mellor, 1982), and could be left out of the planting
mixture. While largz improvements in forage production can be achieved during this 
early phase of rubber growth, the potential yield is low in mature rubber. 

It is unlikely, that forages can be found which have a high yield during early
rubber growth and which will continue to survive and yield well once the rubber trees 
mature. The only way to improve forage productivity throughout the life cycle of 
rubber trees is to plant mixtures of species with different adaptation to shading. These 
could include potentially high yielding grasses and legumes, such as MARDI digit
(Digitaria setivalva) and stylo (Stylosanthes guianensis) which are high yielding for the 
first few years when light transmission is high (Wong, 1989), and more shade tolerant 
grasses (e.g. Paspalumnotatumn) and legumes (e.g. Desmodium heterophyllum) for the 
mature rubber phase. The life of the high yielding species would be fairly short-lived, 
while extended persistence (for the life cycle of the rubber trees) is required of the more 
shade tolerant species. 

Another factor to consider is the use of herbaceous legumes. Leguminous cover 
crops have been shown to have a positive effect on the growth of the trees and it may
be difficult to convince plantation managers to accept pure grass swards (even if these 
are well fertilized and have no competitive effect on the associated trees), while 
grass-legume mixtures may be acceptable. The question of acceptability of new 
technologies is always an important consideration. 

From a whole farm pcrspective, the utilization cf young rubber areas (which could 
produce large amounts of good quality forages) may'be difficult as replanting is seldom 
done in a regular fashion and new plantings are often beyond the reach of the current 
animal production area. Smallho!ders, in particular, usually have only a single age group 
of rubber trees and are therefore exposed to the variations in carrying capacity impo:ed 
by the rubber trees. Increases in forage productivity in mature rubber stands will be 
limited because of the low light levels. However, it may be possible to find more 
competitive species which suppress weed growth (such as ferns, woody weeds), thereby
increasing both quantity and quality of the forage resources. Weed control plays an 
important part in plantation crops and the ability to suppress weeds should be 
considered when collating selection criteria. 

Opportunities for growing forages may also exist around animal houses and 
roads (where light transmission is higher), and consideration needs to be given to 
specialized fodder banks (e.g. tree legumes) for particular stock types and periods. 
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In coconut plantatiops, opportunities for forage improvement in young planta
tions are similar to those in young rubber. On the other hand, the potential for forage
growth under mature coconut stands is tremendous; becauri of (i) the higher light 
transmission and (ii) the longevity of this situation. In older coconut stands, with a light 
transmission of > 70%, many of the species used in open pastures may have the 
greatest potential. While special shad,- tolerance may not be required in *his case, 
,species must be able to persist under i.._posed management for many years. 

At thi, stage, the type of forage wanted and where it fits into the plantation 
system should be decided, and the next step is a description of the proposed use and 
management of the desired plant type. 

PROPOSED USAGE AND MANAGEMENT 

The proposed use and management of the forages have impoant implications 
on the type of plant which is likely to succeed. These are largely dependent on the 
targeted animal production system. Probably the most important decision here is to 
determine if the forages are going to be used in a grazing or cut-and-carry situation. 
If grazed, the type of animal used is important as there are differences in grazing 
behavior (e.g. sheep vs. goats). What type of grazing system (tethering, continuous, 
rotational) and pressure wi'l be imposed? 

The likely level of management is also of major importance, particularly with 
regard to control over grazing pressure. If there is good control, then grasses with a 
higher growth habit (and higher yield potential) and twining legumes such as Pueraria 
phaseoloides,can be used. If there is a likelihood of overgrazing, then grazing tolerant 
(generally species with a low, stoloniferous growth habit) species are required. There 
are very few herbaceous legumes which are likely to persist in such a system, while tree 
or shrub legumes may play an important role. 

Species suited for cut-and-carry systems will need different characteristics. Upright,
 
tall grasses will have higher yields than prostrate grasses and are also easier to harvest.
 
There are a number of upright or twining legume species which may be used in this
 
way, however, tree or shrub legumes may have a great potential in this situation.
 

The question of the likely level of fertility at which the forage production system 
will operate is also of importance. An existing high level of soil fertility would be ideal, 
but is highly unusual for pasture production. Many of the rut ber growing areas are 
on low fertility, acidic soils and it has to be decided early on ;.i the evaluation, if the 
soil should be ameliorated or not. This depends on the probability of fertilizer use in 
the proposed animal production system, and will be influenced by both the 
profitability of fertilizer use and the access of the producer to capital for its purchase. 
The replacement of nutrient.; removed by forage production is necessary, however, to 
sustain productivity and, in plantation crops, to limit competitive effects. Obviously, 
the amount of nutrients removed by grazing in situ is less than that in a cut-and-carry 
system. 

IDEOTYPE DESCRIPTION 

The last step in the formulation of selection criteria is the translation of the above 
description of the environment, proposed use and management of the forages into plant 
characteristics. Selecting species for their adaptation to climate and soil is generally an 
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easy task, as this type of information is available from many different species (e.g. 
Bogdan, 1977). The proposed use of the forage species will determine characteristics 
such as forage type, ability to grow in shade, nutritional chacracteristics, compatibility, 
establishment features, yield potential, perenniality, persistence, and seed production 
potential. The proposed management will determine the growth habit, resistance to 
defoliation and adaptation to a particular fertility level. Adaptation to some of these 
aspects have been discussed in Humphreys (1981) and Reynolds (1988). 

The assembly of a ravge of potentially suitable forage species for a species 
evaluation requires a good working knowledge of the range of forages available. The 
Plant Genetic Resource Centres, which supply seed for plant evaluation, have this 
knowledge and can help in the selection of suitable species, provided they receive the 
information discussed above. A "shotgun" approach is unlikely to yield good informa
tion, and it is impossible to evaluate species if one has not decided what characteristics 
are important. 
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ABSTRACT
 

An integrated livestock-tree cropping production system involves zero additional land use 
on existing green vegetation under plantation treecropping. Species which are performing well 
under moderate shade canopies, such as under mature coconut (50-80% sunlight), and young 
canopies of rubber and oil palm, belong to the genus Brachiaria and Guinea, which yieldfrom 
8 to 15 tonsperhaperyear dry matter (Did). Under light intensity below 20%, the genuine shade 
tolerant grass species include, Axonopus compressus, Brachiaria miliiformis, Paspalum
conjugatum, P, notatum and Stenotaphrum secundatum. Shade tolerant iegumes include 
Calopogonium caerulum and Desmodium ovalifolium. Shading reduces production of DM, tiller, 
and root growth and increases leaf area, shoot/root and leaf/stem ratios. During long dry 
seasons, both the tree crops andforages sufferfrom water stress. The influence of shading on air,
soil and leaf temperature is small and is unlikely to cause any constraints to pasture growth.
Under moderate shade, the availability of nitrogen in soil and forage plant tissue increases. 
Higher nutritive values of natural forages under canopy caused ty the multiple species
composition, has resulted in better animal production then in open pasture. The long and deep
shading environment of mature rubber and oil palm plantations, has serious restrictions for the 
development of shade tolerant species. Monitoring forage resources within plantations for both 
weed control and animal production is absolutely essential. However, the effect offorage and 
animal production on the tree crops urder present integrated production systems is still unclear. 

INTRODUCTION 

The concept of dual usage of land for mixed farming activities, has been 
practised for a long time, especially in Asian farming communities. The greater the
intensity on cultivation, the heavier the pressure on land use. Livestock (namely cattle,
buffaloes, goats and sheep) which are economically importart for the smallholder sector
in relation to meat, milk and draught, do not possess a special allocated land.
Agricultural land is usually intensively cropped and not used for fodder production.
Planting of forages as a compcnen, of agricultural production is not readily accepted
by Asian farmers possibly because of land space constraints, the low and slow returns
of the venture, and lack of technical informati rn oi. integrated management. However,
the fact remains unchanged: the local demand of meat and milk is not satisfied and
is on the rise due to the improvement of family income in the region. Malaysia, for
example, produces only 1500 of its domestic mutton demand and 55% of its beef
demand. Consumption is expected to increase to 12,500 and 50,000 mt, respectively,
by the year 2000 (Wan Mohamed et al., 1987). 

A major constraint to increased livestock production is the difficulty ir, providing
feed in adequate quality and sufficient quantity throughout the year. This is a common
problem in the region. Cereals and concentrates are available but only to dairy cattle.
All other ruminants are mainly raised on roughages and crop residues. If there is no
change in this feeding regime, the demand for forage resources in Southeast Asia and 
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South Pacific, will double by the turn of the century and the meat self-sufficiency will 
drop by 33%'0 (Remenyi and McWilliam, 1986). 

There are about 15.4 million hectares of permanent tree crops in this region 
including estate crops such as rubber, oil palm, coconut and small areas of fruit 

orchards. It was reported that in Malaysia (Devendra, 1981) these plantations harbor 
tremendous amounts of green vegetation and other agri-by-products suitable for 

animal production. The agri-by-products are in great demand in both regional and 

international markets. Zero land-based livestock-tree cropping production systems 

represent a tremendous potential for increasing animal production, considering the 

extensive land areas and agri-by-products that are currently available. 

The main aim of-this paper is to discuss the availability and management of 

forage and the factors that affect forage growth in relation to animal production under 

tree crops. 

FACTORS AFFECTING GROWTH AND QUALITY OF FORAGES 

Major natural factors that influence forage under tree canopies are, temperature, 
light, moisture, and nutrients. Each of these factors plays a subsequent role in the 

availability of forage that ultimately affects animal productivity. 

The Light 

The understory vegetatior is unable to compete for light with the tall growing trees 
and depends on the light transmiss*Dn through the tree crop canopy. Hence, the 
planting density controls the amount of light penetration through canopy. Years of 
evolution in plantation management and research have resulted in the following 
planting densities: 

Crop Trees per ha 

148-197coconut 
oil palm 136-148 
rubber (smallholders) 370-432 
rubber (plantations) 308 

Triangular planting configuration allows more tree density, interlocking leaf 
canopy and more effective interception of sunlight (Abeywardena, 1954). 

It is important to orientate ourselves from the plantation point of view that 
production of tree crops earns the principal income while animal income, if any, is 
supplementary. Alternation in planting density disturbs yield of tree crops (Hartley, 1977) 
and affects the returns and profit of the operation. Current research changes in planting 
configuration with the main aim to prolong the durability of forage production 
deserves a further discussion. 

Light is the critical factor affecting the growthi of forage underneath tree 
canopies. The productivity of tropical forages under shading follow linear ora 
curvilinear relationship. Most shade tolerant plants show morphological adaptation. 
Shading significantly reduces tiller production, stem stubble and root, but increases 
specific leaf area (area per unit leaf weight), and shoot/root and leaf/stem ratios (Wong, 
1990). 
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The ability to regenerate leaf area and maximize interception of radiation is the 
most critical factor for the production and persistence of forage. Regrowth in grasses
is related to residual leaf area and in legumes, to the residual number of growing points.
In this regard, selection of species with prostrate characteristics may be able to sustain
heavier grazing pressures. These prostrate forages may accumulate larger solublecarbohydrate reserves in roots, rhizomes and stolons, which may make them more
persistent under heavy shade, however may have conservative production levels.
Usually, stolons and rhizc,mes in C4 grasses can store soluble carbohydrate reserves and 
can mobilize these reserv,s to support growth of auxilliary buds. However, the capacity
of plants to accumulate carbohydrates is greatly diminished under shade (Wilson, 1982). 

Under low light levels in piantation (less than 20% sunlight) one negative
phenomenon of vital importance is the loss of leaf area. It was reported (Chen and
Othman, 1984) that there were massive losses of plant material when defoliated once
after 8 or 12 months as compared to the cumulative yield obtained from cutting every
4 months. The loss of biomass could most likely be attributed to senescence and
shading. Such phenomenon also implies that under a deeply shaded environment,
management to maximize forage utilization should includc a light grazing period (or
defoliation) followed by a short regrowth interval. This maximizes the utilization of 
green forages. 

The Soil Moisture 

The competition of moisture by main crops and forage plants is so high that
growing pasture under plantation is only recommended in areas with high rainfall. In
intermediate and dry zones, intercropping with cereal and other short term crops
during monsoon is recommended (Santhirasegaram, 1967). Soil moisture measurements
during the dry season (Table 1) showed that in the top layer (0 to 10 cm) there was no
moisture difference along the points from 1.5 m to 10 m away from the coconut palm.The wilting points (PF 4.2) are 7.2, 11.5 and 7.0% in the 0 to 10, 30 to 70 and 70 to
100 cm horizon. On this basis, surface soil moisture was below wilting point and only
little water was available to plants at deeper levels (Steel and Humphreys, 1974).
Observations on oil palm rooting showed that about 80% of roots reach the 40 to
60 cm depth. Forages with shallow roots share the 0 to 10 cm soil level with oil palm
surface root feeders. Wilson (1990) reported that the decrease in leaf stomatal 
conductance of plants under lower radiation reduces water evapo-transpiration, and
perhaps will lessen periods of water deficit. Additional research on soil moisture-forage
main tree crop relationships is urgently required. 

Table 1. Soil moisture content (%)in relation to tree position. 

Sample Depth (cm) Distance from tree (m) Mean 
1.5 3 6 105 7.5 

0- 10 4.8 5.1 3.8 4.4 4.6 6.3 4.830- 40 10.9 16.7 11.4 12.0 13.7 11.2 12.7
60- 70 12.1 11.6 12.5 16.6 14.414.1 13.6
90- 100 9.0 12.7 12.7 11.7 14.3 15.1 12.2 
Source: Steel and Humphreys (1974). 
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The Nutrients 

Soil nutrients 

It is clear that roots for both pasture and tree crops are distributed in the same 
soil layers. This might result in serious competition for soil nutrients but current 
scientific information is not sufficient to confirm this hypothesis. 

Under grazing, some recycling of nutrients through faeces and urine back to the 
soil is expected. However, their contribution may not be sufficient for the maintenance 
of pastures or tree crops because some are lost through either volatilisation or surface 
run-off. Normal maintenance fertilizers for the tree crops should continue to be 
applied to maintain tree crop yields. 

Plant nutrients 

Shading has a strong effect on plant nutrient content which may influence their 
nutritive value for livestock. Under moderate shade, grass growth may be better than 
in full sun, because the shaded environment increases the availability of soil nitrogen 
and consequently plant tissue N concentration (Wilson, 1990; Wong and Wilson, 1980) 
and increases photosynthetic capacity. The increases in nitrogen content of Setaria 
sphacelata cv. Kazungula, Panicum maximum and Brachiaria decumbens under shade 
is in agreement with this (Norton et al., 1990); although no shade effects on cell wall 
content, cellulose, lignin and phosphorus content of the grasses were found. The 
non-significant effect on fluctuation of dry matter and energy digestibility with 
increasing shade could have been due to the moderate shading (50% light) imposed. 
However, the substantial decline in voluntary intake of forages grown under shade, is 
of particular concern. A study with rye grass indicates that shading reduced 
digestibility by 0.6 to 3.6% and soluble carbohydrate by 3.7% which depressed the 
voluntary feed intake by 12 to 15% (Hight et al., 1968). A similar report was made 
(Samarakoon, 1987) on Kikuyu grass, which showed a 28 to 33% reduction in feed 
intake caused by more stemmy plants. Based on this findings, further research on the 
influence of shade on forage quality is indicated. 

The Temperature 

Wilson (1990) indicates that the influence of shade on air and soil temperature 
is surprisingly small. The ambient temperature at 18 to 40% illumination is 1 to 2°C 
lower than in full sunlight, whereas under mature rubber trees, it is 1 to 3°C lower. 
Leaf temperature under 407o light is 0.6 to 1.50C lower, while soil temperature under 
27% sunlight at 5 cm depth is only 1 to 2°C lower than under grass and legumes in 
the open. The relative humidity increases by 1*to60 under shade as compared with 
full sunlight. These small decreases in air, soil, and leaf temperature under shade are 
unlikely to become a significant constraint to pastures growing under tree crops. 
Nevertheless, their effects on animals may have different values. 

FORAGE AVAILABILITY AND MANAGEMENT 

Forage Availability 

The major constraint of plantation land for forage production is the fast change 
of light environment over time. The deterioration of light as the tree canopy expands 
may eventually lead to forage shortages. Potential problems can be seen under 5 year 
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old rubber trees. The production of improved pastures (Napier and Guinea) declined 
by more than 70016 in yield when intensity of light dropped to 47% of full sunlight 
values (Mohd. Najib, 1989). 

Under moderate shade levels as occurs in mature coconut plantations (50-80% 
daylight) and during early establishment of rubber and oil palm plantations, the grasses 
of the genus Panicum, Brachiaria and the legumes of the zenus Desmodium, 
Centrosema, Calopogonium and Pueraria have the potential for proyiding an 
acceptable forage supply with 8 to 15 and 3 to 19 ton per ha per year, respectively. The 
change from adequate light levels to very low light levels in these plantations implies 
that the use of species with more shade tolerance, but less productive capacity, are 
warranted. Genuine shade tolerant forages such as Calopogonium caeruleum, 
Desmodium ovalifolium, Stenotaphrum secundatum, Axonopus compressus,
Brachiaria miliiformis, Paspalumconjugatum and Paspalum notatum are known and 
available to the users. The dry matter (DM) productivity of some important tropical 
forage species under different light regimes, obtained with either artificial shade or 
under different tree crop canopies, is listed in Tables 2 and 3. 

Table 2. The dry matter (DM) (ton/ha/yr) productivity of some important 

tropical forages in pure swards under artificial shade. 

Shade level (016sunlight) 

Species < 30 <50 <75 100 

-N +N -N +N -N +N -N +N References 

(a) Grasses 
(0 and 365kg N/ha/yr) 
B. brizantha 12 15 13 21 12 30 13 29 Eriksen 
B.miliiformis 9 14 8 20 7 24 4 18 and 
D.decumbens 6 10 14 20 10 25 9 29 Whitney 
P.maximum 13 14 15 24 12 32 9 30 (1981) 
P. clandestinum 5 8 9 10 9 20 4 16 

Grasses 

(150 kg N/ha/yr) 
A. compressus - 3 - 8 - 7 - 4 Wong 
B. decumbens - 8 - 13 - 16 - 23 et al. 
P. maximum - 8 - 16 - 16 - 22 (1985a) 
S. sphacelata (Kaz.) - 6 - 10 - 14 - 12 
P. conjugatum - 3 - 4 - 4 - 4 

(b) Legumes 

C. caerueum 2 - 4 - 4 - 3 - Wong 
C. pubescens I - 2 - 2 - 4 - et al. 
D. ovalifolium 4 - 5 - 5 - 4 - (1985b) 

S. guianensis (EAd.) 5 - 7 - 9 - 15 -

P. phaseoloides 2 - 3 - 3 - 4 -

D. intortum (Green.) 9 - 15 - 19 - 20 - Eriksen 
C. pubescens 6 - 9 - 12 - 14 - and 
M. atropurpurem 3 - 5 - 9 - 13 - Whitney 
S. guianensis (Sch.) 3 - 5 - 12 - 17 - (1982) 

Source: Wong, 1990. 
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Table 3. DM productivity (mt per ha per yr) of some promising tropical forages 
in pure swards under natural shade of plantation crops. 

Species Shade as 076sunlight References 
0-25% 26-50% 51-75076 76-1007 

Coconut 
B. decumbens 0.7 4.4 9-11 28 	 Smith and 

B. humidicola 0.7 4.1 22 	 Whiteman 
B. miliiformis 1.0 3.4 4-7 18 	 (1983) 

S. secundatum 1.9 4.9 3-4 6 
A. compressus 1.3 1.9 4-5 5 
P. conjugatum 1.0 2.6 2 8
 
L aristatum 0.3 5.5 7-8 14
 

S. guianensis - - - 15.2 	 Steel and 

C. pubescens 	 - - - 3.3 Humphreys 

(1974) 
P. maximum (tall) - - 15.5 -

B. humidicola - - 10.5 -	 Reynolds 

B. brizantha - - 8.9 -	 (1978) 
B. miliiformis - - 8.2 -

P. conjugatum - - 8.5 -

B. brizantha - - 5-11 -	 Manidooll 
A. compressus - - 4-7 -	 (1984) 

P. conjugalum - - 4-7 -

P. maximum - - 1 -

Rubber 
B. miliiformis 1.2 4.3 8.4 8.8 	 Waidyanatha 

P. maximum 2.2 6.1 8.9 11.1 	 et al. 
B. brizantha 2.1 5.6 8.6 10.1 	 (1984) 

P. maximum 3.5 - 8.5 14.5 	 Mohd. Najib 
P. purpureum 4.2 - 9.5 12.3 	 (1989) 

Oil Palm 
P. maximum 1.0 - - -

A. compressus 0.9 - - -

P. conjugatum 1.0 - - -	 Chen and 
S. sphacelata 0.6 - - -	 Bong 
D. setivalva 1.0 - - -	 (1983) 
B. decumbens 1.7 - - -

D. ovalifolium 2.0 - - -

C. caeruleum 0.6 - - -	 Chen and 

C. pubescens 0.4 - - -	 Othman 
S. guianensis 0.3 - - -	 (1984) 

D. heterophylium 0.3 - - -

I estimated; Source: Wong, 1990. 

15 



The availability of natural forage resources under different stages of rubber and 
oil palm plantation is shown in Figure 1 (C.P. Chen, unpublished data). Biomass 
declined from about 2.8 to 4.8 DM ton per ha at the immature stage (4 to 5 years),
to about 0.1 to 1 ton per ha at the mature stage (8 to 22 year) and to about 2 ton 
per ha at the older age of tree crops. The changes in biomass DM yield coincided with 
light availability measured under the same canopies. Sun-loving species which are 
dominating in the early stage of tree crop development will gradually give way to shade 
tolerant species. These "shade" species will persist for a much longer period of time 
as tree crops grow. In general, the leguminous cover crops tend to be shaded off at the 
4th to 5th year while the broadleaved weeds and grasses persist and build up with time 
(Figures 2 and 3). 

The nutritive values of natural herbage are relatively high, especially when the 
total nutrient availabilities from all species in the pasture are taken into consideration. 
Estimated total energy concentration for grasses from various resources under planta
tion varies from 7.01 to 10.1 MJ ME per k, DM. The estimates in broadleaved weeds
and ferns are even higher. Crude protein of grasses under most plantations is around 
11.9% (8.7 to 16.8%0), broadleaved weeds 14.2% (13.2 to 15.2%), ferns 18%,
Mikania cordata 21.6% and Asystasia intrusa 15.5 to 22%, while crude protein of 
the legumes fluctuates from 15.9% to 27.897o (Lane and Mustapha, 1983). This higher
nutritive value was reflected in higher cattle production under trees when comparison 
was made with open ranch operations. Cattle grazing achieved better performance
under oil palm than in the N-fertilized Guinea open pasture (Chen, 1990). 

Forage dry matter (kg/ha) 
5 

* X Rubber
 

4 Oil Palm 

3 
x 

2 x 
x 

x x 
x x 

X x x XX 

0 XXXX1 
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

Age of tree crops (years) 
Figure 1. Availability of forage dry matter under different ages of rubber and oil palm. 
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Figure 2. Botanical composition of ground vegetation in relation to the age of oil palm. 
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Forage Management 

In view of the period of low forage availability under deep shade (below 20% 
sunlight), 't will be difficult to obtain substainable high animal production.
Unfortunately, this long "gloomy" period occupies more than half of the economic life 
span of most tree crops. Ignorance of such conditions may have serious implications
in shaping research and development programmes. Normally, a well managed planta
tion schedules its replanting plan ir, staggering periods so that a quarter of the total 
estate land area is in immature phase at any given time. 

Herbage under young, medium and old trees should be taken into account in an 
integrated management to maximize animal production. In areas where a long annual 
dry season prevails, the use of by-products as feed supplements should be considered.
In order to prevent the problem of fluctuating forage supplies, the integrated produc
tion system should be conservative in regard to the total number of stock that the
plantation can support. Overgrazing or understocking is a loss to the integrated
production system (Sanchez, 1990). Hence, to take the animal component into 
consideration, a manager may have to orientate his thinking towards conserving
forages for the animal component rather than eradicating the weeds in plantation fields. 
For a compromise between weeding and best nutrient levels for both plant and animal 
production, utilization of 6007o of the above ground cover in each round of weeding/
grazing period may allow sufficient leaf area and carbohydrate reserve for optimum
physiological regrowth of plants under shade. This implies that under a deep shading
environment, forages should be grazed lightly and provided with shorter regrowth
intervals as compared with more open situations. 

Under normal circumstances, several groups of animals are maintained in the farm
(i.e. the breeders, the male and female growers, and the finishers). Consequently areas
in the plantation should be sorted accordingly with the nutrient needs. This translates 
into expensive physical partitioning in the field. Natural barrier such as rivers or steep
hills can be utilized, to separate the flocks. During scheduled farm work, priority should 
be given to plantation routines, such as spraying, fertilizing or harvesting, while animal 
grazing should move ahead of all the routine schedules to avoid unnecessary disturbance. 

The following management systems of forages are likely to be encountered. 

Continuous grazing 

A fixed number of animals are allowed to graze in a relatively large field for a
period of some months without changing the animals (preferably breeders). A 
moderate stocking rate, based on herbage availability, has to be worked out for the
land area. Minimum movement of animals in and out of the area is expected. The
impact of weeding may not be seen instantly since moderate stocking capacity on 
pasture is designed. 

Rotational grazing 

A block of land partitioned into a few smaller plots or subpaddocks is allocated 
to a fixed number of animals to graze regularly for a fixed period of time. Usually,
4 to 6 periods of grazing per year would keep weeds under control. Some form of 
fencing is needed if this system is implemented. 
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Strip grazing 

A large number of animal are confined in a small strip of land by either a 
herdsman or electric fence. This is a useful tactic when excessive amounts of forage 
are available in the field and there is a need to keep weeds under control in the shortest 
period of time. An exarrole includes a herd of 350 Kedah-Kelantan cattle confined in 
a 12 ha-strip under 4-year-old oil palm. Within a day, the field was satisfactory weeded. 

Cut-and-carry system 

Cut-and-carry for stall feeding (zero grazing system) is useful when dealing with 
certain physiological stages of animals (i.e. the sick, late pregnancy, just born lambs 
and their ewes); and when the tree crops are still too young as to allow grazing. 
Further, planting of improved pastures in the open, may complement the inadequate 
forage either quantitatively or qualitatively under tree crops. Coconuts and oil palm 
require high potassium for normal growth and production, so the planting of 
aggressive grasses such as Guinea and Napier which demand high K (Manidool, 1984; 
Arganosa, 1988) may compete K with plains. Hence, adequate K fertilization should 
be applied. If improved pastures have to be planted under tree canopies, species with 
prostrate characteristics are prefered to prevent competition with tree crops and to 
facilitate grazing. The negative effect of a short life span has to be considered since 
most tropical grasses are moderately tolerant to shade (Shelton et al., 1987). 

Monitoring of Forage Resources 

In order to understand the forage situation within the plantation, the total 
herbage, the growth and the botanical composition need to be monitored periodically. 
Such records are critical for controlling noxious weeds, not palatable to grazing 
animals, and for the control of the nutrient status of overall herbage under grazing. 
Random monitoring of the above information 2 to 3 times a year will be sufficient to 
assess overall feed resources in the field. Total herbage can be estimated thrd'igh 
random cutting, while caged forage will be able to give some idea about regrowth 
levels. The Dry Weight Ranking method (DWR)/Botanal method will also show the 
changes in botanical composition of forages with time. The Malaysian experience with 
Asystasia intrusa, which dominated more than 60%/0 of the total forage and is suspected 
to cause health problems in sheep, is one of the typical examples on forage monitoring 
(Wong et al., i988). Other noxious weeds, such as Clidemia hirta and Eupatorium 
odoratum which are expensive to control, were monitored over a period of 22 year 
of animal grazing (C.P. Chen, unpublished results). 

EFFECT OF FORAGE AND ANIMALS ON TREE CROPS 

Information on the effects of forage and animal on tree crops is not readily 
available. Itwas reported that the growth of rubber, in terms of height and girth size, 
was affected (Table 4) by planting pastures around the circle encroaching to 1 m and 
1.5 m away from the tree (Dissanyake and Waidyanatha, 1987). Researchers in Nigeria 
have made attempts to compensate for increased width between rows by decreasing 
spacing within the oil palm row, which led to reduced yields. Normally, spaced 
individual palms within widespread rows yielded slightly more than the normal spacing 
(Mack, 1988). It was also noted that there was some negative effect on oil palm fresh fruit 
bunch (FFB) yield recorded in a spacing-grazing experiment where comparison of 
normal triangular spacing was made with various densities of rectangular spacing 
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(Table 5). However, MARDI, in a recently concluded long term cattle grazing
experiment, revealed that cattle grazing had a cumulative effect on weeding in oil palm
by improving FFB yield by 18% continuously for 3 years when compared with the 
control where only circle weeding was carried out (C.P. Chen, unpublished results). 

Table 4. Height and girther of 2.5 year old clonal rubber trees grown in 
association with 10 forage grasses and Pueraria. 

Grass/legume Tree height (m) 	 Tree girther (cm) 
1.0 ml 1.5 ml Mean2 1.0 ml 1.5 mi Mean 2 

Guinea A 	 3.66 3.65 b d 7.5 8.2 7.8de 
3.6 6 


Guinea B 3.39 3.44 3.4 .dc 6.7 7.7 
 7.2e 
Green Panic 4.42 4.09 4.26a 9.3 9.9 9.6 a 

B. brizantha 	 2.95 3.23 3.00' 5.6 5.9 5.7f 
B. decumbens 	 3.05 3.32 3.19'c 6.5 7.8 7.9e 

B. miliiformis 	 4.04 3.95 4 .00ab 9.1 8.8 8.9at 

B. ruziziensis 3.66 4.06 3.86k¢ 8.3 8.7 8.5 b d 

Napier (NB 21) 3.54 3.66 3.60bcd 6.4 7.9 7.10 
Paspalum 3.72 4.33 4.03rb  8.6 9.4 9 .0ab 
Setaria 3.61 4.44 4.03ab 8.9 10.0 9.3a 

Puerdria cover 3.66 4.31 3.99ab  7.7 8.7 8 .2 cd 

Mean 	 3.61 3.86 7.6 8.4 

LSD 0.5* ns 0.35* ns
 
I Radius of vacant spaces around trees.
 
2 Means with dilferent superscripts are different (P < 0.05).
 

*: (P < 0.05) ns: (P >0.05).
 
Source: Dissanyake and Waidyanatha, (1987).
 

Table 5. Effects of spacing on fresh fruit bunch (FFB) production 
(ton per ha per year) of oil palm. 

Spacing (m) 
Item Triangular 	 Rectangular 

9.14 	 12.8 9.14 6.4 3.66 6.4 
x x x x 

19.8 19.8 19.8 12.8
 
Density 138 70 55 79 138 
 125 
(palm per ha) 

FFB yield 	 7.6 4.8 3.7 4.3 4.1 6.9 

Source: Hartley (1977). 

In coconuts (Rika et al., 1981) higher nut yields were collected (263 to 454 nuts)
from a two-year cattle grazing trial on improved pasture as compared with grazing on 
native pasture (291 nuts). In this study a range of stocking rates from 2.7 to 6.3 head 
per ha was tested. 

Although grazing can affect the physical properties of the soil, few reports
documenting compaction by animals grazing in estate crops are available in the 
literature. Compaction can affect both the tree crop as well as the forage dynamics. 
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Felizardo (1972) in the Philippines indicated that in a soil compaction study through
ploughing, increasing yields of 35, 50 and 47 nuts per palm per year were recorded in 
subsequent years in coconuts, while the yields for control were 30, 34 and 35 nuts per 
palm per year, respectively. 

CONCLUSION 

Coconut plantations are the most conducive environment for forage-livestock-tree 
cropping integration, due to greater light availability for forage production. The long
and deep shading environment (less than 207o sunlight) of mature rubber and oil palm
restricts seriously the development of shade tolerant forage for ruminants. In order to 
provide a consistent supply of forage, strict limitations on the total number of animals 
that the forage can support and the total herbage available from under the young, 
mature, and older trees, should be closely monitored. Undoubtedly, a multi-species 
mixtwre of green vegetations offe"*. a higher level of nutrient concentration for better 
animal production under tree crops as compared with production in open pasture. 
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LEGUME TREES AS ALTERNATIVE FYEED
 
RESOURCES FOR SMALL RUMINANTS INTEGRATED
 

WITH TREE CROPS 

I.M. NITIS, K. LANA, M. SUARNA, W. SUKANTEN AND S. PUTRA 
Department of Nutrition and Tropical Forage Science, Udayana University, Denpasar, Bali, Indonesia 

ABSTRACT 

Fodder shrubs and trees, which are always integrated in the smallholder plantation crop, are 
used mainly as shade, support, protection andgreen manure. The leaves, which are loppedperiod
ically, are used as a feed supplement to the ruminant integrated in this tree crop production 
system. With proper treatment and managetm.nt, shrub and tree fodders could constitute a 
greater proportion of the small ruminant diet without causing ill effect to tLse animals. Since 
shrubs and treefodders generally ccntained more nutrients than the natural grasses, their inclusion 
in the diets could increase the productivity of the small ruminants. Fodder shrubs and trees 
integrated as intercropping, alley cropping, shade, climber support, fence, feed bank and three 
strata forage system could increase the feed quantity and quality in the smallholder tree crop 
production system. 

INTRODUCTION 

Most smallholder plantations consist of the main plantation crop, an undergrowth
vegetation and mixtures of fodder shrubs and trees (FST). Moreover, small and large 
ruminants are often part of the whole farming system. 

When small ruminants are integrated into the production system, land is usually 
not allocated to produce forage for their feeding. Instead, small ruminants are fed grass, 
ground legumes, FST and other crop residues available in the plantation. This relation 
establishes an integrated production framework that is mutually beneficial for the 
animal and plantation components. Thus, weed control and utilization of FST and crop
residues from the plantation are translated into production of kg of live weight of 
animals and extra income. FST are specifically grown to provide shade, as a climber, 
for fence or windbreak, and are a source of animal feed. 

FST are commonly used for feeding ruminants in Indonesia. In intensive farming 
systems in West Java (Indones;a), the diet of sheep and goats was reported to consist 
of 29% FST during the wet season, while during the dry season it amounted to 39% 
(Van Eys et al., 1983). In plantations in Bali, during the wet season goat diets consisted 
of 58% FST while during the dry season it consisted of 96% FST (Nitis et al., 1980).
Assuming that eich ha of smallholder plantation consists of 200 FST with an average 
annual yield of 8 :g (DM) per plant and that small ruminant diets include 30% FST 
(Nitis et al., 1980), then the 8,420,000 ha of smallholder plantation crops (Anon. 1989)
could produce i3 387,800 tons of FST. Under such an assumption FST could supple
ment up to 68 million head of small ruminants. 

In this paper, the role of FST and aspects concerning smallholder integrated 
production systems involving tree crops and small ruminants are reviewed. 
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PRESENT ROLE OF FODDER SHRUBS AND TREES 

FST as componentf of the smallholder farming system fulfill many technical, 
economical and sociocultural needs of the smallholder farmers (Nitis, 1986). In young 
plantation crops, FST can be used as shade and the leaves are occasionally cut for 
ruminant feed. For shade, FST are planted between or at the diagonal crossing of the 
plantation crop. When the plantation crop reaches production, according to the needs 
of the plantations, the shade plants are either removed or kept as shade. 

In vanilla and pepper plantations, FST are used to support Jimbers and are cut 
periodically to prevent over-shading; the FST leaves are fed to ruminants and the 
branches are used for firewood. Fodder shrubs of the genus Leucaena and Gliricidia 
and trees of the genus Erythrina are grown to support climbing plantation plants. When 
the host shrub is established, the climbing vines are planted at the base. 

Smallholder plantation farmers also grow FST along the boundaries of fields as 
a fence to prevent intruders from disturbing and picking fruits. This arrangement will 
eventually provide a windbreak, as well as an in situ fodder source for ruminants and 
a firewood reserve for the household. Shrubs are planted at 10 to 20 cm and trees are 
planted at 5 to 10 m spacing, along the boundary and between the fence of the 
plantation crop. In plantations with : 'opes shrubs and trees are grown along the terrace 
of the field at I to 2 m and 5 to 10 m spacing, respectively. 

In timber plantations in East Jva, Indonesia, strips of FST are grown with the 
cash crop between bands of timber trees. In Anona squamnosa fruit plantations in hilly 
areas of the Philippines, Leucaena is grown in hedgerows of 3 to 4 m apart between 
the fruit trees (Moog, 1985). In Malaysia, Leucaena is often used as a nurse crop for 
teak and Araucaria species (Ng et al., 1982). 

Usually smallholder plantation farmers are not aware that leguminous FST fix 
nitrogen, and can increase fertility of the soil under plantation crops (Brewbacker, 1985) 
if their leaves are incorporated as green manure. Furthermore, when ruminants are 
integrated into the plantation, farmers prefer to feed shrub and tree fodder leaves to 
the animals and use livestock manure as fertilizer rather than use leaves directly as green 
manure. This current preference results in a more efficient utilization of carbon and 
nitrogen for the plantation. 

Economic and Sociocultural Role 

FST also can provide a direct source of income for the smallholder farmer. For 
instance, wood of fodder trees such as Artocarpus integra, Hibiscus tiliaceus, 
Azadirachtaindica, Lannea coromandelicagrown along the plantation boundary can 
be sold as material for farm implements, timber for building and wood for handicrafts. 

Fruit of boundary fodder trees such as Artocarpus intcgra, Mangifera indica, 
Cocus nucifera, Tainarindusindica, and young leaves of Sesbania glandiflora and 
Moringa oleifera can be sold for human consumption. Amir (1989), in an hypo
thetical illustration of benefit/cost (B/C) ratio analysis applied to 5 fodder trees grown 
along the bounds of barren land, showed that after 5 years production for feed, 
firewood and farm implement -use, the B/C ratio was 3.12. 

Fodder shrubs and trees also play an important sociocultural role in Indonesian 
society. Some are used for decorating and for religious ceremonies. They can also be 
used as traditional medicine. 
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PRODUCTION ASPECTS OF FODDER SHRUBS AND TREES 

Choice of Fodder Shrub and Trees 
The use of shrub and trees as animal feed dates back to the domestication of

animals. Ceratonia siliqua and the legume Prosopis cineraria have been recorded as 
fodder for over two thousands years (Robinson, 1984). According to Brewbaker (1985)
the 200 tree legume species that are known to or believed to nodulate can be used as 
fodder, and nearly all of these species are tropical or of subtropical origin. 

The types of shrubs and trees used as fodder can vary substantially within a small 
area due to different ecosystems, traditions and plantation types. For instance, in the
wetland farming area of Bali, only 26 fodder shrubs and 31 fodder trees have been 
identified growing around the edges of 1 ha fields. In dryland farming areas of Bali,
FST apparently have a more important role; in fact a larger number of species (104
fodder shrubs and 304 fodder trees) have been identified (Nitis et al., 1980). The need 
for more species of FST in the drylands is directly related to the farming system shifting
from annual (corn, cassava and peanut) to estate crops (vanilla, clove and coffee)
within a year (Nitis et al., 1990). 

The fodder shrubs commonly integrated with plantation crops are Gliricidia
sepium, Leucaena leucocephala and Calliandra eryophila; while the fodder trees 
commonly integrated with plantation crops are Albizia falcataria,Parkiaspeciosa,
Erythrina variegata,Lannea coromandelica and Acacia albida. 

The easiest approach to chose the right FST for integration in a given area is to 
adopt existing patterns in ecologically similar area. There are also some general
considerations to be accounted. For plantation crops in dryland farming areas, FST
integration should focus on dry tolerant species. The plants should be deep rooted so 
that they do not compete for nutrients with the host (plantation crop) and can 
withstand prevailing winds. 

As shade, FST should be nondeciduous, with the branching habit in pollarding
form and wli' a loosen leaf canopy. As a support for climbers, FST should be erect,
pollarding rather than evenly distributed branches; its stem should not peel off, it should 
be resistant to root-rot and strong enough to bear the biomass and the saprophytic 
habit of the host. 

As forage sources, FST should be resistant to repeated cutting, quick yielding with 
fast regrowth recovery. Palatable foliage must be high in nutritive value, low in 
anti-nutritional factors and nondeciduous. 

Potential Yield and Lopping Yield 

Potential yield is the amount of foliage available when complete defoliation is
carried out. This is practiced in some plantation crops where FST are used to support
climbers and have to be lopped completely to prevent shading vanilla or pepper.
Lopping yield is the amount of foliage available through strategic and systematic
defoliation. This is practiced in plantation crops, whccr FST are used as shade.
 
Farmers usually trim the FST when the crown 
is tco dense and the lower branches 
cause plantation management problems. 

Factorsaffecting yield 
With Leucaena, the height of the plant and intercutting interval have dramatic 

impact on the yield of fresh leaf weight: 113 tons per ha per year if cut at 100 cm height 
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at 40 d intervals (Siregar, 1983), as opposed to 39.4 tons if cut at 150 cm and 70 d 
intervals (Krishnamurthy and Mune Gowda, 1982). Horne et al. (1985), in reviewing 
the effect of plant density (tree per M2) on the yield (per ha per year) of Leucaena, has 
indicated that Leucaena planted at higher density produced better yields than at lower 
density. 

Leaf yield of E. poeppigianagrown at 6 m x 6 m spacing in a Costa Rican coffee 
plantation increased as the prunning frequency increased for 1, 2 and 3 times per year, 
while the reverse was true for the stem yield (Pezo et al., 1989). 

Planting systems have also been shown to affect yields (Nitis et a/., 1991). 
Gliricidiasepiumplanted as fence (0. 1 m spacing) as alley cropping (0.5 m spacing) and 
as guard row (1.0 m spacing) and harvested 4 times a year, produced 0.2, 1.5 and 1.9 
kg DM per tree per year, respectively. However, when the yield was expressed per 100 
m row, the DM yield become 207, 297 and 195 kg DM, respectively. 

Experiments in dryland farming aieas showed that :ihrub legumes grown as fence 
and cut at 1.5 m height produced more forage during the 4-month wet season than 
during the 8-month dry season (Nitis et al., 1989). A similar trend was also observed 
for fodder trees lopped at 2 m height. 

Topography was shown to be a source of variation in yield (Nitis et al., 1989). 
Leucaena and Hibiscus grown on a flat area produced more fodder than either on 
slopes or flat-sloped areas. The reverse apparently occurs with Gliricidia. 

Yields of FST vary according to their association with other forage species (Nitis 
et al., 1989). During the wet season, yield of Gliricidia was the highest when in 
association with Cenchrus and during the wet season the yield was highest when in 
association with Hibiscus. For Leucaena, yield was the highest when in association with 
Grahamstylo during both the wet and dry seasons. Among fodder trees, yield of Ficus 
was highest when in association with Verano stylo, while yield of Lannea was higher 
when in association with Grahamstylo during the wet season and with Gliricidiaduring 
the dry season. Association with food crops such as sweet potato and cassava increased 
the leaf yield of Acacia, Peltophorum, Leucaena and Eucalyptus by 257, 255, 250 and 
196%, respectively (Petmak, 1983). 

Predicting the Yield 

Dry matter biomass production of tree stands has been estimated using simple 
equations (Petmak, 1983). However, plant characteristics and age can affect accuracy 
of predictions. Khan and Pathak (1989) showed that in predicting the leaf yield of 
Leucaenagrown under wet land conditions, the age of the plant, height and site of the 
diameter should be taken into account. For instance, when Leucaena was 4.5 years old, 
the collar diameter (CD) was a better variable to estimate yield, while for 7.5 years old 
I ::caena, the diameter at breast height per se was not a good predictor. 

Shrub and Tree Fodder Quality 

Chemical composition 

Various studies on the chemical composition of FST in Malaysia (Devendra, 1979), 
the Philippines (Gerpacio and Castillo, 1979), Nepal (Panday, 1982), India (Ranjhan, 
1985), and Indonesia (Nitis et al., 1985) have concluded that the crude protein (CP) 
content of the leaves is higher than that of natural grasses. Nutrient concentration 
varies within and between the shrub and tree species (Panday, 1982). Leaves of Ficus 
clavata contained high CP and ash; while leaves of Ficus lacor contained high crude 
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fibre. The Ca:P ratio in Ficus cunia was 19:1, while that of Ficus lacor 12:1. Grewia 
tiliifolia contained high calcium, while Bauhinia variegata was low in this nutrient. 

Land utilization, topography and climate affect the chemical composition of FST 
(Nitis, 1986). 

Chemical composition of FST was affected by its association with other forage
species (Nitis et al., 1989). Leaves of Gliricidia sepium grown in association with 
Hibiscus tiliaceuscontained more CP, while in association with Graham sty/o more NDF 
and gross energy (GE) and that grown in association with Ficus foacelli more GE. 

Digestibility 

Nutrient digestibility varies according to the species and stages of growth of some 
FST (Bo Gohl, 1975; Kearl, 1982; Brewbaker, 1985). Of the 17 species described by
Brewbaker (1985), dry matter digestibility (DMD) ranged from 27% (for Robinia 
pseudoacacia) to 71% for (Acacia lebbek). Within this range Raghavan (1989) and 
Rajaguru (1989) reported digestibility values for a number of species in Asia. 

Cultivar/variety apparently -'xerted some effects on the DMD, since in 3 varieties 
of Albizia in vitro DMD ranged hom 50.7% (A. chinensis) to 64.5% (A. lebbek) and
in 4 varieties of Sesbania, from 54.8% (S. forrosa) to 79.0% (A. sesban) (Wanapat,
1989). Similar variation was found by Pezo et al. (1989) among species and clones of 
Erythrina. 

Methods of processing of leaves of FST, such as pelleting and ensiling can have 
an effect in increasing their nutritive value (Reddy, 1989; Pezo et al., 1989). 

In some fodder species (Robinia pseudoacacia, Bauhinia variegata and
Dendrocalamus hamiltoniO, tannin content of the plants can interact and change the 
digestibility (Negi, 1977; Bamualim et al., 1980; Lohan et al., 1983). 

Specific Substances 

FST compounds that are known to cause intoxication to livestock are nonprotein
aminoacids, fluoroacetic acid, terpenoids and steroids, hydrolysable tannins and 
phenolics (Lowry, 1989). 

The latex in Ficus leaves, tannin in Caliandra leaves, and the astringent odour 
in Gllricidia leaves are some examples of substances that can reduce the quality of these 
fodders (Brewbaker, 1985; Nitis, 1986). 

SHRUB AND TREE FODDER UTILIZATION 

Fodder Shrub and Tree Management 
Smallholder farmers have devised techniques to reduce the undesirable properties

of some FST's, or to maximize its utilization as fodder. Nitis (1986), summarized the 
following known techniques: 

" Fresh Gliricidia leaves produce an astringent odour that reduces consumption 
by animals. Cutting Gliricidia in the morning and letting the leaves to wilt 
during the day increase palatability by afte ,.oon. 

* Some shrubs (e.g. Gliricidia) and trees (e.g. Lannea), shed leaves during the
dry season, at a time when green feed is required for livestock. Farmers 
overcome this drawback by lopping the shrub and the tree 2 to 3 months prior 
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to the onset of the dry season. The new shoot will grow and produce young 
and succulent green feeds during the dry season. 

" Farmers will lop the lowest branch first, and move up the shrub or tree. 
Lopping stops when 213 of the canopy has been cut; a time when new bud 
primordia have developed on the lower branches. When lopping is carried out 
twice a year, the second lopping is carried out on the remaining / of the 
canopy. Using this method, the shrubs and trees will not grow upward, but form 
a compact canopy with many smaller branches that will increase leaf produc
tion although in detriment of production of larger firewood branches. This 
reduces branch wood used as firewood but increases leaf canopy. 

" When stall feeding, farmers will hang branches upside down. This practice 
allows the young goats or sheep to eat the younger leaves hanging close to the 
ground, while the older animals will eat the older leaves outside the reach of 
kids/lambs. 

MAJOR CONSTRAINTS AND POSSIBLE SOLUTIONS 

In integrating fodder shrubs and trees as forage for small ruminants in a small
holder plantation, the following constraints merit special attention (Nitis et al., 1990): 

" Data on the adaptability of the fodder that can be integrated with plantation 
crops are not readily available. The role of present networks and their 
newsletters could be decisive in the dissemination of information on fodder shrub 
and tree species that are adapted to plantation situations. 

" Some fodder seeds and cuttings are not only difficult to acquire but are also 
expensive. Government and other organizations should establish demonsLration 
plots that act as nurseries to supply seeds and cuttings for plantation farmers. 

" The land size of smallholder plantations is relatively small and it is not 
specifically allocated to produce forage for livestock. Therefore, the forage 
available is insufficient to sustain optimum levels of livestock production. Using 
highly productive cultivars for more intensive forage integration, strategic 
defoliation, and fodder/forage ccnservation could increase the fodder supply 
without requiring additional land. 

* Few smallholder farmers grow grass and (or) ground legumes as forages under 
their plantation crops. However, they grow fodder shrubs and trees as shade, 
to support climbers as protection for plantation crops. Commercial enter
prises, on the other hand, usually grow legumes as green manure but not as 
forage. Demonstration plots should be established in farmer-owned fields, so 
that smallholder farmers can appreciate the importance of good fodder crops 
not only as shade and for climbers, but also as a source of feed for livestock. 

" In large scale plantation cropping, the main crops render high profits; 
therefore, secondary activities such as growing fodder and keeping small 
ruminants do not interest plantation owners. Demonstration plots should be 
established to show mutually beneficial aspects of integration in particular 
improvement in soil fertility and in plantation crop yields. 

" In the smallholder plantation, most routine work is carried out by family 
labor. Plantation work is carried out by the older members of the family, while 
livestock is tended by housewives and younger family members. Therefore, 
training should selectively focus on the role of different members of the 
family. 
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Capital is other limiting factor for the establishment of forages and purchase 
of small ruminants to be integrated into plantation crops. Credit agencies and 
cooperative should be encouraged to provide specific assistance to the develop
ment of the FST potential. 

SUGGESTED FODDER SHRUB AND TREE INTEGRATION 

Types of Integration 

Nitis et al. (1990) suggested the following models of integration: 

Intercropping integration, with FST grown anywhere among plantation crops, with 100
 
to 200 plants per ha.
 
Alley croppingintegration,with FST grown as hedgerows between the rows of planta
tion crops. The spacing within the shrub row can range from 0.5 to 1.0 m, while the
 
spacing within the tree row can range from 5 to 10 m, with 1000 to 2000 and 100 to
 
200 shrub and trees per ha, respectively.
 

Shade integration,with FST grown between two plants of the main crop or at diagonal
 
crossings of four, with 100 to 200 shrubs and (or) trees ranging per ha.
 
Climberintegration,with the individual fodder shrub or tree grown simultaneously with
 
the individual plantation crop plant, with 200 to 300 shrubs and (or) trees per ha.
 
Fenceintegration,with fodder shrubs and trees grown as fence surrounding the planta
tion crop. With shrub spacing of 10 to 20 cm and the tree spacing of 5 to 10 m, there
 
will be 200 to 4000 shrubs and 40 to 80 trees per ha.
 
Feed bank indirect integration, with 100 to 200 trees and 200 to 400 shrubs on 1 ha
 
of land.
 

Tree StrataForageSystem (TSFS) integration,consiting of 0.20 ha (out of the 1.0 ha
 
plantation crop) with improved grass and ground legumes (1"stratum), a surrounding
 
plantation crop fence of 4000 shrubs (2nd stratum) and 80 trees (3rd stratum) grown
 
around the 0.20 ha of improved pasture.
 

Carrying Capacity 

Assuming that grass and ground legumes (pasture) under plantation crops is also 
utilized for small ruminant feeding, the production of forage could vary from 12 to 
21 tons DW per ha per year, with a ratio of pasture to shrub and tree fodder varying
from 95:5 to 19:81 (Table 1). Assuming that sheep or goat live weight is 60 kg with 
daily feed consumption of 3% body weight, then a 1 ha plantation crop with pasture 
could carry 4.4 to 22.2 animals; while with shrub and tree fodder could carry 1.2 to 
19.2 animals (Table 2). 

Depending on the type of forage system, the integration of fodder shrub and trees 
could increase the carrying capacity of the plantation crop from 5 to 81%. 
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Table 1. Predicted forage yield of I ha plantation crop. 

Forage system DW yield P:F t Plantation crop
(tons/year) 

Intercropping 15.3 95: 5 All, but Vanilla and pepper
 
Shade 12.5 93: 7 All (growing stage)
 
Climber support 13.0 90:10 Vanilla and pepper
 
Feed bank 16.62 87:13 All
 
Alley cropping 17.3 67:33 All
 
Fence 21.1 55:45 All
 
TSFS3 15.52 19:81 All
 
1 P: pasture, F: shrub and tree fodder.
 
2 Not including pasture under the plantation.
 
3 TSFS: Tree-strata forage system.
 
Adapted from Nitis et al. (1990). 

Table 2. Carrying capacity of I ha plantation crop. 

DW yield Sheep or goat
 

Forage system (tons/year) (head/year)
 
Shrub Pasture Shrub Pasture Total
 

and tree and tree
 

Intercropping 0.8 14.6 1.2 22.2 23.4
 
Shade 0.8 11.6 1.2 17.7 18.9
 
Climber 1.4 11.6 2.1 17.7 19.8
 
Feed bank 2.1 14.61 3.2 22.1 25.3
 
Alley cropping 5.7 11.6 8.6 17.8 26.4
 
Fence 9.4 11.6 14.4 17.7 32.1
 
TSFS2 12.6 2.91 19.2 4.4 23.6
 
1 Not including pasture under the plantation.
 
2 Tree-strata forage system.
 

Adapted from Nitis et al. (1990). 
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CROPPING SYSTEMS
 

GRAEME BLAIR 
Australian Centre for International Agricultural Research, Department of Agronomy and Soil Science, 

University of New England Armidale, N.S.W. 2351, Australia 

ABSTRACT
 

The primary objective ofany plant evaluation program is to identify species or varieties that 
will, under a defined set of management conditions, contribute the higher, more stable, and less 
risky animal production. When selecting germplasm fol evaluation there needs to be a clear 
definition of the climate, soils, known pests and diseases, the farming system, how the forage 
will be used (supplement, sole feed) and its establishment. This paper describes a method to 
characterize temperature, light and soil moisture limitations to plant growth so that targeted 
germplasm can be evaluated. An evaluation system .for initial introduction to seed production 
and extension is described. Evaluation data can be analyzed by means of simple graphical 
techniques or through to complex hierarchical computer systems. Examples are presented. Forage 
evaluations require considerable resources of land, labor and funds. Improvements in the 
efficiency of the process can be made by carefully defining the climatic and soil environment 
when selecting germplasm to be evaluated and thefarming system into which the forage is to be 
incorporated. The maintenance ofgood evaluation records and the use of computer programs to 
store and analyze data also increases efficiency and decreases the chance of bias in the 
evaluations. In all situations, it is best to reduce the size of the evaluation program to fit the 
available resources rather than collect data fron a poorly managed nursery or plot area. 

GERMPLASM SELECTION 
The primary objective of any plant evaluation program is to identify forage

species or varieties that will, under a defined set of management conditions, enhance 
animal production. 

The performance of a species is often more successful outside its centre of origin
than within because natural pests and diseases are lacking. On the other hand, local
species may contain a degree of resistance to pests and diseases which is not present
in introduced materials. For this reasons, both introduced and, wherever possible,
local material should be included in evaluation studies. 

In selecting germplasm, itis important to define the ecosystem into which the 
species is to be incorporated. This subject is dealt with in more detail by Dr. W.W. 
Stiir at this meeting. The most important considerations are: 

" Climate, including temperature, light and soil moisture. 
* Soils: the most important soil characters to define are pH, drainage, and the 

presence/absence of toxic substances such as Al and Mn. 
* Pests and diseases: any known insect pests and/or disease should be identified, 

as germplasm with known resistance or tolerance may exist in collections. 
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Definition of the farming system: it is important to define the type of farming 
system that the new germplasm is expected to grow in. Is it, for example, as 
a perennial crop or an annual, will it be cut or grazed, and if grazed, what 
degree of management will be employed? 

Definition of the use to which the forage will be put: a list of such uses could 
include; 

" as the sole source of forage for ruminants, non-ruminants or both, 

" as a supplement to crop residues, 

" as roughage, 

° 	as a combination of forage and fuel, and 

• as a combination of forage and erosion control. 

This information will determine the balance between quality and quantity 
needed in the forage and, if provided to germplam banks, enable the selection 
of plant types to meet the specified need. This reduces the number of entries 
that have to be evaluated. 

* 	Establishment options: is it possible to prepare a seedbed to establish the 
species or is broadcasting into existing vegetation the only means of 
establishment? 

The selection of an appropriate set of germplasm is critical to the entire program. 
If attention is paid to the points listed above, then the germplasm selected should be 
on target. 

It is important not to plan a program that is too ambitious. Establishing and 
maintaining a nursery and recording observations require.s extensive work. If little is 
known about species performance in the area, a selection of germplasm that covers a 
large number of genera is best, as it allows a wide search of available material. If 
resources permit, then several species from each genera should be included. If 
resources are limited, a collection of commercial cultivars that grow in similar areas 
should be evaluated together with promising local material. In all cases, the introduc
tion should be evaluated against the best local material. 

A general scheme of the stages proposed in the evaluation process is shown in 
Figure 1. 
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Figure 1. General scheme for the evaluation of forages in a new environment (after Ivory, 1985). 
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CLIMATE CHARACTERIZATION 

Rainfall and Evaporation 

As mentioned earlier, a statement about the climate at the test location should 
be provided to the germplasm bank when requesting seed. The simplest set of climatic 
data include mean monthly temperature and rainfall. Weekly data is more useful. 
More useful data would include temperature and soil moisture, since available soil 
moisture is affected by the soil moisture holding capacity, rainfall, and evapotranspira
tion from the soil/plant. A better estimate of moisture conditions can be made by 
utilizing these parameters. 

In estimating soil moisture, van evaporation has to L! modified to estimate 
actual evapotranspiration (EA) from the soil/plant system. It is not possible to 
measure EA directly, the procedure to calculate it is as follows: 

EA = 	 Ep x (EA/ET) x (ET/EP) 

where 	EA = actual evapotranspiration from the soil/plant 
Ep = pan evaporation, and 
E = potential evapotranspiration. 

The ratio EA/ET is a factor to account for the decreasing rate of loss of water 
from the soil surface as that surface becomes dry. This relationship is known as the 
soil factor. Different relationships have been used to describe this phenomenon but the 
one found most satisfactory at the University of New England is: 

EA/ET 	 = I when relative available soil moisture (RASM) > 0.8 
= (RASM/0.8) when (RASM) < 0.8 

1.0 

0.8 

ua U
 

0.6 

0.4 

0.2 

0.0 I 
0.0 0.2 0.4 0.6 0.8 1.0 (Field capacily ) 

Relative available soil moisture 
( RASM ) 

Figure 2. Relationship between Relative Available Soil Moisture (RASM) and the ratio of actual to 
potential evapotranspiration (EE/ET). 
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Relative available soil n isture (RASM) is the amount of moisture in the soil in 
the root zone (mm of water) relative to the maximum soil water stored in the root zone. 
In graphical form, the relationship appears as shown in Figure 2. 

The ratio E /E accounts for the plant canopy by correcting for the effect of 
green leaf area index (LAI), or the area of green leaf present relative to the horizontal 
soil surface (in2 leaf area/m 2 horizontal ground). This is known as the plant factor. The 
mathematical form of the relationship found useful for forage is: 

-ET/EP = 0.87 (l-e 1 °9 LA!) 

The graphical representation of this relationship is shown in Figure 3. The 
relationship indicates that the maximum soil loss from a crop or pasture is only 0.86 
times that of an evaporation pan (E). 

These relationships reduce the amount .f evapotranspiration relative to pan 
evaporation and serve to calculate actual soil moisture. The effect of a drying soil 
profile on EA at a constant LAI = 4 is shown in Table 1. 

It can be seen from Table 1 that as the soil profile daies, the amount of actual 
evapotranspiration that occurs falls dramatically. Even when the soil profile is full, EA 
is only 86% of EP and at 60% available water, the value drops to 64%. 
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Figure 3. The relationship between leaf area index (LAI) and the ratio of potential to pan evaporation 
(ETr/Ep). 
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Table 1. The effect of a drying soil profile on the actual evapotranspiration when LAI =4 and pan 
evaporation Ep= 210 mm/week. 

Relative (EA/Ep)

available soil Ep (EA/ET) (ET/Ep) EA X 100
 
moisture (RASM) 
 (7o) 

1.0 210 1.0 0.86 181 86 
0.8 210 1.0 0.86 181 86 
0.6 210 0.75 0.86 135 64 
0.4 210 0.50 0.86 90 43 
0.2 210 0.25 0.86 45 21 

Relative available soil moisture (RASM) data is generally expressed as a soil 
moisture index (SMI), which is an arbitrary value that ranges from 0 when the soil is 
at wilting point to 1 when the soil is at field capacity. 

The calculation is commenced in a period of the year when the soil moisture is 
at field capacity or, if this does not occur, then at its maximum. SMI is calculated by 
subtracting EA from rainfall and adding or subtracting this amount from the soil 
moisture from the previous period. 

Temperature and Growth 

For the purpose of calculating potential plant growth, a temperature index (TI), 
similar to SMI, is used. This index is an arbitrary scale where O=no growth and 

Tropical legumes 
1.0 

Temperate grasses 
and legumes 

0.8 Toia 
gasses
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_
a) 
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0.0 I 

0 10 20 30 
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Figure 4. Relationship between mean daily temperature and temperature index for a temperate species. 
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I = maximum possible growth when no other factor (light, soil moisture, diseases, 
insects, etc.) is limiting. The relationship between mean daily temperature [(mean day 
+ mean night)/2] and temperature index is shown in Figure 4. 

Light and Growth 

The amount and intensity of radiation received by a plant will determine the amount 
of photosynthesis and hence growth. A light index (LI) can be calculated for a species
in a similar way to TI. Experiments with plants grown in cabinets with a range of light
intensities have shown that growth can be related to radiation (cal/cm2/day) by the 
relationship: 

LI = 1 - exp(-0.0047 RADI) 

where LI = Light Index, and 
RADI = Radiation (cal/cm2/day). 

Graphical presentation of this relationship is shown in Figure 5. 
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Figure 5. Relationship between daily radiation and Light Index. 

Combined Effects of Soil Moisture, Temperature and Light 
As indicated earlier, the various indices represent the growth relative to the 

maximum (index= 1) when no other factor is limiting. When more than one factor is 
below the optimum, the factors combine to reduce growth. This effect can be variously
expressed and the factors of soil moisture (SMI), temperature (TI) and light (LI)
combined to give a growth index (GI) by the equation 

GI = SMI x TI x LI 
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These indices can be used to estimate the relative growth of plants in differing 
environments, and determine the most limiting factor at various times throughout the 
year. The lowest index of all the curves indicates the most limiting factor in the 
environment. 

PLANT INTRODUCTION 

Before germplasm banks are requested to supply seed, the appropriate authority 
in the recipient country should be contacted to ascertain correct procedures for 
importation and quarantine. Only then can the gerniplasm bank be asked to supply the 
necessary documentation (generally a phytosanitization certificate) and be informed of 
the correct address to send the seed. 

It is important to maintain a unique numbering system to identify species. If 
there is a national register of introductions, then a master list should be maintained 
which records: 

" identification of the entry from the original source, 

" identification of the entry from the germplasm bank, 

" the national identification code, and 

* the local numbering system. 

Once a collection of planting material has been assembled, it is important that 
it is stored properly to maintain viability. Ideally, seed should be stored at 0 to 5°C 
and 30 to 40% humidity. This can be done by placing the seeds in sealed tins containing 
a desiccant and storing them in a refrigerator. The most effective procedure for long 
term storage is to dry the seed in a desiccator and to seal it in evacuated aluminium 
foil pouches, which are then stored at 0 to 50C. 

STAGE 2 GERMPLASM EVALUATION: EVALUATION 
METHODOLOGY
 

Objectives 

It is important to establish a clear set of objectives before embarking on an 
evaluation program. The objectives should include the selection of plants that have 
higher productivity than the resident species. Perennial plants should be persistent and 
annuals should produce sufficient seed to re-establish in subsequent years but still be 
able to be replaced by a crop in a crop/forage farming sequence. 

Evaiuation programs should pay due attention to the subject of seed production 
or propagation. However, in the past, potentially valuable species have been excluded 
from evaluation programs because of low seed production. Consideration should be 
given as to whether the seed for a particular plant will be produced in the location 
where it is grown as a forage. 

The final major objective to be considered is the fertility status of the soil to be 
used in the evaluation trials. If the species is to be grown by farmers under native 
fertility conditions, then it should be evaluated under those conditions. If farming 
practices are changing, or likely to change in the area, then the evaluation should be 
undertaken under both native and optimum fertility conditions. 
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Sites 

Site selection 

To properly evaluate the germplasm across the region in which it will be grown, 
it is important to characterize the range of environments, classify them into various 
types, and match the number of environments to the resources available. It may be 
better to reduce the number of entries tested at each site and increase the number of sites. 

Characterizationof sites 

When a site is chosen, soil samples should be taken from the area for characteri
zation. Samples should be taken from depths that represent the major changes in the 
soil profile. Ten cores should be taken in each 5 m x 5 m area and these cores bulked 
to give a composite sample of that area. The soil samples should be analyzed for 
organic matter, total N, available P and K, pH and exchange capacity. 

Before the experiment is started, a small meteorological station should be 
established. The minimum set of parameters measured should be: 

* maximum and minimum air temperature (thermometer in screen), 
* soil temperature at 5 cm, read weekly, 

" rainfall, and 
" soil moisture samples should be taken adjacent to the site at monthly intervals. 
These data, together with evaporation and sunshine data, can be used to calculate 

a growth index for the site which will facilitate comparisons across sites. 

Methods for Stage 2 Nursery Evaluation 

Greenhouse 

A greenhouse pot experiment can be extremely useful for morphological descrip
tion and to determine any genetic diversity within an entry being tested. Such 
greenhouse grown plants can also be used to increase seed supplies if proper 
precautions are taken to prevent cross-pollination. 

Nursery rows and plots 

Stage 2 testing is usually carried out in nursery rows. Seeds or propagated plants 
are sown in rows 2 to 3 m long with 10 cm between plants. If only small quantities of 
seed are available, greenhouse grown plants can be transplanted into the field. (This, 
of course, eliminates any information on the establishment ability of that species). The 
distance between rows should be such that there is no interference between plants
growing in adjacent rows, and to allow the plants to express their full morphological 
characters, as this may have a bearing on the row spacing and seeding rate used in 
subsequent studies. For upright herbaceous forage plants, 50 cm between rows is 
generally sufficient; for prostrate and/or scrambling plants and shrubs the distance 
between rows should be extended to 1 m. 

An alternative to nursery rows is small plots. However, this requires more seed, 
a larger area, and does not allow the plants to express their full morphological features. 
If plots are used, plot size should be 2 m in 3 to 5 rows. Every effort should be made 
to adjust seeding rates so that the same number of viable seeds are sown per unit area. 
Upright forage species should be sown without a space between the plots, so as to 
minimize border effects. 
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At least 2 replicates should be included in nursery evaluation. This allows for 
statistical comparisons and reduces the chance of an entry being eliminated due to chance. 

Nursery rows and plots can be used to test the effectiveness of nodulation of 
legumes by applying N to half the row or plot. If this is done, an application of 20 
kg N per ha as urea or ammonium nitrite should be made when the plants have 
emerged. Two additional applications of 20 kg N per ha should be made at monthly 
intervals. 

Nurseries should be established at the time of the year when their chance of 
survival is greatest. Plant nutrient management should be the same as practised in the 
farming system. Seeds are best sown into prepared seedbeds; if the species is to be used 
by oversowing, methods of achieving this can be tried at a later date. If unusual 
climatic events results in poor germination, the rows should be resown. No plant 
protection measures should be adopted unless the outbreak of disease or insect 
infestation is unusual. 

Nurseries should be kept weed free. If erosion is a problem, it may be desirable 
to maintain a cut plant lawn cover between the rows, but this should not be allowed 
to interfere with the observation row. 

In the first year of the nursery, phenological development data need to be 
collected, so the rows are left uncut until mature seed is produced. From then on, plots 
can be cut regularly to assess relative performance of the entries. Evaluation studies 
should last for at least 2 full years. 

It is as valuable to know why a particular entry or group of entries failed, as it 
is to know why others succeeded. A comprehensive set of observations must be made 
at regular intervals to provide this information. The following observation set has been 
found to be adequate. 

Guide for Ratings for Genetic Resources Evaluation 

The following observations and measurements should be made at monthly 
intervals. 

" Number of plants 
This is a record of the total number of seedlings, young plants and mature plants 
in whole plot (i.e. whole row length). For legumes, the seeding stage is 
considered up to second leaf stage and for grass, up to the third leaf stage. A 
mature plant is perennated from the previous year and from dead plants. 

" Colour (1 to 5) 
The colour rating is used to indicate poor nodulation for legumes or a nutrient 
deficiency. 
Discount colour changes due to disease. 
Rating: dark green (1), light green (2), green with some yellowing (3), more 
yellow than green (A), all yellow (5). 

" Relative forage yield (1 to 10) 
This is a relative measure of total bulk of feed for plot compared with all plots 
in the nursery at that time. At each rating time, the best plot is scored as 10 
and the worst at 1. All plots are then relative to these two plots on a 1 to 10 
scale. A rating of 0 is used to indicate plots where all plants have died. 

" Disease rating (0 to 4) 
This is a measure of disease damage to the plants.
 
Rating: unaffected (0), evidence (1), moderate (2), severe (3), total (4).
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" Disease 
Rating: Unidentified disease, by virus or bacteria suspected (1). Unidentified
disease, but fungus suspected (2). Subsequent numbers are used to specify a 
particular disease. Keep a record of numbers you assign to a particular disease. 

* 	Insect rating (0 to 4)
This is a measure of degree of damage to the plants caused by insect pests.
Rating: unaffected (0), evidence (1), moderate (2), severe (3), total (4). 

" 	Type of insect damage (1 to 3)
 
Rating: Leaf (1), stem (2), root (3).
 

* 	Plant height and width 
Height and width measurements should be the average for the row of plants,
measured in centimetres. 

" Drought (0 to 5)
This rating is used to indicate how quickly plants are affected by dry conditions. 
Rating: Unaffected (0), wilting (1), little leaf senescence (2), moderate leaf 
senescence (3), severe leaf senescence (4), total leaf senescence (5). 

" Flowering 
Rating: not flowering (0), flowering (1). 

" Immature seed (0 to 1)
Rating: no immature or green seed (0), immature seed present (1). 

" Mature seed (0 to 1)

Rating: no mature seed present (0), mature seed present (1).
 

* 	Relative seed yield (0 to 5)
This is a relative measure of mature seed yield.

Rating: Nil (0), very poor (1), poor (2), fair (3), good (4), very good (5).
 

" Relative leaf yield ( to 5)
This indicates the leaf area stem ratio and complements Relative Forage Yield. 
Rating: I to 20%10 leaf (1), 21 to 40% leaf (2), 41 to 60% leaf (3), 61 to 80% 
leaf (4), 81 to 100% leaf (5). 

The number and frequency of observations made in an evaluation nursery demands 
a well organised data maiagetnent system. At various times in the evaluation program
it will be necessary to ;eview th, data to assess and re-assess species performance. 

When nursery rows are cut t determine forage yield, samples should be taken 
to estimate the nutritive value. The suggested parameters to measure are shown in
Figure 1. The most important nutrients to consider are N and P, and if facilities and 
resources permit, main cations (K, Ca, Mg, Na), and S should also be evaluated. A
wide range of information on the occurrence of toxic substances in temperate species
(e.g. mimosine in Leucaena), is available in the literature. Therefore it is unnecessary
to measure these. In vitro estimates of digestibility can be carried out readily in the
laboratory using either rumen liquor or pepsin/cellulose. Dacron bags placed in the 
rumen (in sacco) can also be used to rapidly evaluate digestibility. Where lab facilities 
are not available, dacron bags have been found to be satisfactory. 

SELECTION OF ACCESSIONS FOR ADVANCE TESTING 

There are a number of ways of assessing the performance of the accession during
th, nursery testing phase. If the data has been collected and stored in a computer, then 
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classification of analyses can be used to group accessions with like characteristics. 
Many such computer packages are available. Ivory et aL (1987) have suggested the use 
of tb, divisive model of classification. In this procedure, all the accessions commence 
in one group and they are divided into successively smaller groups on the basis of 
likeness of attributes. Ella (1987) used this procedure to group the performance of 17 
tree legumes grown at Gowa, South Sulawesi, into 5 distinct groups based on their 
performance over an approximately 2-year period. The dendogram of the divisive 
process is presented in Figure 6. The accessions within each of the 5groups are shown 
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Figure 6. Dendogram showing division of 17 tree legume accessions into 5 and 12 groups. 
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in Table 2. Care must be exercised in using these programs as some attributes can have 
an undue iafluence on the divisive procedure. The advantage of this technique is that 
it is able to consider a whole range of attributes that have been included in the 
assessment. Another advantage is that it is able to do this over a time series of 
measurements made in the evaluation process. 

T:oble 2. Accessions at the 5 and 12-group levels in an evaluation of tree legumes 
undertaken at Gowa, S. Sulawesi. 

Groups no. at 

5-group 12-group Accession members Introduction 
level level no. 

5 20 Sesbania formosa CQ 1614 
21 Sesbania grandiflora local 

6 6 Leucaena leucocephala cv. Cunningham 
Leucaena leucocephala cv. Pe-
Leucaena leucocephala CPI 70541 (K8) 

7 22 Acacia angustissima CPI 51651 
23 Desnodium solicifoliun CPI 52427 
13 Desmanthus virgatus CPI 38351 

Desmanthus virgatus CPI 87822 
11 Desmantfhus virgalus CPI 52418 

8 16 Desmnanthus virgatus CPI 91439 

Desmanthus gangeticum CPI 52418 

17 Desmnanthus virgalus CPI 5579 

9 18 Codariocalyx gyroides CPI 76104 
19 Desmodium discolor CPI 39075 

Desmoidum rensonii CPI 51651 

15 Desmanthus virgatus CPI 90315 

An alternative strategy is to concentrate on characters such as yield as the major
determinant of selection. A process used by plant evaluators has been to graph the 
initial yield and a yield late in the evaluation as a measure of the persistence of the 
accessions on a graph such as shown in Figure 7. In this technique, all results are 
expressed relative to the site mean such that the performance of the accessions relative 
to the others in the selection process are taken into account. Accessions that fall in the 
top right hand quadrant are those which have a high initial yield and good persistence.
Those in the top left hand quadrant have high initial yield and poor persistence. Those 
in the lower left hand quadrant have low initial yield and low persistence and those in 
the lower right hand quadrant, low initial yield and high persistence. 
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Yield
 
High initial yield 7/9/83 	 High initial yield
Low final yield +600 	 High final yield 

A57.
*A84 


A59
 

A36*
 

A52,110, 	 * A58 

Site Mean 
A1,53 1 	 Yi 

____ __ ___ ____ ___ _ ,__ __ __ _ Yield,_ 	 ,___ _, 

-500 	 +500 27/11/89 
* A39
 

A47 	 A41 A
 
A48 A40 * A31 *A38,33
 

*A35
 

A111 	 vA107 

Low initial yield -600 	 Low initial yield 
Low final yield 	 High final yield 

Figure 7. Classification system based on initial yield and persistence. 

TESTING ADVANCED LINES 

Ideally a maximum of 5 accessions should be selected frc advance testing. The 
procedures used in the ad' ?nced testing phase are critical to the long-term selection pro
cess. This material will bc sown into small plots for stage 3 testing where sward 
productivity is tested under, utting regime. At this stage, leguminous materials are 
normally incorporated with btLst-bet grasses or sown directly into native forage. 

The cutting management strategy adopted is important in the assessment process. 
If the species is one which has a low growth habit and is likely to internally shade at 
an ear!y stage of regrowth, then cutting must be frequent. If the species are very 
different in their growth habits, then th( rutting time must be carefully considered. If 
one plot reaches a ceiling leaf area index where shading occurs in the lower layers of 
the canopy, then growth in this plot will cease. If it is not cut at that time, then the 
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growth in the slower growing plots will gradually catch up to the highest yielding 
treatment. This means that a decision has to be made whether all plots are to be cut 
at one time or whether they are to be cut when they reach a certain stage of develop. 
ment. This is a difficult decision, as it injects a degree of subjectivity into the 
assessment process. 

Other factors which need to be taken into account, particularly when tree 
legumes are being assessed, are cutting height and timing of cutting. Evidence has shown 
that trees allowed to regrow for a long period generally increase in wood yield but reach 
a ceiling leaf yield early in the regrowth period. A decision as to when the most 
appropriate time to cut depends on the relative values of wood and foliage. 

Once this evaluation process has shown some promising accessions, efforts must 
be made to produce sufficient seed for wider evaluation (Stage 4). In Stage 5, testing
whether the forage will be used in grazed pastures or in cut-and-carry forage systems
needs to be carefully considered. When small-plot grazing evaluations are undertaken, 
it is often expensive to fence the materials so that grazing can be controlled. An alterna
tive strategy is to train small ruminants to graze on a lead and for wires to be strung
along the plot so that the goats or sheep can graze the single plot without interfering
with adjacent treatments. This gives some measure of animal performance and selectivity. 

The process of allowing stock to graze a range of different accessions as a 
measure of the palatability of the accessions is to be discouraged. While it is agreed
that palatability may be important in some situations, often animals simply require
training to the new accession before intake is satisfactory. A good example of this is 
Gliricidia.When first fed to cattle, often it requires wilting before the animals accept
it. In situations where cafetaria type selection within a nursery area is allowed, often 
the most palatable species are overgrazed and those that are initially unpalatable are 
under grazed. In the long-term, this can lead to a situation where the most palatable
species are the least productive in the -valuation because of grazing mismanagement. 

At all stages in the evaluation process personal biases must be kept to a minimum. 
Too often, researchers selecting germplasm have a bias towards a particular accession 
or group of accessions and often this clouds their judgement. 

During Stages 4 and 5, consideration must be given to the commercial, "ation of 
seed production. The procedure will vary greatly but is a critical step in the evuation 
process. 

Extension personnel should be introduced to the evaluation procedure at S age
3 so they can learn details of the progress of the evaluation that will be importan, in 
the dissemination stage. They should be prevented from distributing material from ti. "s 
stage of the evaluation but need to 1ie kept informed. 

CONCLUSION 

Forage evaluations require considerable resources of land, labor, and funds. 
Improvements in the efficiency of the process can be made by carefully defining the 
climatic and soil environment when selecting germplasm to be evaluated and the 
farming system into which the forage is to be incorporated. 

The maintenance of good evaluation records and the use of computer programs 
to store and analyse data also increases efficiency and decreases the change of bias in 
Zhe evaluations. 
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In all situations, it is best to reduce the size of the evaluation program to fit the 
available resources rather than collect data from poorly managed nursery or plot areas. 
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ABSTRACT 

Largeareasof newly-opened lands in the outer islands ofIndonesia consist ofsoils ofOxisol 
and Ultisol orders. These soils are acid, aluminum toxic, and low infertility. Most of these soils 
are fine-textured, and their waterholding capacity is high. They exhibitfriability, low bulk density, 
low mechanical impedance, and low erodibility. Their physicalstructure consists of highly stable 
aggregates in the surface and a network of macropore flow channels. Intake of rainfall and 
internal drainage are rapid. High rainfall, low nutrient holding capacity, and rapid internal 
drainage combine to produce an environment for leaching ofnutrients (hat have been added to 
the surface soil. Root systems ofmany food crop plants are sensitive to aluminum toxicity. They 
remain confined to the top 10 to 20 cm of the soil. Thus, they are unable to utilize water and 
nutrients in the subsoil. Naturally adapted species of vegetation, do well in these soils. The main 
feature of their adaptability is their ability to root deeply in acid soils. The deep root system 
allows these plants to extract water and nutrients from depths inaccessible to shallow rooted food 
crops plants. They are able to intercept and recycle nutrients that have leached into the subsoil. 
Naturalforages can produce 7 to 10 ton per ha dry matter in 100 to 120 days. This suggests that 
Oxisol and Ultisol soils are more suitable for production offorages than for production offood 
crops. A more rationalized system offarming should aim at integrating food crops with forages 
and livestock. Soil productivity can be inproved and maintained through modest fertilization. 
Forages should be allowed to grow in rotation with food crops and returned to the soil as green 
manure. The loss to food crop production can be balanced by livestockproduction. Even though 
the frequency offood crops will decrease in the proposed food crop/forage/livestock system, 
improvement and conservation ofsoilfertility should ensure economically viable and a sustainab'. 
production system. 

INTRODUCTION 

The need for increasing agricultural production due to increasing population 
pressures has prompted the Government of Indonesia to open new areas for agriculture
in Sumatra, Kalimantan, Sulawesi, and Irian Jaya. Transmigration, the movement of 
people from densely-populated regions into the newly-opened areas, is one of the most 
important national resource allocation programs in Indonesia. 

Expansion of agriculture to new areas must take into consideration suitability of 
land and soils for particular uses. The most common use for newly-opened areas has 
been traditional food cropping on a continuous basis. Unfortunately, most of the newly
opened areas consist of soils of Oxisol and Ultisol orders, commonly referred to as 
Latosols and Red Yellow Podzolic soils. Soil acidity, aluminum toxicity, and infertility 
are the major constraints to food crop production in these soils. Experience over the 
past 10 to 15 years has shown that for these soils to reach potential production will 
require a sustained program of soil amelioration and fertilization. This is difficult for 
the resource poor farmers to achieve. 
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This paper examines the soil characteristics, analyzes their limitations to food crop 
production, and evaluates their suitability for production of forages. The paper also 
reflects on the role that forage species can play in restoring and improving soil 
productivity. 

CLIMATE, LANDFORMS AND SOILS 

The Island of Sumatra is situated between 5' N to 50 S of the equator. The 
agroclimatic environment is characterized by long wet seasons and short dry seasons. 
Climatic data for several recording stations in Jambi and West Sumatra (Soil Research 
Institute, 1979) and from several other stations (e.g. Oldeman, 1980) show that more 
than 70 percent of the island has 7 or more consecutive wet months and less than 15 
percent of the island has 2 or more dry months. Total rainfall ranges from about 2500 
to over 3000 mm per year. Total rainy days range from about 80 to 150. Relative 
humidity is usually high (70 to 80 percent) and sunshine hours are short (4 to 6 hours 
per day). Temperatures range from a minimum of 20 to 22°C to a maximum of 28 to 
32°C. Cooler temperatures occur at higher elevations. Potential evaporative demand 
is usually quite low, averaging about 3 mm per day. 

Landforms in Sumatra are comprised of high mountainous peaks, valleys, 
intermediate undulating lands, and relatively flat floodplains. Elevations range from 
near sea level to 1500 to 2000 m above sea level. Total land area, land use, and vegeta
tion types for the various provinces in Sumatra have been mapped by Soepraptohardjo 
et al. (1979). Approximately, 52% of the total land area (24,777,000 ha) is potentially 
usable (Table 1). However, much of this land area is occupied by Latosols (or Oxisol) 
and Red Yellow Podzolic (or Ultisol) soils. These soils have serious acidity, aluminum 
toxicity, and infertility problems. More fertile Andosols (or Andepts) and Alluvial soils 
(or Entisols) occupy a relatively smaller area. Additionally, all of the land area 
considered to have potential agricultural use cannot be devoted to food cropping 
because of unfavorable slope conditions. Land area with slopes acceptable for food 
cropping (0 to 15 percent) totals 14,437,000 ha (30.47 percent) of the total land area 
(Soepraptohardjo et al., 1979). 
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Table I. 
Ach 

Soil types and land areal with potential for development in Sumatra2 . 
North West South 

Aceh SumtrSumatra stSumatra Riau Jambi SutrSumatra Bengkulu Lampung Total 

Aluviala 0.344 0.442 0.206 0.538 0.525 2.016 0.162 0.406 4.639 
Andosol 0.205 0.244 0.421 - 0.293 0.163 0.262 0.210 1.798 
Latosolb 0.306 0.472 1.252 0.029 0.747 0.492 0.501 0.720 4.519 
Red-Yellowc 1.458 1.980 1.023 3.163 1.397 2.968 0.310 1.522 13.821 
Total 2.313 3.138 2.902 3.730 2.962 5.639 1.235 2.858 24.777 
% _ _ 4.9 6.6 6.1 7.9 6.3 11.9 2.6 6.0 52.3 
1 x 106 ha. 
2 Adapted from Soepraptohardjo et al. (1979). 
a Hydromorphic and Glei humus. 
b Includes Regosol and Andosol. 
' Podzolic. 



SOIL CHEMICAL AND MINERALOGICAL CHARACTERISTICS 

Chemical analyses for typical Oxisols and Ultisols in Sumatra (Table 2) show that 
these soils are acid with high aluminum saturation and their concentration of organic 
carbon, nitrogen, phosphorus, and base cations are critically low. Low values of 
effective cation exchange capacity (ECEC) indicate low nutrient retentivity. 

Soil nutrient status is reasonably good under virgin conditions. However, once 
the natural vegetation is cleared and soils are brought under cultivation, organic matter 
concentration and nutrients decline rapidly. The effect of cultivation on soil fertility 
of a typical Oxisol/Ultisol soil is shown in Table 3. The decline in fertility is striking. 
Adding fertilizers may temporarily raise the nutrient levels, but these are lost rapidly 
unless the processes that render the soils less retentive of nutrients are altered. The 
basic reasons for infertility or low fertility are twofold: 

* 	Oxisols and Ultisols are highly weathered soils. Prolonged weathering under 
warm and humid conditions has resulted in constituents that are insoluble. The 
content of weatherable minerals is negligible. As a result, the active supply of 
nutrients which normally comes from weathering of minerals is low to very low 
in Oxisols and Ultisols. 

" 	The cation exchange capacity (CEC), which is the ability of the soil material 
to adsorb and exchange nutrient cations, is quite low in highly weathered soils. 
The CEC is determined primarily by the mineralogical characteristics of the soil 
and organic matter content. Oxisols and Ultisols contain insignificant amounts 
of permanently charged minerals. They are rich in kaolinitic minerals and 
noncrystalline constituents such as oxides and hydroxides of iron and 
aluminum (e.g. Subagjo, 1988; Jones, 1988'). These minerals are characterized 
by low specific surface area, and their charge characteristics are influenced 
greatly by the chemical conditions in the ambient solution, such as soil pH and 
electrolyte concentration. Organic matter is an important ion exchanger, but 
is generally found in low quantities in highly weathered soils especially if the 
soils are cultivated. Thus, low amounts of negatively-charged clay minerals along 
with low organic matter explain why Oxisols and Ultisols in Sumatra have low 
cation exchange capacity. 

It follows that nutrients applied in the form of fertilizers cannot be retained and 
utilized efficiently, if the cation exchange capacity is low. 

R.C. Jones. 1988. Unpublished data, Tropsoils Project, University of Hawaii. 
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L' Table 2. Chemical properties of selected pedons in the Sitiung-South Jujuhan area. Adapted from Soil Research Institute (1979). 

Depth 
(cm) 

Horizon Organic 
carbon 

( ) 

pH 

H2 0 KCI 

Exchangeable bases 
(Me/100 g) 

Exchange 
Acidity 

(Me/100 g) 

CEC 
NH4OAc 

(070) 

CEC 
Effective 

(0) 

Al 
Sat 
(0) 

Base 
Sat 

NH40Ac N 

Total 

P 20 5 K20 
Ca Mg K Na 

H Al 
(7) (T) (09) (0) 

Pedon: AE-JD-,", Recent Floodplain. Kuamang, Sitiung 11. 

0-12 
12-33 
33-77 
77-100 

1 
!i 
Iii 
IV 

3.39 
1.33 
0.76 
0.58 

6.0 
6.2 
6.4 
6.3 

4.8 
4.6 
4.5 
4.4 

11.6 
7.9 

10.0 
9.2 

2.1 
1.7 
2.1 
2.2 

0.3 
0.1 
0.1 
0.1 

0.2 
0.2 
0.3 
0.3 

0.28 
0.10 
0.17 
0.21 

0.07 
0.04 
0.04 
0.06 

30.2 
19.3 
18.6 
17.4 

14.27 
9.94 

12.54 
11.86 

1 
1 
1 
1 

47 
51 
67 
68 

0.38 
0.17 
0.10 
0.07 

0.078 
0.049 
0.020 
0.056 

0.047 
0.045 
0.053 
0.066 

Pedon: AU-BD-51, Subrcent River Terrace,.Block S. Atang I. Sitiung 1. 
0-11 

11-39 
Al 
B2.1 

2.68 
1.12 

4.5 
4.7 

3.8 
3.9 

0.2 
0.1 

0.2 
0.1 

0.1 
0.1 

0.0 
0.0 

6.75 
6.42 

5.54 
5.46 

22.6 
18.9 

6.04 
5.76 

92 
95 

2.21 
1.59 

0.23 
0.14 

0.021 
0.013 

0.005 
0.003 

39-64 
64-108 

108-140 

B2.2 
B3 
BgC 

0.76 
0.45 
0.29 

4.6 
4.9 
4.6 

3.8 
3.9 
3.7 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.0 
0.0 
0.1 

4.52 
6.18 
9.08 

5.17 
5.45 
8.05 

19.0 
18.0 
20.3 

5.47 
5.75 
8.45 

95 
95 
95 

1.58 
1.65 
1.97 

0.10 
0.08 
0.06 

0.008 
0.009 
0.008 

0.003 
0.003 
0.002 

Pedon: TU-PC-51, Transition Plain/Peneplain Tongue, Block D. Sitiung II. 

0-3 
3-20 

20-60 
60-105 

Al 
Bl.lt 
B2.It 
B2.2t 

3.05 
1.06 

0.66 
0.57 

4.7 
4.5 
4.6 
4.6 

3.9 
3.9 
4.0 
3.9 

0.2 
0.2 
0.2 
0.1 

0.1 
0.1 
0.1 
0.1 

0.i 
0.1 
0.1 
0.1 

0.0 
0.0 
0.0 
0.0 

4.76 
3.53 
3.59 
3.48 

3.78 
2.64 
3.07 
2.84 

22.1 
13.7 
10.7 
11.8 

4.18 
3.04 
3.47 
3.14 

90 
87 
88 
90 

1.81 
2.92 
3.74 
2.54 

0.23 
0.10 
0.08 
0.07 

0.014 
0.005 
0.003 
0.006 

0.003 
0.001 
0.001 
0.001 

Pedon: VU-LC-31, Peneplain Volcanic Cover, Km 11.5 CV Alas, Exploited Primary Forest. 
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Al 
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0.2 
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0.1 
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0.1 
0.1 
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0.1 
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0.0 
0.1 

5.66 
3.61 
3.17 
2.95 
2.68 

4.46 
2.68 
2.46 
2.29 
2.04 

20.2 
13.7 
11.2 
10.6 
8.7 

4.86 
2.98 
2.96 
2.49 
2.34 

92 
90 
86 
9i 
87 

1.98 
2.19 
3.57 
1.89 
3.45 

0.31 
1.41 
0.09 
0.07 
0.06 

0.017 
0.011 
0.006 
0.005 
0.005 

0.006 
0.003 
0.002 
0.001 
0.001 



Table 3. Effect of land clearing and cultivation on fertility 
in an Oxisol/Ultisol soil in Sitiung, West Sumatra. 

Rubber, forest Cultivation 
Characteristics u.other natural 

vegetation' 4 years3 12 years2 

Topsoil (variable depth, 0-5 to 0-23 cm depth) 

Organic C, % 6.84 2,40 1.79 
Total N, % 0.39 0.16 0.12 
Avail. P (Bray II), ppm 8.82 10.45 9.50 
Exch Ca, me/100 g 2.00 0.97 2.83 

Mg, me/100 g 0.24 0.24 0.33 
K, me/100 g 0.22 0.19 0.10 
Na, me/100 g 0.08 0.048. 0.013 
pH (H20) 5.26 4.58 4.90 

Subsoil (variable depth, 5-20 to 20-50 cm depth 

Organic C, % 3.09 1.11 0.74 
Total N, % 0.24 0.08 0.07 
Avail. P (Bray II), ppm 5.93 5.00 8.80 
Exch Ca, me/100 g 1.46 0.53 0.77 

Mg, me/100 g 0.29 0.12 0.19 
K, me/100 g 0.25 0.22 0.06 
Na, me/100 g 0.09 0.042 0.013 
pH (H20) 5.33 4.47 5.20 

1 Data from Fakultas Pertanian Universitas Andalas (1982).
 
2 Data from lswandi H. Basri, Sukarami Research Institute for Food Crops (unpublished).
 
3 Data from Arief and Zubaidah, Sukarami Research Institute for Food Crops (1989).
 

SOIL PHYSICAL CHARACTERISTICS 

Soil Texture 
Most of the Oxisols and Ultisols are fine-textured (Table 4). Clay concentrations 

range from about 40 percent to over 80 percent. The subsoil texture is finer than in 
the topsoil. Similar data are available for a large number of pedons in reports by the 
Soil Research Institute (1979), Fakultas Pertanian, Universitas Andalas (1982), Pusat 
Penelitian Tanah (1984), and Subagjo (1988). 

Table 4. An example of particle-size distribution, bulk density, and water retention 
in an Ultisol in Sitiung IV B, West Sumatra. Pusat Penelitian Tanah (1984). 

Depth Sand Silt' Clay Bulk Water Retention cm3/cm3 

cm /o % Vc densit, 
g/cml -0.01 -0.1 -0.33 -15 bars 

0-10 22.0 15.0 63.0 0.87 0.543 0.472 0.422 0.278 
11-27 12.8 16.2 71.0 1.08 0.579 0.517 0.464 0.336 
28-47 13.1 11.8 75.1 1.03 0.579 0.528 0.477 0.332 
48-85 13.0 13.5 73.5 1.09 0.567 0.512 0.464 0.340 
86-109 13.2 13.2 73.6 

110-132 10.2 9.0 80.8 
133-164 8.7 14.8 76.5 
165-183 8.6 9.2 82.2 
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Structure
 

Despite being fine-textured, soils are heavily aggregatcd and exhibit low bulk 
densities (Table 4). A low bulk density indicates high porosity, low mechanical 
impedance, and existence of large pores. Data on aggregate-size distribution are 
unavailable; however, visual observations indicate a preponderance of aggregates in the 
size range of 1to 5 mm to a depth of 10 to 20 cm. These aggregates are highly stable. 
Reports from the Soil Research Institute (1979) indicate aggregate stabilities in the 
range of 70 to 85%. The implication is that these soils should be highly permeable to 
water and resistant to erosion. 

Mechanical Impedance 

Mechanical impedances under field moisture conditions range from 3 to 6 kg per 
cm' (Table 5). Similar data have been reported by Makarim (1985) and Winardi (1988). 
The Soil Research Institute (1979) reports data that show mechanical resistances of I 
kg per cm 2 or less, for several sites which include mechanically cleared lands. These 
data along with the bulk density data indicate an absence of mechanical barriers as 
limitations to root growth or seedling emergence. Practical field experience shows that 
most of the Oxisol/Ultisol soils remain friable and easily tillable, even after a heavy 
rainfall. 

Table 5. Examples of mechanical impedance (kg/cm2 ) Inceptisol, Sitiung 1.1 

LocationDepth cm 

1 2 3 4
 

0-10 3.6 3.9 3.8 4.5
 

12-22 6.4 6.7 5.8 6.2
 
24-34 5.7 6.1 5.9 5.7 

36-46 5.9 5.9 5.2 5.4 
48-58 6.1 5.8 5.1 5.5 

60-70 5.4 5.6 5.4 5.4 
72-82 6.0 5.8 5.1 5.4 

84-94 5.8 4.4 4.9 4.5 

96-106 4.9 5.3 5.2 4.9 

1 Arya et al. (1987). 

Water Retention 

Water retention data indicate a high waterholding capacity (Table 4). Data on 
water retention were obtained on small unconfined samples in the laboratory. In most 
cases, they will not represent the true field conditions. Water retained at field capacity 
(upper drained limit) measured in a natural field plot (Table 6) confirm a high 
waterholding capacity. However, soil water pressures when field capacity is reached, 
are considerably higher than what is normally assumed for estimating field capacity using 
laboratory methods. High soil Water pressures corresponding to the upper drained limit 
indicate the existence of large pores. 
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Table 6. Field estimates of runoff and rainfall intake in Sitiung IV. Bare Soil, 10-13.5V 0 slope. 1 

Month Rainfall Runoff Itake Month Rainfall IntakeRunoff 
mm mm mm mm mm mm 

Jan 436.4 26.96 409.44 Jul 78.3 0.06 78.24 

Feb 161.75 2.50 159.25 Aug 257.6 30.14 227.46 
Mar 467.85 46.35 421.50 Sep 242.0 13.07 228.93 
Apr 151.1 1.18 149.92 Oct 389.15 95.62 293.53 
May 239.1 19.72 219.38 Nov 408.95 129.90 279.05 
Jun 43.8 0.97 42.83 Dec 372.25 76.53 295.72 

1 Unpublished data from Suwardjo, Center for Soil Research, Bogor. 

Water Flow 

Water flow is quite rapid in Oxisols and Ultisols. Measurement of infiltration using 
double ring infiltrometers (Soil Research Institute, 1979; Fakultas Pertanian, 
Universitas Andalas, 1982; Makarim, 1985; Winardi, 1988) indicate generally high 
infiltration rates. Some low values have been indicated by the Soil Research Institute, 
but they appear to be inconsistent with other soil physical parameters. The double ring 
infiltrometer method itself is faulty. It does not simulate rainfall or the acceptance of 
rainfall by field soils. Measurements that best show how rainfall is accepted by field 
soils are made in large erosion plots where rainfall and runoff are recorded separately, 
and infiltration is calculated as: 

Infiltration = Rainfall - Runoff 

Rainfall, runoff, and intake of rainfall for a bare plot in Sitiung IV situated at 
10 to 13.5% slope (Table 6) show intake rates ranging from 68 to 99% of the rainfall. 
For 9 of the 12 months, intake rates were more than 900 of the rainfall. Intake rates 
fell to below 80% only during the months of October, November and December. The 
total rainfall during the year was 3248 mm. Intake was 805 mm or 86.4% of the 
rainfall. 

The internal drainage pattern in an Ultisol in Sitiung (Figure 1) shows changes 
in water content at 30 and 60 cm depths following irrigation with 135 mm of water. 
The surface of the plot was covered to prevent evaporation. At both the depths, water 
content rose to a maximum, then dropped to a point beyond which changes with time 
became negligible. The point of inflection represents the upper drained limit and can 
be taken as the field estimate of field capacity. No ponding of water was observed 
during irrigation, indicating presence of large or macropores that were conducting 
water at the rate at which it was being applied. The inflection point was reached in less 
thaii 12 hours at all depths. 

Simultaneous measurements of soil water pressure using tensiometers allowed 
calculation of pore radii that represented the lower limit of the pore sizes that had 
drained off before the downward drainage became perceptibly small. The results 
(Table 7) show very large pores and help explain why water flow is rapid in Oxisols 
and Ultisols. Although the volume fraction of large pores decreases with depth, their 
sizes remain large enough to accommodate water at rates commonly received during 
normal rainfall events. Data also indicate that field capacity (the inflection point in 
Figure 1)is reached at pressures of -0.04 to -0.05 bars in the topsoil and -0.01 to -0.02 
bars in the subsoil. At these pressures, large pores are drained and the remaining water 
is held in finer pores that drain slowly. 
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Figure 1. 	 Post-irrigation changes in the water content due to internal downward drainage in an Ultisol, 
Sitiung, West Sumatra. Unpublished data from B. Rusman, Tropsoils Project. 

Table 7. An example of drainage and macropores ina Sitiung Ultisol.' 

Total Upper Soil Average pore Pores Larger

Depth porosity drained water radius than radius
 
cm cm3/cm limit (UDL) pressure at UDL at UDL
 

cm3/cm3 at UDL cm cm3/cm3 

-cm 

3.5 	 0.675 0.370 53 2.77 x 10-1 0.304
 
.
15 	 0.645 0.455 41 3.58 x 10 0.190 

30 	 0.568 0.485 15 9.80 x 10-' 0.083 
45 	 0.562 0.508 11 1.34 x 10.2 0.054 
60 	 0.549 0.515 14 1.05 x 10.2 0.034 
75 	 0.551 0.518 20 7.35 x 10' 0.033 

1 Unpublished data from Bujang Rusman's research, Trppsoils Project, Sitiung. 

The results presented above are consistent with a high degree of aggregation, high 
stability of aggregates, low bulk density, and absence of mechanical barriers. These are 
all attributes that help explain rapid flow of water. 

Field Moisture Regime 

After free drainage of soil has ceased, water held in finer pores is drained slowly 
(Table 7, Figure 1). Water contents at this point represent pore saturation values that 
range from 55 to 71% in the surface and 85 to 94% in the subsoil. Rainfall raises the 
water content whereas gravity drainage, evaporation, and plant uptake cause depletion.
Thus, one would expect the field moisture status to continually fluctuate. Figure 2 
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presents daily rainfall, pan evaporation, and soil water content for several depths in 
an Ultisol. The land was planted to cowpeas. Soil water content was affected mainly 
in the top 0 to 30 cm of the soil. Water content in this layer had a positive correlation 
with rainfall. As expected, amplitude of the fluctuations in soil water content decreased 
with depth. Rainfall or no rainfall, there was virtually no effect on the water content 
in the 30 to 40 cm layer. Water content at all depths remained fairly high, even during 
the Lng rainless period from July 28 to August 27. Long dry periods seldom occur in 
Sumatra as frequent rainfall is a norm. Thus, one should expect a fairly wet moisture 
regime all year-round. The results presented above should help correct the notion that 
Oxisols and Ultisols in Sumatra have a low waterholding capacity. 

Soil Water Content, cm3/cm 3 Rainfall, mm 

-0-10 cm -80 

0 30-40 cm 
0.6* 

. 20-30 cm 

0.5 - @060 

05 

0 0 

0.4
4 -20'Rainfall 

0 .- I -I--i -- I I I I I I I I I I I I I I I I I I I I I I 1 1 I I I I I I I I I 0 

13 18 23 28 2 7 12 17 22 27 1 

July August 

Figure 2. Fluctuations in soil water content in an Ultisol planted to cowpea, Sitiung, West Sumatra. 
Unpublished data, Tropsoils Project. 

Despite an abundance of soil moisture, plant-water availability remains quite 
restricted. It is affected only partly by the waterholding capacity of the soil. The main 
limitation is caused by restricted root growth due to aluminum toxicity. This aspect will 
be discussed in the section on the role of root growth. 

EFFECTS OF ACIDITY AND ALUMINUM TOXICITY 

Indonesian research reports on soil management are full of references to problems 
of acidity and aluminum toxicity. Corrective measures normally include the applica
tion of lime and (or) organic matter (e.g. Wade et al., 'Q85; Wade et al., 1986; Wade 
et al., 1988; Hartatik and Adiningsih, 1987; Fakultas Pcrtanian, IPB, 1987; Arya et 
al., 1988a). In Oxisols and Ultisols of Sumatra, the soil pH is generally around 4.5 or 
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less and aluminum saturation is up to 90% or more (Table 2). At low pH, a rather large
amount of aluminum is dissolved from its more stable form and released into the soil
solution. Low pH also causes a decrease in the net negative charge on the exchange
complex which results in a drop in ECEC. 

Aluminum is toxic to many food crop plants. The main effects are reduced root
growth resulting in reduced uptake of nutrients and water. An evaluation of food crop
yields with and without lime (Table 8) showed yields to be significantly reduced if the 
aluminum was not neutralized. Both the limed and unlimed treatments were given the 
same basal dose of N, P, K, and Mg fertilizers. 

Table F. Examples of crop respouse to lime in Oxisols and Ultisols. 

Crop Lime Rate' Yield Sourceton/ha kg/ha 

Corn 	 0 1635 Unpunlished data, Tropsoils Project. 
3 3884
 

Soybean 	 0 154 Wade el al. (1986). 
3 2124
 

Mungbean 	 0 116 Arya et al. (1989a). 
3 675
 

Cowpea 	 0 558 Unpublished data, Tropsoils Project. 
3 711
 

Rice 	 0 1000 Widjaja Adhi et al. (no date). 
2 2000 

Peanut 0 533 Arya et al. (1988b). 
Pods 1 1005 

1 Basal dose of fertilizers was the same for control and lime treatments. 

Comparison Between Food Crops and Non-Food Vegetation 
Production of food crops in Oxisol/Ultisol soils requires chemical fertilizers,

lime, and organic amendments, which, most farmers are unable to provide in the 
required amounts. As a result, yields are low to very low. Plants show nutrient
deficiency symptoms and often suffer from water stress even though rainfall is frequent
and the waterholding capacity of the soils is high. Naturally adapted nonfood plants
(forest trees, bushes, weeds, grasses), on the other hand, grow very well and hardly ever 
show symptoms of nutrient deficiency or water stress. A comparison of production of
biomass for food crops and natural weeds, both in unlimed soil (Table 9) clearly
demonstrates the significance of adaptability of plant species to the local environment. 
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Table 9. A comparison of production of biomass for food crops 
and natural weeds in an Ultisol without lime. I 

Fertilizer, kg/ha Growth Biomass Source 
Crop period kg/ha 

N P K days 

Corn 100 20 80 90-100 3,355 Arya et al. (1988a). 
Soybean 15 20 80 85-90 779 Arya et al. (1988b). 
Mungbean 15 20 80 60-70 222 Arya et al. (1989a). 

Weeds 0 262 232 112 10,880 Unpublished Trop
(Forage) soils research. 

I Data from Tropsoils Project, Sitiung. 
2 Applied to previous food crop. 

Role of Root Growth in Water Availability and Conservation of Nutrients 

Tropsoils research in the Sitiung area of West Sumatra has produced quantitative
information to demonstrate that plants that grow well in acid, aluminum-toxic soils 
invariably have a deep root system. This principle has been utilized to develop soil 
management practices to promote deep rooting in food crop plants that are sensitive 
to acidity and aluminum toxicity. 

A deep root system provides a larger volume of soil from which plants can obtain 
water and nutrients. Nutrients that leach down with the percolating rainwater are 
intercepted and recycled. 

Figure 3 shows an example of sensitivity of soybean roots to aluminum 
saturation in the topsoil. A steep drop in root growth is noted as the aluminum satura
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Figure 3. Soybean root growth as affected by aluminum saturation in the top 0 t' 12 cm soil in an Oxisol, 
Sitiung, West Sumatra. Data from Arya et al. (1987). 
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tion exceeds 45%. Maximum root growth occurred when aluminum saturation was
under 10%. In the case of corn, roots did not grow beyond a depth of 15 cm or so 
(Figure 4) where no lime h7,d been applied. Where lime was applied deep, roots grew 
clear to the depth of liming. 

3 
6 

Root Mass, g/675 cm soil 
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4

4f' No lime3-

2 

Lime to 45 cm depth ~ 

0 1- - -

0 5 10 15 20 25 30 35 40 45 
Soil Deptjp, cm 

Figure 4. Effect of deep placement of lime on distribution of corn roots in an Ultisol. Data from B. 
Rusman and Arya, 1987. 

Table 10 presents data which show that good plant growth is achieved only when 
plants are able to root deeply whether the deep rooting is achieved by soil management 
or is an attribute of natural adaptation. Data show that rooting depth and density for 
food crops had a marked effect on the production of biomass. Biomass increased with 
an increase in rooting density and (or) depth. An improvement in rooting density can 
be achieved by soil amendments. Rooting depth for corn, for example, increased when 
lime was incorporated deep. Desmodium ovalifolium (a forage legume) and natural weeds 
(local forage species), on the other hand, rooted deeply without any soil amendments. 
Food crops, without amendments or with amendments applied only in the surface soil,
rooted to a maximum depth of 40 cm. Desmodium and natural weeds rooted to beyond
90 and 120 cm depth, respectively. 
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Table 10. Root growth and plant production for food crops and forage plants in 

acid soils of Sitiung, West Sumatra'. Arya et al. (1988b). 

Root mass, g/liter soil 

Corn Soybean Mungbean Desmodium Natural 

Depth cm 
0 Lime Lime to 01Lime Lime to 01Lime Lime+GM 

Ovalifolium 
0 Lime 

Weeds 

0 Lime 
50 cm 10 cm to 10 cm 

0-20 19.03 20.86 1.11 7.52 1.06 4.88 3.22 4.64 

10-20 0.93 3.48 0.30 0.20 0.05 0.30 1.15 1.38 

20-30 0.09 1.95 0.04 0.07 0.01 0.03 0.43 1.15 

30-40 0.00 1.01 0.02 0.02 0.00 0.01 0.28 0.61 

40-50 0.30 0.00 0.01 0.00 0.13 0.38 

50-60 0.10 0.00 0.11 0.21 

60-70 0.00 0.08 0.18 

70-80 0.07 0.20 

80-90 0.05 0.10 
90-100 0.11 

100-110 0.05 

110-120 0.03 

Biomass 
kg/ha 4,332 13,195 779 3,052 390 2,147 5,078 7,637 

Arya et al. (1988). 

Data presented in Figure 4 and Table 10 show that roots tend to concentrate in 
the surface soil and their densities decrease progressively with depth. One might think 
that very small root densities in the subsoil may not be of much consequence. This is, 
however, not the case. Roots present in the subsoil, no matter how small the density, 
play a significant role in supplying water and nutrients to the plant. In the case of corn, 
we found that although the root mass in the topsoil was several times that in the 
subsoil, it bore no discernible relationship with the production of biomass (Figure 5b). 
Corn biomass, on the other hand, appeared to bear a clear relationship with the root 
mass in the subsoil (Figure 5a). Soil water pressure is an indicator of the water 
absorbing activity of the roots. Water absorption activity was significantly higher 
where lime had been incorporated to a depth of 50 cm, compared to where no lime had 
been applied or where lime had been applied only to a depth of 20 cm (Figure 6). As 
expected, deeper placement of lime allowed roots to grow deeper and made it povc"hie 
for the plants to utilize water available deep in the subsoil. 
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Figure 6. Soil water pressure at 37.5 cm depth under corn, for three depths of liming treatments in an 

Ultisel, Sitiung, West Sumv.tra. Data from B. Rusman, Tropsoils Project. 

In a comparison of recovery of nutrients from the soil for corn and natural 
forages in the Sitiung area (Table 11), nutrient uptake was related to growth, and growth 
was clearly related to rooting density and depth. 
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Table 11. A comparison of nutrient uptake by corn and natural 
forages in the Sitiung area, West Sumatra. 

Corn' (F) (root mass, g/liter) Natural2 

Good Medium Poor forage (F2) 

Depth, cm 

0-10 25.63 15.76 13.52 4.46
 
10-20 
 5.20 1.36 0.246 1.38
 
20-30 3.16 
 0.48 0.186 1.15
 
30-40 0.28 0.134 
 0.00 0.61
 
40-50 0.066 0.031 
 0.38 
50-60 0.00 0.00 0.21
 
60-70 
 0.18
 
70-80 
 0.20 
80-90 0.10
 
90-100 
 0.11
 

100-110 
 0.05 
110-120 0.03
 
Biomass, 8,092 2,496 611 
 7,637
 
kg/ha
 

Uptake, kg/ha
 
N 119.0 37.9 12.5 52.8
 
P 15.5 7.2 1.8 9.2
 
K 110.0 28.2 9.3 119.0
 
Ca 14.6 7.0 1.7 -

Mg 12.9 3.2 0.49
 

Arya et al. (1988a).

2 Unpublished data, Tropsoils Project.
 

Fl: Fertilizer Corn: 100 kg N, 50 kg P, 80 kg K, 10 kg Mg per hectare
 
F2: No fertilizer applied.
 

Role of Organic Matter 

Organic matter is a source of nutrients. It is also an efficient retainer and 
exchanger of nutrien! :ations that are applied in the form of fertilizers. Organic matter 
also decreases Al toxicity to crop plants (e.g. Anderson and Bertsch, 1988). Arelationship of base cations with organic carbon in several soils of West Sumatra and 
Jambi (Figure 7) showed that a significant advantage was obtained only if organic
carbon exceeded 3%. This means relatively large amounts of organic materials must 
be added to the soil. 

Experience, however, shows that maintenance of organic matter under cultivated 
conditions is quite difficult (see Table 3, for example). First, large quantities of organic
materials are needed to produce the desired effects in soils of high acidity (e.g. Arya
et al., 1989a). Second, because organic materials do not have a long-term residual 
value, they must be added frequently. Therefore, the management system has to be one 
that automatically ensures production and incorporation of organic materials on a 
continuous basis. Von Uexkull (1982) suggested a low-cost management system for 
Indonesia to eliminate soil problems that develop after deforestation. He noted that 
any management system must aim to maintain conditions as close as possible to those 
found under natural forest. In tropical soils with low pH and low cati'n exchange 
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capacity, it is important to keep the topsoil cool, moist, and shaded. Therefore, the 
soil must be covered by a living crop or mulch. He suggested the following practices: 

* minimum disturbance of topsoil during clearing and cultivation (zero tillage);
 

" keeping the soil covered;
 

" stimulating biological activity through continued, small dosages of P, K, Ca,
 
and Mg; and 

* rotating food crops with leguminous covers. 
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Figure 7. Sum of base cations as related to organic carbon content inOxisols and Ultisols inWest Sumatra 
and Jambi. Data from Subagjo (1988). 

FORAGE/FOOD CROP ROTATION AS AN ALTERNATIVE 
STRATEGY
 

Tolerance to aluminum toxicity and deep rooting allows natural forages to grow
well in Oxisols and Ultisols. Rooting characteristics (Table 10), production of biomass 
under conditions of high acidity (Table 9), and nutrient recycling capacity (Table 11) 
indicate that local forages are the most natural and appropriate vegetation species for 
the highly weathered acid soils in Indonesia. Allowing them to grow in rotation with 
food crops offers the following advantages: 

" addition of large amount of organic material to the soil; 

" retrieval of nutrients that are leached down to deeper layers in the soil profile, 
thus making application of fertilizers more efficient for food crops in the 
rotation; 
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* neutralization of aluminum toxicity by complexing aluminum; 

* feed for livestock; 

* natural cover on the soil surface and control of soil erosion; and 

* stimulation of biological activity. 
Tropsoils research team has devised and is currently evaluating a cropping system 

in which food crops are rotated with a natural weed-fallow. The weed vegetation that 
naturally grows during the fallow period has been found to be a palatable feed for the 
local livestock. In this system, no cultivation or seeding is required. Seeds are naturally 
produced and shed on the ground. 

Two to three months of growth produces a large amount of biomass (Figure 8) 
with an accumulation of 7 to 10 t/ha dry matter in about 100 days. Natural forage 
species also appear to be insensitive to aluminum saturation. The production of dry 
matter for the zero lime treatment was actually superior to those for the 1.5 and 3 t/ha 
lime treatments. 

Dry Matter, tons/ha 
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5 ......... After soybean 1990
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Days Since Harvest of Cowpeas 

Figure 8. Dry matter production of natural forages in an acid soil in Sitiung, West Sumatra. Unpublished 
data, Tropsoils Project. 

The nutrient uptake of natural forage materials (Table 11) indicates that natural 
weed fallows in rotation with food crops can serve as an effective means of nutrient 
recycling. Thomas (1981), in a report on the maintenance of soil productivity on 
transmigration sites in Central Sumatra, argues in favor of crop/fallow rotations and 
cites several examples- of systems of shifting cultivation in Africa. This author, 
however, reports fallow periods of several years. 

The system being evaluated by the Tropsoils project envisages fallow periods of 
2.5 to 3 months with modest amounts of fertilizer application to the food crops in the 
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rotation. The function of natural forages is to retrieve and recycle nutrients lost through 
leaching. Feed for livestock, erosion control, and the complexing of aluminum by 
organic substances are additional advantages. 

Fallowing with natural forages will clearly reduce the number of food crops that 
can be taken from the land; however, the total output from the crop/natural forage 
rotation system and the continuous food cropping system need to bt evaluated. It is 
likely that with natural forages conserving the soil fertility, the total output from the 
crop-fallow rotation is higher. Continued decline in crop yields in the traditional 
system of continuous food cropping has forccd many farmers to abandon the land. The 
proposed rotation system is likely to be more stable. rhe output can be increased 
significantly if livestock are added to the farming system. 

Introduced Forage Species 

Limited amount of information is available on adaptability and growth 
performance of introduced forage species under acid soil conditions in Sumatra. In 1984, 
the Tropsoils Project established a trial in Sitiung to evaluate a number of forage 
legumes and grasses. The species included 22 accessions from CIAT (Centro 
Internacional de Agricultura Tropical) and 9 accessions from local sources. All plots 
were treated with 375 kg per ha lime and 40 kg per ha P. Several of the accessions either 
failed to germinate or died after germination. Data on establishment of the versions, 
growth habit, dry matter production, nutrient analyses, and response to lime and 
molybdenum are available in reports by Thomson and Evensen (1985), Evensen et al. 
(1987 a), and Evensen et al. (1987 b). Grasses, in general, outproduced the legume 
specie, (Table 12). However, there were several icgumes that produced more than 5 ton 
per ha dry matter (sun dry basis). After full establishment and several harvests later, 
all species showed a decline in produiction (Table 13). 

None of the introduced species produced as much biomass as local forage 
species, which are a mixture of weeds (Figure 8). For the local species, 114-day dry 
matter production averaged from 9 to 12 ton per ha (oven dry basis) compared with 
1.5 to 7 ton per ha for the pure species (sun dry basis). Several of the species in Table 
12 were found to be sensitive to aluminum and responded to lime in another trial (Evensen 
et al., 1987 a). Local forages on the other hand appear to be quite insensitive to 
alumin:,m. CIAT's annual report on tropical pastures (CIAT, 1988) provides detailed 
information on a number of forages which have been evaluated under acid soil 
conditions. 

Nutrient concentrations for the forage species evaluated in Tropsoils' CIAT trial 
(Table 14), reported on sun dry basis, showed considerable variation and did not 
provide a pattern for ranking the species. Nutrient concentrations reported provide a 
general range of values to be expected. Concentration would be somewhat higher if 
calculated on an oven dry weight basis. 
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Table 12. Forage production for grasses and forage legumes in Sitiung.
 
Planting date: December 26, 19841.
 

Accession (CIAT No.) 

Brachiaria decumbens (606) 

B. dictyoneura (6133) 
Andropogon gayanus (621) 
Aeschynoinene histrix (9690) 

Stylosanthes guianensis (136) 

Zornia sp. (7847) 
S. guianensis (184) 


Centroseina brasilianum (5234) 

C. inacrocarpum (5062) 

S. capitata (2252) 
C. brasitianum (5712) 
Z. latifolia (728) 
C. macrocarpum (5065) 

S. capitata (10280) 

C. sp. (5112) 


Desmodium ovalifolium (3784) 

C. sp. (5569) 

D. ovalifolium (350) 
C. pubescens (438) 

Calopogonium mucunoides 
C. pubescens (5189) 

C. arenarium (5236) 

Macroptilium atropurpureum 
Puera.'ia phaseoloides (9900) 

1 Data from Thompson and Evensen (1?85). 

Sun Dry Yield (kg/ha) 

First 

114 days 


after planting 


7010 
6318 
5850 

5537 

4872 

4651 

4597 

4459 
4265 

4188 
4104 

3533 
3527 

3427 

3294 


3124 

2797 
2509 
2412 

1887 
1833 

1712 
1670 
1618 

Second 
59 days after Total 
first harvest 

2472 9482 

2248 8566 
4764 10614 

1734 7271 

1:36 6408 

4,9 6150 
16!, 4 6251 

2170 6629 
2073 6338 

1119 5307 

1895 5999 
2097 5630 
1270 4797 
1188 4615 

2319 5613 

1470 4594 

1506 4303 

1980 4489 
960 3372 

1011 2898 
1281 3114 

773 2485 

399 2069 
1012 2630 
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Table 13. Forage yields (oven dry basis) at harvest intervals of, 3, 6, 9 and 12 weeks 
during the wet season 1986/87. Species were planted 26 December 19841. 

S-ecies (CIAT No.) Harvest dates 
19 Nov 10 Dec 31 Dec 21 Jan 
1966 1986 1986 1987 
kg/ha kg/ha kg/ha kg/ha 

Brachiaria dictyoneura (6133) 1247 2206 3421 5126 
Brachiaria decumbens (606) 652 2080 30M0 5072 
Setaria ancepts 565 1189 1285 1718 
Andropogon gayanus (621) 564 2175 2535 5373 
Zornia sp. (7847) 336 665 1272 1896 
Centrosema macrocarpum (5062) 320 943 1475 1744 
Zornia latifolia (728) 316 1392 1745 2462 
Stylosanthes guianensis (184) 300 1055 1810 2968 
Centrosemna macrocarpum (5065) 297 202 932 1655 
Stylosanthes guianensis (136) 295 791 1608 3158 
Stylosanthes capirata (2252) 177 471 555 850 
Centrosemna sp. (5568) 241 384 784 1052 
Stylosanthes capilata (10280) 231 497 391 565 
Desmodium ovalifolium (3784) 214 862 1336 2154 
Centrosenta brasilianum (5234) 210 530 829 764 
Centrosema arenarium (5236) 203 437 836 1552 
Desmodium ovalifolium (350) 192 915 1629 2342 
Pueraria phaseoloides (9900) 177 294 598 742 
Cenirosemasp. (5112) 159 293 466 570 
Centrosema pubescens (5189) 135 237 300 406 
Centrosema brasilianum (5712) 117 302 286 657 
Centrosema pubescens (438) 1i0 215 480 841 
Aeschynomnene histrix '9690) 99 182 492 1117 
Calopogonium mucunoides 28 63 95 92 
Calopogonium caeruleum 27 0 32 138 
Macroptillium atopurpureum 19 41 26 98 

Data from Evensen et al. (1987b). 
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Table 14. Chemical analysis of forages (total plant) harvested Apri! 19, 19851. 

Accessions O/oSun Dry Weight 
(CIAT No.) 

N P K Ca Mg S Al Mn 
PPM PPM 

A. histrix (9690) 1.91 0.1, 0.82 0.73 0.11 0.11 132 561 

C. arenarium (5236) 1.16 0.07 0.28 0.23 0.18 0.07 244 287 

C. brasilianum (5234) 2.12 0.15 1.22 0.78 0.17 0.15 127 930 

C. brasilianum(5712) 1.75 0.14 1.17 0.63 0.14 0.11 310 1260 

C. rtacrocarpum (5062) 2.50 0.17 1.11 0.51 0.17 0.15 389 574 
C. macrocarpunt (5065) 2.63 0.19 1.60 0.48 0.14 0.12 832 1017 

C. pube.scens (5438) 1.62 - 1.42 0.59 0.14 0.12 175 605 

C. pubescens (5189j 1.61 0.11 0.86 0.20 0.12 0.07 177 484 

C. sp. (5112) 1.17 0.14 0.66 0.88 0.14 0.11 299 805 

C. sp. (5568) 2.03 0.12 1.06 0.99 0.17 0.12 184 1296 

D. ovalifolium (350) 2.24 0.12 0.91 0.78 0.16 0.12 582 544 

D. ovalifolium (3784) 2.18 0.13 0.81 1.11 0.15 0.13 413 1261 
P. phaseoloi(des (99(X)) 2.57 0.20 0.96 0.54 0.11 0.11 392 726 
S. capitata (2252) 2.26 0.16 1.16 0.63 0.13 0.16 408 713 

S. capitata (1028C) 1.8. 0.13 0.85 0.66 0.11 0.15 227 664 

S. guianensis (136) 2.02 0.16 0.99 0.89 0.13 0.14 167 1071 

S. guianensis (184, 2.01 0.14 1.07 0.59 0.16 0.11 405 1400 

Z. latifolia (728) 2.22 0.15 0.82 0.80 0.20 0.14 963 1453 

Z. sp. ('7847) 1.98 0.15 0.93 0.60 0.12 0.14 207 648 

A. gayanus (621) 2.03 0.16 0.72 0.82 0.12 0.14 270 559 

B. decumbens (606) 1.82 0.12 0.80 0.67 0.14 0.10 80 376 
B. dicIvoneura (6133) 1.69 0.18 0.79 0.61 0.12 0.15 220 388 

C. mucunoides 1.25 0.08 0.82 0.13 0.12 0.08 115 334 

M. atropurpureum 2.38 0.16 1.24 0.70 0.12 0.12 482 379 

1 Data from Thomson and Evensen (1985). 

Forage Production and Utilization Systems 

Forages may consist of locally growing weeds (grasses and native legumes), pure 
stands of improved forage species, or a mixture of improved species mixed with local 
forages. Whatever the system, the most successful species are likely to be those that 
root deeply, produce seeds, and propagate naturally without the need for cultivation 
and seeding. The production systems may take the following forms: 

* Rotation of forage/weeds with food crops 

Food crops and forages may be grown in alternate strips and switched around at 
specified intervals. The length of time that a given strip should remain under forage 
or food crop is still a matter of research. The system, however, allows for 
rejuvenation of soil by allowing the land once utilized for food crops to go under 
forage/weed-fallow for a specified length of time. At the time the strip of land under 
the food crop is ready to be fallowed, legume seeds may be introduced to improve 
the subsequent crop of forage. During the time the forages grow, they may be grazed 
or periodically cut and carried to be fed to animals at home. However, sufficient 
quantity of forage must be turned into the soil before planting the strip of food crop. 
Food crops must be fertilized. Modest fertilization of the forage crop may also be 
necessary if the forage is to support animal production. Animal manure should be 
returned to the land. 
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" Permanent pastures 

Permanent pastures can be established on acid soils (e.g. Sanchez, 1982). However, 
a livestock industry has to be either in place or planned to justify a proposal for the 
establishment of permanent pastures. Vast areas of acid infertile soils can be made 
profitable if managed with improved pasture technology and utilized for livestock 
production. Here also, a rotation with food crops is possible except that the time 
interval will be much longer. Small farmers with two to three hectares of land are 
unlikely to establish permanent pastures. Except for government holdings, it is not 
known if there are owners of large tracts of land who may be interested in livestock 
production. 

" Forages under plantation and estate crops 

Open spaces under plantation and estate crops can accommodate a variety of forage 
species, particularly when the plantation trees are young. Productivity under shade 
and competition with the plantation trees, in addition to tolerance to acidity and 
aluminum toxicity, will determine the survival and production of forage species. 
Fertilization may be necessary to ensure a supply of essential nutrients under a 
competitive environment. Controlled grazing to animals under the trees and cut-and
carry for feeding at home are possible ways of utilizing forages. 

METHODOLOGICAL ISSUES RELEVANT TO FORAGE-BASED 
SOIL MANAGEMENT SYSTEMS 

Forage-based management of soil resources is a strategy that is emerging because 
of the need for profitable use of the soil while improving and conserving its 
productivity. Development and maintenance of a satisfactory system will require 
research in several areas. Some of the important components of the strategy are 
discussed below. 

Selection of Species 

Tolerance to acid-soil stress is the most important requilement of the forage 
species. Naturally growing local weeds/forages are the most tolerant. Most of these 
belong to the grass family. Inclusion of legumes will improve the forage quality and 
will have beneficial effects on soil nitrogen status. Collection and multiplication of 
local forage legumes is therefore highly desirable. Improved forages from other 
locations should be evaluated for their tolerance to acidity. Several accessions from 
CIAT's germplasm have been evaluated in the Sitiung area. Data are available on the 
performance of several legumes aiid grasses (reports by Thompson and Evensen, 1985; 
Evensen et al., 1987a; Evensen et al., 1987b). 

Selection for water stress is another important consideration. Those species that 
root deeply are able to grow well during the periods of drought. Fortunately, tolerance 
to acidity/aluminum toxicity and drought stress occur together. Deep rooting is 
particularly important for forages growing in association with trees. 

Grasses and legumes grown in association with trees in plantations and estate crops 
should be able to withstand shade. Those that already grow are well adapted, so selection 
from local plantations and forested areas should be useful. Introduced species, that are 
otherwise tolerant to acid conditions, will need to be evaluated for effects of shade 
under plantation conditions. Resistance to insect pests and diseases should also be 
given due consideration. This is particularly important if new species are introduced. 
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Competition that forages offer to the plantation trees may be the most important 
factor in decisions for forage production under plantation crops. There may be 
competition for water and nutrients, diseases and pests may be introduced, or some 
forages may have allelopathic , fects. This requires devising a system of monitoring 
the performance of plantation trees where forage production is also taking place. Growth 
habit of forages, whether erect or prostrate type, should also be considered. It may not 
be important if the ground is always fully covered. The prostrate types, however, are 
likely to provide more protection to the soil. 

Forage species should be those that have low nutrient requirement. If the nutrient 
requirement is high, then it will be difficult to maintain them. This is not to say that 
the need for fertilizers should be eliminated. 

Liming and Fertilization 

Forages respond to lime and fertilizers. Tropsoils research (Thcmpson and 
Evensen, 1985) showed significant increases in production of four forage legumes with 
3 ton per ha lime. However, increasing the amount of lime to 10 ton per ha did not 
affect yield. Even 3 ton per ha lime is probably excessive for forages. Smaller doses 
of lime were not included in the trial. Other reports (e.g. Spain, 1979) suggest that 
moderately tolerant species should do well if the aluminum saturation is brought to within 
70 to 80%. Lime may be required more as a source of Ca nutrition than as an 
amendment to neutralize aluminum. Nutr:lional requirements for Ca can be met with 
less than 0.5 ton per ha lime. 

Phosphorus may prove to be the most limiting nutrient for forages in the acid 
soils. Fortunately, there are several forages whose P requirement is only a fraction of 
what is considered critical for food crops. Critical Bray II soil test levels for P for food 
crops and a few grasses and forage legumes are available (Table 15). Species could be 
selected based on such tests, however, when forages are grown in association with 
competing trees, there may be a need to determine the P requirement for a specific 

Table 15. Difference in requirements of available soil P for maximum
 
growth of various grass and legume species growing on an
 

Oxisol of Colombia in relation to general soil test
 
.recommendation for crop, 

Species or ecotype CBII2 
(ppm) 

General crop recommendation (Colombia) 

Desmodium leonii 3001 14.4 

Macroptilium sp. 545 9.5 

Brachiaria decumbens 606 7.0 

Desntoaluin ovalifolium 350 6.6 

Andropogon gay'unus 621 5.2 

Zornia latifolia 883 3.4 

Stylosanthes caritata 1019 3.1 

Stylosanthes capitata 1078 2.5 
1 Source: CIAT (1978, 19791. 
2 Critical Bray I1 soil test locel. 
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situation. Triple super phosphate (TSP) .s an expensive source of P. Sanchez (1982) 
suggests use of low reactivity rock phosrhates equivalent to 50 kg P 2 0 5 per ha. Acid 
conditions, apparently, enhance the reaztivity of rock phosphate. 

Other nutrient deficiencies are equally important. Most Oxisols and Ultisols are 
often deficient in Ca, Mg, K, S and several micronutrients particularly Zn, Cu, B, and 
Mo. These deficiencies may need correction for successful forage production. 
Unfortunately, little is known about critical levels in the Indonesian soils and require
ments for forage grasses and legumes. Trials need to be set up to determine require
ments for specific nutrient elements. 

Nitrogen deficiency is a widespread limiting factor in most Oxisol-Ultisol regions. 
However, application of nitrogen fertilizer for forages may not be a profitable proposi
tion. Consequently, nitrogen requirement of forages must be met by ;ymbiotic 
N2-fixation by legumes. Acid soil conditions, however, limit the strains of Rhizobwmn 
that can be effective. Recent recommendations including inoculation technology are 
available from CIAT (1979). 

Monitoring the Effects of Cutting and Grazing on Forage Production 

Dry matter accumulation for most forage species can be described by a sigmoid 
growth curve. This type of growth indicates that the rate of accumulation of dry matter 
reaches a maximum after a certain amount of gi'owth had occurred. It is important that 
cutting or grazing be regulated such that the amount of material left in the plants 
remains at a level at which the maximum rate of accumulation of dry matter can occur. 
Survival of forage species and their persistence can be affected if the vegetative growth 
falls below a critical level. Experience in Sitiung (Tropsoils research) has shown that 
certain forage legumes and grasses will not survive frequent cutting. Similar effects 
have been observed with a number of alley crop trees. Dry matter .,Ccumulation in local 
forage species (Iccal weeds) reaches a maximum (about I ton per ha) in about 120 days 
(Figure 8). It is not known how much of it can be safely cut or grazed without affecting 
the rate of subsequent growth. The amount that can be removed will determine the 
number of animals that can be supported per hectare. Trials need to be designed to 
'-termine optimum amount of grazing or cutting. 

"round cover * other important consideration. Soil surface must remain fully 
covered to minimize erosion and run-off. Effect of trampling by animals will increase 
if the soil silrface is exposed. 

Removal of Nutrients 

Removing crops or forage vegetation from the land means that nutrients are 
permanently removed. Some estimates can be obtained from the data in Tables II and 
14. Total amount removed is largely a function of nutrient availability in the soil and 
the amount of biomass produced. Monitoring of biomass removed and periodic 
analysis For nutrient content should provide a good estimate of nutrients that need to 
be returned to the soil. Table 16 provides a general guideline for nutrients removed by 
food crops, tree crops, and pasture grasses. 

Manure produced in a given regimen of feeding needs to be monitored. All 
manure should be returned to the soil to minimize loss in fertility. 
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Table 16. Nutrient uptake by the principal crops in the humid tropics'. 

Nutrient uptake
 
Crop Part of Yield2 kg/ha
 

plant t/ha N P 
 Ca Mg 

Arable food crops 
Dryland rice Grain 1.5 35 7.0 10 1.4 0.3 

Grain 8.0 105 32.0 20 4.0 1.0 
Maize Grain 1.0 25 6.0 15 3.0 2.0 

Grain 3.4 17.9 7.071 59 12.1 
Grain 4.0 12.063 30 8.0 6.0 
Grain 7.0 128 20.0 37 14.0 11.0 

Cassava Roots 8.0 30 10.0 50 20.0 10.0 
Roots 16.0 21.0 41.064 100 21.0 
Roots 30.0 120 40.0 187 77.0 40.0 
Roots 41.5 208 143.0 21 - 54.0 

Sweet potatoes Roots 16.5 8.0 72 88 -

Groundnuts Unhulled nuts I.0 49 5.2 
 27 - --

Unhulled nuts 1.5 94 5.7 31 17.0 15.6 
Soybeans Beans 1.0 49 7.2 21 - -

Beans 2.2 13.9171 104 - -

Tree crops 
Rubber Dry latex 3.0 1.2 4.07 4 -

Oil palm Fruit 20.0 50 8.7 
 78 9.2 9.6 
Coconuts Dry copra 1.2 60 7.2 40 - -

Dry -opra 1.8 67 12.2 104 11.7 9.9 
Coffee Dry beans 1.0 25 1.7 16 1.0 2.0 

Dry beans 1.9 35 3.0 32 - -
Cocoa Dry beans 0.5 10 2.2 5 1.0 1.0 

Dry beans 1.1 3.8 2.531 42 5 .1 

Pasture grasses 
3)(annual production

Guinea Above ground 10.0 27.0107 180 78.0 49.0 
Pangola Above ground 10.0 120 22.0 180 36.0 28.0 
Elephant Above ground 10.0 144 180 30.024.0 35.0 
Para Above ground 8.0 80 17.0 160 28.0 16.0 
Napier Above ground 45.0 550 90.0 657 63.9 150.0 

Sources: Sanchez 1976, and Kanapathy 1976. 
2 Cereals, grain legumes and grasses on a dry-weight basis, root crops at 15-20% dry matter. 
3 Based on crops cut at 2-n.onth intervals. 
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Soil Properties 

The argument in the favor of forages is that a variety of them can be better 
adapted than food crops to the acid infertile soil conditions. If persistent, they can 
improve and maintain soil fertility by providing permanent cover, recycling nu ients, 
and furnishing organic matter. An example is given on the effects of improved legume
',ased pastures on soil properties (Figures 9a and 9b). Similar data need to be collected 
to assess whether there is an improvement or degradation of the soil. Measures can be 
taken if degradation is indicated. 

Soil Compaction, Runoff, and Erosion 

There are fears that grazing animals under plantation crops will cause soil 
compaction and increased runoff and erosion. Adverse effects of trampling on soil 
physical p'operties have been reported in areas with low rainfall and weak soil 
structure (e.g. Warren et al., 1986). Data on soil physical properties of Oxisols and 
Ultisols in Sumatra, however, indicate that most of these soils are highly structured, 
have high structural stability, high infiltration capacity, and are low in erodibility. This 
is not to say that they will not erode or produce runoff. Erosion depends on the 
erodibility of the soil and the erosivity of the rainstorm. Trees in plantations should 
reduce the kinetic energy of raindrops. Additionally, if the ground surface is kept 
sufficiently covered by controlled grazing and cutting of forages, the danger of erosion 
should be minimal. Trampling of the soil surface is possible if patches of bare surfaces 
exist and (or) if the animals are kept in a section for a prolonged period. 

Data, however, need to be produced to assess the extent of damage caused. 
Compaction can he monitored periodically by ise of an impact penetrometer. Small 
runcff plots can be set up to monitor erosion and runoff. A raingauge will be required 
to measure rainfall so that rainfall intake can be calculated. If this is not possible, 
crude estimates of erosion can be obtained by periodic monitoring of silt load in nearby 
streams. 

Design for Sustainability of Food Crop/Forage Rotations 

Although the principal emphasis at this time seems to be on the production of 
forages in plantation crops and their u'iization by grazing animals, the problem of 
declining productivity in food crop lar ds cannot be overlooked. A more rational 
system of farming should integrate food crops with forages and livestock. 

A design of the system needs to be developed. This should include actual layout
of the system on the land, types of forage species to be included, length of time the 
land should be under the food crop or the forage crop, feiilizer regime and schedules,
and feeding/grazing systems. All of this will require monitoring of production, 
removal and recycling of nutrients, and changes in soil properties. 

Sustainability of the above cropping system can be assessed by monitoring crop
yield, at given input levels, in continuous food cropping vs. food crop/forage rotations. 
Value of livestock production should be added to the rood crop/forage system, if a 
measure of total productivity of the systems is desired. 
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ABSTRACT 

General aspects concerning the assessment of the thermal environment ofsheep are reviewed 
in addition to asummary of methods for field studies. A case study is presented based on the 
responses of the St. Croix hair breed, the local Sumatran sheep and their crosses. The white St. 
Croix hair breed of sheep of Caribbean origin was imported into North Sumatra. This study 
compared the heat transfer through theirfleece and their physiological response to heat exposure
with that of th, local Sumatran breed of sheep and the first generation cross between the two 
breeds. The haired St. Crobi br.ed had a fleece, which allowed less heat to be transferred 
through to the skin compared with the coarse wooled fleece ofthe Sumatran sheep. In this regard,
the crossbreds were more similar to theSumatran than to the St. Croix. Sweat rate and maximum 
sweating capability were similar between the three groups. The St. Croix breed showed a higher 
panting frequency than either the Sumatran or crossbred sheep, suggesting a higher metabolic 
rate. It is concluded that the color and structure of the fleece are important features in the 
adaptation of animals to the solar radiation of the tropics and that the measurement of coat 
surface temperature, skin temperature, and net radiant heat loadprovides useful information as to 
the essential characteristics of the fleece that govern heat transfer from the radiant thermal 
environment to the animal. 

INTRODUCTION 

It has long been recognized that the productivity of meat and fiber producing
animals in tropical regions, when measured in terms of weight gain or reproductive
performance, is less than that of animals of the same species in the temperate areas
of the world. This partly reflects qualitative and quantitative deficiencies in forage
production that exists in some tropical regions of the world. Slower growth rate is an 
adaptation to low food availability. It also may be an adaptation to the heat load on
the animal. A faster growing animal will have a higher metabolic rate and higher
internal heat load than a slower growing animal. Thus, a slow growth rate can be an 
adaptation to both the thermal environment and to low food availability. 

In the humid tropics, forage availability tends not to be a liraitation, so the ability
to dissipate a heat load becomes significant. This is especially important when the 
management system involves confinement at night. A free-ranging animal would tend 
to graze at dawn and dusk and reduce its feeding activity at the hottest titne of the day.
A night-confined animal is forced to forego a behavioral pattern, which would 
minimize the heat load. 

Jn recent years, it has become evident that significant forage is available in rubber 
and other tree crop plantations. It might, therefore, be advantageous to use breeds of 
animals, in this case sheep, which could use this available forage, have a fast growth
rate but would be adapted to the thermal environment. Animals that have bec1i raised 
in the tropical regions and yet have the genetic potential for fast growth rate would 
be ideal for this type of project. 
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Heat Exchanges 

Most studies on the physiologic responses of animals to high temperature and 
humidity 	have to be conducted i.nexperimental rooms in which the temperature and 
humidity 	is controlled. The natural environment in the humid tropics is too complex 
and transient to fully quantitate and thereby understand the physiological response of 
an animal to this environment. 

Heat is exchanged with the environment by conduction, convection, radiation, 
and evaporation whereby the total heat transfer (H) can be described by the following 
equation: 

H = Hr + Hc + Hd + He 

where Hr, Hc, Hd and He represent radiation, convection, conduction and evaporation, 
respectively. 

Deep body temperature I I 	 I 

I6eI 

f~~~~0 ,-40-".1o, ...-

4,'" 	 I I 

0 A Evaporative 

heat loss I I
 
BI I4 D I 
 E I F
 

'qEnv'lronmental temperature 

Figure 1. 	 Diagranumatic representation of relations between heat production, evaporative and nonevap
orative heat loss, and deep bt, ly temperature in a homeothe.,mic animal. (A) Zone of hypothermia; 
(B) temperature of summit metabolism and incipient hypotl~rmia; (C) critical temperature; (D) 
temperature of marked increase in evaporative loss; (E) tempe,'ature of incipient hyperthermic 
r.%e; (F) zone of hyperthermia; (CD) zone of least thermoregulatory effort and minimal material 
demand; (CE) zone of minimal metabolism; (BE) thermoregulatory range. 

Source: (Mount, 1974). 
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The modes of heat transfer fall into two groups; evaporative heat los' and non
evaporative heat loss (Figure 1). Non-evaporative heat loss includes radiation, 
convection, and conduction, and the quantity of each would depend on the temper
ature gradient. The temperature difference may be in either direction so that the 
animal may either gain or loss heat to the environment. Measurement of heat exchange
by conduction can be determined, therefore, simply by a measure.ment of skin 
temperature and air temperature, the skin being the interface between the animal and 
the environment. Measurement of heat exchange by convection involves a knowledge
of wind speed. Heat exchange by radiation involves the knowledge of the radiant 
temperatures of the surroundings whether they be in the short-wave spectrum (from 
the sun) or the long-wave portion of the spectrum (from the surrounding objects). This 
measurement is complicated by the need to know the surface area of the exchanging 
surfaces, the energy value of the radiant flux, and the absorbtivity of the surfaces in 
the case of heat transfer within the visible spectrum. To quantitate either convective 
or radiant heat exchange is a major task, which has probably not yet been satisfactorily 
achieved by any scientist. 

Although the constraints on measurement of the natural thermal environment 
appear to be formidable, certain useful measurements can be made which assist in 
understanding the heat exchange that exists between an animal and its thermal environ
ment. For a complete heat balance, knowledge of the animal's own heat production,
which has to be determined from measurements of oxygen consumption, must be 
incorporated into the equation. The heat that an animal gains or generates must equal 
the heat that it loses. If there is an imbalance between these two forms of heat exchange 
then heat will either be stored or lost and body temperature will either rise or fall, 
respectively. The animal, therefore, which is in a non-steady state with respect to heat 
balance will show a change in body temperature if it is unable to regulate physiological
ly its temperature. 

Sheep and Their Thermal Environment 

The thermal environment cannot be described in terms of air temperature and 
humidity a!cae. For example, radiant heat exchanges comprise a very significant part 
of the heat exchange of an animal. The black bulb temperature incorporates a measure 
of the radiant environment and therefore provides an index of the thermal environment, 
which is superior to temperature alone. 

Sheep posses a fleece that acts as the interface between the environment and the 
animal itself; the radiant heat exchanges occurring at this interface are much more 
complex than, say, those of man, where no such fur barrier exists. The direct solar 
beam which arn animal intercepts is only part of the solar heat load. Some sc. tr 
radiation is diffuse!y scattered downwards onto the animal by dust and particles in the 
atrr osphere. Some is reflected off clouds and other short-wave radiation is reflected 
onto the animal from the ground, depending on the reflectance of the ground. Thus 
an animal standing on a light-colored surface will receive more reflective radiation than 
one standing on a grassy surface. Solar radiation, whether it be direct or indirect, 
comprises the short-wave portion of the radiant heat load. In addition, heat exchange 
occurs in the long-wave portions of the spectrum; most of the long-wave radiation 
impinging on an animal being from the ground or the surroundings, although some long
wave radiation isgenerated from the atmosphere. Likewise, the animal re-radiates long
wave radiation back to the environment. Under most circumstances, the net flux of long
wave radiation is away from the animal to the environment (Finch, 1972). 
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Short wave radiation impinging on an animal may either be absorbed at the fur 
surface or reflected. The amount that is absorbed will depend on the color, dark colors 
absorb more than light colors. A black animal, therefore, will absorb a large part of 
the incident solar radiation, which will then be converted into heat. This heat may 
either be re-radiated to the environment, dissipated by convection or pass through the 
coat to the skin and provide a heat load ol the animal. This heat load will be added 
to the metabolic heat load, which the animal must dissipate by evaporation. It would 
seem, therefore, that lighter-color,-d animals would be more appropriate to the tropics 
than darker animals. 

The structure of the coat is also important in influencing the transfer of heat 
towards the animal. An animal with white, but curly fur may allow the incident beam 
to be reflected inward towards the skin and penetrate to the lower layers of the fur, 
so that it is absorhed close to, or at the surface of, the skin. The apparent paradox is 
that a white curly coat may promote penetration into the fur whereas a black or brown 
fur may result in les,; penetration through t.e fur towards the surface of the skin. Thus, 
it can be seen that ine magnitude of the heat load from the sun will depend on many 
factors. Light-colored fur may, or may not, present an effective barrier to solar radia
tion, depending on the configuration of the hairs. The magnitude of the solar heat load 
also will depend on the surface area exposed, based on the position of the animal in 
relation to rays of the sun, the position of the sun in the sky (which will be dependent 
on time of day and time of year), and the reflectance of the ground and surroundings. 
Any heat that is absorbed at the fur surface can be dissipated by convection, so wind 
speed can have a significant effect on reducing the heat absorbed. 

Sheep are capable of increasing evaporative heat loss by both panting and 
sweating. Of these, panting appears to be most important a'Mthough sweating can 
become significant. The sweat glands of sheep ae associated with the primary hair 
follicles and so the density of primary hair follicles is an indication of the sweating 
capability. Haired breeds of sheep may h.ave a high proportion of primary hair follicles 
compared with the wool breeds of sheep. However, no studies have been made 
comparing the sweating capability of both breeds. 

METHODOLOGY 

As indicated in this paper, certain measurements can be made in the natural 
environment which should provide useful information as to the adaptation of an 
animal to its thermal environment. Thermocouples which are usually made of copper 
and constantan can be either welded with solder, or they can be arcwelded. The tip at 
the junction generates an electromotive force in proportion to the temperature of the 
tip and by means of straight-forward electrical circuitry, it is possible to convert this 
into a digital output, which can be either be read or recorded. For the measurement 
of skin temperature, a copper-constantan thermocouple can be applied to the skin with 
an adhesive, and the fur placed back into its normal position. Core temperature of 
an animal is usually measured by rectal temperature, the thermocouple being placed 
on a glass or plastic rod and inserted into the rectum. A knowledge of core temperature 
and skin temperature indicates the direction and magnitude of the flow of heat. Thus, 
an animal standing in the sun may have a skin temperature which is hig t -r than core 
temperature on the irradiated side and the skin temperature which is lower than core 
temperature on the non-irradiated side. Analysis of these measuicments wi~l indicate 
the net magnitude and direction of heat flow into or away from the animal. 
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Measurement of the heat transfer through the coat is more complex as indicated 
in the paper. Surface temperature can be measured using a radiometer, which converts 
the infrared emissions into a measurement of temperature. A net radiometer measures 
the difference between the incoming total radiation, whether it be short-wave or long
wave and that returning from the animal which may, once again, be either long-wave 
or short-wave. The instruments for making these measurements are all portable and 
are appropriate for field use. 

The measurement of the physiological responses of an animal to its thermal 
environment can be by means of a change in core temperature which shows whether 
an animal is able to cope with the heat load taking into account the fact that there is 
a normal daily variation in rectal core temperature of approximately 0.5 to I'C, being 
lowest in the morning and highest in the late afternoon. Respiration r. is another 
simple measurement that evaluates the reac'ion of an animal to its thermal 
environment. The normal respiration rate of most domestic animals is 15 respirations 
per minutes, and the transition to panting is usually associated with an increase to 30 
respirations per minute. Increasing steadily to a maximum respiration rate depends on 
the species. In small ruminant animals, maximum respiration rate is usually about 300 
respirations per minute. 

Measurements of sweat rate require more complex equipment and an external 
source of power. Measurements of total water loss which will be a combination of 
sweating and panting can be determined by weighing the animal with a scale that will 
measure to ± I gram. Once again, although there are such scales available which are 
portable, these are not easy measurements to make and that degree of sophistication 
is probably unnecessary for most filed type studies. 

A relatively easy assessment of an animal's physiological response of the environ
ment can be gained from studies of its behavior. If shade is available animals subjected 
to heat stress will seek the shade. However, it has been shown that in animals with 
limited grazing time, shade-seeking behavior imay be overridden by grazing behavior. 

Alternative methods of assessing the thermal environment involve a combination 
of measurements of both temperature and humidity which can be obtained from a wet 
and dry bulb thermometer (physchrometer). Tab!es can be used to calculate the relative 
humidity of the air. If the relative humidity :s above 70% impairment of the ability 
to loose heat by evaporation becomes important and in the design of buildings for 
animal accommodation, knowledge of both air temperature and relative humidity are 
important (Martawidjaja and Gatenby, 1986). For an outdoor environment, as already 
indicated, the glove thermometer gives an index of both air temperature and radiant 
temperature. 

Buildings to protect animals against a stressful environment should allow 
maximum flow of air through them and protect the animal against the incident 
radiation. The roof of the shelter should be sloped for drainage, but an open end of 
the shelter should either face to the north or southern sky depending on the 
hemisphere. Thus, in the northern hemisphere the cooler sky is to the north and in the 
southern hemisphere the cooler sky is to the south. 

In summary, simple measurements of rectal temperature, skin temperature, 
respiration rate, globe temperature, relative humidity, and animal behavior can 
provide useful information to assess the adaptation of an animal to its thermal environ
ment. One precaution should be noted. The minimal disturbance to the animal is 
necessary for an accurate interpretation of rectal temperature measurement. When 
measuring the rectal temperature, very often animals have to be forcibly restrained or 
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exercised excessively if they avoid capture, these leading to a raise in body temperature 
and confounded readings. 

ASSESSMENT OF THE THERMAL ENVIRONMENT OF ST.
 
CROIX HAIR SHEEP, LOCAL SUMATRAN SHEEP AND
 

THEIR CROSSES: A CASE STUDY
 

This paper also reports on some experiments conducted as part of a cross
breeding evaluation project sponsored by the Small Ruminant-Collaborative Research 
Support Program in Indonesia, involving imported St. Croix hair sheep, the local 
Sumatran breeds and their crosses. The St. Croix sheep have a faster growth rate than 
the Sumatran sheep; a characteristic that the project intends to transfer to the local 
Sumatran sheep, in order to enhance their growth potential. This is an extension of 
some studies carried out by Gatenby, Handayani and Pitono (1986) on the energy 
budget of St. Croix and Sumatran sheep. 

In the experiment discussed measurements were made of the sweat rate of both 
the Sumatran and the St. Croix breeds in order to assess if the haired St. Croix sheep
had a comparative advantage over the Sumatran Sheep in terms of cutaneous evapora
tive heat loss. 

These experiments were conducted under field conditions and were intended to 
make a comparison of the response of animals to the radiant environment as typified
by the climatic conditions at Sei Putih near Medan, North Sumatra, Indonesia. 

Animals 

Twenty-one animals were studied, equal numbers from the Sumatran breed 
(average weight 26 kg), the St. Croix breed (average weight 47 kg) and the F, genera
tion cross of the two breeds (average weight 33 kg). The animals were tethered to stakes 
pushed into the ground and were studied in groups of three, one animal from each group.
They were exposed to the outdoor thermal environment without shade and were 
oriented in the same direction with respect to the position of the sun. The length of 
the animal was perpendicular to the direction of the sun, so that the maximum surface 
area was exposed to the sun. Animals were deprived of food the night before the 
measurements were made. Measurements were begun at 1000 hours and repeated once 
every hour until 1300 hours. 

Measurements 

The following measurements were taken: a) skin temperature, using a copper
constantan thermocouple attached to a digital readout system, b) rectal temperature,
using a thermocouple attached to a glass rod inserted approximately 10 cm into the 
rectum, c) the tenperature at the surface of the fur, using a long-wave radiometer 
(Instatherm, Barnes, U.S.A.), and d) the reflected radiation, using a net radiometer 
(Middleton, Australia), held 2 cm above the fur surface. The net radiometer consists 
of two radiometers, one measuring the incoming long- and short-wave radiation and 
the other the return radiation from the animal, being a mixture of reflected short-wave 
and long-wave radiation. The difference between the two then gives a measure of 
radiant heat load at the fur surface. Thus, a white surface will have a lower net 
radiation than a black surface if all other factors are equal. Areas of the fleece and 
the skin underlying these areas were identical one each side of the aninil. They were 
the dorsal scapula, the midside overlying the last rib and midway between the dorsal 
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and ventral surfe, and an area midway between the sacrum and hip join! Respira
tion rate ,vas counted visually and sweat rate was measured using a ventilated capsule 
system, whereby air was drawn through the capsule at a flow rate of approximately 
1.3 liters per minute. The capsule was placed on the skin overlying the thorax, the 
fleece having been previously cut to a depth of approximately I mm. Humidity of the 
air entering the capsule and leaving the capsule was measured, using a relative humidity 
sensor (Vaisella, Finland), which gives a digital display of both temperature and 
relative humidity. The output from this humidity sensor was continuously recorded using 
a flat bed recorder. From knowledge of the flow rate of air through the capsule, the 
surface area of capsule, the relative humidity and temperature of the air, total evapora
tive heat loss could be calculated. The sweat glands of sheep are controlled by an 
adrenergic nervous system and can be stimulated by the intravenous administration of 
epinephrine (Roberishaw, 1968). In order to measure the maximum sweating 
capability, the animals were given 5 jug per kg epinephrine at the end of the experiment. 

Results 

Thermal environment 

Air temperature ranged from a minimum of 27°C (relative humidity 82%) at 0930 
hours to a maximum of 34.5°C (relative humidity 44%) at 1230 hours. Absolute 
humidity measured as vapor pressure varied bctween 20 and 24 mm Hg (2.66 to 
3.19 k Pa). Solar radiation varied between 690 W per m2 at 0930 hours to 990 W per 
m2 at 1230 hours. 

Thermal exchanges across the fleece 

1) Areas of the fleece facing the sun 

The temperature at the surface of the fleece was significantly lower in the St. Croix 
breed than in the Sumatran breed (P < 0.01) but not different from the crossbred 
animals. Likewise, the temperature gradient across the fleece was significantly greater 
(P < 0.01) in the Sumatran breed than the St. Croix breed but not different from the 
crossbred sheep. In all breeds there was a significant correlation (P < 0.01) between 
coat surface temperature and skin temperature, but the skin temperatures of the breeds 
were not significantly different from each other. The net radiant heat load was not 
significantly different between the breeds (Table 1). 

Fable I. Thermal esehanges at irradiated areas of the fleece ( S.E.). 

Net 
radiative Temperature Temperature Gradieti 

Breed heat load 
(V/m) coat skinj burface skn to rectal 

(C) ( 0 ) (C) (-C) 

a
St. Croix 3d9 40.8 39.5 1.4 0.8 ± 0.4 
* 35 ± 2. ± 0.5 ± 1.8 

Sumatran 316 46 .8a 40.1 6.8a 0.9 ± 0.15 
* 32 ± 1.9 _ 0.2 + 1.8 

Ft Crossbred 270 41.8 39.9 1.8 0.8 ± 0.3 
± 26 ± 1.8 ± 0.2 ± I. 8 

a Difference between ueasurements of the same superscript are significant (1P< 0.05). 
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2) Areas of the fleece in the shade 

In contrast to the irradiated areas, the fleece in the shade showed significant 
differences in net radiant heat load. The minimum heat load received by the St. Croix 
breed was less than that of the Sumatran (P < 0.05) or the crossbred (P < 0.01), and 
the Sumatran was less than the crossbred (P < 0.05). However, although the coat 
temperatures were not significantly different from each other, the skin temperatures 
were significantly less in the St. Croix breed than eitf-er the Sumatrq! IP < 0.05) or 
crossbred (P < 0.05). The Sumatran and crossbred sheep skin temperatures did not 
differ from each other. Skin temperature was higher than the coat temperature but the 
gradient was not different between the breeds (Table 2). 

Table 2. Thermal Exchanges at areas of the fleece in the shade (± SE). 

Net Temperature gradient 
Breed Radiative Temperature 

heat load surface skin to 
(W/m 2 ) coat skin to skin rectal 

(VC) (°C) (°C) (°C) 
a
St. Croix 29 34.5 37.4ab -2.9 -1.3 ± 0.3 

± 39 ± 0.6 ± 0.2 + 0.8 
aSumatran 75a ± 34.4 38.3 -3.6 -0.8 ± 0.3 

± 31 t 0.8 t 0.2 + 0.8 

F, crossbred 126a 35.2 38.4b -3.2 -0.8 ± 0.7 

± 25 ± 1.2 ± 0.2 + 1.1 

a Difference between measurements of the same superscript are significant (P< 0.05). 

3) The thermal gradients across the fleece -f hair coal 

When all the data were combined to include both the irradiated and shaded areas, 
the mean net radiant heat load was not different between the breeds. The temperature 
gradient between the coat surface, skin and deep body (i.e. rectal) was not significantly 
different. When the gradient between thc coat surface, skin and rectum was examined, 
the coat surface temperature in the sun was higher than rectal temperature. Likewise, 
the skin temperature of the irradiated areas was higher than rectal temperature. 
However both skin and coat surface temperatures were less than rectal temperature in 
the shaded areas. fhus, exposure to the sun establishes temperature gradients which 
were approximately equal but opposite in direction to those in the shaded side (Table 
I and 2). 

Physiologicalresponses 

Heat storage, as measured by the change in body temperature, during the period 
of observation was not different between the breeds. Respiration rate of the St. Croix 
breed was significantly higher than that of the crossbred (P < 0.05) but not different 
from the Sumatran breed. The ability of the different breeds to lose heat by sweating 
was not significantly different and there was no difference among breeds in maximum 
sweating capability (Table 3). 
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Table 3. Physiological responses of three breeds of sheep to solar radiation. 

Respiration Sweat Maximal Heat

Breed rate (breaths) rate sweat storage
 

per minutes (W/m 2 ) rate (W/m 2
) (0 C)
 

St. Croix lola ± 7 90 ± 105 ± 18 + 0.217 0.5 

Sumatra 87 
 ± 14 84 ± 28 117 ± 21 0.1 ± 0.3
 
F, crossbreed ± 82 17 ± -0.1
82a 5 ± 108 17 ± 0.1
 

a Difference between measurements of the same superscripts are significant (P <0.05).
 

Discussion 

The purpose of this study was to make some quantitative comparisons between 
two breeds of sheep and their first generation cross in terms of their responses to the 
thermal environment. The thermal cnvironment, however, is difficult to quantify
because of constant changes of wind speed and radiation. A'so, changes in the orienta
tion of the animal to the sun, which in itself is irregular compounds the variability.
However, this study attempted to simplify these measurements by tethering the animals 
and simultaneously measuring one of each group, i.e., St. Croix, Sumatran and 
crossbred genotypes, with their long axes perpendicular to the path of the suit. In this 
way, the daily variations were minimized. Direct measurement of the components of 
a complete heat balance equation is difficult (Finch, 1972) and could not be achieved 
in these experiments. However, some of the important variables of heat exchange at 
the surface of the fleece and the skin could be related to the physiological response of 
the animal. By making measurements of areas of the coat surface that were exposed 
to the sun and comparing them to areas that were in the shade, some indication of the 
integrated heat transfer could be obtained. 

The net radiometer measures the radiant heat load provided by both the visible 
and infrared portions of the spectrum. Measurements of the radiant heat load as 
determined by the net radiometer were approximately 300 W per m2 at the irradiated 
areas and 30 to 126 W per m2 at the shaded areas. In some of the measurerents on 
St. Croix sheep the net radiative load was negative (i.e., the net heat radiant was from 
the animal towards the surroundings). The mean net radiant heat load, comprising both 
the irradiated and shaded areas, was approximately 180 W per m. This would be 4 to 
5 times the metabolic rate, which is 40 to 50 W per M2. 

Of the heat impinging on the animal at the surface of the coat, some is dissipated
by convection and the rest by evaporation. The sources of evaporation are panting and 
sweating and in this study cutaneous evaporative heat loss (i.e. evaporation of sweat)

2was approximately 80 W per m . Since sweat rate was measured from a small area of 
the skin of the thorax, which represents approximately 130% of the mean sweat rate 
of the animal (McLean, 1963), overall cutaneous evaporative heat loss should be about 
60 W per M2. This may be an underestimate since McLean's studies were conducted
in climatic chambers and sweating from irradiated skin may be considerable higher than 
that from non-irradiated areas. In fact, there is a need for a thorough study of sweating
of animals in the natural environment. The panting frequency was approyxmately 100 
respirations per minute and water loss is approximately 5 mg per breath (Mount, 1979).
This, suggests that the respiratory evaporative heat loss would be approximately 30 W 

2per m . This would result in a total evaporative heat loss of about 90 W per m' , 
whereas the heat load at the coat surface would be 180 W per m2. Of this, only about 

24 to 6 W per m were stored, so there must be considerable convective heat loss (90
W per M 2) 'at the fleece surface. Thus, the presence of the fleece or hair coat and its 
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properties represents a very important barrier to heat gain and an important interface 
for heat exchange. 

The stimulation of the sweat glands by the intravenous administration of 
epinephrine yie!ds an estimated of maximal sweat rate. In these experiments, the sweat 
glands were able to achieve a maximal evaporative heat loss of 85 W per m2. If the 
maximal panting rate was 300 respirations per minute with an average water loss of 
4 mg per breath (Mount, 1979), the respiratory heat loss (ignoring convective heat loss) 
would be 65 W per m2. Thus, at heat loads in excess of 150 W per m2 the animal would 
become hyperthermic, well below the estimated radiant and metabolic heat loads. 

The two main properties of the fleece which influence radiant heat exchange are 
color and structure. A light color will absorb less of the visible spectrum than a dark 
color. A fleece in which the hairs are aligned in different directions or crimped, may 
permit the penetration of the visible spectrum into the fleece where it wili be absorbed 
closer to the skin rather than at the surface of the fleece. Thus, a sleek fleece which 
is white wili absorb less heat than a rough fleece which is white or brown. The fleece 
of the St. Croix breeds favors a lesser heat load and the fleece surface temperature was 
significantly lower than that of the Sumatran breed. The fleece of the Suinatran breed 
was coarse and brown whereas that of the crossbred was white and coarse with areas 
where the coat had not been totally shed. The coat surface temperature of the crossbred 
was similar to that of the St. Croix but due to a relatively high variance in surface 
temperature measurements was not siLinificantly different from that of the Sumatran 
breed. The high variance tended to b, a reflection of the variation between different 
areas of the fleece where fleece shedding had, or had not, occurred. The crossbred 
tended to inherit fleece characteristics which were a combination of the hair fleece of 
the St. Croix and the wool fleece of the Sumatran breed. The mixture of hair type 
promoted entanglement of the hairs of the fleece which hindered some of the thermally 
protective features of the St. Croix fleece. 

Many of the characteristics of the fleece of the crossbred sheep were similar to 
those of the Sumatran breed in terms of their absorption of solar radiation. Thus, it 
might be concluded that crossbreeding failed to generate a strain of animal which had 
inherited the favorable characters of the St. Croix, largely because of to an inappro
priate fleece texture. It is of interest to note, that measurements of' net radiation from 
the areas exposed to the sun failed to show any differences between the breeds. By 
contrast, in the shaded areas of the fleece, the net radiation of the St. Croix breed was 
significantly less than that of the Sumatran, which was less than that of the crossbred. 
In three of the St. Croix animals, the net radiation in the shaded areas was negative, 
i.e., the net flow of thermal radiation was from the animal towards the environment. 
This may be a reflection of the fact that the fleece was relatively thin and that radiation 
from the skin surface which had a higher temperature than the surface of the fleece 
contributed to the total measurement of net radiative heat load. 

The net radiometer has a diameter of 1 cm and compares the incident radiation 
from the sun and surroundings with that being derived from the surface of the fleece, 
or the surface of the skin. When radiation is derived from the sun, which may be many 
times greater than that impinging or the shaded areas, much of the incoming radiation 
will have a parallel beam that may bc dispersed by the fleece. All the return radiation 
may not be sensed by the radiometer which has a relatively small area relative to the 
area of the fleece. Such dispersal may render the radiometer of greater use il 
differentiating the thermal transfer properties of the fleece when it is used on the areas 
of the fleece not directly exposed to solar radiation. 
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The ability of sheep to lose heat by sweating would appear to relate to their 
habitat. Temperate breeds lose approximately 25% of their total evaporative heat loss 
from the skin (Brockway and Pullar, 1965). Sweating is more important than panting
in tropically-adapted breeds (Hopkins and Knights, 1984). This is confirmed in the 
present studies where sweating was up to twice as effective as panting as a means of 
evaporative heat loss. The sweat glands of sheep are associated with the primary hair 
foilicles. !t might be expected that if bair breeds had a greater number of hair follicles, 
then they would have superior sweating capability over wool breeds. These studies 
showed clearly that no difference between the breeds existed and that, for the heat load 
of the natural environment, their sweat rate and their maximum sweat rate were 
similar. Histological samples of skin showed that the pri:naty hair follicle density was 
the same for both the St. Croix, the Sumatran and the F, cross. The main distinct've 
feature of the skin of the Sumatran sheep was that although they had a same density
of secondary foliicles in relation to primary follicles the secondary hairs were crimped.
The resulting a'rangement of hair would not be appropriate for an environment with 
considerable solar radiation. tiowever, the humid tropics tend to have a variable solar 
radiation with considerable cloud cover (Gatenby, Handayani and Pitono, 1986) and 
grazing in plantations provides considerable cover so that the wool fleece may not be 
detrimental in thermoregulatory terms for the indigenous genotype. The presence of 
crimped hair would suggest that the Sumatran breed was derived from temperate breeds 
of sheep, which carried a significant wool component in their fleece. Sweating was 
predominant in both breeds. The only difference between the breeds was the higher
panting frequency of the St. Croix breed, a feature also noted by Gatenby, Handayani
and Pitono (1986). These authors concluded that the St. Croix sheep had a higher
metabolic heat load than the Sunatran breed, a feature which is consistent with their 
higher growth rate. The selective use of panting to dissipate a metabolic heat load has 
been note.d by Dmi'el and Robertshaw (1983) in goats and would therefore seem to be 
a logical explanation of the higher panting frequency of tne St. Croix sheep. 

In conclusion, these field studies demonstrate that significant information can be 
obtained about the adaptability of domestic animals to their natural thermal environ
ment using portable equipment without the need to resort to complex heat balance studies. 
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ABSTRACT
 

The properfeedingofsheep grazing in rubberplantationsrequiresan understandingofforage 

qualityand the dynamics offorageproduction.Foragespeciespresent under the trees andrateof 

plantgrowth change with age of the trees, making it difficult to determinecarryingcapqcityfor 

animalproduction while ensuringpasturepersistence. Nutrient requirementsare high for local 

sheep due to their highprolificacyandshort lambing intervals,but requirement tablesandfeeding 

standardsare yet to be refined. Forage intake can be determinedusing a variety of methods 

inclulingindigestiblemarker., eigh-graze-weigh,andgrazingbehaviortechriques.Supplemen

tation with concentratesor agro-industrialby.p,roducts can improve production when nutrient 

demands areriotmet by grazingalone. Nitrogen concentrationin the consumedJor-gesis usually 

adequate, but energy supplementationhas shown positive response. Molasses has been the most 

economicalfeedstufffor ewe supplementation, For growing lambs, rubberseed, palm kernel cake, 

rice bran and other by-products have been used with good results. Mineral deficiencies can be 

o vercome by manufacturing salt blocks that include the deficient minerals. Future research 

should include: identificationand development offoragessuitableforgrazing that arepalatable, 

persistent, of high quality and shade tolerant; refinement of requirement tables and feeding 
standardsfor sheep; deteimination of optimum time for grazing to maximize nutrient intake 
from forage; and development offeeding systems for lambs fed in confinement. 

INTRODUCTION 

The economic return from small ruminants is dependant upon productivity of 
animals (kg of lamb produced annually per ewe or per unit of land). On rubber planta
tions, the animals can reduce the cost of weed removal and herbicide application, thus 
increasing net returns from the tree crop. Currently there is a high demand for small 
ruminants to be used as breeding stock to provide for local meat production and for 
export (Levine and Soedjana, 1990). Therefore, small ruminant production is an 
enterprise that can be integrated into the tree crop system, but with an economic 
advantage of its own. 

Several factors influence the successful production of small ruminants integrated 
with tree crops, but one of the most important is nutrition of the animals. Small 
ruminants convert forages and products unusable by hum.ns into valuable products 
such as meat. The quantity and quality of the forage consumed and the supplemental 
feed supplied determine the efficiency of this con~version. 

This paper discusses some of the experimental techniques, experiences and 
research resuits in the nutrition and feeding of sheep integrated into rubber plantations. 
The information provided can be adapted to the study of the integration of other 
species (goats) or the integration into other tree crop plantations (eg., oil palm or 
coconuts). Current limitations and future research needs are also discussed. 
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METHODOLOGIES IN THE NUTRITION AND FEEDING OF
 
SHEEP INTEGRATED INTO RUBBER PLANTATIONS
 

Forage Availability and Composition 
Numerous plant species grow voluntarily under trees in plantations, and the 

majority of them can be consumed by sheep (Wan Mohamed, 1977; Ani et al., 1985).
Proportions among the different species change with time during the life cycle of the 
rubber tree (Wan Mohamed, 1986), with more shade-tolerant species predominating as 
the trees mature. In a recent workshop on forages for plantation crops (ACIAR, 1990),
the influence of shade, soil fertility, management and characteristics of local and 
introduced species were discussed in relation to their potential inclusion in integrated 
systems. This is the latest, most comprehensive information available on forages for 
plantations. 

The chemical composition of forage species commonly growing under rubber trees 
(Table 1) indicates that crude protein content is adequate and should not be a limiting
nutrient (Mahyuddin et al., 1978). In vitro dry matter digestibility values in the 50 to 
60% range are considered average and values in the 70's considered to be high.
Cyrtococcum oxyphyllum, Ottochloa nodosa and Setaria pahnifiora are the most 
digestible forages in vitro. Values for neutral detergent fiber (NDF), acid detergent
fiber (ADF) and for major minerals are within the range generally reported for tropical
forages. 

Table 1. Composition and digestibility of common forage species in plantations' 

Species IVDMD CP NDF ADF Ca P Zu Cu7p 0 ie s0 070 (V0 ppm ppm 

Paspulum coniugatum 545 122 692 342 0.25' 0.l12 25' 73 

Cyriococcum 
oxyphyllum 73 18 63 40 0.34 0.18 120 9 

Ottochloa nodosa 76 14 62 37 0.35 0.21 102 11 
Setaria pa!nijloru 77 15 65 37 0.41 0.21 175 8
 
Axonopus conpressus na 6 13 66 38 0.173 0.23 391 53
 
Pueraria javanica 495 262 532 342 1.4W 0.374 na na 
Centrosema pubescens 58 23 65 40 1.08 0.21 178 12 
Calopogonium
 

mucunoides 66 18 49 38 0.52 0.19 298 9
 
Mikania cordata 55 27 452 362 0.17 0.34 89P 183 
Asystasia intrusa 595 22 47 36 0.79 0.30 293 14 

Compiled from own analysis; CP: Crude protein; NDF: Neutral detergent fiber; ADF: Acid detergent 

fiber; IVDMD: In vitro dry matter digestibility. 
2 Reese, i; 3 Wong et al., 1990; 4 IFI, 1980; 5 in sacco 48 h DM disappearance; 6na =non available. 

Plant species composition under plantation crops has been determined and 
monitored by utilizing sampling iines among the trees (Sanchez, 1990a). Species present 
at each step along the sampling line were recorded, or sampled for later identification, 
and the proportions of each species from the total vegetation were calculated. Yields 
of individual forage species and total yield have been calculated from harvested 
quadrats (Reese, 1988) or from the non-destructive Botanal method (Tothill et al., 1978).
When determining yield under trees in plantations, care should be taken to have a 
representative cross section between trees, since distance from the trees will affect light 
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intensity and forage growth. The type and amount of forage produced under 
plantation tree crops is dependent upon the amount of light reaching the lower strata. 
Measuring the species composition and yield is critical because these relationships are 
dynamic in the first few years after planting the trees. Forage production drops from 
levels similar to those obtained in full sun to near zero as the canopy closes and light
intensity is reduced. 

One of the main concerns in the implementation of livestock integration projects
is the potential carrying capacity (the number of animals that can be kept per unit area 
of plantation). This is often the first question asked by planners and newcomers to the 
field, both researchers and producers. Numerous reports have been published on the 
carrying capacity or stocking rate used in experiments and in commercial operations.
The valies given are variable, reflecting the dynamic cndiions mentioned above. 
Overestimations of carrying capacity are often made initially since it is not the amount 
of forage present at any one time or at the start of grazing that determines carrying
capacity, but the regrowth of forage after grazing. In contrast to open conditions with 
full sun, plants under shade maintain low root reserves and concentrate their energy
above the ground, mainly in the leaves (Ludlow et al., 1974). Heavy grazing removes 
most of the plant reserves, resulting in very slow regrowth or death of the plant. Short 
duration, light grazing periods or short duration, heavy grazing with. long intervals 
between grazing are preferable to continuous grazing in these situations (Eriksen and
Whitney, 1981). Experimentation in this area of grazing systems is urgently needed to 
obtain estimates of key parameters that can be used to model the wide variety of 
possible scenarios under various plantation crops. 

The number and proportion of each species consumed by sheep is ,noredifficult 
to determine than the number and proportion of species growing. Consumption can 
be estimated from observations of plant species selected by grazing animal: (Boer and 
Sanchez, 1989), from microscopic analysis of specific plant components in esophageal 
or fecal samples (Kirby and Stuth, 1982), or from vegetation changes in the grazing 
area (Reese, 1988). In free grazing situations, animals select the most palatable species
and the most nutritious parts of the plants, but in a rotational grazing system they are 
forced to consume less palatable parts and species of plants. Continuous grazing will 
increase the proportion of undesirable species, since sheep place increased grazing 
pressure on the most palatable species. In contrast, rotational grazing may contribute 
to maintaining or improving the proportion of desirable species. 

Nutrient Requirements 

There has been very little work on the d-termii'ation of nutrient requirements of 
sheep in the humid tropics. The traditional app~roach of adapting the technology and 
information from temperate climates has serious limitations. Most animals from 
tropical regions are smaller than, and have daily weight gains below those attained by, 
temperate breeds. Requirements for maintenance and growth cannot be directly
obtained from published tabies (ARC, 1980; NRC, 1985), because the average mature 
sizes and growth rates of tropical ruminants fall well below those found in the tables. 

Using equations to calculate requirements forces extrapolation beyond the data. 
Preliminary estimates of energy and protein requirements indicate that nutrient needs 
per unit of body weight are higher in Indonesian breeds than in temperate breeds of 
small ruminants. The low quality diets used to derive these es,imates produced low 
daily gains, and therefore requirements may have been overestimated. 
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Considering the very high productive capacity of some Sumatran Thin Tail (STT)
sheep (lniguez et al., 1991; Sanchez et al., 1990a, 1990b), requirements are expected 
to be high. STT ewes wean a greater weight of lamb relative to their own body weight
than ewes of temperate breeds (Iniguez et al., 1991), due mostly to their short lambing
intervals (six to seven months). The large number of lambs per litter often produced 
by Javanese Thin-tailed (JTT) and STT sheep increase requirements of ewes. Multiple
lamb fetuses take more space in the abdominal cavity and reduce rumen volume and 
feed intake (Forbes, 1977). Multiple lambs also require more colostrum and milk, which 
the ewe is unable to provide unless fed nutritionally adequate diets. Ii plantations with 
low forage availability, energy requirements for activity to gather enough forage are 
greater than in situations where forage is abundant. However, trees reduce the intensity 
of solar radiation received by the sheep, and thus help to reduce heat stress 
(Robertshaw and Sutama, 1991). 

Estimates of energy requirements of sheep in temperate environments have been 
obtained by indirect calorimetry with the use of carbon dioxide production rates 
(Corbett et al., 1971; Morris and Sanchez, 1987). Another approach is to calculate the 
requirements from production figures, assuming certain coefficients for efficiency of 
natrient utilization. With close to two lambings per year, nutrient requirements of ewes 
remain high, since they are always pregnant, lactating or both. Without proper feed 
to meet these requirements, the high reproductive rate may be compromised. 
Economical methods of meeting the feed requirements for these ewes need to be 
developed. As sheep germplasm with even greater productive potential is brought into 
the system, more research needs zo be conducted to determine nutrient requirements 
and to develop supplementation schemes. 

Feed Intake 

Animal performance is increased with high feed inake levels, provided there are 
no serious imbalances or anti-nutritive factors that lower the efficiency of feed utilization. 

The traditional systems of raising small ruminants in Southeast Asia range from 
complete confinement with a cut-and-carry system, to housing the animals during the 
night and part of the day with only limited time allowed for grazing. In smallholder 
systems where grazing is permitted, the period that animals are allowed to graze varies 
from as little as 4 to 5 h (Karo-Karo et al., 1990) to no more than 8 to 9 h in the most 
favorable situations. Small farmers often, but not always, supply extra cut-and-carry 
forage at the barn during non-grazing hours. The length of the grazing period in these 
systems appears to be inadequate to provide maximum voluntary feed consumption,
but there have only been a limited number of experiments measuring intake by grazing
animals. Supplemental feed in the form of agro-industrial by-products or concentrates 
could be used to increase animal production in integration schemes (Tajuddin et al., 
1990). There are reports of acceptable production levels in animals consuming
plantation forage alone (Reese, 1988; Sanchez et al., 1990a, 1990b), but there is a need 
for evaluation of grazing time effects on feed intake and production. Animals in the 
tropics prefer to do most of iheir grazing in early hours of the morning and late. 
afternoon, when solar radiation and heat stress are at a minimum. Night grazing of 
small ruminants is not feasible due to high losses from predation and theft. 

The expansion of grazing time in plantation systems is often not considered due 
to labor shortages, increased costs and increased need for security. At the Sei Putih 
research station, it was determined by visual evaluation that during the 8 h animals spent
outside the barns, only a maximum of 6 to 6.5 h were used for grazing. The rest of 
the time was split equally between walking to the pastures and resting/ruminating 
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(Sembiring and Sanchez, 1990). Grazing behavior, eating time and rumination patterns 
can be studied with portable electronic recorders placed on the backs of the grazing
animals. Instruments vary in the degree of sophistication and cost. In order to estimate 
feed intake, measurements made with these instruments are correlated with inde
pendent measurements of feect intake. The use of the grazing computer developed by
INRA (Brun et al., 1986) will be incorporated into future experiments at Sei Putih. 

A more common approach to estimation of feed intake involves the determina
tion of fecal output and forage digestibility. Various internal and external markers 
have been used to estimate fecal output, gut fill and passage kinetics (Pond et al., 1990).
Chromium, cobalt and many of the rare earth elements have been used in 
digestion and digesta passage studies (Pond et al., 1990). They are not absorbed and 
pass through the digestive tract with the solid (paiticulate) or liquid phase of the 
digesta. Small amounts are required since their concentrations can be accurately
determined by atomic absorption spectrophotometry or nuclear activation analysis (Pond, 
et al., 1985). With grazing animals, administration of the marker and sampling can be 
difficult. Single dosing of the marker can be used (Pond et al., 1990) but many frequent
fecal samples are required for the analysis, making it less practical for grazing conditions. 

Chromic oxide is the most widely used external marker for fecal output
determinations. It has been administered in a variety of forms including gel suspension
(Dahlan ei al., 1988), impregnated paper, mordanted feeds and gelatin capsules. The 
latter form has been used in Sei Putih for fecal output measurements of grazing sheep
in plantations. Sheep are dosed at 12 h intervals with 250 mg of chromium oxide for 
a period of 14 days. During the last 7 days, grab samples are taken twice daily and 
pooled for analysis of chromium concentration. The fact that the animals return to the 
barns daily is, in this case, an advantage for researchers. To reduce the problem of marker 
administration, a controlled release device has been developed (Ellis and Rodden, 1987)
and is commercially available (Captec Chrome). Unfortunately, validation experiments
have shown irregular marker release in animals under 25 kg live weight, which is higher
than the average size of small ruminants in this region (Pond et 2t., 1990). 

lI order to estimate feed intake from fecal output, the digestibility of the 
consumed forage needs to be determined. The challenge is to obtain a forage sample
which is representative of what the animals are consuming in the field. The most 
accepted technique is to sample the forage consumed by an animal via an esophageal
fistula. The surgical procedure for fistulation in small ruminants is quick and simple
(Ellis el al., 1984). Cannulas can be locally made with hypo-allergenic plastic
(preferable if ,vailable) or with common solid plastic. However, daily care of fistulated 
animals is necessary to keep their useful for extended periods of time. Individual 
animals vary in terms of forage species preference and degree of mastication and 
salivation as reflected in the chemical composition of the fistula samples presented in 
Table 2. Due to this variability and that of thz, forage species corrDosition, more than 
one fistulated animal should be used to estimate forage consumption. 

Table 2. Chemical composition and digestibility of fistula samples taken from 3 Sumatran
 
Thin Tailed whethers grazing under rubber plantations.
 

Sheep number CP Ash P Ca IVDMD' In Sacco digestibility 2 
S h7e n u b70 Oh 6h 48h 

1 17.7 10.9 0.34 0.8 44.4 19.9 24.4 55.9 
2 19.7 10.1 0.35 1.4 50.9 20.3 25.1 47.4 
3 15.4 9.9 0.31 1.1 51.6 19.3 26.0 56.3 
1IVDMD: one stage 48 h in vitro dry matter digestibility. 

2In Sacco: mean of three sheep, 2 bags per sheep. 
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In areas of uniform rainfall, little changes in the quality and quantity of vegeta
tion are expected throughout the year. If animals fitted with esophageal cannula are 
not available, then hand-picked samples of what appears to be consumed by the animal 
can be used. Digestibility of the forage can be estimated from in vitro or in sacco 
techniques or from chemical composition (Van Soest, 1982). The assumption of 
constant digestibility values, irrespective of intake levels, has to be made for the 
calculations. If supplements are being fed, their contribution to the fecal output needs 
to be deducted before forage intake estimations are calculated. When a supplement is 
fed, it is assumed that no associative effects exist between the supplement and digestibil
ity of the pasture forage. If there is evidence or suspicion of associative effects, 
precautions need to be taken while determining forage digestibility. 

An alternative method for the determination of plantation forage intake is the 
weigh-graze-weigh method. Animals are weighed before and after grazing, and the weight 
changes converted into forage intake by an equation. Figure 1 shows the relationship 
of weight changes before and after grazing with independent forage intake estimation 
made concurrently from fecal output and digestibility. The correlation between the two 
variables is greater in free grazing animals than with rotational grazing. With this 
method, large differences in intake of various forages planted in small plots have been 
detected (Figure 2). When comparing the pre- and post-grazing weights of two groups 
of animals allowed to graze in fenced paddocks for 8 or 11 h, no differences were 
detected despite significant differences in observed grazing times. This method is not 
accurate for grazing periods of longer than 6 h. 

DM Intake, kg/d
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Figure . changes vs. dry matter intake. 
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Figure 2. Relative forage intake from small plots determined by the weight method. 
A.I., Asystasia intrusa; C.t., Clitoria ternatea;E j., Slylosanthes guianensis cv. Cook; P.d., 
Paspalumdilatatum; P.c., Paspalum conjugaturn;O.n., Ottochloanodosa; 0 + P, 0. nodosa 
and Pueraria javanica; P.J., Pueraria javanica. 

Feed Supplementation 

The productivity of sheep grazing in plantations can be significantly increased with 
feed supplementation. In STT ewes continuous energy supplementation with mixed by
products increased live weight, litter size and lamb wean;ng weights, while reducing lamb 
mortality and shortening lambing intervals (Reese, 1988; Iniguez et al., 1991). The net 
results were more and heavier lambs weaned per ewe each iambing and annually. In 
another experiment, continuous supplementation of STT ewes with molasses and urea 
produced similar results, except with no effects on litter size (Sanchez et al., 1990b). 

An interesting observation from the latter experiment was the correlation of ewe 
productivity with postpartum ewe weight. The average weight of the ewes that lambed 
more frequently was greater than those that lambed less frequently. In the experiment 
by Reese (1988), supplemented ewes were also heavier than control ewes. Body condi
tion was not estimated in either of these studies, but visual observations indicated 
better condition in the ewes receiving supplement. 

Supplementation during late pregnancy and lactation also increased the overall 
performance of STT and Fl (St. Croix x STT) ewes by increasing lamb weaning weights, 
reducing mortality and decreasing lambing intervals (Sanchez et al., 1990b). The results 
of these three experiments have been summarized in Table 3. More studies are needed 
to elucidate how extra nutrients improve ewe performance. In the case of STT ewes,
which have the capacity to produce large litters at frequent intervals when consuming 
exc!usively plantation forage, the most important factor is increasing milk production. 
This can be achieved by better feeding prior to and during lactation, by building up 
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Table 3. Effects of supplementation in the productivity of ewes grazing in a rubber plantation.
Supplement %Bw I Feeding Mating Breed Lamb weaned Lambing Lamb/kg ewe 

system system per lambing interval per year 
Mixed by-products2 

0 continuous STT 3 
11.1 219 0.92 

0.6 continuous continuous STT 9.8 198 0.83 
1.0 continuous continuous STT 12.5 194 1.01 
1.4 continuous continuous STT 13.2 193 1.13 

Mixed by-products 40 4 x year STT 9.5 250 0.68 
STT x SC 5 10.0 232 0.65 

1.4 last '1 4 x year STT 9.7 213 0.76 
pregnancy 

& lactation 

STT xSC 14.5 223 0.84
Molasses 0 continuous STT 9.2 232 0.71 

ad lib continuous continuous SIT 11.4 216 0.88 
1%BW: percent of body weight. 
2 Rice bran 44.3%, cassava meal 31.4%; molasses 20.7%; fish meal 1.39%; urea 1.0% and limestone 1.4%. 
3 Sumatran Thin-tailed. 
4 Four 34 d mating period per year. 
5 STT x SC: Crossbred ewes (STT ewes x St. Croix rams). 
Source: Reese (1988) and Sanchez et al., 1990a, 1990b. 



body reserves during pregnancy, and by genetic selection for superior milk production 
characteristics. Supplementation of growing lambs grazing under rubber plantations 
increased daily gains and efficiency of feed utilization (Sanchez and Boer, 1989; Boer 
and Sanchez, 1989). The growth response appeared to be related to energy content of 
the supplement (Sanchez and Pond, 1989). There was no difference due to the form 
of the energy in the supplement, with equal responses from highly soluble (molasses) 
or more slowly degraded, partially bypassed (broken rice) carbohydrate. Perhaps due 
to the high protein levels of forage in plantations and to the variety of species present, 
no response in lamb growth was obtained by feeding bypass protein in the form of fish 
meal (Boer and Sanchez, 1989; Sanchez and Pond, 1990a). The inclusion of rubber seed 
in supplements for growing lambs resulted in higher daily gains (Sanchez, 1990b). This 
high energy feedstuff, readily available in rubber plantations, can be used to reduce 
the cost of supplementation; however, rubbcr seed is not readily consumed when fed 
alone. 

Supplemental feed reduced forage intake (Reese, 1988; Sanchez and Boer, 1989), 
but the net result was higher digestible energy intake by the animals. This replacement 
of feed from pasture was observed even in situations where there were no restrictions 
on grazing time (Sanchez, 1984). Palatable supplements when given near and around 
grazing areas were rcported to alter animal behavior and modify grazing patterns 
(Lowe, 1969). Alternative schemes that provide supplements every other or every third 
day might reduce the animals reluctance to graze while waiting for daily supplementation. 

Whether the need for extra feeding can be reduced or eliminated by increasing 
grazing time certainly deserves investigation. Performance is improved by supplemen
tation, but it is not often justified economically (Reese, 1988; Sanchez et al., 1990b). 
Despite the substantial cash outputs required to provide extra feed (Tajuddin et al., 1990), 
little research has been conducted in an attempt to reduce this cost. Cane molasses, a 
common and inexpensive by-product, has been shown to increase potential profits when 
supplemented to grazing lambs in rubber plantations (Sanchez et al., 1990b). 

Providing regular supplementation with agro-industrial by-products remains a 
remote possibility for most small farmers, due to cash limitations, cost, and logistics 
of purchase and transport. Positive economic results of supplementation can be 
attained only if there are no other limiting factors of production, such as internal 
parasites, limited forage supply, etc. Supplementation with forage from legume trees 
is another viable option for some small farmers (Nitis et al., 1991). However, land 
constraints and relative location might prevent the wide use of legume trees in large 
plantation-based integration schemes. Rubber seed is another alternative for feed 
supplementation found in and around iubber plantations (Sanchez, 1990b). Collection 
and processing can be done locally, reducing the amount and cost of outside ingredients. 
The use of rubber seed, however, requires ample inexpensive labor for collection and 
processing. 

Correcting mineral deficiencies with supplementation has been successful for 
improving nutrition of grazing animals (McDowell, 1985). In areas with soils severely 
deficient in an essential mineral, supplementation of that nutrient can determine the 
viability of the production system. Supplementation of one or more mineral elements 
has been achieved with salt mixtures or blocks, molasses blocks (Leng, 1983), feed 
supplements, concentrated rumen pellets and slow releasing devices. Providing 
complete mineral supplements on a regular basis ensures against possible deficiencies, 
but may not be justified from an economic standpoint. Subclinical deficiencies lower 
animal performance hy reducing feed utilization efficiency and resistance to diseases 
and parasites. 
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Locally-made salt blocks (Sanchez and Pond, 1990b) have been used to supply 
copper and phosphorus, elements deficient or marginal in forages from plantations.
Blocks have been successfully used to provide calcium, sodium and phosphorus to 
ruminants belonging to small farmers in West Java (Van Eys et al., 1995), where cut
and-carry forages varied in quality. However, molasses blocks with complete mineral 
mixtures did not improve average daily gains in lambs grazing under planta!ions
(Sanchez and Sembiring, 1989). 

Economical feeding systems for post-weaning growth must also be established,
since most lambs are kept on the farm until they are sold for slaughter. Lambs can be
finished on pasture, or they can be transferred to confinement barns for the final 
feeding stage. Feeding lambs in confinement decreases the parasite burden, which is 
a significant problem in grazing situations. Barn-feeding also decreases variability,
since animals are not allowed to select their own diets as they do in grazing situations. 
The producer is able to schedule marketing time for the lambs by controlling the 
quality and quantity of feed offered. 

CONCLUSIONS 

The nutrition of sheep grazing in plantations is a challenging area of research due 
to the dynamics in forage production and the high nutritional requirements of produc
tive tropical breeds. Feed deficiencies can be corrected with supplementation, but the 
value of increased animal response must be greater than the cost of extra feed. Supple
mentation of growing lambs for market is usually economical, and the length of the 
growing or finishing period will be determined by the market requirements. 

Some areas that deserve future research to better understand the nutrition of sheep 
in plantations are: 

" The relationship between grazing time, forage intake and sheep pioductivity
with various forage availabilities, since socio-economic factors prevent 
managers from keeping sheep permanently in the pastures. 

" The energy and protein requirements of ewes under a continuous mating 
system; in particular, requirements for activity and lactation. 

" Early lamb growth in response to ewe milk production as influenced by supple
menting ewes during late pregnancy and early lactation. 

* Influence of lamb nutrition on weaning weights and post-weaning growth rates 
for systems where lambs are kept to slaughter weight. 
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ABSTRACT 

This pr t,'r highlights the utilization and potential of agricultural by-products as supple
ments or basal diets for sheep and goats. By-products from oil palm milling, particularly palm 
kernel cake (PKC), are widely used by all classes of ruminants and !herefore are emphasized. 
Use of by-products by small ruminants in integrated tree cropping systems is usually as a 
supplement with the exception ofPKC which is widely utilized as a basal diet in intensive lamb 
production in Malaysia. The nutritional and non-nutritional constraints to the feeding of 
agricultural by-products are also mentioned. A logical approach to evaluation of by-products 
in the laboratory and in field studies is presented. 

INTRODUCTION 

Integrating small ruminant production systems with plantation tree cropping is 
efficient, productive and economically feasible. It is an example of matching livestock 
with available feed and resources, with the aim of economic optimization. Like other 
livestock production systems, improvements in animal management coupled with 
practical research and development programs will determine the magnitude of success 
for the integrated farriig operation. 

Vegetation under tree plantations has the potential to support a substantial 
number of ruminants, with marked impact for the livestock development of the region.
In Malaysia, for example, rubber and oil-palm trees can support more than a million 
cattle or sheep (Wan Mohained et aL, 1987). By-products produced along with the tree 
crops such as rubber seed or palm kernel cake, can also be fed to ruminants. Different 
efforts for integration have been made recently, including raising indigenous and 
im rted sheep in oil palm, rubber and coconut plantations (Wan Mohamd et al., 1987;
Moh. Salleh et ai., 1989; Sanchez, 1990; Boer and Sanchez, 1989). 

This paper highlights the potential uses of common by-products as supplements 
or basal diets for goats and sheep in integrated farming systems. 

ANIMAL NUTRITION IN INTEGRATED PRODUCTION
 
SYSTEMS
 

Improvement in animal response is brought about by increased digestible nutrient 
intake. With poor to average quality forages, relatively high intakes woulc be necessary
for optimum animal performance, but high intakes are rarely achieved with low
quality feeds. Supplementation can increase the animal's intake of digestible nutrients. 
Even though feed is readily available under the trees, fluctuations in forage quantity
and quality will affect animal productivity. Availability of palatable vegetation for 
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these animals is influenced by botanical composition, which is affected by age and thus 
the canopy cover of the tree crop (Wan Mohamed, 1977; Chen and Othman, 1982; 
Dahlan et al., 1990) and season of the year. Availability and quality of vegetation can 
also be influenced by management practices and soil types. Other characteristics of 
these feedstuffs, such as a higher proportion of fibrous constituents that result in a 
longer rumen retention time and therefore lowered feed intake, will further determine 
their potential as feeds for ruminants. 

Requirements of animals raised under plantations need to be considered. In 
addition to their initial function as a biological agent to control undergrowth, animals 
are expected to express their maximum production potential (fast growth and breeding 
capability). Nutrient intake solely from grazing is unable to fulfill the animals' nutrient 
requirements, especially during fast growing stages, pregnancy and lactation. 
Supplements, including by-products, can be used to increase protein and energy intake 
during these critical periods. 

UTILIZATION OF BY-PRODUCTS TO SUPPLEMENT
 
LIVESTOCK IN INTEGRATED FARMING SYSTEMS
 

Several by-products are suitable as supplements for sheep and goats. However, 
this discussion will be confined to those that are most common and that are produced
within the locality of the farming system. Oilseed cakes and by-products of animal 
origin are the best choices where these are available and inexpensive. 

Among the oilseed cakes, palm kernel cake (PKC) is the most widely used. The 
average composition of PKC is 18176 CP, 1.4% Ca and 6% P; it has a ruminant DE 
value of 2.6 mcal per kg. In Malaysia, PKC is successfully.being fed as a dairy cattle 
supplement and as the basal diet for feedlot cattle. The degree of response by forage
fed sheep to PKC supplementation would depend on the quality and quantity of PKC 
offered, quality of basal forage diet and the animal itself. 

Growth responses has varied for sheep fed PKC as a supplement or as the basal 
diet. In growing lambs fed native grass with crude protein content less than 90 g per 
kg dry matter, Ginting et al. (1987) showed that supplementation of PKC at the 
relatively high level of 1.35% of body weight only resulted in a growth rate of 69 g 
per d. Grazing lambs supplemented with PKC alone or PKC with fish meal or rice bran 
showed higher growth rates (80 to 103 g per d) and improved feed conversions (Boer 
and Sanchez, 1989). In intensive production of crossbred lambs, Sethapukdee and 
Jalaludin (1990, unpublished ) showed greater growth rate (150 to 170 g per d) when 
15% (DM basis) grass and 0.5 to 1.0% urea were offered with PKC. These studies 
indicated that PKC supplement3tion increased feed intake and growth rate of sheep. 
Supplementation with a readily fermentable nitrogen source such as urea may be 
beneficial for optimum rumen fermentation ;n gazing and perhaps in intensively 
farmed sheep. 

Other oil palm by-products such as palm oil mill effluent (POME) and palm fibre 
fines (PFF) are also being utilized as feed for sheep. They are cheap an.d underutilized, 
but being of lower nutritive values, they are used in combination with PKC. Wan 
Mohamed et at. (1989), successfully used these by-products (PKC:PFF ratio of 3:1) with 
10% forage in prime lamb produiction. A concentrate mixture of coffee pulp-hull 
mixture, PKC, copra cake, tapioca chips and molasses was also utilized as a 
supplement for pregnant does (Abd. Rahrnan Mohd. Yassin and Mohd. Khusahry Mohd. 
Yusuff, 1982). Feeding concentrate supplement containing either 20% PKC or coffee 
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pulp-hull waste with molasses (20%), cassava chips (10%), soya bean (10%) and copra
cake (40%) at 2% of body weight, improved reproductive performance of pregnant does 
and birth weight of kids as compared to the unsupplemented guinea grass fed animals. 

Constraints and Problems for Utilization of By-products in the Integrated System. 
The problems and constraints of using by-products for sheep and goat 

production in the integrated farming system can be separated into non-nutritional 
factors and nutrition related factors. The magnitude and types of constraints may vary 
from one area to another. 

Non-nutritionalconstraints 

Ideally, the by-products should be readily available in sufficient quantities, and 
the production should be constant (not seasonal). Seasonal availability of feeds would 
require well planned production system to coincide with supply and cost of the 
materials. Use of PKC is considered most promising as it is produced throughout the 
year even though there are low and high production seasons. High density feedstuffs 
are preferred as they are more easily transported and stored. Molasses production can 
be seasonal and it requires large, strong and specially made storage tanks. 

Materials containing more than 10% moisture tend to become moldy dt-ing 
storage and therefore have short shelf lives. Moldy feedstuffs have low nutritive values, 
are less palatable, and can contain fungal toxins. Supply and demand of by-products 
as animal feeds may also be influenced by their alternative uses. When an export
market is found, the cost of utilizing the by-[roduct locally could be a limiting factor. 

Nutritionalconstraints 

Most agricultural and industrial by-products and native forages do not contain 
the balance of nutrients needed to support efficient rumen fermentation and high
animal productivity. In some cascs, these by-products possess characteristics which cause 
detrimental effects and thus limit their use for sheep and goats. 

The nutritional constraints arising from using most by-products are influenced 
by the level of by-products being fed. Negative effects of by-products (such as toxicity 
and low intake) may not be exhibited when sheep and goats are reared extensively on 
vegetation under tree crops with minimum levels of by-products being fed. Unfor
tunately, there are very few studies on the effects of long term feeding of by-products 
as supplements for sheep and goats. 

On the other hand, by-products-have been shown to play important nutritional 
and economic roles when utilized at high levels, particularly in intensive production 
systems. An example is the use oil palm milling by-products (particularly PKC) for 
fattening lambs (Tajuddin et al., 1990; Wan Mohamed et al., 1989). The major
limitation of PKC for sheep is its high copper content, which causes serious toxicity
problem in feedlot lambs and adult sheep. Abd. Rahman et al. (1990) showed that lambs 
fed 80% PKC diet without supplementation of molybdate died after 78 to 178 days with 
symptoms of jaundice and haemoglobinuria. However, copper retention in body
tissues could be preverlted by providing sheep with mineral supplements containing
sodium molybdate and ferrous sulphate. Incidences of lamb mortality due to copper
toxicity in lambs about 80 days after feeding high levels of PKC was also reduced to 
about 20% when molybdenum containing mineral supplement was added (Wan
Mohamed, 1989). Unlike sheep, goats are more tolerant to high copper content in 
feedstuffs and body tissues. Incidences of toxicity in goats have not been reported. 
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Recent studies on PKC using an artificial rumen (Rusitec) in ruminants (cattle,
buffalo and sheep) showed low rumen ammonia levels when PKC was used as a 
supplement to fiber based diets. This is probably due to a lower solubility of protein 
as PKC is produced from a process which use high temperature and pressure during 
oil extraction. Supplementation at level less than 30% (dry matter basis) was shown 
to be inefficient to raise rumen ammonia concentration above 60 to 80 mg per liter for 
maximum microbial synthesis rate. If rumen ammonia levels in sheep and goats 
managed under plantation are less than 100 mg per liter after grazing 4 to 6 hours, a 
fermentable nitrogen source should be added to the diet. Thus the response to PKC 
supplementation by sheep and goats under tree crop is effective when a soluble source 
of nitrogen such as urea is also provided. 

Thf. presence of relatively high fat and ash contents in POME and sometimes in 
PKC affect the utilization of other nutrients. High fat content can decrease fiber 
digestion in the rumen. However, depression of fibre digestion is not critical if low 
levels of PKC or POME are used. 

Another consideration is the extreme variability in composition between and 
within individual by-products. This can influence rumen ferment'ution, acceptability and 
animal response. As an example, Jelan and Jalaludin (unpubl'shed) found variations 
of crude protein (14 to 19%), neutral detergent fiber (70 to 82.50), acid detergent fiber 
(37 to 46%) and seed hull (8 to 28%) contents among PKC samples taken from 
different mills at various times of the year. This study qlsc showed that digestibility 
decreased by about 25% when PKC meal contained 50% seed hulls. Thus tile quality 
of PKC used can influence sheep and goat performance. 

Anti-nutritionalfactors and toxicity problems 

The problem of copper toxicity in sheep fed PKC was mentioned above. Another 
toxicity problem that has been encountered is that of hydrocyanic acid (HCN). Rubber 
seed meal may contain up to 540 ppm HCN, which can be toxic to ruminants. 

As new by-products are evaluated as feeds for sheep and goat, certain research 
protocols must be adopted to ensure that these materials do not cause deleterious 
effects to the animals. Simple trials at the farm level or in research institutions can be 
conducted to measure the optimum level of inclusion to basal forage diets for both 
species of animals. In such studies, measurements on nutrient intake, carcass 
evaluation and growth should be made. Where appropriate, measuring metabolites in 
blood and milk which may reflect the nutritional status of livestock should be 
attempted. Identification of nutritional constraints can therefore form the basis for 
assessing feed supplementation strategies to sheep and goats under plantation crops. 

APPROACH TO EVALUATION OF BY-PRODUCTS 

Although feeding of by-products to ruminants is commonly practiced, several 
important aspects of their nutritive values must be fully understood in order to 
maximize their use at the farm level. It is therefore necessary to adopt suitable 
techniques in the field to estimate the contribution of nutrients from by-products to 
the requirements of goats and sheep raised in integrated systems. 

The following sequence of measurements is recommended in the evaluation 
procedure. 
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In the Laboratory 

* Estimate of nutrient composition. 

" Proximate analysis: Determination of total nitrogen, cell wall, and fat content 
(for oilseed cakes). 

" Determination of mineral content particularly trace minerals. 
" Determination of anti-growth factors or toxic substances. 

* Estimates of nutrient degradability. 
Measurement of nutrient degradability by artificial fibre bag technique. 
The technique is relatively simple and gives a rather quick estimate of degradabili
ty of nutrients such as dry and organic matters, protein and carbohydra:es in. a 
particular feed or ration. The technique requires rumen fistulated sheep or goats 
in which specially made standard nylon bags containing the feed sample are 
suspended (incubated) in the rumen for specific periods of time. The technique is 
also suitable for comparisons of feedstuffs. 
In vitro digestibility technique (Tilly and Terry, 1963). This method can be 
employed along with the nylon bag technique. It is relative!y fast and simple, and 
the measured digestibility value is similar to measurements using live animals. The 
technique requires a rumen fistulated animal to serve as a source of rumen liquor 
for incubation of the sample. 

* Measurement of efficiency of rumen fermentation. 

" Rumen simulation studies (Czerkawski and Breckenridge, 1977). 
This is a technique where several fermentation parameters can be measured 
simultaneously. Quality of a feedstuff or formulated ration can be estimated from 
the -nd products of fermentation. The effectiveness of a feedstuff as a supplement 
or effects of levels of supplementation can be measured. 
Gas Test method (Menke et al., 1979).
 
This is a fast method with a lower residual standard deviation when compared to
 
the popular method of Tilly and Terry (1963). The method estimates metaboliz
able energy content and products of anaerobic fermentation.
 

Field Studies 

" In vivo digestibility study. 
This method is more tedious, but should be employed when facilities are available. 

" In vivo studies of feed utilization and fermentation. 
Monitoring of fermentation or metabolism of nutrients using cannulation (esopha
geal, rumen, abomasum or duodenal). 

" Animal response studies (growth, nutrient intake and feed efficiencies). 
These studies can be conducted simultaneously in a single trial with a controlled 
environment at a research center or under field (farm) conditions. 

CONCLUSION 

The aims of utilization of by-products as supplements or basal diets is not merely 
to reduce costs of production, but also to ensure that animals obtain optimum levels 
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of nutrients to express their productive potentials. Prospects for utilizing by-products
in integrated systems appear to be promising. 
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ABSTRACT
 

This paper describes the techniques employed to study the role of bacteria, protozoa and 
fungi in digestion. A discussion on methods to manipulate rumen fermentation and to enhance 
microbialcell yield is also included. 

INTRODUCTION 

Tropical forages in general and forages grown under the canopy of plantation 
crops in particular, are low in protein and dry matter digestibility. Therefore, in order 
to sustain adequate animal production levels, supplemerntation of forage-based feeding 
systems is needed to fulfill basic physiological animal requirements. 

In the tropical environments associated with plantation crops of Southeast Asia, 
a number of locally available agricultural by-products and feeding resources can be 
efficiently incorporated and exploited as supplements. Nevertheless, the implementa
tion of feeding systems based on supplements is costly and could eventually be 
prohibitive. Although strategic supplementation is a means to efficiently utilize the 
supplement, the development of a viable low cost practical feeding system requires a 
complete understanding of the biochemistry and dynamics of feeds and feedings. In 
this context, basic studies on rumen microbiology and biochemistry are required. 

This paper describes the methods used in studying the breakdown of fibrous feed 
materials, particularly agricultural by-products, by bacteria, protozoa and fungi and 
highlights some of the significant findings on the role of microbes in rumen fermenta
tion. A discussion on in situ and in vitro techniques to study rumen fermentation and 
methods to manipulate microbia! activity and to improve microbial cell yield is also 
included. 

RUMEN, RUMEN MICROBES AND FEED DIGESTION 

Rumen 

The rumen is a complex ecological system, well suited to support a dense 
population of microbes living in physiologically coordinated consortia. These 
microorganisms, consisting of bacteria, protozoa and fungi, are responsible for the 
digestion of feed materials that enter the rumen. 

In general, the conditions and the types of microbial population are different 
between the fluid and particulate compartments (Merry and McAllan, 1983) but the 
systems coexist and interact with each other. The primary end-products of one species
will be secondarily fermented by another and only volatile fatty acids (VFA), CO 2 and 
methane are produced in quantity (Hobson, 1972) as by-products. 
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Rumen Bacteria 

The rumen contains a mixed population of microorganisms. They include 
bacterial cells associated with rumen particulates and wall subpopulations in addition 
to organisms that maintain a continuous presence in the fluid phase. The bacterial 
components are well characterized (Hungate, 1966: Ogimoto and Imai, 1981). 

The majority of rumen bacteria are able to digest starch, while a number of the 
predominant bacteria exhibit high cellulase and hemicellulose activity (Hungate, 1966). 
Fibrobacter succinogenes and Ruminococcus flavefaciens are able to synthesize very 
active cellulases which can hydrolyse crystalline cellulose, while R. albus and certain 
strains of Butyrivibriofibrisolvens are cellulolytic towards the more amorphous types 
of cellulose (Halliwell and Bryant, 1963; Bryant, 1973; Pettipher and Latham, 1979; 
Forsberg et al., 1981). 

Bacterial colonization .n feed residues in situ has been investigated by electron 
microscopy. .',antmaterials are incubated L the rumen, in nylon bags, for various 
incubation periods and then processed for electron microscopy (McCowan et al., 1978). 

Bacterial colonization of grass and straw fragments takes place soon (by 15 
minutes) after they are introduced into the rumen. Within one hour, microcolonies (of 
single or mixed morphological types) are present in both the inter- and intra-cellular 
compartments of the plant fragments. Bacterial aggregation around stomatal openings
in guinea grass indicates the initial introduction of bacteria into the inner tissues. 
Invasion does not take place simultaneously in all regions of the plant fragments as 
different tissues show variable stages of bacterial colonization (Abdullah, unpublished). 

Fibre digestion involves specific adhesion of microorganisms to their particular 
substrates. This process occurs against a complex background of different lag times to 
produce different rates and extent of digestion. With scanning electron microscopy
(SEM), Akin and Burdick (1975) showed the following general pattern for extent of 
tissue digestion by rumen bacteria; mesophyll, phloem, epidermis, parenchyma bundle 
sheath, sclerenchyma and lignified vascular tissue (non degradable). 

A number of widely used procedures for the isolation, enumeration and 
cultivation are well described by Stewart and Bryant (1988). For growth, the rumen 
bacteria require a highly reduced medium from which oxygen is excluded. Hence, all 
media are prepared under anaerobic conditions with CO gas phase using the technique 
described by Bryant and Burkey (1953). 

The liquid enrichment medium (called MOD-SD medium) used for the initial 
enrichment and maintenance of bacteria is prepared according to Scott and Dehority 
(1965) containing 1.5 cm2 (about 20 mg) Whatman No. 1 filter paper as the sole 
source of carbohydrate. The same medium, with a reduced amount (3 mm') of 
cellulose paper, is used to detect cellulolytic bacteria. The dilution fluid is the MOD-SD 
medium without rumen fluid and carbohydrate. The isolation medium contains rumen 
fluid, glucose, cellobiose, starch and agar (Grubb and Dehority, 1976). The isolates could 
be maintained for up to 1 year, depending on the methods used (Teather, 1982). 

Various studies, such as degradation of feed materials, enzyme production, growth 
requirements and end-products of fermentation could be conducted with pure or mixed 
cultures of known bacterial species. Feed materials degraded by the isolates are fixed 
and investigated by electron microscopy for studying the bacterial morphology and the 
mechanism of adhesion. 
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Rumen Protozoa 

Protozoa are part of the microbial population in the rumen with conventional 
diets, although fewer in number than bacteria. Two important groups of ciliates found 
in the rumen, the holotrichs and the entodiniomorphs, occupy different niches. The 
holotrich ciliates use mainly soluble carbohydrates, while the entodiniomorphid ciliates 
ingest and utilize particulate materials. 

Protozoa have been observed to play a significant role in the primary degradation
of plant fragments. This conclusion is derived from results of biochemical, cultural, 
microscopic and defaunation studies (Williams, 1988). 

Rumen protozoa have been observed by means of light microscopy, swimming
freely in the liquid fraction of the rumen. The protozoa can be fixed and stained with 
methylgreen-formalin saline (MFS) solution (Ogimoto and hnai, 1981). They are easily
detected by the stained (grecn) nucleus, and the samples can be kept for long periods
in a dark environment. Protozoal identification can be achieved by using the guidelines 
described by Ogimoto and lmai (1981). 

Colonization and digestion activity of protozoa can be investigated by SEM. 
Bauchop (1979a) showed that the ciliate Epidinium caused rapid degradation of 
lucerne stems incubated in the rumen by directly ingesting the thin-walled tissues 
underlying the epidermis. Kudo et al. (1990) also observed the ingestion of barley straw 
by a number of ciliate protozoa. A number of enzymes that degrade plant cell walls 
have been isolated from cell-free extracts of rumen protozoa (Orpin, 1983/84). 

Estimation by direct counts on rumen fluid is not accurate because of protozoa!
sequestration on feed particles and on the rumen wall (Bauchop,.1979a; Abe et al., 1981).
According to Leng (1988), the dynamics of protozoa in the rumen can be assessed only
by isotope dilution procedures. Protozoa labelled with 14C-choline by incubation in 
vitro, are injected into the rumen, where they get distributed among other protozoa and 
their dilution followed first order kinetics. Leng (1988) reported that 60 to 80% 
protozoa were lysed and degraded in the rumen, while 20 to 40% were washed out from 
the rumen. The latter amount represented only 5 to 15% of the total microbial outflow 
from the rumen. Sequestration appears to be the major cause of protozoa retention in 
the rumen. 

Protozoa engulf bacteria and dietary proteins for their nitrogen requirements, and 
release amino acids and ammonia as waste materials. This predatory behavior reduces 
the efficiency of microbial growth and heilce, the net yield of microbial amino acids 
available for intestinal absorption. The presence of protozoa in the rumen was 
postulated to reduce the protein to energy ratio in the nutrients absorbed by the animal. 
Growth rate and wool growth are higher in unfaunated animals fed diets low in by-pass
protein (Bird and Leng, 1978; 1985). Defaunation stimulates intake and digestibility
of straw in sheep (Romulo et al., 1988). Hence, these observations tend to suggest that 
protozoa may not be necessary in improving animal performance. 

A number of methods can be employed to defaunate the animals (Bird, 1988).
These include isolation of new-born animals, chemical drenching, dietary manipulation
and breeding from ciliate-free dams. Chemicals which have been used to eliminate 
protozoa include copper sulphate, dioctyl sodium sulphosuccinate (manoxol), nonyl
phenol ethoxylate and sodium lauryl dietoxy sulphate. It should be noted that these 
chemicals are not specifically toxic to protozoa and would probably kill other 
microorganisms and host cells in the rumen. Dietary manipulation is probably safer 
than chemical drenching. Whitelaw et al. (1972) had successfully used a diet of barley
cubes fed ad libitum to defaunate steers. Possibly a diet of palm kernel cake could be 
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used as a previous study reported by Abdullah and Hutagalung (1988) showed that 
rumen protozoa were absent in animals fed a palm kernel cake-based diet. 

Howeve,, a number of reports (Veira, 1986) have demonstrated the positive 
effects of ciliate protozoa in the rumen on growth of the host animal. In addition, the 
absence of ciliate protozoa may result in health problems such as scours, acidosis and 
Cu toxicity (Ivan, 1988). 

In ruminants fed high sugar diets, ho!otrich protozoa assimilate soluble sugars 
and stored amylopectin (Coleman, 1979) which is subsequently fermented. A reduction 
in the rate of fermentation prevents the accumulation of excessively high levels of lactate. 

Excess dietary Cu can lead to serious Cu poisoning in many animals. Sheep and 
goats are highly susceptible to Cu poisoning (Wan Mohamed et al., 1987). The role of 
ciliate protozoa in the metabolism of Cu, and thc implications of a rumen environment 
free of ciliate protozoa for Cu toxicity in sheep is known recently (Ivan et al., 1986). 
The role of protozoa should be considered carefully, especially in sheep fed palm 
kernel cake-based diet, where Cu toxicity prevails and rumen protozoa diminishes. 

Ryle and Orskov (1987) believed that the elimination of ciliates from animals 
dependent on coarse roughage (as in traditional tropical diets) is likely to reduce 
productivity. It is probable that, with a high roughage diet, ciliate protozoa contribute 
significantly to the supply of carbohydrates and VFA available to the host. Also, the 
presence of ciliate protozoa results in more stable ruminal fermentation and higher 
fibre digestion (Veira, 1986). It has been reported too that a substantial amount of 
protozoal biomass occurs in the duodenal digesta, and it seems that the proportion of 
protozoal biomass that leaves the rumen varies with the diet and protozoal species (Smith 
et al., 1978; Chamberlain and Thomas, 1979). 

The outcome of a defaunation treatment is therefore largely determined by a 
dietary regime and the physiological state of the animal. The positive effects of 
defaunation on fibre digestion also depends on the relative proportion of protozoal 
biomass and the relative amount of cellulolytic activity that can be replaced by the 
bacterial and fungal populations in the rumen. 

Rumen Fungi 

The significance and possible role of rumen fungi in fibre digestion was 
recognized when large populations of fungi were observed to colonize fibrous feed 
materials in the rumen of sheep and cattle. Most of the detailed investigations of fungal 
attachment and colonization have been conducted in sacco with the plant materials 
placed in nylon bags (mesh size 44 to 50 1m) suspended in the rumen of fistulated 
animals. The bags are placed in the rumen with complete immersion and wetting and 
removed at timed intervals. The incubated plant materials are then processed for 
observations using light and electron microscopy (Ho et al., 1988a). 

Fungal activities have also been studied in vitro. The fungi are isolated 
anaerobically by inoculating diluted strained rumen contents (homogenized rumen 
liquor and digesta particles) into roll tubes containing culture medium and antibiotics 
(Bauchop, 1979b; Joblin, 1981). The isolated fungal colonies are maintained 
anaerobically at 39°C in roll tubes and subcultured every 4 to 5 days. Estimation and 
enumeration of fungi can be achieved using these methods or by direct counting of 
fungal sporangia attached on plant fragments using light microscopy. 

The anaerobic fungi have been observed and isolated from a wide range of 
herbivores consuming high fibre diets. Basically, the life cycle of the fungi consists of 
a motile flagellated zoospore stage in the rumen fluid and a non-motile vegetative and 
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reproductive stage colonizing particulate plant material. Zoospores moving freely in the 
rumen fluid are attracted chemotactically to freshly ingested plant fragments (Orpin
and Bountiff, 1978). Attachment of the zoospores on the plant fragments occurs 
rapidly - within 15 to 20 minutes after incubation of plant fragments in the rumen 
(Bauchop, 1981; Ho et al., 1988a). The sites for attachment and germination of the 
zoospores are mainly on damaged plant surfaces, cut ends and stomata. The germ tube 
elongates and branches rapidly and between 30 minutes and 1 hour, numerous 
branched hyphae occur in thin-walled tissues such as the epidermis, mesophyll and 
parenchyma. In colonizing the plant tissues, anaerobic rumen fungi show a preference 
for the lignified thick-walled tissues. Within 6 hours, thick-walled tissues such as 
sclerenchyma and the vascular elements are extensively colonized (Ho et al., 1988a).
As more hyphae colonize and penetrate the cells, degradation of cell walls occurs. 
Some fungi produce appressorium-like structures for penetration of cell walls (Ho et 
al., 1988b). Fungal colonization of plant fragments is very extensive 24 hours after 
rumen incubation. In rice straw, wheat straw, palm press fibre, maize stalks, soya bean 
hulls, oat straw and hulls, sorghum hay, guinea grass, lucerne and Digitariapentziistem 
and cut leaf fragments, light microscopy and SEM show an extensive hyphal network 
colonizing the plant tissues (Grenet et al., 1989; Ho et al., 1988a: 1991; Wuliji and 
McManus, 1988). Extensive breakdown of tissues is apparent in areas with profuse 
colonization of fungal hyphae. The tensile strength of leaf blades has been reported 
to be reduced after fungal colonization (Akin et al., 1983). 

The diet of the host animal can influence the population density of fungi. Large 
population of fungi occur in animal fed with fibrous stalky diets, but fungi are absent 
or present in low numbers when the animals are fed soft leafy diets or high starch diets 
(Bauchop, 1979b,c; Grenet et al., 1989). The nutritional status of the diet may also 
influence the population density of the fungi in the rumen. The fungi are absent or 
occur in low numbers in sheep fed sulphur-deficient forage, but large populations of 
fungi occur when the animal is fed sulphur-fertilized forage. The ingestion of sulphur
fertilized forage by the animal probably stimulates the growth of the fungi in the 
rumen. In vitro studies of one of the rumen fungi showed that it requires sulphur for 
growth (Orpin and Greenwood, 1986). 

Rumen fungi secrete a number of enzymes for the degradation of plant cell walls. 
These include cellulases, xylanase and a diversity of enzymes capable of fermenting 
soluble mono- and .isaccharides (Mountfort and Asher, 1983; Pearce and Bauchop,
1985; Wood et al., 1986; William and Orpin, 1987; Lowe et al., 1987; Abdullah et al., 
1990a). The end-products of cellulose fermentation are acetate, lactate, ethanol, 
formate, CO2 and H2 (Mountfort and Asher, 1983; Lowe et al., 1987; Bauchop and 
Mountfort, 1981; Orpin and Munn, 1986; Abdullah et al., 1990b). 

In vitro studies of some species of rumen fungi on the digestion of wheat straw 
showed that about 40 to 450o of dry weight of soluble plant cell wall component was 
digested or soluhilized by the fungi (Orpin, 1981; 1983/84). About 16% of lignin was 
also solubilized. Although the fungi cannot degrade the lignin, the solubilization of 
lignin from fibres which are physically protected by lignin enables them to be 
fermented by rumen bacteria (Preston and Leng, 1987). 

The degradation, breakdown and loosening of plant tissues by rumen fungi can 
result in a decrease in particle size which can enhance colonization of the particles by
the rumen bacteria, thus accelerating fibre digestion in the rumen. The properties of 
anaerobic rumen fungi described above indicate that they play a role in fibre digestion
and rumen fermentation. It would be of interest to consider their importance, 
especially in animals fed fibrous agricultural by-products. 
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RUMEN BAG TECHNIQUE
 

As mentioned in the above account on the rumen microbes, the rumen bag or 
nylon bag technique has been routinely employed to study attachment and colonization 
of rumen microbes in feed materials in the rumen. The rumen bag (nylon, dacron) bag 
technique is not a new tool in nutritional research. But now its potential has gained 
recognition as it gives valuable information by simply measuring dry matter loss of 
plant/feed material:; in bags that have been incubated in the rumen. 

However, the technique has limitations as well as advantages. Since the sample 
is confined within the bag, it is not exposed to chewing and ruminating processes. The 
feed is unable to leave the rumen once it is broken down to a suitable particle size. What 
is measured is the breakdown of material to a size small enough to leave the bag and 
not necessarily the complete hydrolysis to simple chemical compounds. These 
limitations aside, the technique can be applied for studying degradation of protein 
supplements, evaluation of forages, evaluation of by-products and feedstuff" 
processing and understanding of rumen processes (Orskov et al., 1980). 

Certain factors have to be considered in the application of this technique. These 
factors include the pore size, type of material, and the size of bags, treatment ant 
preparation of samples, sample size, position in the rumen and incubation time. The 
same type of material should be used in any one trial, and the bags should be well 
washed between trials. 

The total time for complete degradation varies between samples tested. 
Concentrate materials require 12 to 36 hours, good quality forages require 24 to 60 hours 
and poor quality roughages require 48 to 72 hours. To estimate rate of degradation, 
a number of measurements of degradation after different incubation times are 
required. Then a graph of dry matter loss against time is drawn, where the equation 

-p=a+b(l-e c) (Orskov and McDonald, 1977) is used to describe the curve. The 
degradation rate, c and the other constants, a and b are calculated by an iterative least 
squares procedure. 

RUMEN SIMULATION TECHNIQUE 

Besides studying rumen fermentation in situ with nylon bags, many fermentor 
devices have been designed in which rumen fermentation may, to varying degrees, be 
simulated and studied in vitro (Czerkawski and Brekenridge, 1977; Abdullah, 1986). 

The main criteria for a workable fermentation model include: 

* the means of removing waste products of fermentation (mainly VFAs),
 

" the need to maintain the pH of the fermenting fluid,
 

" stirring/mixing the fermenting fluid, and
 

" collection of samples during the continuous infusion experiment.
 

A rumen simulation technique developed by Czerkawski and Brekenridge (1977)
 
called the 'Rusitec' could be used to study feed evaluation, microbial activity, 
fermentation processes and the microorganisms present. Long-term fermentation 
studies could be carried out with the 'Rusitec' (Czerkawski and Breckenridge, 1985). 
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MANIPULATION OF RUMEN FERMENTATION 

The dynamic nature of the rumen ecosystem allows considerable changes in the 
relative proportions of microbial species following changes in available substrates and 
the rumen environment. Major determinants of the microbial community and the 
fermentation pattern of the rumen are the chemical and physical nature of the diet and 
the level and the frequency with which the animal is fed. 

Modification of rumen fermentation by using various micro-components of the 
diet has been conducted to inhibit methanogenesis and, at the same time, to increase 
propionic acid. A number of chemicals have been used to inhibit methanogenesis. These 
include, halogenated methane analogues, sulphite, nitrate, unsaturated long chain 
fatty acids, tricholoethyl-pivalate and adipate, 2-bromoethanesulphonic acid and 
pyromellitic diimide (see Van Nevel and Demeyer, 1988). According to Demeyer and 
Van Nevel (1988) positive effects of methane inhibitors on animal performance are 
related to the use of high-roughage rations which usually results in large quantities of 
methane and low proportions of :ropionate in the rumen. In its application, a number 
of factors must be taken into account. These include: rate of fermentation, in 
particular fibre digestion; extent of hydrogen gas accum'ulation; effect on protozoa and 
microbial protein synthesis and protein degradation; effect on food intake; and 
possible adaptation of the microbes to the compound (Van Nevel and Demeyer, 1988). 

It is interesting to note that in most cases, methane inhibition is accompanied by 
an increase in the proportion of propionic acid, whereas an increase in the proportion 
of butyric acid is found in only a few cases (Van Nevel et al., 1969). Hence, methane 
inhibitors are normally propionate enhancers and vice versa. 

Monensin (trade name Rumensin), an ionophore antibiotic and r-opionate 
enhancer, is reported to improve performance of beef cattle and lambs on all kinds of 
diets (Raun et al., 1976; Vijchulata et al., 1980). Monensin increases the molar 
proportion of propionic acid in the rumen. A lowered acetate and/or butyrate 
proportion was observed, while the concentration of VFA remained unchanged or slightly 
reduced. Incr-ases in propionate production resulted in a protein-sparing effect, where 
the animal used less amino acids for gluconeogenesis (Schelling, 1984). Higher 
propionate production is always coupled with decreased methane production. Besides 
monensin. other compounds which could act as propiunate enhancers include, 
lasalocid, salinomysin, narasin polyether A, lysocellin and laidlomysin butyrate (see Van 
Nevel and Demeyer, 1988). 

HIGH LIPID DIET IN RUMEN FERMENTATION 

Higher fatty acids could be used as manipulators of rumen fermentation as they 
have been reported to inhibit methane production and simultaneously increase 
propionate production (Demeyer et al., 1969). Growth of Methanobacterium 
ruminantium is severely inhibited by fatty acids and the most potent inhibitors are the 
C18 irasaturated fatty acids. Fatty acids do not affect the growth of most Gram-negative 
bacteria important in propionate formation (Maczulak et al., 1981). 

Experiments in vivo with sheep cannulated in the duodenum indicated an 
increase in microbial growth efficiency when thc' animals received linseed oil, coconut 
oil or tallow, but not when they received cod liver oil. Lipid supplementation in sheep 
was found to considerably decrease the number of rumen protozoa. Czerkawski et al. 
(1975) observed hither than normal total numbers of bacteria in the rumen of sheep 
consuming large amounts of linseed oil (up to 50 g per d). 
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However, the negative effects of linseed or coconut oil, but not cod liver oil, in 
fibre digestion in sheep have been reported. Van Nevel and Demeyer (1988) suggested 
that the influence of lipids on crude fibre digestibility depended on the nature and amount 
of fat used (triglycerides, free fatty acids, degree of unsaturation), and the level of 
intake by the animal. 

High amount of lipids in the diet of ruminants is also important because of the 
possibility of increasing the energy density of the diet, thus permitting an improved energy
intake by high-productive lactating animals with high energy deniands. Kronfeld (1982) 
suggested that the rate of milk synthesis was a function of the mammary uptake of 
glucose while efficiency in synthesis was a function of the uptake of long chain fatty
acids by the mammary gland. Earlier studies by Baldwin et al. (1980) showed that the 
long chain fatty acids were efficiently incorporated into body tissues and into milk fat. 

BALANCE OF NUTRIENTS IN RUMINANT NUTRITION 

The nutrients that are available for animal metabolism are the products of 
fermentative digestion (acetate, propionate, butyrate and higher acids, and the 
digestible components of microbial biomas,, produced in the rumen) and the dietary
nutrients that escaped the rumen and are available for digestion in the small intestine. 
The later refers to the unfermented protein and starch providing amino acids and 
glucose, respectively, and long chain fatty acids from dietary lipids hydrolysed in the 
rumen (Preston and Leng, 1987). 

Hence, any production system has to consider the capacity of the diet to support 
an efficient microbial population that can result in a maximum rate of microbial cell 
synthesis relative to VFA produced and high rate of propionate relative to acetate and 
butyrate. The diet should also have the capacity to supply additional materials (like
protein) that can escape rumen fermentation to be directly utilized by the animal. This 
will balance the nutrients arising from fermentation and meet the requirements of 
production (Preston and Leng, 1987). 

A diet is said to be imbalanced when its energy cannot be used with maximum 
efficiency because of inadequate supply of one or more specific nutrients, such as 
amino acids, vitamins or minerals. Minerals, or a more complex situation involving the 
balance between energy and protein, are tue common causes of imbalances in ruminant 
diets. It is known that such imbalances will affect rumen microbes (lower rate of 
digestion, lower than optimum microbial growth efficiency) as well as the metabolism 
of the animal tissues, which in turn would affect feed intake and body growth in young 
animals (Lindsay and Hogan, 1987). 

Strategic supplementation has been practiced successfully to improve the quality
of crop by-products as animal feeds. Urea (supplies fermentable-N) and bypass protein
(supplies amino acids directly to the animal) have been shown to promote productivity 
of ruminants fed on low digestibility forages like straw and mature grass hay 
(Campling el at., 1962; Lindsay et al., 1982). The effects of supplementation of 
ruminants on straw-based diets with urea (which corrects a deficiency of fermentable-
N, e.g. ammonia) in the rumen included increased digestibility and feed intake and 
increased yield of microbial protein. This resulted in a better balance of amino acids 
to energy in the nutrients absorbed (Leng, 1986). 

Different levels of minimum concentration of rumen ammonia for maximum 
rate of digestion have been suggested with different diets. Hunter and Siebert (1985) 
observed that for steers fed a low quality roughage diet, the minimum ammonia 
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concentration was 60 to 80 mg per 1,while earlier studies by Miller (1973) and Mehruez 
et al. (1977) showed that concentrations in excess of 200 mg per I were needed in sheep 
fed high energy diets. 

Another limiting mineral which is important in fibre digestion is sulphur. it 
enhances the breakdown of cellulose and lignocellulose by rumen microorganisms (Bull 
and Vandersall, 1973). Sulphur is utilized in the form of sulphide (Hunter and Vercoe, 
1984) for microbial requirement. The quantity of sulphur an(' nitrogen (urea) to be 
supplemented in the diet is influenced by the proportion of dietary and supplemental 
sulphur and their rates of conversion to sulphide in the rumen. Hunter and Vercoe (1984) 
recommended a ratio of 10:1 for nitrogen and sulphur in the supplement for safe 
practical feeding. 

CONCLUSION 

Tropical forages are low in protein and dry matter digestibility. Therefore, 
forage-based feeding systems require certain levels of supplementation, especially when 
the demand for nutrients is high e.g. during lactation and pregnancy. Although some 
efforts have been directed to develop practical fe-" ',ng systems for small ruminants 
managed in an integrated farming system (these include strategic supplementation with 
utilization of agricultural by-products) more research in the field is needed. 

In integrated crop-animal production, a major limiting nutrient would appear to 
be protein. Protein supplements can be rather costly and prohibitive, but a number of 
locally-available feeding resources such as Leucaena, Glyricidia, Asystasia, cassava 
leaf, rubber seed meal, dried poultry manure and palm kernel cake are rich in protein 
and could be exploited as supplements. Asystasia intrusa, for example, could be a 
potential supplement in a crop-animal production system as it has been found to grow 
easily under canopy and it has a high crude protein and dry matter digestibility (Wong 
et al., 1990). However, its potential as an under-crop, forage for grazing needs further 
investigation. 

Energy shortages may occur under thick canopy or when the forage is grazed 
heavily or during drought. Hence, the basal diet may have to be supplemented with 
crop by-products (palm press fibre, rice straw, oil palm tiunk) for energy. Supplemen
tation with molasses has proven to be successful (Sanchez et al., 1990) 

Because of the scarcity of good quality roughage and the high cost of orotein feeds, 
the application of strategic supplementation is necessary to achieve maximum feed 
utilization and hence efficient animal production. Before strategic supplementation can 
be employed successfully, basic studies on rumen microbiology and biochemistry will 
be helpful in generating information necessary for developing a viable low cost 
practical feeding system based on local feeding materials. It is necessary to know when 
and how to provide additional nutrients to complement the products of fermentation 
to match the requirements of the animals at various stages of production. As a first 
step in that direction, studies on the ecology and biology of the rumen microorganisms 
and their precise role in the digestion of feed materials are currently being pursued. 
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SHEEP GRAZING TO MANAGE WEEDS
 
IN RUBBER PLANTATIONS
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Rubber Research Institute of Malaysia, P.O. Box 10150, 50908 Kuala Lumpur, Malaysia 

ABSTRACT 

Management of weeds under rubber plantations by sheep grazing is discussed along with 
related methodologies. A study case is presented were mobile paddock, fixed paddock and free 
grazing systems were studied. Impact ofgrazing, effectiveness of weed control,forage availability 
and sustainability, sheep selectivity plant species preferences and savings in weeding costs under 
the three systems were compared. .411 three systems of grazing management were found to be 
effective in controlling weeds. The cost of weed control were reduced by 18 to 38%, compared 
to the use ofherbicides and human labo ludicious grazing, at an optimum stocking rate could 
lead to betterforage sustainability. Sheep showed certain patterns of selectivity and preference 
on the forages grazed. 

INTRODUCTION 

The management of weeds in rubber cultivation has been a major problem,
especially in recent years, when the cost of herbicides and labor has dramatically
increased. It has been estimated that the rubber industry in Malaysia spends an average
of M$150 million (1 US$=2.73 M$) a year on weed control. Generally, weeds are 
controlled by either spraying herbicides or hand weeding. The establishment of 
leguminous covers in the interrows of rubber has long been advocated to control weeds 
as well as to derive other benefits from the legumes. However, when the rubber 
canopies close over, the legumes gradually decline in vigor, mainly due to light
limitation, and are eventually succeeded by grasses, ferns and broadleaves plants
usually termed as weeds. These weeds are detrimental to the growth of rubber trees as 
they compete for nutrients and moisture. Wan Mohamed (1978) reported that 60 to 70 
percent of the weeds found in rubber plantations are edible by sheep and can be utilised 
to support sheep successfully with only limited feed supplement. 

In an effort to reduce the reliance on herbicides, biological methods of weed 
control using sheep grazing on weeds under rubber have been introduced. Lowe (1968)
and Veersema (1968) were among the first who reported on the rearing of sheep under 
commercial estates. Since 1975, the Rubber Research Institute of Malaysia (RRIM) has 
carried out investigations on the feasibility of integrating sheep with rubber in 
smallholdings at two experiment stations. Findings reported by Wan Mohamed and 
Abraham (1976), Wan Mohamed (1977, !978 and 1982), Tan and Abraham (1981), Wan 
Mansor and Tan (1982), Wan Mohamed and Ahmad Hamidy (1983), Ani el 
al. (1985), Tajuddin and Chong (1988) and Tajuddin el al. (1990) clearly showed that 
sheep rearing under rubber is feasible and practical. Since 1985, the RRIM has been 
investigating large scale sheep rearing under rubber airr d at reducing costs of weeding
and increasing resource incomes through meat production. 

The prime objective of rearing sheep under rubber is to reduce the cost of 
weeding. By having the sheep graze on most of the unwanted ground cover (termed 
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as weeds), the need to use herbicides and labor to control weeds could be reduced. Wan 
Mansor and Tan (1982) reported that the cost of weeding in mature rubber area was 
reduced by an average of 21.7% or M$7.26 per ha per year during a period of four 
years. In another study by Lim et al. (1983), saving in weeding cost was M$15.00 per
ha per year. Abdul Karim (1990) achieved a cost saving of 30% by utilizing sheep
grazing under 2 to 4 years old rubber. 

To illustrate the effectivity of sheep grazing in the control of rubber weeds and 
describe methodological procedures, this paper reports on some experimental results 
obtained at RRIM Experiment Stations at Sungei Buloh, Selangor and Kota Tinggi, 
Johore, Malaysia. 

GRAZING SYSTEMS AND EFFECTIVITY OF CONTROLLING 

WEEDS: A STUDY CASE 

Experiment Procedures 

Mobile paddock versus free grazing 

This study compared herding flocks of 200 to 400 sheep confined in mobile 
paddocks controlled by portable electric fencing and free grazing flocks controlled by
shepheids. In the mobile paddock system, the portable electric fence was moved daily. 
The size of the mobile paddocks ranged from 0.4 to 0.6 ha depending on the amount 
of forage available and the size of the flock. The flocks were put back into the same 
area after about 2 to 3 months depending on the rate of regrowth of the forage. 

For the free grazing flocks controlled by shepherds, the animals were moved around 
the grazing area on a rotational basis. Two shepherds were used to control the flocks 
while grazing. The grazing interval for each area also depended on the rate of regrowth 
of the forage (usually about 2 to 3 months). 

Grazing involved both immature (3 to 6 years old) and mature rubber (7 to 25 
years old). Grazing time was set between 8.00 am to 2.00 pm. 

After grazing the animals were kept in the sheds until the next morning. In the 
sheds water and mineral blocks were provided ad lib. in addition to 100 to 200 gm of 
palm kernel cake (P.K.C.) per head per day. The grazing flocks consisted of weaned 
Malin and Dorset x Malin Crossbreds lambs and ewes. 

Observations consisted of grazing impact and effectiveness, forage availability and 
sustainability, forage selectivity and preference, and savings in weeding costs. 

Fixed paddock system 

Daily grazing in fixed paddocks under immature rubber (3 years old) and mature 
rubber (7 years old) with different stocking rates was studied. For immature rubber the 
stocking rates were 4, 6, 8, 10, 12 and 14 sheep per ha while for mature rubber, the 
stocking rates were 2, 4, 6 and 8 sheep per ha. Grazing time and barn management were 
similar with the former experiment except that animals in the shed received only
100 gm per head per day of P.K.C. (Chong et al., 1990). 

In this experiment, grazing behavior to determine the effective grazing hours 
were also studied. For each stocking rate the animal's activity was recorded every 2 
minutes. 
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Description of Techniques to Assess Forage Availability andEffect of Grazing on Weed 

Control 

Procedureto estimateforage availabilityand sustainability 

To estimate dry matter production, the following procedure is usually followed: 
* 	Plots of 2.5 m x 10 m in the interrows of rubber are fenced off under different 

light regimes or age of rubber (Figure 1). For each light regime or age of 
rubber, 3 to 5 replicates are required depending on the uniformity/variability 
of the forages. 

* 	 0 - rubberInterrow 	 tree 

............ ..........
 
Quadrat 

(Im x 0.5 m) 2.5 m 

* 	 lOm S 

Figure 1: Layout of a sampling plot for estimating forage availability in a rubber plantation. 

* The forages in the fenced area are cut to about 15 cm from ground level. The 
forages are then allowed to regrow for about 2 to 3 months before the first 
sampling is taken. Subsequent samples are taken according to the forage 
regrowth rate (usually 2 to 3 month interval). 

2* Starting in a tree row, samples are taken successively by placing a 0.5 m
quadrat (1 m x 0.5 m) along the interrows until the next free row, forming 
a band of several 0.5 m' quadrats (Figure 1). Forage species from each 
quadrat are classified and weighed. These samples are oven-dried at 700 C for 
48 hours. 
The dry matter yield (kg per ha) DMY is determined by: 

DMY = Wt. of dried sample (g) x 21 x 10.000 (m2)/l000 (g/kg)
'0.5 m2 quadrat x 2 = 1 M 2 sample 

Proceduresto evaluate the effect of grazing on weed control 

For this evaluation, the CSIRO Botanal Technique (Jones and Tothill, 1985) to 
estimate green dry matter yield and botanical composition is useful. An adapted 
procedure of this technique is: 

* A general observation of the whole area under study is made in order to 
appraise high, medium and low dry matter producing areas. 

* Visual estimation of total green yield in a 0.5 m2 quadrat using a score of I 
to 10 (1 for the lowest yield and 10 for the highest yield observed) is carried 
out. These scores are subsequently calibrated against 10 to 15 harvested 
quadrats representing the range of yields from low to high. 
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" 	The frequency or number of sampling bands is predetermined depending on 
the size of the paddock under study. Usually 40 to 50 bands per hectare is 
required. 

* Three recorders are required to make independent recording of the bands. 

" Each recorder harvests 10 to 15 quadrats to represent the score I to 10. 

* The recorders make a visual scoring of the top 5 major forage species in each 
quadrat according to relative dry matter percentage. A score of the total dry 
matter for the quadrat is then assigned. 

" 	The harvested samples are oven-dried at 700°C for 48 hours to determine dry 
weights. 

" 	A regression between ranking scores and dry matter yield of the harvested 
samples is fitted to estimate dry matter yield of the area under study. The 
CSIRO Botanal computer Program can be used in this estimation. 

" From the data summarized the botanical composition and dry matter yield are 
interpreted.
 

The variables to observe in these two evaluations include: 

" Dry matter yield of forages before and during grazing (monthly interval). 
" Species composition (palatable and nonpalatable weeds). 
" Standard cost of conventional weeding by using herbicides and labor. 
" Actual weeding costs (tree row spraying and selective interrow weeding) 

during the period of study. 

There are tvyo considerations to be accounted for: 

* 	The area selected for sampling should be representative of the grazing area in 
the plantation. 

" 	If herbicide spraying is to be used between drafts or stock changing, contact 
herbicide (Paraquat) should be preferred and animals reintroduced a week 
after spraying. 

Resufts 

Results reported in this paper are based on observations made at RRIM Research 
Stations from 1985 to 1990. 

Forageavailabilityand sustainability 

The forage dry matter yield under different light regimes at the RRIM Station 
in Sg. Buloh is presented in Figure 2. The dry matter yield under the various light 
regimes of 10%, 20%, 40%, 60%, 80% and 100% PAR (Photosynthetic Active 
Radiation) were projected at 118, 824, 2236, 3648, 5060 and 6472 kg per ha per year 
respectively. It was clear that there was a drastic reduction in forage dry matter yield 
when light transmission was reduced to 50% light and below. 

Regrowth of forages after grazing depends on the age of rubber, light penetra
tion, the extent the forages were grazed, composition of forage species and weather. 
In the mobile paddock and free grazing systems, forages between 20 to 40 cm in height 
with 600 to 2000 kg per ha standing dry matter yield were grazed down to about 10 
cm. At this height the dry matter yield was reduced to 300 to 800 kg per ha. Regrowth 
took about 2 to 3 months until the amount of forage was sufficient for another grazing 
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Figure 2. Dry matter yield under different light regimes. 
Source: Chong el al. (1990). 

round or when weeding was required. Regrowth was faster during the wet season and 
slower during the drier months. Most fields required between 4 to 6 rounds of grazing 
per year. Overgrazing usually lead to poor regrowth and sustainability of forages. 

In the fixed paddock system under immature rubber, the original standing dry 
matter yield was around 2,200 kg per ha. After putting two drafts of lambs during a 
period of twelve months, the average reduction in dry matter was 42.6%. Sustained 
forage production with standing dry matter yield of 960 to 1200 kg per ha was 
maintained. Part of the reason for the reduction in dry matter yield was reduction in 
light intensity from 86% to 48% PAR during the period under study, as the canopy
of rubber trees closed. Nevertheless, the forage available was able to sustain animals 
under all stocking rates (4, 6, 8, 10, 12 and 14 sheep per ha). 

In the case of the fixed paddock system under mature rubber, only a low stocking 
rate of 2 sheep per ha was sustainable. At higher stocking rates (4, 6 and 8 sheep per 
ha), continuous grazing was not possible as the amount of forage was drastically
reduced (<300 kg per ha) and the population of Cyrtococcum oxyphyllum, an 
unpalatable weed, was increased. Thus, under mature rubber, it is essential to maintain 
a low stocking rate of no more than 2 sheep per ha in order to avoid overgrazing of 
palatable species for sustained productivity. 

Forageselectivity 

Sheep showed certain patterns of forage selectivity and preference. In descending
order the selectivity for the different species combinations were as follows: 
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* Asystasia intrusa> Mikania micrantha > Pueraria phaseoloidea > Paspalum 
conjugatum > Calopogonium caeruleum. 

" A. intrusa > P. conjugatum > Axonopus compressus. 
" M. micrantha > P. conjugatum > Ottochloa nodosa. 
The difference in the order of selectivity reflected the degree of palatability of 

the forage species. When sheep were kept for a long period in a given area, they grazed 
on almost all the palatable species leaving behind the less or non-palatable species such 
as Eupatorium odoratum, Lantana camara, Melastoma malabathricum and Imperata
cylindrica some of which are toxic. These species which are weeds of the rubber 
plantations needed to be constantly removed by hand-weeding or selective herbicide 
spraying to avoid weed spreading and reducing the opportunity for the palatable 
species to regrow. 

In areas with leguminous covers such as P. phaseoloidesand C. caeruleummixed 
with weeds such as A. intrusaand P. conjugatum, sheep were able to perform effective 
legume purification work which otherwise could not be done effectively by either hand
weeding or selective spot spraying. Sheep selectively grazed out A. intrusa and P. 
conjugatum and lightly browse on P. phaseoloides.However, if the animals were kept
for a loniger period, they would graze out the P. phaseoloidesand slightly graze on the 
C. caeruleum resulting in an almost pure C. caeruleum sward which is encouraged in 
rubber plantations. 

Weeding impact and effectiveness 

The mobile paddock (controlled by portable electric fencing) was the most 
effective weeding system. This was because the animals were always confined within 
the fenced area and, to an extent, forced to be less selective in the plant-species they 
consume. However, the z:.iimals attemped to dash out of the fenced area if the amount 
of palatable species was reduced towards the end of the grazing period or if the electric 
current passing through the polywires was low due to leakages. 

In the free grazing system (controlled by shepherds), the impact of grazing on 
weeding, however satisfactory, was rather slow and less remarkable than with fencing.
The animals tended to be very selective concentrating on the more palatable species first 
with considerable time spent on roaming or walking. 

Grazing behavior 

The time :ipent by sheep either grazing, walking or resting during the six hours
grazing time in the fixed paddock system is presented in Table 1. Sheep spent more time 
grazing (90.8%) under mature rubber than under immature rubber (74.4%). The 
probable reason for this was that under mature rubber, where the amount of forage 
was i-jw (,3.0 kg per ha), sheep had to browse more in order to satisfy their feed 
req1r.,n' ,', trarily, under immature rubber, where the amount of forageA was 
re!at. ,,'., li ";,"to 1200 kg per ha), sheep required less grazing time as they could 
satisf' . :%nal needs faster. 

4 :1',~aorof sheep in fixed paddocks in immature and mature rubber'. 

Rubbei 
age grour, 

Grazing 
(%) 

Walking 
(%) 

Resting 
(%) 

Immature 74.4 4.2 21.4 
Mature 90.8 2.8 6.4 

Mean of ailstocking itites. 
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Free grazing sheep spent considerable time walking in search of palatable forage. 

Savings in weeding cost 

The conventional method of weeding immature rubber (1 to 6 years old) uses 
herbicides and human labor, costing about M$1400 per ha per year. For mature rubber 
(7 years old and above), the annual cost of weeding was M$84 per ha per year. 

Sheep grazing significantly reduced the cost of weeding. The annual rotational 
grazing area covered by the flocks in RRIM Station at Sg. Buloh comprised 400 ha and 
for Kota Tinggi Station 180 to 200 ha. The annual herd size involved in the grazing was 
approximately 2500 head for Sg. Buloh and 1000 to 1500 head for Kota Tinggi. Savings 
in weeding cost through sheep grazing at Sg. Buloh ranged from 18 to 31% or M$16 
to M$29 per ha per year. Differences in savings were due to differences in stocking rate, 
age of rubber and weed conditions. 

CONCLUSION 

Sheep grazing in rubber plantation has shown to be a low cost and effective 
method to control weeds compared to conventional methods including expensive use 
of herbicides and manual weeding. In fact, reductions of 18 to 38% in cost of weeding 
were achieved through sheep grazing. Sheep can also be used to purify leguminous 
covers mixed with weeds. 

Mobile paddocks controlled by portable electric fencing, free grazing controlled 
by shepherds and a fixed paddock system, were all found to be effective for weed 
control. However, the use of portable electric fencing gave the best weeding results. 
Sheep also showed a certain pattern of selectivity and preference in the forage they 
grazed cn. Forage sustainability can be maintained by judicious grazing at optimum 
stocking rates. 

To achieve better efficiency of sheep integration under rubber a great deal has 
yet to be !earned about the management of weeds by sheep grazing, the appropriate 
grazing system, flock control and manipulation of stocking rate. 
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ABSrRACT 

Sheep reared in the humid tropics must satisfy basic adaptative requirements to reach their 
growth and reproduction potentials, such as non-seasonal brebding, tolerance to climatic stress, 
and tolerance to parasitic infestation and local diseases. Such attributes are currently present in 
local sheep populations. Incorporation of temperate breeds into local populations has been 
reported to produce crossbred withfaster growth rate andsimilar ewe productivity than to native 
sheep. Moveover, temperate-tropical breed crosses tended to deteriorate in performance when 
inheritance levels of temperate breed were higher than 50%. Use ofhair sheep and prolific breeds 
provides potenfial for increased growth rates and adaptative merit as well as increased lamb 
production. To develop breeds appropriate to the localenvironment, breeding objectives must be 
aligned with nutritional constraints. Continued genetic improvement of identified breed crosses, 
eventually evolving into a defined breed, could follow the open nucleus breeding scheme which 
emphasizes the continued use ofsuperior individuals within a nucleus-multiplier-commercial flock 
hierarchy. A concerted and well coordinated effort by the different research, development and 
extension agencies in the genetic improvement progran. is, however, necessary to ensure its 
success. 

INTRODUCTION 

Increasing affluence among the general populace in many countries of Southeast 
Asia (ASEAN) has created an unprecedented demand for animal protein. Local 
production of beef, dairy products and mutton is still lagging behind domestic demand. 
As a result, Malaysia, as well as many other neighboring countries, is importing these 
animal products. At the same time, development of viable beef, sheep and dairy opera
tions is being encouraged throughout the region. The mainstay of most of the 
agriculture of Southeast Asia still lies in several basic export commodities usually grown 
in plantations, such as rubber, oil palm, coconut and fruits. Furthermore, plantation 
agriculture is becoming more important in the context of co-producing essential food 
products such as meat and milk. Therefore, the plantation sector is expected to become 
the major force behind increasing animal protein production both for the domestic and 
export markets. 

The integration of sheep production systems to major plantation crops such as 
rubber, oil palm, coconuts and orchards involves a new area of research and develop
ment which has gained and attracted attention in ASEAN countries where a large 
portion of plantation crops are found. The attractiveness of these integrated systems 
is based on their feasibility and economical viability. 

Due to this overwhelming interest in integrating sheep to plantation crops, and 
as knowledge of technology (regarding how to optimally utilize management, nutrition 
and feed resources) accumulates, breed improvement programs will follow suit to 
provide animals with the right genetic make up to match the available resource in the 
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designated environment. Our task in this workshop, is to review, where appropriate,
the I - L'ormance of various imported genotypes in the ASEAN region, emphasizing their 
performance under plantation crops. This has in some way provided us with a 
limitation since in the ASEAN region, most breed improvement work on sheep under 
plantation crops is limited to countries like Indonesia, Malaysia, the Philippines and 
to a lesser degree Thailand. Thus, for reasons of completeness we have included data 
from other non-ASEAN countries. 

Based on this review, aspects related to traditional breed development or breed 
utilization require a discussion as we feel there are some points where a deviation from 
traditionally accepted breeding objectives needs clarification. Sources of exotic 
germplasm which may contribute towards the formation of a breed suitable to the 
plantation environment will be the last topic of our discussion. 

Although various sheep breeds have been introduced into the tropics for meat,
wool, pelts or a combination of these traits, the primary emphasis of this paper will 
be on their meat-producing functions. Under the hot and humid environment of this 
region, wool is considered a liability rather than an asset (Bradford, 1990). We' hope
that the ensuing discussion will be beneficial towards formulating methodologies and 
recommendations to further enhance productivity under a crop.livestock integration 
system of animal production. 

REVIEW ON PRODUCTIVITY OF TEMPERATE SHEEP 

In most developing countries in the tropics, there is a general belief that the 
native breeds are typically non-productive or possess low genetic potential. As pointed 
out by Coop (1989), justification of that view has not been fully substantiated by data. 
Also, importation of improver breeds comprised, in most cases, of breeds from the 
temperate zone, including Dorset (Polled and Horned), Suffolk, Romney Marsh, 
Poh,arth, Soviet Merino, Corriedale, German Merino, and Perendale sheep. Most 
importations have involved semen or live rams, although there have been some 
importation of live females for evaluation and production as well. The introduction 
of the hair sheep into the tropics of Southeast Asia, for systematic evaluation of their 
breeding potential, is of recent origin, notably the White Virgin Island of St. Croix to 
Indonesia and Malaysia, and the Bali-Bali from Mali, Africa, to Malaysia. The 
Barbados Blackbelly, had been previously introduced into the Philippines (Faylon, 1989) 
and Indonesia (Gatenby et al., 1986). 

Performance of Purebred Sheep 

Effect of heat stress on climatic adaptation 

Many of the problems associated with the implementation of a crossbreeding 
program with temperate zone sheep or sheep from higher latitudes are connected to the 
poor adaptability and survivability of the imported or exotic breeding rams. Adapta
tion here is defined as the ability of the animals to survive as well as reproduce in a 
given environment. 

In Malaysia, the adaptability of newly imported unshorn Dorset Horn, Suffolk, 
Border Leicester and Corriedale rams under shade and grazing under mango trees was 
evaluated (Dollah et al., 1988). Based on physiological indicators such as rectal 
temperature, respiration rate, pulse rate, plasma thyroxine and triiodothyronine and 
water turnover rate, it was concluded that the Dorset Horn had better climatic 
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adapiability than the other breeds evaluated due to their highest thyroxine and 
triiodothyronine levels and lowest water intake under shade. The long term acclimati
zation of these same four breeds was further studied by Musaddin et al. (1990). In this 
evaluation, based on Rhoad's heat tolerance coefficient, the Dorset Horn (84.8) and 
the Suffolk (83.2) showed better potential to climatize and adapt to the hot, humid 
climate of Malaysia. A recent evaluation (Mohamed, 1990) on climatic adaptation to 
the humid tropics of Malaysia involving tropical hair sheep (Bali-Bali and St. Croix)
and the locally adapted native Malin breed, showed no differential response among all 
breeds for Rhoad's heat tolerance coefficients and Benezra's indices of adaptability.
These, suggesting an excellent potential for adapting to the local conditions. 

The effect of heat stress is reflected in increased rectal temperature increased 
secretion of urinary nitrogen and reduced food intake which result in reduced growth
rate. Abdul Wahid et al. (1987) comparing the adaptability of the Dorset sheep in 
Malaysia observed increased water intake and ritduced feed intake, as a response to 
heat stress, in order to offset higher evaporation heat loss, decrease metabolic rate and 
thermoregulate heat balance, respectively. Comparatively, feed intake of Dorset Horn 
was lower than that of local sheep (182.6 g per kg W75 vs. 200.8 g per kg W. 5 ,
respectively) whereas water intake higher (170.1 vs. 69.8 ml per kg W. 75 , respectively). 

Possible effects of climatic stress on reproduction 

Studies in Texas have shown that high environmental temperatures lower 
breeding efficiency of rams in two ways. First, by reducing their libido, and second by
affecting their spermatozoa production. Spermatogenesis may be impaired upon
failure to maintain scrotal temperature at 96'F. In cases of prolonged exposure to 
temperatures greater than 100F, cessation of spermatozoa production occurcan 
requiring a period of 8 weeks for complete recovery (Shelton et al., 1966). 

In the female, the effect of continued exposure to high ambient temperature is 
also reflected in reduced fertility via two major pathways. First, the direct effect of 
increased body temperature, and hence uterine temperature, on the gametes (Aliston
and Ulberg, 1961; Howarth et al., 1965). Second, the indirect effect on reduced fertility
due to an altered -endocrineand uterine function. In addition, prolonged heat stress may
cause embryonic losses in particularly during the first 8 days after mating (Alliston and 
Ulberg, 1961; Dutt et al., 1959). 

Studies on the performance of purebred sheep in the tropics, are limited. In 
Malaysia, the growth and reproductive performance of Dorset Horn ranked lower than 
that in temperate countries (Abdul Wahid, 1987). Based on 119 records from 58 ewes, 
average birth weights of the purebred Dorset Horn sheep were 3.24 kg, attaining 
average yearling weights of 30.69 kg. Although preweaning gains were relatively high
(122 g per day), post-weaning gains were poor (51.47 g per day). Average lambing 
percentage between 1982 to 1985 was 45.5o with a litter size of 1.1. 

In another study, Khusahry el al. (1990) compared the breeding ability of 
temperate zone sheep rams (Suffolk, Border Leicester, Dorset Horn and Corriedale)
and Malaysian indigenous Malin rams utilizing Malin ewes in a rotational mating
scheme. Results indicated the need to buffer the exotic sires from heat stress in order 
to increase sire reproductive performance. Rotating sires during mating increased 
libido (based on the number of matings recorded) but overall fertility required further 
improvement. Based on the number of recorded matings from crayon markings, the 
apparent number of matings required per lambing were 5.5, 4.1, 4.5, 2.8 for Border 
Leicester, Corriedale, Dorset and Suffolk rams, respectively compared to 1.4 in 
indigenous Malin. 
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In India, Komel and Vasudevan (1984) reported high incidences of lamb losses 
from a purebred Corriedale flock lambing in summer. Out of 1000 maiden ewes 
imported, 435 were mated. Prenatal and postnatal losses (up to 28 days) were 1.32 and 
37.507o, respectively. More than 80% of these losses were due to starvation and heat 
stroke and 41% of these losses occurred during the first 12 h after birth. 

Crossbred Performance 

Growth traits 

In Malaysia, crossbreeding of local sheep for overall improvement under 
plantation crops has mainly involved the Dorset Horn, Polled Dorset and the Wiltshire 
Horn. Under rubber and oil palm plantation (Table 1)growth rate of crossbreds 
involving Polled Dorset (PD) or Dorset Horn (DH) as the sire breed, at 9 months old, 
surpassed that of the local breed. Breed differences among the two exotic sires were 
small and not significant. 

Table I. Comparative growth performance (kg) of Malaysian indigenous Malin and crossbred 
lambs under rubber and oil palm plantations. 

Breed of sirel 
Age 

(months) Malin PD DH 

Rubber 

At birth 1.3 2.1 2.4 

3 7.4 11.8 13.8 

6 10.5 19.9 21.7 

9 13.2 26.1 28.6
 

12 17.9 35.6
 

Breed of sire 

Malin 50% DH DH 

Oil Palm 

At birth 2.02 2.26 2.26 

3 11.07 11.63 12.98
 

17.37 17.04 21.34
 

9 22.23 28.91 30.84 

i Pooled average values for Malin and Malin crosses with PD (Polled Dorset) and DH (Dorset Horn), with 

Malin as the breed of the dam. 
Source: Mohd. Khusahry (1984). 

One important consideration in evaluating various crossbreeding alternatives is 
the performance evaluation of F, individuals. A drop in performance may indicate 
recombination loss (Dickerson, 1969). Minor loss in advantage in lamb growth 
performance in the F, was observed when compared to backcrosses to the exotic breed 
(PDL.PDL vs. PD.PDL, Table 2). Although there was added advantage at birth, no 
real difference was apparent at later stages of growth from the introduction of a third 
breed (PD.PDL vs. WH.PDL). A study reported by Kamal Hizat et al. (1987) attempt
ed to evaluate the growth performance of grades of Dorset Horn (DH) in three 
environments (rubber, oil palm and improved pasture) differing primarily in 
availability ot quality feed resources. In all locations, growth of F, lambs surpassed 
that of the indigenous breed with 25% DH crossbreds being intermediate for weights 
at birth, 3 mo and 12 mo. 
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2.93 

Table 2. Apparent influence of breed source heterozygosity on lamb growth performance (kg). 

Age Breed cross
 
(months) PDL.PDL' 
 PD.PDL WH.PDL 

At birth 2.24 2.30 
3 13.27 15.23 14.23 
6 20.22 24.03 21.33 
9 24.84 27.96 26.58 

PDL: Polled Dorset x Local (Malin), PD: Polled Dorset, WH: Wiltshire Horn.
 
Source: Adapted from Wan Mohamed and Abdul Rahman (1988).
 

A study on growth performaace of crossbred progeny under semi-intensive 
management (improved pasture based) is currently conducted at MARDI'sbeing
Research Station, Kluang, Johore, Malaysia. Breeds of sire used include Border 
Leicester (BL), Suffolk (S), Corriedale (C) and Dorset (D). Preliminary results of this 
study are summarized in Table 3. Data on yearling weights showed that crossbred 
progeny from all temperate zone breeds gave better gains than the Malaysian
indigenous sheep due to the initial breed differences in birth, weaning and yearling
weights. Among exotic sired lambs, the Suffolk and Border Leicester crossbreds 
appeared to be superior to the other crossbred types for yearling weights (BLM = 32.9, 
CM=28.1, DM =27.9, SM=33.1 and M =20.4 kg). 

Table 3. Pre-weaning growth performance average of purebred Malin and crossbred lambs. 
Breed or Birth weight 90-d weight Average daily gain 

breedtypeI (kg) (kg) 
 (g)
 

BLM 2.04 12.21 113 
CM 1.76 11.13 104
 
DM 
 1.84 12.21 115 
SM 1.82 13.06 124
 
M 1.46 8.21 
 75 

BLM: Border Leicester x Malin, CM: Corriedale x Malin, DM: Dorset Horn x Malin, SM: Suffolk x 
Malin and M: Malin. 

In Thailand, crossbreeding included the German Merino as the sire breed for 
improving native sheep in the highlands. Falvey and Hengmichai (1979) reported
significant differences in live weight gains of German Merino crossbred over the
indigenous breed (41 vs. 24 kg). Furthermore, improvement in lambing percentagc (78 
vs. 65%) and lower mortality rates were reported. 

Research on the improvement of mutton production among Indian breeds by using
temperate sheep breeds began in 1960 (Patnayak, 1989). Dorset and Suffolk were used 
in a crossbreeding program involving the Indian Malpura, Sonadi, Mandya and
Nellore breeds. Some improvements were made in growth, carcass characteristics and 
feed conversion efficiency of feedlot lambs. Between the two sire breedsterminal 
(Table 4) breed differences were small and not significant. Several synthetic breeds 
have evolved, however, from crossbreeding and subsequent interbreeding; these 
include the Mutton, Mandya and Nellore synthetics. 
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46.7 

Table 4. Breed of sire averages for feedlot performance of indigenous and crossbred 
sheep bred for mutton. 

Weaning Feedlot 3 Feed DressingBreed weight gains conversion 4 percentage
(kg) (kg) (%) (%)
 

Native' 11.6 8.5 
 13.0 46.0
 
Dorset 13.3 
 12.2 16.3 48.1 
Suffolk 12.9 11.2 16.7 49.1
 
Native 2 

11.4 
 8.9 12.8 

Dorset 12.7 
 11.9 15.8 48.3 
Suffolk 13.2 12.8 16.1 47.3
 
1Adapted from Arora el al. (1983). 
 Pooledd across Mandya, Nellore and Deccani breeds.
 
2 Adapted from Bohra (1984). Pooled across Malpuraand Sonadi breeds.
 
3 Gains from weaning (3 mo old) to 6 mo old.
 
4Feedlot gain/total feed intake 
 x 100. 

Ewe performance 
Ewe productivity is determined primarily by the ability of the ewe to wean lambs

which is measured by the weight of lambs weaned per ewe lambing, or on a per ewe
exposed basis if fertility is to be considered. Thus, this composite trait takes into 
account the ewe's mothering ability, lamb growth ability as well as lamb survivability. 

Table 5. Least squares means of preweaning performance, per ewe lambing basis, of Malin ewes 
bearing purebred Malin and Malin crossed lambs. 

Ewe traits Breed of sire 

BL C D S M 
Lambings (no.) 16 28 28 48 49
 
Lambs born (no.) 1.06 1.50 
 1.19 1.35 1.30
 
Total birth wt. (kg) 3.07 3.26 3.14 3.03 
 2.69 
Lambs weaned (no.) 1.01 1.32 1.13 1.13 0.94
 
Lamb survival (%) 97 
 89 93 86 73
Total weight weaned (kg) 13.09 14.77 15.51 16.53 8.25 
Lambing difficulty2 (0o) 59 36 40 38 2 
1BL: Border Leicester; C: Corriedale; D: Dorset; S: Suffolk and M: Malin. 
2 Denotes percent of assisted lambings based on total lambs born. 

Th,: effects of the breed of the sire on pre and weaning performance of lambs
from crosses of four exotic breeds with Malin ewes, have been investigated by
Khusahry ct al. (1990). His results, which are presented in Table 5, can be summarized 
as follows: 

* With the exception of Malin ewes mated to Border Leicester rams, no
differences in litter size were observed by mating Malin ewes to Dorset,
Corriedale, Suffolk and Malin rams. Preweaning survival rates were, in 
average, 14% higher in crossbred lambs than in Malin lambs. Higher
survivability of crossbred lambs was also associated to higher weights of lambweaned (14.98 versus 8.25 kg). These differential performances were attributed 
to breed differences for growth and hybrid vigor for survival traits. 

141 



" Malin ewes mated to exotic rams exhibited.increased frequency of lambing 
difficulties (43% of the lambings, P < 0.05); a situation that requires intensive 
labor and management at lambing. 

* In spite of higher survival rates ard lamb output per ewe lambing, the output 
on a per ewe exposed basis was not different between exotic and Malin mated 
ewes (8.16 kg vs. 7.21 kg). The differences in outputs were due to differences 
in fertility status of exotic Malin rams (54.5 vs. 87.5%, respectively). 

There is little information on the reproductive performance of F, crossbreds. 
Wan Mohamed (1986) reported outstanding performance of F, ewes (Malin x Polled 
Dorset) managed in rubber and oil palm plantations with lambing rates as high as 71.4 
to 81.4%, litter sizes ranging 1.02 to 1.05 lambs per ewe lambing and mortality rates 
gradually reducing from 23.8 to 1.8% due to improvement in lamb and ewe 
management, nutrition and health and disease control. 

Results from Indonesia (Fletcher et al., 1985) concluded that unless the exotic 
breeds have similar reproductive capacity to local breeds, little advantage or benefit from 
ewe productivity or lamb production can be accrued via crossbreeding. Lamb produc
tion considering feed consumption of the Javanese Thin Tail (JTT) was contrasted to 
that of F, ewes of crosses between JTT and Suffolk (SX), Wiltshire Horn (WX) and 
Polled Dorset (DX). For JTT, and crosses with SX, WX and DX, total number of lambs 
weaned per ewe exposed, respectively were 3.77, 2.50, 2.08 and 1.33; mean lamb 
weaning weights 12.8, 18.8, 18.6 and 20.9 kg; total weights of lamb weaned per ewe 
exposed 48.4, 46.9, 38.8 and 27.9 kg and average weights of feed consumed per kg lamb 
weaned 16.4, 21.9, 23.5 and 32.8 kg. Thus, in spite of producing heavier lamb weights, 
crossbred ewes produced fewer lambs, consuming more feed with no substantial 
increase in total productivity. The findings of Gunawan and Bakrie (1987) (Table 6) 
were in general in agreement with Fletcher's (1985). 

Table 6. Reproductive performance of Javanese Thin Tail (JTT) sheep and their crosses. 
I 

Breed or breedtype 

JTT SI PDJ WHJ 

No. of ewes 14 16 17 9 

Age at 1st lambing (d) 348 432 456 427 
Lambs born (no.) 48 34 16 18 

Lambs weaned (no.) 33 31 7 14 

Prolificacy 1.41 1.41 1.33 1.04 
Lamb survival: 

Singles 1.00 0.39 0.64 0.33 
Twins 0.63 0.92 0.00 0.73 

Total production (kg) 32.57 35.67 10.12 26.22 

I TT: Javanese Thin Tail, SJ: Suffolk x JITT, PDJL: Poll Dorset JTT and WHJ-Wiltshire Horn x JTT. 

Source: Gunawan and Bakrie (1987). 

The use of temperate sheep breeds in most cases led to increased lamb growth 
rates possibly due to additive breed differences. However, when prolificacy and 
fertility levels differ significantly, ewe productivity per unit input did not give 
significant added advantage. This contrasts the better fertility and lower maintenance 
requirements of local ewes. 

The scarcity of information on productivity of crossbred sheep required 
additional contemporary comparisons of purebred native and crossbred sheep as to 
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separate the effect of non-genetic factors from those that are inherited such that the 
potential of the improver breed could be assessed. The comparisons must be projected 
on a lifetime basis in order for the evaluation process to determine the suitability of 
a particular breed or crossbred for the production environment under consideration. 

GERMPLASM RESOURCES FOR BREED DEVELOPMENT 

The world is endowed with an ample variation of sheep breeds, some with 
potential for breeding programs for the humid tropics. The introduction of wool breeds 
of sheep into tropical regions of the world started with earlier European colonizations 
which brought, along with settlers, a variety of temperate livestock. In a later of these 
introductions, the Dorset Horn and Wiltshire Horn were introduced into the humid 
tropics of Malaysia. Hair sheep were also introduced into the tropics (mainly into the 
Caribbean region) from West Africa. Results documenting the performance of hair sheep 
as those compiled by Bradford and Fitzhugh (1983) define a promising improvement
alternative for sheep in the humid tropics. Prolific sheep are also common to the 
tropics and merit consideration as sources of germplasm for genetic improvement given
that, particularly for improved environments, its contribution to weight of litter 
weaned per ewe is larger than individual lamb growth rates (Bradford, 1985). 

Potential Role of Tropical Hair Sheep 

In contrast to sheep from temperate zones, sheep adapted to tropical environments 
do not exhibit a seasonal breeding pattern. In these breeds, if any, variation in 
reproductive activity is influenced by exogenous factors other than photoperiod, i.e. 
variation in quantity and quality of forages. The absence of differentiation in daylight 
duration in the year, lead to irregularities in the breeding activity of temperate sheep 
when transferred to the tropics. The poor adaptability to the tropical environment of 
these breeds and their need for variable daylength in order to reproduce efficiently, has 
precluded the development of a typical temperate breed for the humid tropics. As a 
consequence of heat stress, growth and reproductive performance are compromised in 
different degrees. This, for instance, represents the main difficulty to establishing and 
maintaining viable breeding units for production of exotic breeding stock. If the 
breeding program is based on the availability of this type of breeding stock, it will be 
entirely dependent upon importation of males or semen. 

Williams (1975) reported that sheep from the British Isles introduced into 
Colombia, South America, showed significant irregularities in estrous activity and 
lambing rates. So, higher incidence of anestrus and early embryonic deaths were two 
factors identified to account for lower lambing rate of Blackface ewes (Scott et al., 1983).
The problems of lowered fertility in these flocks was somewhat remedied through 
crossing with the local adapted Criollo ewes. 

The lack of seasonal variation in photoperiod in the tropics, causes less 
detrimental effects to sheep originated in the tropics. In this context, the hair sheep 
have been regarded as an alternative valuable genetic resource for the production of 
meat (Bradford and Fitzhugh, 1983), in view of: 1) better adaptation ttG tropical
conditions, 2) better fertility and survivability and 3) pre and post-weaning growth 
rates similar to wool sheep. 

Table 7 (Fitzhugh and Bradford, 1983), illustrates flock productivity and efficiency 
of five breeds of hair sheep by using simplified Flock Productivity (FPI) and Flock 
Efficiency (FEI) indices, defined as: 
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FPI = (litter size x lamb survival x birth wt)/lambing interval and 
FEI = FPI/(adult ewe wt)"5. 

Table 7. Production traits and indices for selected hair sheep breeds. 

Pelibuey
 
Trait West African Virgin Barbados Blackhead Forest
 

African Island Black Belly Persian
 

Litter size (no.) 1.24 1.61 1.84 1.08 1.22 
Lambing interval (d) 245 248 248 24b 284 
Lamb survival (%) 79 78 78 65 72 
Birth weight (kg) 2.5 2.7 2.7 2.4 1.7 
Ewe weight 34 35 40 27 27 
(kg W") 14.41 14.40 15.90 11.80 11.80
 
FPI' x 10' 10.10 13.60 15.60 6.80 5.30
 
FEI2 x 10' 0.71 0.95 0.98 0.58 0.45
 

1FPI: Flock Productivity Index. 
2FEI: Flock Efficiency Index. 

Based on the FPI and FEI rankings, Barbados Black Belly and Virgin Island St. 
Croix sheep appear promising and deserve attention and evaluation. Preliminary
results document the performance of these breeds, especially the St. Croix in Indonesia 
and Malaysia. Sanchez (1988), reported that purebred St. Croix sheep have apparently 
adapted to a rubber plantation environment in North Sumatra, Indonesia, where they 
were introduced from USA. Lambing intervals of Saint Croix ewes were longer (265
d) than those of local sheep and average litter size lower (1.1). Crossbreds from this 
breed were larger and faster growing compared to the local Sumatran breed. In 
Malaysia, limited data have been collected from two hair sheep breeds imported 
recently (Saint Croix dnd Bali-Bali from Africa). For all pre-weaning traits, Bali-Bali 
lambs ranked slightly higher than St. Croix (Table 8). 

Table 8. Means (± SE) for prp-weaning traits of Bali-Bali and St. Croix lambs in Malaysia. 

Breed Bi.th weight 90-d weight Average daily gain(kg) (kg) (g) 

Bali-Bali 2.56 ± 0.44 14.79 ± 0.87 129 ± 8 
St. Croix 2.06 ± 0.15 12.61 ± 0.96 116 ± 10 

Preliminary information on average ewe performance for the Bali-Bali and St. 
Croix sheep in Malaysia is presented in Table 9. St. Croix ewes averaged larger litter 
size with less lamb survivability and less litter weight weaned. 

It must be pointed that the previous preliminary results from the Indonesian and 
Malaysian experience should be taken with caution in view of small numbers. 
Comparison test of adaptation based on contemporary animals are presently underway. 
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Table 9. Average ewe performance, per ewe lambing, of Bali-Bali and St. Croix breeds in Malaysia. 

BreedEwe traits 

Bali-Bali St. Croix
 

No, of lambings 15 17 
Lambs born (no.) 1.2 ± 0.2 1.6 ± 0.2 
Total birth weight (kg) 2.9 ± 0.2 3.6 ± 0.3 
Lamb weaned (no.) 1.1 1.4 
Lamb survival (Wo) 91 88 
Total wt. weaned (kg) 14.8 ± 0.9 13.6 + 1.0 

Potentialrole of prolific sheep breeds 

To improve the inherently low reproductive rate of many breeds the development 
of composite or synthetic breeds by using prolific breeds is an attractive proposition. 
The determination of optimum levels of prolificacy for sheep breeds within crop-livestock 
production is a possibility that can be considered in the future. Bradford (1985 and 1990) 
suggested the feasibility to set mean litter size to an optimum by use of prolific breeds 
of sheep carr;ers of a major gene affecting prolificacy such as in the Booroola and 
Javanese sheep (Bradford et al., 1986). This consideration requires adequate levels of 
management and availability of feed resources as well as milking ability. 

BREED DEVELOPMENT OF TROPICAL SHEEP 

Breeding Objectives 

Defining breeding objectives is the basic step in the development of any breed of 
livestock appropriate for a given production environment. As the environment and 
production systems differ in different regions of the tropics so do the breeding 
objectives which must be orientated towards the specific requirements and constraints 
of the locales. Improvement in the overall production efficiency must be the primary 
target of the breeding objectives. 

Once the goals are identified, the next tep is to identify a breed from either 
existing available breeds or to develop a breed ihat is highly adapted to the particular 
environment, efficient in utilizing existing n-utritional resources, easy to care and 
capable of breeding year-around. 

Due to the importance of identifying non-seasonal breeding breeds, the potential 
of local breeds which can be bred year-around, should not be overlooked. Such breeds 
could possibly comprise improved local types or local crosses with varying proportion 
of temperate or hair sheep inheritance that may increase other production aspects of 
the native bre.eds. 

Sheep for the tropics should also perform well under heat stress conditions. Breed 
differences in tolerance to high temperature have been well documented. For example, 
Thimonier and Chemineau (1988) have shown that Suffolk ewes had high respiratory 
rates, high rectal temperature and lowered fertility compared to the local Pelibuey ewes 
when reared under a hot and humid environment. 

While considerable research has been conducted to optimize the number of 
animals that can be stocked in a given land area, little attention was devoted to 
optimize the relative size of the animal under improvement. Measures of growth such 
as mature weight, rate of gain and weight at weaning have been popular choices to be 
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included in the selection criteria. However, increasing body size through crossbreeding 
or intra-breed selection could lead to undesirable consequences in maintenance costs 
and potential increase in incidence of dystocia. We are of the opinion that maximizing
size should not be the most important target for sheep improvement for plantation
conditions because of two associated aspects: 

* feed resources available under the plantation environment may not be 
sufficietit to support animals or breedtypes with large body size (assuming that 
only strategic supplementation will be practiced), and 

" due to the inadequate feed resources to match the large size animal requirements
large size animals, efficiency per unit of body weight will be affected and, on 
the whole, total flock productivity can be impaired. 

This view is in agreement with Dickerson (1969), Bradford (1990) and well 
illustrated in Figure I that visualizes the effect of interaction between genotypes (two
cattle genotypes differing primarily in characters associated with size, maturing rate and 
milk production) and environment (two levels of nutrition). Under a low level of 
nutrition, a smaller, slower maturing and lower milking potential breed perf.rmed
better but the converse was true under a high nutritional level. This emphasizes the need 
to balance selection towards an optimal level rather than maximal level of production
in order to maximize herd or flock efficiency under a given production environment 
where feed resources may be limiting (Cartwright, 1982). 

0/-Liveweight sold/TDN consumed, 
kg/100 kg 

Breed A_8.5 

Large size
 
Fast maturing
High milk

8 
BBBr e d 13 

.. 1/ /41 . Small Size 

Slow maturing
7.5- Low milk 

7. 

Low Improved 

Nutrition Level 
Figure 1. Simulated net herd efficiency of two contrasting breeds on two levels of nutrition. Adapted from 

C ,twright (1982). 
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It is recognized that the system of management under plantations may not reach 
the level of traditional pastoral farming of developed animal industries. Under this 
circumstances, an adapted breed able to withstand higher level of endo and ectopara
sitic infestation or, more generally, resistance to diseases is highly desirable. Incorpora
tion of such a breed in the synthetic that is going to be formed and selected for, among 
the resulting crosses should be emphasized such as it was done in the development of 
the dual purpose goat breed in Kenya (Bradford et al., 1988). 

Breeding sheep as weeders under the plantation environment should be 
complemented with efficiency in lamb production for the slaughter market. These two 
aspects of the production objectives are complementary since efficiency in lamb 
production will inherently lead to the optimization of output/input relationship such 
as net offtake/total metabolizable energy (TME) consumed. 

Chice of traits 

Improvement programs should focus on aggregate traits that combine 
productivity and r'productivity information (Moav, 1966 and Cartwright, 1982).
Reproductive perfo mance is primarily a female related trait, usually evaluated as litter 
size bornand wear d. Productive performance for efficiency of meat production, on 
the other hand, ag, !gates grow.h rate, feed efficiency and carcass merit. The number 
of lambs weaned per ewe exposed (Turner, 1969) and the kilogrammes of lambs 
weaned per ewe exposed (Fogarty et al., 1984) are two aggregate that have important 
role in production schemes for meat production and in the comparisons between breeds. 
In comparing breeds, Bradford (1990) suggested the expression of differences in terms 
of ewe metabolic weight ((ewe weight)75) in particular for evaluating aggregate traits. 
The advantages of using aggregate traits in comparison evaluation are two-fold: first, 
combined traits, such as weight of lamb weaned per ewe exposed (which is a function 
of component traits including fertility, prolificacy, postnatal lamb survivability and 
growth rate), provide a morc comprehensive evaluation of the ewes' inherent 
productivity. Second, combined traits are known to exhibit larger heterotic effects than 
component traits (Table 10). 

Table 10. Estimates of heterosis in production traits of sheep. 

Individual MaternalTrait 
heterosis (o) heterosis (0o) 

Conmponent: 
conception 2.6 8.7 
number born 2.8 3.2 
postnatal survival 9.8 2.7 
weaning survival 5.0 6.3 

Aggregate: 
weight of lambs 
weaned/ewe exposed 17.8 18.0 

Indices for measuring and comparing total flock productivity and efficiency as 
proposed by Bradford and Fitzhugh (1983) are useful for the ranking and identification 
of superior flocks or breeds since these indice take into consideration overall lifetime 
productivity. Thus, the focus is on total flock productivity rather than on individual 
performance. 
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Choice of Breeding System 

Genetic improvement in meat production of native breeds can be hasten by
crossing them with exotic breeds if the overall superiority of the crossbreeds, over the 
native breeds, has been documented and proven. The logical steps would include: 

" Once the evaluation of suitable breeds is completed, estimates of heterosis 
expressed in the F, should be obtained. 

" If heterosis is unimportant, the optimal combination of local and exotic 
inheritance should be determined. 

" Concurrently, a suitable breeding system that sustains increased production 
should be adopted. 

Evaluation of heterosis has been claimed to be important especially for animal 
production in extreme environments (Cunningham, 1981; Lerner, 1954; Falconer, 1981).
In order for heterosis to be fully exploited, a programme requiring control and 
systematic use of breeds needs to be implemented. Under the crop-livestock produc
tion system, the maintenance of distinct genetic groups in order to continually utilize 
first cross heterosis, may present problems in its implementation. For example, to 
utilize a terminal sire crossing system using F, crossed females (three-breed-cross) for 
market lamb production would require maintaining essentially five different breed (cross) 
groups. According to Dickerson (1973), the relative efficiency of various mating systems
for utilizing breed diversity is dependant on: 1)the reproductive rate of the species, 2)
the importance of individual, maternal and paternal heterosis and recombination 
effects, and 3) the relative magnitude of breed additive effects. Besides infrastructural 
limitations, these are factors to be considered in deciding which system to adopt.
Utilization of crossbreeding systems or synthetic breed formation is advantageous if 
individual and maternal heterosis effects are large. If breed differences due to maternal 
and paternal performance or adaptation to particular systems of management are 
better then rotation or synthetic breed formation is preferred. However, if losses due 
to recombination effects are large then mating systems utilizing first cross heterosis 
become more important than synthetic breed formation. 

Coop (1989) has suggested that due to limitations of infrastrticture, i'-eeding 
programs in the humid tropics should be oriented to composite breed forn, -tion.
Development of synthetics is an effective means of utilizing both complementary L"eed 
differences as well as crossbreeding heterosis to improve market lamb product, 'n 
(Fogarty et al., 1984). In theory, besides the initial gains from heterosis, the composti 
is also expected to respond favourably to selection. Although there is no agreemen
(Fogarty et at., 1984; Young et al., 1986), the only known setback of using composite
breeds is the apparent loss of parental cistatic superiority in advanced generations of 
crosses due to recombination losses. Recent findings (Mohd. Yusuff, 1988) suggest that 
response to selection for reproductive rate within composite populations apparently
depends more on heterosis than on expected increase in genetic variance. 

Suggested Steps in Breed Improvement 

Some aspects associated with the process of breed improvement are included in 
this section. 

* Selection programme for improvement of the indigenous breed 
Indifjenous breeds are adapted to the tropical environment with important 

charactcristics and qualities such as disease and parasite resistance, ability to survive 
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and reproduce in an environment that is hot and humid. Selection should focus on
reproductive performance, survival and growth rate. Timon and Baber (1989) outlined 
a procedure for screening potential foundation ewes, on which selection should be 
continued. Screened and selected animals can contribute better to progress of 
crossbreeding programs. 

* Evaluation of exotic breeds and crossbreeding 
Exotic germplasm should be carefully evaluated under the conditions in which 

t will be introduced. Evaluation also should include crosses between local populations
with the exotic breed. Bradford (1990), suggested some guidelines to qualify a breed 
as a potential improver. These, in comparison to the local breed, are: 

" fertility: 80% or 10% more than the adapted breed,
 
" preweaning mortality: not more than 20%,
 
" lambing interval: not more than 12 months,
 
" growth rates: at least 50% more than the adapted breed, and 
" ewe mortalities: not more than 5%. 
It has been stressed (Bradford, 1990; Coop, 1989) that exotic inheritance should 

not exceed 50% as to prevent impairment in adaptative and reproductive functions.
Tables 11 and 12 show the effects of varying levels of temperate breed incorporation 
on lamb and ewe performance in the Egyptian breed Ossimi. Clearly, the factor of 
adaptability is a major determinant affecting both lamb and ewe performance when 
levels of exotic inheritance exceeded 6007o. 

Table 11. Effects of varying levels of Hampshire inheritance on lamb performance of crosses 
with the Ossimi sheep. 

Ewe's 
percent of Birth wt. Weaning wt. Survival to Yearling
Hampshire (kg) (kg) weaning (0) wt. (kg) 

0 2.98 18.89 0.86 33.35 
50 2.74 20.37 0.83 33.58 
56.25 2.52 22.09 0.76 39.23 
62.5 2.53 20.73 0.72 34.71
 
75 
 2.79 18.70 0.52 37.82 
87.5 3.33 18.70 0.63 36.73 

Source: Adapted from Aboul-Naga and Afifi :1980). 

Table 12. Effects of varying levels of Hampshire inheritance on ewe performance of sheep 
crosses with the Ossimi sheep. 

No. of No. of No. ofEwe's lambs lambs lambs 
percent of Conception born/ewe weaned/ewe weaned/ewe
Hampshire rate (016) lambed lambed joined 

0 76 1.20 1.12 0.93
 
50 72 1.22 094 0.90
 
62.5 68 1.15 0.74 0.78
 
75 52 
 1.34 0.89 0.89 

100 32 1.11 0.77 •0.41 

Source: Adapted ;um Aboul-Naga and Afifi (1980). 
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* Stabilizing of improved crossbred through interbreeding 

Once the potential genotypes for improvement have been identified. their 
multiplication needs to be carried out with a concurrent selection program that may 
be organized in a nucleus multiplier framework. Selection should be applied to identify 
genetically superior individuals in the improved local populations managed under the 
conditions in which they will ultimately be used to avoid effects of genotype x 
environment interaction. 

A method that fulfills the multiplication and simultaneous selection of improved 
breeding stock is the open nucleus breeding system. In this, superior individuals are kept
in a controlled flock (nucleus) where they are selectively mated to produce offspring 
which will be used as parents in the general population. Greater impact through gains 
from selection can be obtained by including layers of multiplier flocks into the 
hierarchical system where selected performance tested rams will be disseminated. 

In an open nucleus structure, the nucleus flock is formed to supply sires for its 
own utilization as well as for associated base production flocks. Opening of the nucleus 
herd has the advantage of reducing the rate of inbreeding and reducing the improve
ment lag. Female replacements for the nucleus flock can be obtained from both the 
nucleus and multiplier flocks. Surplus females from the nucleus may be transferred to 
the multiplier herds. James (1979) estimated that a rate of genetic change of 10 to 15% 
could be achieved if the system is properly implemented. The multiplication of superior 
individuals in nucleus herds could be augmented through multiple ovulation and 
embryo transfer (MOET) and other embryo manipulation techniques (Nicholas and 
Smith, 1983; Smith, 1986; Gearhart et al., 1989). 

Breed development - a Malaysian example 

Based on the Dorset Horn x Malin cross (Doma), a structured breeding 
nucleus/multiplier scheme has been proposed for implementation as a component of 
MARDI's 5-year research and development programme (1991-1995). A schematic 
representation of the proposed breeding scheme is outlined in Figure 2. 

The assistance of interested land development schemes of FELDA, RISDA, 
FELCRA and other regional land authorities involved in plantation crops will be sought 
to site populations of Doma sheep through introduction of superior Doma rams into 
native Malin population, upgrading the local Doma sh, ep to reach around 50% Dorset 
Horn inheritance. The nucleus unit will be organized with selected/screened top ewes 
from the general population. The nucleus unit will be open to continued introductions 
of superior individuals from outside flocks. MOET will be complementary employed 
to multiply superior individuals. 

The plan will consists of: 
" Population screening for exceptional performance. It is expected that about 

1/100 of the population will be selected for evaluation. 
" Constitution of a nucleus fiock with at least 300 ewe and 10 sire lines. 

Individual sire mating and performance records will be kept in the nucleus. 
" Establishment of a central performance testing (CPT) station for ram and ewe 

selection. Selection intensities in the CPT are suggested to be 2% for males and 
20% for females. 

" Establishment of multiplier flocks to multiply improved breeding stock. The 
multiplication flocks will be managed under mass mating, if possible, under 
controlled mating and a selection program. Records will be kept on all lambing 
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dates, number of lambs, and weight at weaning. Best (1 to 5%/) ewes from the 
multipliers will be used in the nucleus flock. Rams that complete matings in 
the nucleus and additional rams from CPT can be used in multiplier flocks. 

* Establishment of a national flock recording scheme to monitor genetic progress. 

Rams and ewes 	 erformance 

testing 

Best 1% rams 
Best 20% ewes 

Open 
MOET 

Initial 
screening
 
from Nucleus 
general flock B Rams 
population 

Multiplier 

A.I. MOET flocks 
Surplus 	ewes 

Rams 

Rams 

Commercial 

A.I. 	 flocks 

Figure 2. Scthematic outline of breeding plan for Doma sheep in Malaysia. 

CONCLUSION 

Countries situated in the humid tropics have the conditions to harbor a 
continuous supply of forage through the year and sustain animals' maintenance, growth
and reproductivity. The success of any livestock enterprise in the tropics requires a 
comprehensive approach towards the provision of adequate supply of animal feed. This 
involves formulating viable feeding strategies utilizing locally available feed resources 
and agricultural by-products. 

The development of a program for sheep production improvement should 
capitalize on the merits of the local population, particularly their adaptation, year-around
reproduction, tolerance to heat stress, tolerance to parasitic infestation and resistance 
to diseases, resulting in higher survival rates. If possible these characteristics should be 
incorporated in a new genotype with superior performance in growth rate, milk 
production, prolificacy and lean meat production, provided that the feeding environ
ment has also been improved to meet the additional demands for energy for increased 
productivity. 
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Sustainability of such a breeding scheme is an issue of concern, considering that 
the realization of genetic responses on the population under improvement, is a long 
process. A modified open nucleus breeding system, if properly managed, will ensure 
a high likelihood of success if a sustained and persistent effort is focussed on such a 
developmental approach. Such a breeding scheme can only be implemented successful
ly if relevant research, development and extension agencies concerned with the livestock 
and plantation industries can compromise and effectively work together. 
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ABSTRACT 

This paperdiscusses limitationsto genetic improvement ofsheep in ecosystems of the humid 

tropics, and relatedaspects of two methods of improvement, selection and crossbreeding. The 

focus is on productionsystems for sheep grazing under tree crops. Lack of highly productive 

breeds, especiallyfor growth, is a common problem in many such systems. While breedsfrom 

the temperatezones of the world generally aresuperiorforgrowth than tropicalbreeds, they often 

have poor survival and reproduce at a low rate when introduced into the humid tropics. The 

lack of adaptationto tropicalenvironments, including the seasonalbreeding patternsof many 

temperate breeds which are genetic in origin, also can be transferred(by cross breeding) into 
adaptedpopulations,lowering theirfitness and productivity. Therefore, the breeds and strains 

that have evolved in the humid tropics are an important genetic resource that should not be 

ignored. The first step in a genetic improvement programshouldbe to evaluate local breeds and 

strainsand to select within the best, capitalizingon their variationfor adaptativecharacteristics. 

The structureof a nucleus breeding scheme is reviewed in this context. Productivitycan also be 

improved by crossbreeding in order to introduce desirable genes, with the objective of devel

opment of a new type of animal which blends the best of the parentalbreeds. Breedsfor a 

crossbreedingprogram should, if possible, be selectedfrom environments similar to those in 
which the breed to be improved is kept. There is a consensus that breeds that are seasonal 

breedersshouldbe avoided. The objectivesof selectionor crossbreedingshouldrelate to the target 
productionsystem, i.e. the environmentalconditions, market, and type ofproduction operation, 

e.g. smallholders, medium size farms, and commercial production systes. In formulating 

breeding plans, natural variabilityfor hardiness, resistance to diseases and parasitesand the 
capacityof tropicalbreeds to produce year-aroundshould be considered to maximize efficient 

utilization of availableforageproduced in the environment of integratedproductionsystems. 

THE GENERAL PROBLEM 

The goal of a production system is to maximize returns. An important means of 
achieving this goal is by maximizing the production levels of the components of the 
system. 

In pursuing this goal, one needs to address questions such as: what are the ideal 
conditions for maximum forage production and sustainability; what are the ideal 
forages for these conditions; what are the most suitable breeds or crosses? 

Fewer stocks of plants and animals have been artificially selected for increased 
productivity in the humid tropics than in temperate climates. The locally adapted 
populations are perceived as having low productivity when their production levels are 
contrasted with those of other breeds producing in less constrained climates. This is 
the case of integrated production systems involving tree crops and small ruminants, 
particularly sheep. 
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There arc two basic considerations when focussing the design of breeding plans
for integrated tree cropping and small ruminant production systems (IPS). First, the 
production environment is the humid tropics. Secondly, the ideal breed for this new 
production system is usually not available or has not yet been developed. 

The humid tropics represents an animal production challenge. Both high
temperature and humidity interact with low quality forages and a high incidence of
parasite infestation which constrains the physiological systems of animals and in turn,
their productivity. 

A variety of highly productive breeds can be found in less restrictive environments 
where they evolved and were developed. However, these breeds usually do not survive 
in the humid tropics, or they perform with poor reproductive rates as compared to 
tropical breeds whose adaptation is the product of natural selection (and artificial 
selection to some cases). Unfortunately, from a production point of view, animals with 
high performance for traits such as growth rate may have not been selected in this 
process, since they may have been less likely to survive and reproduce regularly due 
to harsh environmental constraints. 

Logically, breeding plans should first focus on the locally available, adapted
genetic material. This local material has, at first glance, low productivity when
compared with that of breeds from temperate climates. In many cases, however, these 
comparisons were made on an inappropriate basis and involving only growth traits, with 
the exclusion of more informative performance traits such as production and reproduc
tion over a number of years. Moreover, growth (pre and post-weaning) comparisons
often are made on a per animal basis with no consideration of animal size at maturity
and involving only purebred indigenous and F, animals which exhibit the full effect of
heterosis. Such inappropriate comparisons or inadequate e!xperimental design have, in 
many cases, led to adoption of unsuitable genotypes or gene combinations. 

There is a clear need to define adequate tests of performance to exclude effects 
of heterosis, which (if present) are manifested most in the first cross and are only
partially retained in later generations of intercrossing. It is also important to compare
breeds on an equitable basis. 

In developing breeding plans, the objectives, as well as the type of environment
where the new improved animal will perform, should be defined. For instance, the goal
of systems based on extensive grazing can be to maximize production per area of land,
while in small, intensive cut-and-carry systems, more emphasis may be placed on 
maximum production per head. In all cases, evaluations should be made on a life cycle
basis, not just on early growth rate or on one reproduction period. 

Improved animals in temperate zones are usually selected concurrently with the
improvement of their environment (nutrition, management and health). This implies
that certain increases in inputs have to be part of the new production plans if the
improved animal is to express its genetic potential. Thus, economic considerations and 
the targets of production must be taken into account. Furthermore, breeding plans should 
exploit natural variability for such traits as potential genetic resistance to parasites and 
other diseases, for characters that may reduce costs of labor such as hair sheep that 
do not need shearing, and behavioral suitability for grazing conditions. 

Some of these aspects will be discussed in this paper. 
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RATIONALE
 

There is no unique breeding method guaranteeing maximum profitability.
Methods should be adapted to loca', circumstances though they are usually based on 
well defined principles. 

In countries with potential for IPS, local breeds of sheep and goats are already
there. Although they may not be optimally adapted to these integrated systems, they
usually possess attributes which make them suitable for use in genetic improvement 
programs. 

Methods available for improvement include selection among and within locally
available breeds, and the development of improved types of animals by crossbreeding 
or gene migration based on local animals and breeds that are from similar environ
mental conditions and have desirable characteristics which are lacking in the popula
tion to be upgraded. Adoption of the latter strategy should be based on results of a 
comparative evaluation of performance of the new genotype or its crosses with local 
breeds and with pure local breeds. 

In contrast with sheep from temperate climates, most tropical breeds are non
seasonal breeders so that they can be bred year-around. Figure 1 displays the lambing
distributions of two Indonesian sheep populations, the Javanese Thin Tail (JTT) and 
the Sumatran Thin Tail (STT), illustrating the capacity of these breeds to breed year
around. Moreover, the STT breed has been reported to have a mean lambing interval 
of 201 days (Iniguez et al., 1990) under a system of continuous mating. This natural 
accelerated lambing characteristic is too important to be disrupted or reduced by
introducing genes for seasonality from temperate breeds. 
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Figure I. Lambing distributions throughout the year of Sumatran Thin Tail (STT) and Javanese Thin Tail 
(JTT) sheep. 
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In spite of the apparently low lamb production levels of local ewes, evaluated as 
kilograms of lamb weaned per ewe per lambing, the more frequent lambings of local 
ewes will permit intensified production over a period of years which compares 
favorably with that of seasonal breeds of much larger mature size. In this regard, 
Iniguez et al. (1990) found that STT sheep produced up to 4 to 6 times their own body 
weight in 7 lambings during a period of about 3.5 production years. 

Li'adsay (1989) stressed the disadvantage of introducing seaconal breeds, i.e. the 
severe penalty of (ewes)failing to breedforperiodsof the year. T able 1 illustrates the 
consequences of introducing seasonality, under the assumption of strictly additive 
inheritance for this trait. 

Table 1. Potential effects of introducing seasonal breeders into a population of year-around breeders. 

Breed Lambing Lambings Lambings Relative
 
interval per year per ewe no. of
 
(days) over 4 yr lambings
 

(070)
 
STTI 201 ..82 7.26 100
 
Malin 2 238 1.53 6.13 84
 
Ft (STT 50%) 3 283 1.29 5.16 71
 
Ft (Malin 500)3 301 1.21 4.85 67
 
Seasonal breeds 365 1.00 4.00 55
 

1 Source: lnigu_._ et al. (1990). 
2 Source: Abdullah et al. (1990). 

3Assuming additive inheritance. 

STT: Sumatran Thin Tail sheep. 

For instance, with 50% of inheritance from seasonal breeds, the number of 
lambings per ewe in a 4-year period would be reduced from 7.26 to 5.16 by introducing 
50% of inheritance from a highly seasonal breed, to 4.0 by complete replacement with 
the latter. 

Similar attention should be focused on the exotic breeds' lower resistance to 
specific parasites. 

EVALUATION AND IMPROVEMENT OF POTENTIAL BREEDS 

Evaluation of potential breeds is the first step to follow in a breeding program 
(Bradford et al., 1986; Bradford, 1990; Lindsay, 1989). Local breeds display usually 
considerable variation for most productiori traits of interest, thus allowing good 
potential for progress from selection. 

A breeding flock should be established with a wide genetic base comprising a 
genetic pool of individuals from the local breed. This subpopulation could represent 
a random sample of the whole population. However, since the objective is also to raise 
production, screening of the local population for outstanding males and females could 
be useful and provide a one-step improvement of 10 to 15% in production (Bradford 
et al., 1986). 
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Traits to be considered in screening should include:
 

" Selection of wool-free animals.
 
* Selection of twin-producing ewes if the environment allows for this level of 

prolificacy (for instance selection of ewes that have produced at least 5 lambs 
in 3 lambings in 2 years). 

" Selection for desirable characteristics and against undesirable defects. 
A flock of at least 100 breeding ewes should form a reasonable foundation flock, 

although a flock consisting of larger numbers would permit more intensive selection 
and be more suitable for generation of data for accurate parameter estimation. In the 
case of a nucleus flock, its size should provide sufficient numbers of selected rams for 
the participants flocks in the breeding plan. 

For purposes of evaluation of lifetime production, 3 to 4 lambings per ewe should 
be sufficient. Measurements should involve at least the following traits: 

" Lambing dates. 

" Litter size, born and weaned. 
" Ewe body weights at mating, lambing and weaning. 
" Wool scores at birth and at adult age. 

" Lamb birth and weaning weights. 

" Lamb mortality. 
" Post weaning growth (up to 3-month after weaning). 
Ewes should be selected based on their Estimated Producing Abilities (EPA), e.g. 

on the total weight of lambs produced per ewe per year. Ewe replacements should come 
from ewes ranking high in their EPA's and having low wool scores if selection favors 
hair sheep and if information is available on this characteristic. Rams should be 
selected from ewes ranking high, producing twins and with low wool scores. Rams should 
also have achieved higher than average weaning and post weaning weights (at 3 and 
6 months, respectively). About 2 to 307 of rams produced per lambing should be kept
and used for no more than 2 years with the rest of selected rams distributed to 
participants in the breeding program. 

Intraflock BLUP (Best Linear Unbiased Predictor) evaluation can be used for 
estimation of environmental effects as well as prediction of breeding values for use in 
selecting replacement ewes and rams. An important property of this methodology is 
that it takes selection into account. 

It is essential that all animals be managed similarly within the same environment 
in which selection is practiced. The adoption of the best mating system is mainly 
dictated by availability of labor and the needs to group or synchronize lambings as well 
as flock activities. The simplesi system is continuous breeding which implies permanent 
presence of rams in the ewe flock except during late pregnancy and early lactatio, 
(± 15 days). This requirement allows maximum bonding and care of recently born lambs. 
Production under this system has proven to be effective for STT sheep (Iniguez et al., 
1990). However, this system did not produce a supply of contemporary (and
comparable) lambs for other experiments, and it may or may not meet marketing 
objectives of a commercial flock. 

A non-continuous system could also be implenivi-,ed. However it increases 
lambing intervals. For instance, mating the ewes for a one month period preceded and 
followed by 2 months without exposure to rams, increased the lambing interval of STT 
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from 201 to 232 days (Iniguez et al., 1990). If management and labor dictate a 
non-continuous system, the accelerated lambing schemes proposed by Hogue (1987) could 
be suitable. 

Nucleus Structure 

A selection/evaluation program involving direct participation of producers (end
users) could consist of: a) a central nucleus to produce selected rams for breeding, 
preferably located at a research center or a government multiplication center, and b) 
base flocks where rams from the nucleus will be used (Parker and Rae, 1987; James, 
1977). The base flocks can be those of smallholders, commercial producers or, govern
ment multiplication centers. In any case, all base flocks should be operated under 
performance monitoring. 

The nucleus will require intensive recording of performance of individual animals, 
as well as identification of all animals and the application of rigorous selection criteria. 
It should produce sufficient rams for its own use and to be distributed among the base 
flocks for breeding purposes. 

The number of animals in the nucleus will be determined on the basis of the 
number of base participants, or more properly, the number of animals in the total 
program. For instance, a nucleus of 400 STT ewes with an average litter size of 1.54 
and with capacity to lamb at a rate of 3 lambings in 2 years can produce at least 261 
ram lambs per lambing (assuming 0.85 fertility). Out of these, there will be a reduction 
of 200 due to preweaning mortality and culling for defects, leaving about 208 rams 
to be tested for postweaning growth (until 3 to 4 months after weaning). Here, a culling 
rate of 4007o could be applied resulting in about 124 faster growing ram lambs. The top 
ten of these lambs will be kept (2 to 3% of nucleus females), 60 to 80 could be 
distributed as selected ram lambs among the participant farmers and the remaining, 
ranking lowest, sold or used in other experiments. If two rams are to be used on each 
farm comprising 20 to 30 breeding ewes, then about 30 to 40 farmers could be part of 
the breeding program, The nucleus will produce its own breeding rams and some of 
its replacement ewes. 

Outstanding females from the base flocks should comprise some of the :'eplace
ments of the nucleus flock in order to reduce the rate of inbreeding and, if some 
records are maintained on the base ewes, to apply high selection intensities. James (1977) 
suggests up to 50% of nucleus replacements to come from the base flocks. These ewes 
should be obtained through a fair agreement with participants. Figure 2 illustrates the 
program schematically. 

Top rams produced at each lambing (2 to 30 of the female nucleus population) 
should also be kept for breeding in the nucleus flock, and should be used for no more 
than 2 years or three lambing seasons. Participating flocks should use only breeding 
rams produced in the nucleus. 

An important condition is that both nucleus and base must have similar manage
ment and mating systems. 

The participating (base)flocks will be comprised of performance monitored farms, 
involving mainly groups of farmers such as those of the Outreach Research Project (ORP) 
of the SR-CRSP/SubBalitnak program, Se; Putih, North Sumatra. In this project 
farmers participate in an on-farm research framework aimed at testing different 
technologies to improve sheep productivity. In its inception, the p, 3ject agglutinated 
farmers with 4 to 6 head per flock. In the new plan for the ORP, an increase of the 
flock size up to 20 to 30 breeding ewes to be raised under a combination of cut-and
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NUCLEUS 
40099 

9 lambs 

208r2z
 

124 


15% of Nucleus 99 

(replacements) 


60 t 

(FG) 64 

To keep (MG) 

Fertility 0.85 
Litter Size 1.54 

d lambs 

Preweaning mortality 
and selection for 
defects 20% 

Postweaning growth test 
(up to 7-8 months of age) 
40% culling rate 

124 

2-3% of 
Nucleus 99 

60 

(FG&MG) 

10 
(FG) 

To keep 

54 
(MG) 

To be 
in Nucleus To distribute in the base in Nucleus sold
 

I Assuming productive life of six to seven lambings per ewe.
 

FG: Fast growing rate.
 
MG: Medium growing rate.
 

Figure 2. Nucleus scheme operating on a per lambing basis. 
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carry and grazing in the plantations is being considered. A simple system of identifica
tion, which has proven to be efficient in an other outreach project in West Java, could 
be implemented (Setiadi and Iniguez, 1990). 

Important (minimum) variables to record are: 

" litter size, born and weaned, 

" lambing date, 

" wool scores, 

" dam and lamb weaning weights (leading to the weight of lamb produced per 
ewe per year). 

A multidisciplinary team of scientists should be part of the monitoring team which, 
concurrently with the selection program, will test new technologies to improve 
production. 

Gene Migration: Crossbreeding 

To retain adaptative characteristics present in the local breed, crossbreeding should 
be aimed at introducing desirable gene combinations to improve traits of local breeds. 
The substitution of genes of local breeds with genes from exotic breeds should be 
practiced only where there is clear evidence that the resulting animals are more produc
tive on a lifetime basis than the local breeds. 

Crossbreeding increases the heterozygosity of a population, permitting the 
exploitation of heterosis. It may also be used for the formation of a new type of 
animal, a synthetic or a new breed, which will combine desirable features of the paren
tal breeds. 

Exploitation of heterosis by systematic repeat crossing systems will not be 
discussed in this paper since it is assumed that this is an unrealistic procedure for small 
or medium size farmers who can not afford the maintenance of or dependence on 
purebred stocks. Moreover, if the cross involves an exotic genotype, maintenance of 
the latter in the new environment may be economically impracticable due to a low 
reproductive rate. 

Discussion will focus on the utilization of crossbreeding in the formation of a new 
type of animal by introducing desirable production characteristics. 

To ensure adaptation to a given environment, the population to be used as the 
improver breed should, if possible, come from an environment similar to that of the 
integrated production systems under discussion, that is, equatorial, tropical and humid. 
Fitzhugh and Bradford (1983) documented a number of tropical sheep that may fit 
these criteria, to which the sheep from Java and Sumatra (JTT, the Javanese Fat Tail 
sheep, JFT, and the STT) should be added. 

The collaborative program between the Small Ruminant-Collaborative Research 
Support Program (SR-CRSP) and the Research Institute for Animal Production (RIAP)
has recently established a crossbreeding evaluation program involving the St. Croix hair 
sheep from the Virgin Islands and Sumatran Thin Tail sheep. The purpose is to assess 
the suitability of hair sheep for improvement of STT and for production systems such 
as those integrating sheep and rubber plantations and to introduce some desirabie 
characteristics such as larger size and absence of wool into the STT sheep. A paper
documenting the advantages of this type of animal for the humid tropics is presented
in this workshop (Thomas and Bradford, 1990). 
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Hair sheep are appealing candidates for a crossbreeding program for integrated
rubber/sheep production systems because of their adaptation to humid tropical
ecosystems, higher growth rates than indigenous Southeast Asian breeds, capacity to 
be bred year-around, good prolificacy and possession of hair coats. The latter has the 
potential of reducing cost and labor involved in shearing wool which is little utilized 
in Indonesia. Also, experimental evidence suggests that wooled animals are at a 
disadvantage in humid and hot environments compared with hair sheep, which 
dissipate heat better and perform better (Odenya, 1982; Inounu and Sitorus, 1984). 

The development of adequate crossbreeding evaluation programs involves large
numbers of animals and several years, and may be limited by the difficulties of 
importing suitable breeds. Sometimes government restrictions, for health or other 
reasons, are an impediment to the establishment of an evaluation program of this type. 

If only males are to be imported, sufficient rams should be used to provide an 
adequate genetic base. For a flock consisting of 100 breeding ewes, at least 5 imported 
rams should be used, each mated to 20 ewes. This implies an importatioir of a 
minimum of 8 to 10 males to take care of contingencies such as accidental deaths and (or)
reproductive impairment of males. Use of 12 to 15 males would provide a more 
adequate sampling of a breed. 

The local breed animals and crossbreds should be treated alike and kept under 
similar conditions. If the comparisons are to be made on private farms, differential 
treatment usually cannot be avoided, since there is a tendency to give more care to 
crossbreds than to local breeds. Under these circumstances, statistical contrasts may 
not be adequat . Pattie (1990) suggests, instead, a comparison on a qualitative non
statistical basis of the entire output of systems that use introduced animals with those 
using only pure local. 

Performance of crossbreds is determined by heterosis, the direct genetic make-up*
of an animal (direct effects) and by the maternal environment, the latter being
particularly important for traits involving uterine development, preweaning growth and 
growth immediately postweaning. 

Ignoring maternal effects may lead to overestimation (or underestimation) of 
heterotic effects and therefore lead to inappropriate breeding plans. Ignoring heterosis 
loss in generations subsequent to the F, may lead also to an overestimation of the 
value of the introduced breed. 

When making a synthetic breed, it should be defined at which stage this new 
population can be considered a new breed. Loss of heterosis is if the synthetic
derives from F, (from single cross) or if it involves backcrossing. Performance of 
the F, alone should not decide the fate of a synthetic breed. 

On the other hand, the additive genetic variability is retained in the crosses so 
that segregation in the F, and later generations may lead to opportunities for selection 
of desirable gene combinations. Some evidence indicates that the F2 does not 
substantially increase variability in sheep so that selection could be started from F, 
crosses (Pattie and Smith, 1964). 

If both parental breeds and reciprocal , osses are available, evaluation of 
maternal effects is straightforward and estimae..on of heterosis is possible since a 
complete diallel is necessary to fulfil this conditio . If sufficient numbers of exotic (E) 
ewes are available so that of them can be bred to local rams (L) and to maintain 
the pure stock, the diallel results in the breed combinations shown in Table 2. 
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Table 2. Diallel cross involving local (L) and exotic (E) breeds. 

Breed Breed of dam 
of sire 

L E 

L LL LE 
E EL EE 

A test of reciprocal crosses involving contemporary comparisons of EL vs. LE 
is a direct test for maternal effects. Heterosis is estimated as the difference between the 
mean of the two reciprocal crosses and the mean of the two parental breeds: 

H = (EL + LE) - /2 (LL + EE) 

Usually purebred imported ewes are few and are mainl) used to multiply the 
purebred flock, or only males are imported to be mated to local ewes. This generates 
an incomplete diallel, which at best has the arrangement shown in Table 3. 

Table 3. Incomplete diallel cross involving local (L) and exotic (E) breeds. 

Breed Breed of dam 
of sire 

L E 

L LL 
E EL EE 

Data derived from production of only EL does not allow for estimation of 
maternal or of heterotic effects. For this to be possible, additional data from 
contemporary F, and/or backcrosses and eventually will be required as isF3 
illustrated in Table 4. 

Table 4. Different breed crosses involving local (L) and exotic (E) breeds. 

Breed Breed of dam 
of sire 

L E LE 

L LL LE L, LE I 

E EL EE E, LE2 

LE LE, L I LE, E2 LE 3 

1 31 L, 'A E. 
2 / E, 1/ L. 

3 F2. 

COMPARISONS 

When comparisons are made within a breed, the utilization of actual units (e.g. 
kg) for contrasts is permissible. However, in unselected populations such as STT, 
considerable variation exists with regard to most production traits. Thus, production 
outputs should be corrected for size. The same type of comparison should be made when 
contrasting breeds that are different. For instance, kg of lamb weaned per ewe 
compared on a kilo to kilo basis may lead to the categorization of local breeds as poor 
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producers in comparison with more productive breeds from temperate climates (Table
5). The situation changes when a more equitable base is used, for instance by
expressing the kg of lamb weaned as a proportion of the ewe body weight or using
metabolic weights, in ranking performance of STT vs. temperate sheep breeds (Table 5). 

Table 5. 	 Total weight of lambs weaned by Sumatran Thin Tail (STT), Finnsheep and Dorset, 
expressed in kg of lambs weaned and on percent of ewe body weight. 

Breed Weight of lambs weaned
 
Kg 
 % of ewe weight
 

lambing basis year basis
 
STTI 
 11.4 0.52 

Finnsheep 2 

17.6 
0.95
 

0.41 0.41
 
Dorset2 


21.3 0.42 0.42 

Source: iniguez et al. (1990). 
- Source: Iniguez et al. (1986). 

Nevertheless, comparison with breeds from the temperate zones has a limited
value even though the local breeds could rank higher. Valid comparisons are tfose of 
production of breeds under the same conditions and environments. 

Comparisons involving breeds and crosses in the same environmental conditions
require testable contrasts provided by contemporary individuals. It must be noted that 
a continuous mating program may interfere to some extent with the provision of
batches of contemporary individuals. The adoption of a system of discrete mating
periods overcomes this problem but Fimits the evaluation of the potential of different 
groups for short lambing intervals -.nd decreases the total number of lambs born. 

METHODS OF ESTIMATION AND PREDICTION 

Breed Evaluation and Selection 

Let a given trait (y), be represented by the following mixed linear model: 

y = Xb + Zu + e 

where
 

y is a vector of observations,

b is a vector including environmental, systematic effects influencing the traits; for
instance b may include age of ewe (a), 
season (m), and type of birth and rearing (t) 
that is b' = [a m t],
X is a known incidence matrix associating the elements of b to y, u is a vector of non
observable random effects, each- (0, cu); for instance u may include rams (r) (if
data of their progeny are available), and an animal (dam) effect (d) determined by
genetic and permanent environment causes, contributed by repeated records of a ewe 
in the flock, that is u' = [s d],
Z is a known incidence matrix associating elements of u to y, and e is a vector of 
random residual effects, each - (0, o) 
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Basic assumptions are usually: 

E u = 

e0 

var 	 u = G0
 
e R
 

where: G = AX , A is a numerator genetic relationship matrix and = 2/o2.e If 
the individuals are unrelated then G = I X R = I Ue, assuming homoscedasticity. 

The Mixed Model Equations, MME (Henderson, 1984), for the linear model 
under discussion are: 

zrXx 	 [b1 
=z'x 	 x'z +G u[Zy x 

Solution to this set of equations renders fi, which is BLUP of u. 6 may allow 
prediction and ranking of candidates for selection, estimation of genetic trends, etc. 
Ranking on fi will allow selection of the best rams or the best ewes for selection purposes. 

This method requires knowledge of the second moments of the distribution which 
may not be available at the first stages of the program. If data are sufficient, MME 
is also the basis for parameter estimation (of fixed as well as random effects). 

Estimation of Crossbreedirg Effects 

A linear function containing direct effects, maternal effects and effects due to 
heterosis can be modelled to explain the variability of a given trait (y) which also 
contains systematic effects causing changes in the trait. 

Let those 	systematic effects be included in b (vector of fixed effects such as, 
years, age, location, etc) and X be an incidence matrix associating these effects to the 
vector y of observations. Let c be the vector of crossbreeding effects (Dickerson, 1969) 
including the following scalars: 

L representing the local breed 

gE expressing genetic breed differences contributed by E, the exotic breed 
ME maternal effects contributed by E 
Hd direct heterosis 
Hm maternal heterosis, and 
Z a matrix of coefficients, associating elements of c to the vector of observation y. 

Thus, we can write the linear fur.,ction as: 

y = Xb + Zc + e 

where e is a random vector of residuals. 
Solutions to b and c are obtained by Least Squares (LS) procedures. Let W = 

(X Z) and j3'= (b c). Therefore, 
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W'Wf = W'y 
represents the LS equations with the following solutions 

= (W'W) W'y 

An example of Z involving an incomplete diallel set from Table 4 that allows 
estimability of previously listed parameters, that is with Z'Z non singular, is presented
in Table 6. 

Table 6. Coefficients associated with crossbreeding parameters from various crosses involving a 

local (L) and an exotic (E)breeds. 

Crosses Parameters 

9 L gL mE hd hL L (local) 1 0 0 0 6
 
E L (F1 ) 1 0 I 0
 
E E (exotic) 0 I 1 0 0
 
E (L xE) (3A E) 1 3/ 1A 1
 

(LxE) L ( E) 1 / 0 0
 
(L xE) (L xE) F2 1 2 2
 

F 2 F2 F3 1 .A 2 /2
 

L: local breed. 
E: exotic breed. 

Estimates of these parameters can be used to estimate the performance of any 

crosses with respeci to the performance of the local breed. 

Examples 

Ranking dams on the basis of their realproducing ability 

Suppose it is desired to rank a group of females producing repeated records
(progeny) in two different seasons. Information on ranks are to be used for culling less 
productive ewes and for selecting male lambs, produced by these ewes, to keep in the 
flock. 

Assume that the observed variable is weight of lambs weaned per ewe lambed (kg), 
according to the summary presented in Table 7. 

Table 7. Hypothetical example containing repeated records of weight of lamb weaned per 
ewe lambed, produced by ewes (d) in two different seasons (m). 

Dams 
Seasons d, d2 d3 d4 d5 Totals 

M1 10,13 14 12,17 21,12 13 112 
M2 12 17.15 - 10,12 11 77 

Totals 35 46 29 55 24 189
 

The following mixed linear model is formulated to fit the data: 

y= /.+ Xm + Zd + e 
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where: p , m, and d are a general mean, a vector of fixed (seasons) effects and a vector 
of random effects (dams), respectively. e is a vector of random residuals. 

Assuming that the ewes are unrelated (situation that usually occurs at the 
beginning of the breeding program), 

G= I U 
likewise 

R = oe 

where: oj and a' are the variances of repeated records and error term, respectively. 
Therefore the repeatability is estimated as r= oa/( ao + a"). 

The corresponding Mixed Model Equations (MME) are: 

14 6 8 3 3 2 4 2 p 189
 
6 0 1 2 0 2 1 m, 77
 

8 2 1 2 2 1 M2 112
 
5 i) 0 0 0 d, 35
 

5 0 0 0 d2 46
 
4 0 0 d3 29
 

6 0 d4 55
 
4 d5 24
 

Note that the lower block diagonal has been augmented by X . By assuming 

O= 100 and o2 = 50, ; =100/50 =2. Note thatX= o /Oa = (G-r)/r
 

Solutions to the MME are:
 

0
 
T, 12.6
 

14.0m2 
d 1-1.1 

1.3 
d3 0.2 
a4 0.3
 
a5 -0.7
 

where a is BLUP of d. 

Ewes can be ranked on the basis of their BLUP evaluations which predict their 
real producing abilities. Ranking on BLUP results in an improvement to ranking on 
arithmetic averages, as shown in Table 8. 

Table 8. Ranking of ewes based on their BLUP evaluations and average production performance. 

Dams BLUP rank Average rank 

d, -1.1 5 11.7 5 
d2 1.3 I 15.3 1 
d3 0.2 3 14.5 2 
d, 0.3 2 13.7 3 
d5 -0.7 4 12.0 4 
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Ranking sires as candidatesfor selection 

Suppose observations of weight of lambs weaned per ewe lambed were obtained 
from the performance of female progeny of 3 sires (s,, s2, and s3) in two seasons (m, 
and m 2) of a year. The observed records were arranged in Table 9. 

Table 9. Weight of litter weaned per ewe lambed of progeny of three sires (s) produLing in two seasons (m). 

SiresSeasons 
Sl 32 TotalsS3 


mI 18,17 5 20,19,19 108 (6) 
m2 13,14,13 14,12 - 66(15) 

Totals 75 (5) 41 (3) 58 (3) 174 (11) 

Mean 15 13.7 19.3 

The following mixed linear model is formulated to fit the data: 

y = 1/4 + Xm + Zs + e 

, m and s are a general mean, a vector of fixed (seasons) effects and a vector of 
random (sires) effects, respectively. e is a vertor of randem residuals. 

Furthermore, with dots representing zeroses: 

X , I. . . . . .I . . . . 1 

Z' I I .. . .. 

11: 1
 

Assume that sires s2 and s3 are full-sibs and unrelated to s,. Then 

G=Aos2 

where: 

A =[I 0 0 
1 0.5 

and a 2 is the variance associated with the contribution of half-sibs of sires which 
estimates of the additive genetic variance, a a. Assume also that R = I o e . 

The corresponding MME are: 

11 6 
6 

5 
0 

5 
2 

3 
1 

3 
3 

A174 
m 108 

5 3 2 0 m2 66 
15 0 0 s = 75 

16.33 -6.67 s2 41 
16.33 S3 58 
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Note that the lower block diagonal, corresponding to the s equations, was 
-augmented by G = A-X, where X = o2/02. Furthermore, assuming 02 =100 

and o2 = 10, then h2 =0.36 and X = 100/10 = 10; also equivalently to . = 
(4 - h2)/'h' . 

A set of solutions for these system of equations, obtained by imposing the 
constraint fi,= 0, was: 

413.281 
m1 4.655 

0m2 
-0.048 

s2 -0.131 
S3 0.203 

note that: 

E[fi] / m, but E[fil] = m,-m 2 
E[ffl-I 2 = m,-m 2l's /0 

Ignoring relationships imply G = 1 o then MME simplify to the block 
diagonal augmented by ) = 10. Solutions by imposing 4 = 0 in this pancular case, were: 

0 
1% 17.899 

m2 13.343 
91 -0.055 
92 -0.276 
L 0.3319 

Note here that l's = 0. 
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ABSTRACT 

Only a small proportion of the world sheep population isfound in the humid tropics. This 
is due to poor adaptability of most breeds to warm, humid conditions. This is unfortunate, since 
there are agricultural systems in the humid tropics where small ruminants, particularly sheep, 
could complement production and increase net income. Sheep grazing on forage growing under 
tree crops (rubber, oil palm, coconut) are examples. There are small populations of sheep, 
many of them hair sheep, that nave developed in some areas of the humid tropics of Africa, 
America and Asia. These breeds may be a source ofadapted germ plasm for the improvement 
and expansion of sheep populations throughout the entire humid tropics. While the various hair 
breeds have not been studied in detail, at least two breeds (White Virgin Island and Barbados 
Blackhelly) are q'iJe prolific. Hair breed x local crosses should be compared with localsheep for 
general merit (e.g. weight of lamb weaned per ewe per year) under commercial conditions in 
well-designed experiments. Such studies will allow hair breeds to be ranked rela.':ve to local 
breeds for productivity. Continued experimentation will determine what proportion, if any, of hair 
sheep breeding results in more tfficient performance relative to sheep of 100% local breeding. 
New composite breeds containing ti.: !lesiredmix of genes from hair and local breeds should 
then be developed by research organizations and made available to the agricultural sector. 

INTRODUCTION 

Grazing of ruminants under tree crops such as coconut, oil palm and rubber
results in: 1) reduced competition for the tree crop from weeds and grasses; 2) an 
important source of income before the trees enter production; 3) supplemental
income during tree crop production; 4) enhanced soil fertility from faeces and urine 
and 5) diversification of the Egricultural enterprise as a hedge against fluctuating
commodity prices. Cattle and orner large ruminants are generally less adapted to thisproduction system than small rruminants due to their ability to browse taller trees and
the greater soil compaction and increased mechanical damage to trees that results from 
their use. Among small ruminants and with some tree crops, sheep may be preferred 
over goats. Sheep are less like!y to browse trees, and certain behaviors of goats may
make them unacceptable in some tree cropping systems, e.g. disruption of collection 
tins in rubber plantations. Research has shown that the grazing of sheep under tree crops
such as rubber and oil palm in Malaysia (Wan Mohamed, 1986), rubber in Indonesia 
(Reese et al., 1986) and coconuts in the Philippines (Parawan and Ovalo, 1986) are 
effective production systems. 
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While an abundant forage resource exists under tree crops in the humid tropics,
and sheep would appear to be the preferred species for its utilization, there is only a 
small population of sheep in the region. Approximately 20wo of the world sheep
population (200 million head) is found in the tropics (Carles, 1983), with the majority
of these in the drier regions. Sheep, in general, are not adapted to hot, humid 
en'ironments; instead, they thrive in more temperate conditions. Environmental 
conditions conducive to survival of internal parasites and low heat tolerance due, in 
part, to a coat of wool on many sheep, are two major reasons for low sheep numbers 
in th: area. For example, Odenya (1982) cited by Bradford and Meyer (1986) reported 
a negative correlation between degree of wool cover on ewes and the weaning weights
of their lambs in a flock of Dorper sheep in Kenya. A small population of hair sheep
has evolved in the tropics and may be a source of germ plasm to improve existing non
hair sheep populations in the humid tropics. 

BREEDS OF HAIR SHEEP 

The estimated population of about 100 million head of hair sheep is located in 
tropical Africa (--90 million head), the Caribbean region (-2 million head) and 
Northeast Brazil (- 6 million head) with lesser numbers in Southern India and 
Southeastern Asia (Bradford and Fitzhugh, 1983). Hair sheep which have evolved in 
the more humid areas of the tropics should be given first consideration for 
improvement of sheep performance in the humid tropics. Comparative performance
data for the various hair breeds of the humid tropics is almost nonexistent, and only 
a few reports of breed performance levels have been reported in readily accessible 
publications (Mason, 1980; Fitzhugh and Bradford, 1983). Brief descriptions of some 
of the hair breeds of the humid tropics follow. 

West African Dwarf 

Is the predominant breed of the humid tropics of Africa, from Southern West 
Africa through Central Africa. In West Africa, the breed is also known as the Forest
type, Fouta-Djallon or Djallonk6 (Mason, 1969). Animals of this breed are generally
black piebald on white. Tan piebala on white, predominantly colored (tan or black)
and the blackbelly pattern are also foind. Adult males have a well-developed throat 
ruff, are horned and weigh approximately 37 kg. Ewes have mature weights of 25 kg, 
can be bred at 7 to 8 months of age and have a short lambing interval. The prolificacy
of adult ewes is low to moderate (1.15 to 1.50 lambs per ewe lambing) (Benyi et al., 
1983; Berger, 1983; Bradford et al., 1983; Dettmers, 1983). Lamb growth rate is low, 
less than 100 g per day under good f'eed conditions, and lamb mortality is high. 

BarbadosBlackbelly 

This breed was developed on the island of Barbados in the Caribbean from hair 
sheep of West Africa. Body color varies from tan to dark brown with black on the lower 
jaw, chin, throat, breast, belly, axillary and inguinal regions and inner sides of the legs.
A narrow line of black color extends along the underside of the tail nearly to the tip.
Both sexes are polled. Adult rams have a throat ruff and weigh 50 to 60 kg. Ewes have 
mature weights of 32 to 43 kg, lamb first at about 16 months of age and have a short 
lambing interval. Mature Barbados Blackbelly ewes have a high prolificacy (1.50 to 2.30 
lambs per ewe lambing) (Bradford et al., 1983; Patterson, 1983; Rastogi et al., 1980).
In the tropics, preweaning average daily gain is 100 to 125 g with postweaning gain
somewhat less (Rastogi et al., 1980). 
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White Virgin Island 

This breed is found in the U.S. and British Virgin Islands in the Caribbean. It 
is thought to descend from hair sh'"p from West Africa but some feel it is the result 
of crossing the Wiltshire Horn with the native Criollo (Mason, 1980). Most are white, 
but some sheep are solid tan, brown, black or white with brown or black spots. Both 
sexes are polled, and rams have a large throat ruff. Mature ewe and ram weights of 
35 to 45 kg, respectively, were reported by Hupp and Deler (1983). Ewes can lamb first 
at 14 months of age and more than once a year. Reports of average litter size have 
varied from approximately 1.45 to 1.90 (Mason, 1980; Hupp and Deller, 1983). 

The White Virgin Island has contributed to the development of two breeds now 
recognized in the U.S. Two ewes and a ram were imported from St. Croix in 1957 by 
Michael Piel of Maine, U.S. After experimenting with several crosses, he developed the 
Katahdinbreed from crosses with Suffolk, Wiltshirc Horn and the St. Croix sheep. The 
breed has an undercoat of wool which is shed in the spring. Like the Whi:e Virgin 
Island, white is the most common color but tan, brown and spotted are also found. 
Most animals are polled. Mature rams and ewes weigh 80 and 65 kg, respectively. 
Average litter size is about 1.70, and 90 day weight of lambs averages 19.5 kg (Mason, 
1980). 

Twenty five White Virgin Island sheep (22 ewes and 3 rams) were selected and 
imported to Utah, U.S. by Dr. W.C. Foote of Utah State University in 1975. No 
records were available on the animals. Selection criteria were white color, lack of wool 
and average or better body size and conformation (Foote, 1983). These sheep were the 
basis of the present St.Croix breed in the U.S. Mature rams and ewes at Utah weighed 
74 and 54 kg, respectively. Ewes have a high fertility at 6 to 7 months of age with an 
average lambing interval of about 230 days. Litter size of mature ewes varied from 1.50 
at Florida to over 2.00 at Utah. Growth rate was lower than that of U.S. wool breeds. 

Pelibuey 

The Pelibuey breed is also known as Peligueyor Tabasco and is probably closely 
related to the West African, African or Africana breed of Colombia and Venezuela. 
It is descended from the West African Dwarf and is found in Cuba, coastal areas of 
Mexico and other locales in the Caribbean (Mason, 1980). Hair color is beige, brown, 
dark brown, red, white, black and roan with both solid and a combination of colors 
found. Males usually do not have horns but do carry a throat ruff (Zarazua and 
Padilla, 1983). Weight of mature rams and ewes is 54 and 34 kg, respectively. Litter 
size is relatively low (1.24) (Fitzhugh and Bradford, 1983). Ewes can lamb first at 16 
to 19 months of age, and lambing interval is less than 210 days (Gonzales-Reyna et al., 
1983). Weight at 120 days of age averages about 13 kg (Fitzhugh and Bradford, 1983). 

The MoradaNova of Brazil is similar in appearance to the Pelibuey and probably 
has a similar origin. It may also be related to the Bordaleiro breed of Portugal
,Figueiredo, 1980). Its coat color is either red or white. Rams do not have a throat ruff. 
Limited da.a from 21 ewes reported a litter size of 1.76 (Figueiredo, 1980). Mature ram 
and ewe weights are about 40 and 30 kg, respectively. 

Santa Ines 
This breed is found in Brazil. It is thought to have been derived by crossing the 

Mo,'ada Nova with the coarse-wooled Italian breed, Bergamasca (Figueiredo, 1980). 
However, there are striking similarities between the Santa Ines and the Sahelian types 
of hair sheep from the arid regions of West Africa (Bradford and Fitzhugh, 1983). Coat 
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colors include red, black and white; either solid or spotted. They are large-bodied and 
long-legged with lopped ears. Rams do not have a throat ruff. Litter size is low (1.25) 
(Figueiredo et al., 1983). 

Blackhead Persian 

This breed is not native :- the humid tropics. It originated in the arid regions of 
East Africa and made its way to the humid tropics of the Caribbean region via South 
Africa many years ago (Bradford and Fitzhugh, 1983), so there is now a population 
of Blackhead Persians relatively well-adapted to the humid tropics. In Brazil, the breed 
is called Brazilian Somali. They have a white body and black head and neck with the 
two colors sharply demarcated, fat rump, short legs and compact conformation. In the 
Caribbean region, litter size averages 1.08 lambs, and 95 day lamb weight abol't 13 kg 
for singles (Fitzhugh and Bradford, 1983). Mature ram and ewe weights are 
approximately 50 and 30 kg, respectively. 

South India Hair Types 

The Mandya and Nellore of southern India and the Jaffnaor Sri Lanka are hair 
breeds adapted to the humid tropics (Devendra and McLeroy, 1982; Caries, 1983;
Gatenby, 1986). Mature weights of ewes of the Neilore, M,.dya and Jaffna breeds are 
18, 30 and 38, respectively, and litter size is low for all three breeds (Devendra and 
McLeroy, 1982). 

Javanese Fat Tail 

This breed is found on the island of Java, Indonesia, primarily in eastern and 
Central Java. They were probably introduced from Southwest Asia (Ma.3n, 1980). While 
most individuals have a coat of a mixture of hair and coarse wool, there are a numbler 
of animals that are true hair sheep with very little, if any, wool (Iniguez, 1989). They
have a fat tail and are typically white and hornless. Weights of adult rams and ewes 
are 45 and 40 kg, respectively (Mason, 1980). Ewes can lamb at one year of age, and 
l '-;.g intervals of 6 to 9 months are common. A litter size of approximately 1.60 
W, -'ed by Mason ('"180). 

COMPARATIVE PERFORMANCE OF HAIR SHEEP 

The above information on performance of the various hair breeds of the humid 
tropics was, for the most part, collected in different locations. In order to determine 
genetic differences among these breeds, animals of the breeds to be evaluated must be 
maintained as contemporaries in the same environment. It is also desirable to conduct 
these comparisons at several locations to determine if important breed x environment 
interactions exist. Very few well-designed comparative studies among these breeds have 
been conducted. Following are summaries of the comparative studies known to the 
authors. 

Performance of Pelibuey and Barbados Blackbelly sheep at the Mococha 
Experiment Station in Mexico is presented in Table I (Zaraz/a and Padilla, 1983).
Barbados Biackbelly ewes gave birth to almost 0.50 more lambs per ewe lambing tian 
did Pelibucy ewes. Weight of single lambs at 120 days of age was grcater for Pelibuey 
than for 3arbados Blackbelly, but there was little difference in weighi of multiples
between breeds. This may indicate that Pelibuey are superior for growth rate but 
Barbados Blackbelly arc superior for milk production. 
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Table I. Performance of Pelibuey and Barbados Blackbelly sheep in Mexico. 

Average 120 day body weight (kg)
Breed N prolificacy 

N Singles N Multiples 
Pelibuey 1781 1.22 101 12.5 35 10.4 
Blackbelly 130 1.71 46 11.5 54 10.9 

Source: Zarazuia and Padilla (1983). 

Lamb mortality for several breeds and crosses on a comiercial ranch in a
semi-arid region of Venezuela is presented in Table 2. The Criollo (also known as
Creole and Criolla) breed is the native wool sheep of much of Central and South 
America. It is thought to descend from the coarse-wooled Churra brought to the
Americis by the early Spanish explorers. These data demonstrate the poor adaptability
of the temperate wool breeds to this tropical environment and the value of using
adapted breeds. The difference between the two hair breeds (West African and 
Blackhcad Persian) in lamb mortality is probably not statistically significant. 

Table 2. Lamb mortality for different breeds and their crosses on 

a commercial ranch in Venezuela. 

Breed No. lambs No. died Mortality (/) 

Wool breeds i 37 24 64.9 
Criollo 114 16 14.0 

West African and 
their crosses 203 38 18.7 
Blackhead Persian 
and their crosses 100 34 14.0 

Include: Suffolk, Rambouillet and Corriedale. 
Source: Stagnaro (1983). 

Presented in Table 3 is the performance of various breeds at the Maracay
Experiment Station in noath-central Venezuela. Annual precipitation is 1000 mm, 
mean temperature varies from 22 to 25'C and mean relative humidity from 65 to 80%. 
The Criollo is native to the area, and the three hair breeds were introduced fromBarbados and Trinidad/Tobago in the early 1960's. The West African and Barbados 
Blackbelly were superior for post-weaning gain, and the Criollo was superior for lamb 
survival. 

Table 3. Performance of various br,.-eds in Venezuela. 

Cain Mortality
Breed No. of Average 90 day 90-180 d birth to 

litters prolificacy wt (kg) (g/day) 90 d (%) 
West African 277 1.43 12.5 49 15.8 
Barbados
 
Blackbelly 195 1.45 7712.1 19.1 
Criollo 227 1.13 12.1 30 10.8 
Blackhead 
Persian 83 1.04 10.2 - 21.0 

Source: Martinez (1983). 
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Barbados Blackbelly and native Creole ewes mated to Barbados Blackbelly 
rams have been compared at the Ebini Experiment Station in Guyana (Table 4). 
Annual rainfall is 2,160 mm, mean temperature is approximately 27"C, and relative 
humidity averages about 78%. Barbados Blackbelly ewes were superior for prolificacy, 
but the crossbred lambs out of Creole dams were superior for 120 day weight and st ival. 

Table 4. Performance of Barbados Blackbelly and Creole sheep in Guyana. 

Breed of dam 
No. 

ewes 
Average 

prolificacy 
No. 

lambs 
120 day 

weight (kg) 
Survival 

(01) 

Barhados 
Blackbelly 41 1.66 33 13.0 57 

Creole 22 1.09 20 14.0 83 

Source: Nurse t al. (1983). 

Three hair breeds; West African, Blackhead Persian and Barbados Blackbelly;
have been on the island of Tobago/Trinidad for over 40 years. Table 5 presents the 
performance of these three breeds at the Blenheim Station, Tobago. Mean annual 
rainfall is 1,700 mm, relative humidity varies from 80 to 85%, and daily temperatures
usually vary between 25 and 31'C. Barbados Blackbelly and West African had greater
prolificacy than Blackhead Persian, and West African had greater 12 week weight than 
Barbados Blackbelly. 

Table 5. Performance of various breeds in Tobago. 

No. Average No. 12 week 
Breed ewes prolificacy lambs weight (kg) 

Barbados Blackbelly 68 1.35 27 13.8 

West African 130 1.26 23 14.9 
Blackhead Persian 38 91.10 14.4 

Source: Rastogi ef al. (1983). 

Presented in Table 6 is the reprodii:tive performance of Forest (West African 
Dwarf) and Nungua Blackhead (local Fore; tsheep upgraded to Persian Blackhead) ewes 
at the University of Ghana Experiment Station, Nungua. Forest ewes were superior to 
Blackhead ewes for all traits except lamb survival. 

Table 6. Reproductive performance of Forest and K .ua Blackhead 
sheep in Ghana. 

Breed Fertility Average Lamb survival 

(Wa) prolificacy (01) 

Forest 79.3 1.51 84.0 

Nungua Blackhead 72.0 1.0,2 94.3 

Source: Ngere (1973) reported by Dettmers (1983). 
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The three hair breeds that can now be found in North America include Barbados,
St. Croix and Katahdin. The origin of the St. Croix and Katahdin have been discussed
previously. The U.S. Barbados is descended from Barbados Blackbelly sheep initially
imported in 1904 (Rastogi et al., 1980). They have subsequently been crossed with the
wild Mouflon, the domestic Rambouillet and perhaps other breeds. They have the 
same color patterns and general appearance of the Barbados Blackbelly with the 
notable exception that a majority of the rams carry horns. Many individuals carry a 
wool 'cape" over the back that is shed in the spring. These sheep are sometimes called 
"Barbado" (Shelton, 1983) or some other name (e.g. Barbados) to differentiate them 
from the true Barbados Blackbelly of the Caribbean, but both sheep producers and 
animal scientists often mistakenly call them Barbados Blackbelly. Performance data 
for Barbados and St. Croix ewes at Ohio State University in the north-central U.S. are 
presented in Table 7. St. Croix ewes excelled in all measures of reproduction. 

Table 7. Reproductive performance of St. Croix and Barbados 
Blackbelly ewes in Ohio, North-Central U.S. 

Fer- Average Lamb 

Breed 
No. ewes 
exposed 

tility 
(o0) 

Prolif-
icacy 

survival 
(Wo) 

Lambs weaned/ 
ewes exposed 

St. Croix 33 93.9 1.90 94.9 1.70 
Barbados 26 73.1 1.58 80.0 0.92 

Source: Foote (1983). 

Ewes of Barbados or /2 St. Croix inheritance (the other is either Suffolk 
or Targhee, wool breeds) are being compared with crossbred wool breed ewes (
Finnish Landrace, Booroola Merino or Combo-6 and 2 Suffolk or Targhee) at the 
University of Illinois' Dixon Springs Agricultural Center in southern Illinois, U.S. The
Combo-6 is a synthetic breed containing Finnish Landrace, Border Leicester,
Rambouillet, Targhee, Dorset and Suffolk breeding. The center has average annual
precipitation of 1,200 mm, mean ambient temperature of 14C (range from 25'C in 
July to -4°C in January) and average relative humidity of 69%. Table 8 presents
preliminary results from this study. The data included one or more lambing records 
on 139 ewes from wool breed sires, 71 ewes from St. Croix sires and 47 ewes from
Barbados sires. Ewe productivity is the weight of lamb weaned per ewe exposed and 
is an overall measure of productivity. The hair breed crosses are equal to or superior
to the wool breed ciosses for this trait, especially among 2- and 3- year-old ewes. This
is quite exceptional since the wool breed crosses in this study have inheritance from two 
of the most prolific breeds of sheep in the world, i.e. Finnish Landrace and Booroola
Merino. Even though southern Illinois, U.S. is far from the humid tropics, it appears
the., are components of the environment that are not conducive to high productivity
of wool sheep and that hair sheep have a productive advantage. High summer 
temperatures and humidity, internal parasites and an endophytic fungus in fescue (the
major pasture grass) are all possible negative components of the environment which 
may adversely affect wool breeds more th.- hair breeds. Although differences in 
performance are not large between the twc hair breeds, St. Croix-sired ewes are slightly 
more productive than Barbados-sired ewes. 
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Table 8. Performance of F, St. Croix, Barbados and wool breed 
ewes in Southern Illinois, U.S. 

Average Lamb Lamb Ewe 

Breed of sirea 
Fertility 

(%) 
prolificacy 

(no.) 
survival 

(Wo) 
weaning 

weight (kg) 
pioductivity 

(kg) 

Ewe lambs 
Wool breedsb 83.1 1.58c 78.7 13.3 12.6 
St. Croix 90.4 1.48e 'r  82.6 13.7 15.8 
Barbados 93.5 1.29' 78.8 13.8 12.6 

2- and 3-year-old ewes 
Wool breedsb 77.9 d 1.74 77.3 d 15.7 16.2 d 

St. Croix 89.0c 1.83 94.7c 15.2 24.1c 
Barbados 92. Ic 1.78 87 .6cd 15.0 20.8c d 

a Breeds of dam were Suffolk and Targhree.
 
b Breeds of sire were Finnish Landrace, Booroola Merino (homozygous FF) or Combo-6.
 
,.d Means with a group and column with different superscripts are different (P < 0.05).
 
'f Means within a group and column with different superscripts are different (P<0.10).
 

Source: Thomas el aL. (1990). 

Superior performance of Barbados and Barbados crosses over wool breeds and 
their crosses in warm, humid environments in the U.S. also has been shown by Goode 
et at. (1980 and 1983) in North Carolina and Boyd (1983) in Mississippi. However, the 
Barbados appears to have a wide range of adaptability since Barbados and Barbados 
cross ewes also had greater ovulation rate and litter size than Targhee (wooled breed) 
ewes in the Mediterranean-type climate of northern California, U.S. (Bradford and 
Quirke, 1986). 

It is a common statement by sheep scientists familiar with temperate breed sheep
that birth weights of hair sheep are low, and that selection or crossbreeding to increase 
birth weights should be an important objective of genetic improvement programs.
However, the data available on birth weights of hair sheep indicate they are not lower 
than those predicted from mature weights of these breeds, using prediction equations
developed from wooled sheep data (Bradford et al., 1983). The reason that birth weights
of hair sheep are lower than average for the species is that mature weights of these sheep 
are also below average. It is true that birth weights of at least the smaller lambs in litters 
of three or four are very low, and their mortality is high, but this is true also for 
temperate breeds. Hair sheep characteristically appear to have very little lambing
difficulty, which may be due to their slender shape, compared to that tf breeds selected 
for meat conformation. 

INTRODUCTION AND EVALUATION OF HAIR BREEDS IN 
NEW ENVIRONMENTS WITHIN THE HUMID TROPICS 

The above review of hair breeds indicates there are breeds of sheep which are 
adapted to the humid tropics. Some, such as the Barbados Blackbelly and White Virgin
Island (St. Croix), have a relatively high reproductive rate. Hair breeds should be the 
first breeds to be considered when an expansion of sheep numbers or improvement of 
existing populations in the humid tropics is desired. However, exotic hair breeds should 
be compared to existing sheep populations in well-designed studies before any decision 
is made on importing large numbers of exotics for commercial production. Local breeds 
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(wool or hair) that have had an opportunity to genetically adapt to local environmental 
conditions are a valuable resource and should r'nt be discarded or "improved" 
indiscriminately. As an example, several of the studies from Central and South 
America have shown that the native Criollo, which has a wooly coat, ha5 a higher lamb 
survival than introduced hair breeds (Martinez, 1983; Nurse et al., 1983; Stagnaro, 1983),
and some of the native sheep populations of Indonesia possess a major gene for high 
prolificacy (Bradford et al., 1986a and 1990) and have exceptionally short lambing 
intervals (Iniguez et al., 1991). Establishment of high-performing local populations by 
selecting superior individuals from a large pool and continued selection within this 
population may result in germ plasm which is superior to any that can be imported 
(Bradford et al., 1986b). 

Introduced hair breeds should be compared to existing genotypes under typical 
commercial conditions for a composite production trait such as weight of lamb weaned 
per ewe per year. Performance levels for the component traits (ewe fertility, 
prolificacy, lambing interval, lamb survival and "'eaning weight) must also be 
determined so that advantages and disadvantages of the introduced breed relative to 
the local breed can be identified. Identification of an inferiority of a breed for one of 
the component traits may lead to comparison of the breeds at a more basic level (milk 
production, parasite resistance, heat tolerance, age at puberty, seasonality of estrus, 
nutrient utilization, grazing or maternal behavior, etc.) in order to determine a possible 
reason for the low level of performance. Such knowledge will allow further focused 
research to determine if the low level of performance can be economically corrected 
through a change in traditional management or through selection, or if the breed should 
be discarded. 

It seems reasonable to expect ultimate use of promising introduced hair breeds 
to be ij, combination with native breeds in crossbreeding systems or formation of new 
comr ite breeds and not as a purebred completely replacing the native breed. For this 
reas,,i, initial importation of germ plasm for evaluation could be restricted to rams, 
or to frozen semen if estrous synchronization and artificial insemination technology is 
available. Contemporary groups of ewes produced from the mating of introduced hair 
rams (or their semen) of one or more breeds and local breed rams to local breed ewes 
should be evaluated under commercial conditions. A minimum of 60 ewes per breed 
group is needed; 100 would be much better. The contemporary ewes of different breed 
groups should all be mated to the same breed of ram. Rams of one of theintroduced 
hair breeds or the local breed could be used. If there is some previous evidence to 
suggest that one of the hair breeds is apt to be superior over the other hair breeds and 
the local breed, hair rams from this breed should be used. This will result in the rroduc
tion of contemporary 3 and V2 hair ewes of this hair breed for further evaluation to 
determine if increased levels of hair breeding is desirable. If the hair breeds are being 
compared against a fairly productive local breed, it may be desirable to mate the 
contemporary ewes to rams of the local breed. This results in the production of 
contemporary local and 1/ local ewes for further evaluation. In evaluating the results 
of this initial study, it must be remembered the F hair x local ewes express 100% of 
any heterosis for maternal performance, and their backcross lambs will express 50% 
of individual heterosis for growth and viability, while local ewes express no maternal 
heterosis (Nitter, 1978). Only a portion of the F, advantage that is due to heterosis can 
be expected to be retained in hair-local composite populations and most crossbreeding 
systems (Dickerson, 1969). 

If these initial studies indicate a hair sheep advantage, populations of the best 
performing hair breeds can be established by repeated top-crossing of hair breed rams 
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on hair-local ewes or by importing ewes and additional rams. These hair populations
would be maintained by research organizations and would serve as the foundation 
populations from which hair genes would be introduced into commercial populations. 

Initial evaluations of introduced hair sheep in the humid tropics has begun in 
some countries. The Small Ruminant-Collaborative Research Support Program of the 
U.S. Agency for International Development, in cooperation with the Indonesian 
Animal Production and Rubber Research Institutes, has preliminary data on St. Croix 
sheep grazing under rubber trees at the Sei Putih station, North Sumatra. St. Croix x 
local F, ewes are larger, produce faster growing lambs, have more lambs per litter and 
produce more weight of weaned lamb per ewe per year but have slightly longer lambing
intervals compared to the local sheep (Bradford, 1990; Iniguez et a/., 1990). The hair 
breed evaluation at Sei Putih will be expanded with the addition of more hair breeds 
in the near future. The Malaysian Agricultural Research and Development Institute is 
also initiating a large hair sheep breed evaluation project at its research station at Kluang, 
Johore (Ariff, 1989). 

Introduction of genes from hair sheep into the local sheep population through 
organized crossbreeding systems is feasible for individuals or companies thaf have large
flocks. As an example, companies that own large acreages of tree crops and have large
numbers of sheep under their control are in a position to make good use of 
crossbreeding. A two-breed rotation with either hair and local or F, hair-local and 
local rams would ultimately result in ewes of approximately hair- local or 1 hair-3/ 
local breeding, respectively, and would make good use of heterosis. 

Hair sheep genes could be introduced into flocks of smallholders most effectively
by the availability of a new hair-local composite breed. Based upon results of research 
studies such as those outlined above, a research organization would develop a 
composite breed containing the combination of genes from hair and local breeds which 
is predicted to give the best overall performance. Rams of this composite breed would 
be made available to smallholders on a continuous basis. Overtime, the breed composi
tion of the sheep population of the smallholders would approach that of the composite
breed. Based upon observations and data from the smallholder sector and continuous 
research at the research station, the proportion of genes from hair and local breeds in 
the composite may be altered, or genes from other breeds may be incorporated. 

This paper has not discussed selection strategies, but continued genetic progress 
can be realized in the hair-local composite from an organized selection program. 
Bradford (1990) has described a nucleus or cooperative breeding scheme for genetic 
improvement of both local and hair-local populations. 
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ABSTRACT 

The limited available data identify disease as a major constraint to sheep production in 
Southeast Asia. Endoparasitic infestations are incriminated as the most important problem under 
Integrated Production Systems (IPS) in rubber plantations. Despite this, animal health continues 
to be neglected when research resources are allocated. Endoparasites are presently controlled by 
repeated anthc!mintic adminis,'ration, aprocedure which worldwide experience has demonstrated 
will ultimately fail. If integrated tree cropping and small ruminant production systems are to be 
successful, research and management policies must be amended to address problems of animal 
health. Failure to do so will compromise the valuable work which continues in other disciplines 
ofproduction. Studies on the epidemiology ofparasites in rubber plantations are in progress at 
Sei Putih, North Sumatra, Indonesia. It is expected that they will pro vide data for the formula
tion ofrealistic control programmes which reduce the dependcncy on anthelnintics. Recot,;menda
tionsfor further research at Sei Putih are discussed and related to the possible requirements at 
other IPS systems in Southeast Asia. 

INTRODUCTION 

One objective of this paper is to review briefly the state of our knowiedge 
concerning the influence of disease on the productivity of small ruminants under 
integrated tree cropping systems (IPS). A second objective is to identify research 
constraints in thL discipline and a third is to present and discuss research method
ologies currently in progress in Indonesia and suggest the most rewarding avenues for 
future efforts. 

The term 'rewarding' is not accidental, for it is clear that the aim of IPS systems 
is to prc,/ide sustained iicome from a resource which at present is either totally ignored 
or, at b s., under exploited. Regardless of the locally-determined administrative and 
functional structures that individual IPS systems may assume, each will remain, by 
definition, an enterprise aimed at profit, and initiatives in the discipline of animal 
health must always reflect this requirement. Once an IPS is established, there cannot 
be neglect, guesswork or haphazard experimentation with animal health. A strict 
programme must be designed and followed as part of routine management, otherwise 
money, opportunities, time and credibility will be lost. 

A worthwhile animal health programme must be based on a detailed under
standing of the problems present or expected to be found in a particular area. In the 
developing IPS system, this knowledge can only come from meticulously designed, 
carefully budgeted, responsible research by accountable scientists. It is quite 
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insufficient to simply record the causes of morbidity and mortality and their incidence-or 
to sporadically attend to the flock health at times of crisis. Meaningful research must 
evaluate management/disease interactions, determine the economic impact of specific 
diseases on overall productivity, identify the most important problems, devise cost 
effective control programmes for these and predict danger periods. Moreover, planners 
must appreciate that this cannot be done piecemeal or overnight and funds must be 
invested for the services of experts to plan and supervise the necessary research. 
Anything less than the above commitments falls short, not only of what good science 
demands, but of what good business demands as well. 

Because the emphasis, in Indonesia at least, is placed upon sheep production in 
IPS systems, I will concentrate on that species in my presentation. 1 feel it is necessary, 
however, to sound a note of caution that despite the fact that there may be some 
similarities between sheen and goats there are also great differences; in considerations 
of anima! heazlh it would be a serious oversimplification to regard the two species as 
synonymous or to make as ,imptions for one speces based on data related to the other. 

CURRENT KNOWLEDGE CONCERNING SHEEP HEALTH IN
 
IPS SYSTEMS IN SOUTHEAST ASIA
 

The following critical review of our current state of knowledge concerning 
animal health and IPS systems may seem, at first, to be harsh and disregarding that 
some important data have already been generated in this field. Nevertheless, the review 
is based on the simple axiom that if existing data do not provide clear answers to vital 
questions then they are inadequate and should be augmented with additional local or 
regional studies. Later, I will attempt to place what I see as the majol dcficiencies in 
our knowledge in some perspective and allocate to each, a broad research priority status. 

Although Thomas (1978) concluded that 'there was little potential for grazing in 
rubber plantations', Vanselow (1982) optimistically reviewed the progress which had 
been made from 1968 to 1982 in establishing a flock of mutton sheep utilizing the 
pasture under rubber trees in Selangor, Malaysia. The flock of approximately 450 sheep 
was divided into 4 different age and sex groups which grazed separately in the 
plantation under the care of shepherds. The animals were housed in barns overnight. 
Each flock grazed approximately 10 different areas in rotation, every locality being grazed 
for three consecutive days. By far, the most important disease problems they 
encountered were due to internal parasites and it was necessary to treat sheep 
repeatedly every 6 weeks. Lamb mortalities reached a peak of 31% in 1975, when 
Haemonchus contortus resistance to benzimidazole anthelmintics was detected. To 
solve the problem, the drug was replaced by another with a different pharmacological 
action at the same frequency of dosing. 

The owner's stated aim was to continue increasing animal numbers and to 
establish similar units at other estates (Vanselow, 1982). Nevertheless, despite the clear 
recognition of serious parasitism in this flock, when possible improvements were 
considered for future development, attention to parasitism was listed fifth after selec
tion of ewes, avoidance of inbreeding, restriction of the breeding season, and a cost 
benefit evaluation , of ewes. Parasitic re-infestati'nof supplementary 'eding was 
grouped together with items such as the cost of labor to maintain and clean sieas and 
the distance that the sheep must walk each day. Moreover, in an income and 
expenditure evaluation of the operation, the costs of labor, feed, fencing, drainage, sheds, 
fertilizers and the establishment of grazing paddocks were weighed against the sale of 
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meat, decreased weeding expenditures and increased soil fertility. The direct losses due 
to mortality and the costs of anthelmintics do not appear to have been considered. 

Although the IPS system for sheep under rubber was only formally discussed in 
Malaysia in the late 1970's (Wan Mohamed, 1987), the Rubber Research Institute of 
Malaysia had started with a small flock of about 100 indigenous sheep in 1975 (Ani 
et al., 1985). Indigenous sheep were preferred to imported animals because, among
other attributes, they survived in spite of the temperature, humidity and all the endo
and ectoparasites present. Faecal egg counts were monitored and any time they rose 
above 1000 eggs per gram of faeces the sheep were drenched. This way, endoparasites 
were kept at a manageable level at reasonable cost (Ani et al., 1985). Recently,
Tajuddin and Chong (1988) have reported for the same fairming system !hat an 
effective endoparasite control programme is vital. Lambs need to be drenched .)nthly
until they are 4 to 6 months old. Both adults and lambs that reach 6 months require
bi-monthly treatments except during the wet season when drenching is required only
monthly. The authors suggested that the anthelmintics used should be changed after 
three cycles of usage. It seems that the current endoparasite control programme relies 
almost solely on the use of anthehnintics and that there is serious concern about 
emerging or present resistance. 

Another Malaysian pioneer of IPS under rubber is Kumpulan Guthrie which 
established two large flocks of sheep in 1984-85 and has since expanded this operation
(Wan Mohamed, 1987; Wan Mohamed et al., 1987; Wan Mohamed et al., 1988). Early
in the venture, health and diseases were recognized as one of the most important areas 
that affect small ruminant production (Wan Mohamed, 1987). Endoparasites,
ectoparasites and pneumonic pasteurellosis were identified as major problems. These 
early conclusions have been reconfirmed (Wan Mohamed et al., 1988), but the 
economic losses due to ill health and disease have not yet been quantified, nor does 
it seem that they have received the urgent research attention that they merit. 

In a broad review of diseases and health problems of -.neep in Asia, Parawan (1989)
failed to addres; the important issue of whether individual diseases are currently
causing losses. Additional questions include which farming systems incurred these 
losses and what was the magnitude of the losses. Diseases are grouped according to 
whether they are eradicable, controllable or manageable. This approach may be 
suitable for administrators charged with responsibility for controlling national disease 
outbreaks, or for matters of quarantine, but is of negligible benefit for an on-the-ground
commercial enterprise in a rubber plantation. In addition, the references to economic 
loses due to parasitism in other parts of the world (eg. Fasciola hepatica infection in 
Australia) are irrelevant to local conditions. Moreover, some of the tables showing
disease frequency are misleading. For example, haemonchosis and fascioliasis are 
considered in one table according to the number of cases and number of deaths. It is 
generally accepted that these are flock, not individual conditions, therefore deaths in 
some animals would almost certainly be accompanied by substantial subclinical disease 
in the flock as a whole. The author makes no mention of this. A critical dissection of 
avai!able records is necessary for a sound judgement to be made of the impact of 
disease, especially in conditions such as parasitism in which sub-clinical losses are 
probably much more important than overt disease. 

In defence of the above author, however, it can be noted that he had little 
valuable data on which to base meaningful conclusions. The system of recording and 
reporting diseases in Southeast Asia seems to be traditionally based on reporting 
requirements per se rather than the exigencies of animal production. 
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Ronohardjo and Wilson (1987) attempted to put Indonesian sheep diseases in 
perspec,'ve by listing them in a suggested order of economic importance. Again, these 
authors were hampered by the scarcity of reliable field data on which to base their 
predictions. Nevertheless, internal parasitism ranked first (nematodes) and second 
(liver fluke) on their list of significant problems. 

In general, therefore, our knowledge about the economic impact of diseases on 
sheep production in Southeast Asia is limited. More alarming, however, is that despite 
the fact that parasitism has been recognized as a major source of loss for some years, 
little is known about its epidemiology and control in traditional village farming systems 
and no data are available concerning the dynamics of disease in IPS systems in rubber. 
In summary, among the relevant data which are presently available are checklists of 
post-mortem findings in Malaysian sheep (Sani et al., 1986), a field demonstration of 
reduced productivity in helminth-infested village sheep in Java (Beriajaya and 
Stevenson, 1986) and some thorough work on parasitism in goats on improved pastures 
in Malaysia (Ikeme et al., 1986). Currently the control of parasitism in Malaysian IPS 
systems appears to rely on repeated anthelmintic administration. This is a dangerous 
practice. Regular monthly dosing will prevent deaths or serious disease in the short term 
but it will not effectively reduce pasture contamination, nor reduce subclinical disease 
caused by immature parasites and it will rapidly select for strains of parasite which are 
resistant to the available anthelmintics. If this practice continues in IPS systems, it is 
only a matter of time before it will become impossible or uneconomical to control 
parasitism. 

COLLABORATIVE RESEARCH IN NORTH SUMATRA 

Background 

Because of the importance of sheep (and goats) in the Indonesian economy, a 
national small ruminant research and development programme was initiated in Bogor 
in 198U. The programme, supported by the United States Agency for International 
Development through the Small Ruminant-Collaborative Research Support Program 
(SR-CRSP) aimed to provide a multidisciplinary approach to study the limitations 
of farming with small ruminants and provide solutions to increase the production of 
these animals under village conditions in Indonesia. Activities have centered around 
genetics and breeding, nutrition and socioeconomic studies, with a small animal health 
component. 

In !985 the project was expanded to include some flocks of indigenous sheep 
grazing in rubber plantations at Sei Putih, North Sumatra (Reese et al., 1987; 
Djajanegara and Rangkuti. 1989). By 1989, considerable progress had been made in 
studies concerning nutrition and breeding, but data on the influence of parasitism on 
produc'ion and survival were not available (Sanchez, !989). It had long been suspected 
that parasitism was a p~oblem, therefore routine management practice had been to 
treat sheep every 3 months, rotating the locally available drugs along the lines of the 
Malaysian practice. In addition, specific treatments had been administered to lambs at 
weaning and ewes at lambing. Despite attention to this aspect of management, 
substantial mortalities ascribed to parasitism continued to occur in sheep of all ages, 
but especially in weaners and lambs. 

Because of increasing concern about the problem, the author visited Sei Putih in 
January, 1990. It was confirmed that helinth infestations were a serious source of 
production loss and concluded that unless preventive measures were taken, any 
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increase in livestock numbers would aggravate the situation. In addition, it was 'igreed
that the pr 'tlem could not be resolved solely by the sustained administration of 
anthelmintics. Finally, as described earlier, there were no available models on which 
to base guidelines for control of helminth infestations of sheep grazing in rubber 
plantations. A collaborative research programme was therefore initiated to evaluate the 
helminth problem at Sci Putih. 

Field and Laboratory Studies 

Protocols were prepared for three experiments designed to provide basic data on 
parasitism at Sci Putih. 

Experiment I 
The objective of this study, which commenced in March, 1990, is to regularly 

monitor the levels of helminth parasitism in the flock of sheep. Up to 30 grazing sheep 
are used. Included in tht monitored sheep are representatives from a flock of ewes which 
rotationally graze a 12 ha fenced area under old rubber trees and other sheep which 
graze freely in relatively young rubber plantations (5-10 years old) under the 
supervision of shepherds. Samples of faeces are collected month!y from individuaily 
identified monitor sheep bclonging to 4 classes, namely: 

Group A Young ewes approximately 10 m.inths old. Sumatran Thin Tail. 
Free grazing. 

Group B Young ewes approximately 6 months old. Sumatran Thin Tail x 
Javanese Thin Tail. Free grazing. 

Group C Sumatran Thin Tail x Javanese Thin Tail. Ewes with lambs. Free 
grazing. 

Group D Sumatran Thin Tail. Pregnant ewes. Rotational grazing. 
The samples are processed foi nematode egg counts and composite cultures made 

from each group for identification of infective nematode larvae. 
The early results are summarized in Figu'es I and 2. From this early data the 

following tentative interpretations can be made: 
" There does not appear to be an existing problem with benzimidazole 

anthehnintic resistance. Both of the treatments in March (albendazole) and 
June (Group A with febantel) were highly effective. 

" Successful treatment of all groups in March was followed by rapid reinfesta
tion to pre-treatnient levels within 4 to 6 weeks. 

" There were no obvious differences in the rate of reinfestation between different 
breeds of sheep or between sheep in different grazing systems. Sonic individuals, 
however, had very low faecal egg counts. 

" The predominant larvae recovered from faccal cultures from March to early 
June were Haemonchus, but from the end of June onwards they were 
Trichostrongylus. 

At this stage it is too early to draw epidemiological conclusions from the data, 
or to identify trends because there could be several such changes throughout the year 
based on small climatic variations. 
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Figure 2. Differential larval counts in sheep at Sei Putih, North Sumatra. March to August 1990. 
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Experiment 2 

This is designed to monitor the seasonal fluctuations in the magnitude and 
composition of nematode burdens in sheep grazing in rubber plantations. 

Each month, 3 weaner rams are treated and then released for grazing with the 
shepherded flock for I month. Thereafter, they are housed to allow maturation of the 
worm burdens they have naturally acquired and are slaughtered for total worm counts. 
Parasites are identified by species. The objective is to observe the intensity of parasite 
challenge hat sheep are likely to be exposed to throughout the year in the absence of 
a programme designed to reduce larval challenge. This will complement data from the 
first experiment. 

The first group of 3 sheep in this experiment were treated and released on to the 
pastures on March 29, 1990, and slaughtered for worm recovery on May 17, 1990. Groups 
have subsequently been slaughtered in June, July and August. The May samples were 
unfortunately damaged due to a technical problem. 

Early results are as follows:
 

Only four species of nema:ode have been recovered:
 
Haemonchus contortus 
Trichostrongylus colubrifornis
 
Cooperia curticei
 
Oesophagostomum asperun
 
The mean nematode burdens acquired during a 1-month grazing period are 
summarized in Table 1. 

Table I. Mean numbers of nematodes acquired by sheep' grazing in rubber plantations at Sei Putih. 

Grazing period Mean worm burden
 
(1990) H.c T.c C.c O.a
 

February 	 1750 4320 5375 63
 
April 	 745 1320 100 33 
May 	 .... 
June 	 1265 1860 530 19
 

2-3 sheep grazing for 4 weeks 
H.c Haemonchus confortus. 

T.c Trichostrongylus colubriformis 

C.c Cooperia curticei 

O.a 	 Oesophagostonuin asperum
 
-- No counts (samples damaged).
 

* Moderate burdens of worms have developed during each time interval which 
has been examined so far. This represents the acquisition of potentially 
pathogenic burdens, especially of H. contortus, within I to 2 months )f 
treatment. On the other hand, the burdens of T. colubrifornisand C. curticei 
that were acquired in the I month periods do not give great cause for concern, 
and the build up to significant levels may take longer for these species. 
Immature stages of 0. asperum were observed to stimulate a very severe 
inflammatory reaction in the intestinal wall of sheep. This parasite, theref "e, 
may be much more significant in the pathogenesis of parasitic disease in tnie 
flock than the moderate numbers of adult 0. asperum might suggest. 
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Experiment 3 

This experiment is designed to measure the acquisition of parasites by sheep from 
a pasture under rubber which has been left ungrazed for increasing intervals of time. 
This will provide data on the period of time that a pasture should be rested between 
episodes of grazing in order for it to become parasitologically safe. This information, 
when considered to-ether with data concerning palatability and nutritional qualities of 
pastures which have been rested for intervals after grazing should assist in the 
formulation of realistic recommendations for pasture rotation. 

The first group of sheep in this experiment were placed on pasture on June 28, 
1990, four weeks after the last contamination of that pasture. They grazed for 2 weeks, 
then either held and slaughtered (2 animals on August 8) oi monitored for faecal egg 
production (6 animals until September 9). These sheep have acquired moderate parasite 
burdens after grazing a pasture which had been free of contamination for 4 weeks. 
Further groups will be placed on the rested pastures at intervals up to 16 weeks after 
ihe last contamination. 

Summary 

A period of only 3 to 4 months experimental work at Sei Putih is far too short 
for trends to be identified or conclusions drawn. Nevertheless, the following 
generalizations are reasonable: 

" 	Nematode parasitism is a serious constiaint to sheep production under this 
management system. 

" The parasites are still highly susceptible to benzimidazole anthelmintics and have 
probably had minimal exposure to other anthelmintic action groups. This gives 
the maximum scope for future planning of integrated control programmes in 
North Sumatra. 

" The seasonality of parasitism by different species may infuence the severity of 
disease at different times of the year. 

" There does not appear to be any difference in parasite burdens in sheep 
rotationally grazed in old rubber compared with those shepherded in young 
plantations. 

" Some monitor sheep have developed much lower egg counts than others and 
their progeny may be suitable for inclusion in later experiments on selection 
for genetic resistance. 

Other Problems 

Disposal of faeces 

* 	It was noticed that sheep faeces which accumulated under the pens were 
collected and distributed on nearby pastures, often while still relatively fresh. 
In addition, collected faeces sometimes lay in heaps around the perimeter of 
the sheds or along the edges of the paz. s leading from them. Areas near the 
sheds were therefore fenced off, and it was recommended that faeces be 
thoroughly composted in these for at least 2, but preferably 3 months before 
being distributed on to the pastures. 
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* It was also observed that sheep were sometimes left to linger around the sheds 
for a short while after release in the morning while the shepherds were engaged 
in other activities. During this time they tended to defecate and nibble at the 
vegetation. This area is probably highly contaminated and a major source of 
infective larvae. It was recommended that sheep should be rapidly moved away 
from the sheds in the morning, preferably on fenced paths devoid of 
vegetatioa. 

Pancreaticfluke 

The trematode Eurytrema pancreticumhas oeen recovered from most of the sheep
which have been routinely slaughtered at Sei Putih and also from most of those which 
have been killed because they were emaciated. The significance of this finding remains 
unknown at this stage. In some animals, the pancreas is almost completely fibrosed with 
few parasites in the pancreatic ducts. The acinar tissue in others is almost completely 
replaced with fibrous tissue. 

This parasite has an unusual life cycle, passing first through a terrestrial snail and 
then undergoing further development in grasshoppers. Sheep become infected when they 
accidentally swallow grasshoppers while grazing. Management techniques for avoiding 
nematode infections such as spelling pastures or preventing faecal contamination of 
pastures may fail to control Eurytrema. First, the stages in the grasshopper can 
probably survive for the lifespan of the host, and second, the grasshoppers can move 
from sit- to site. 

Foreign body ingestion 

An urgent and sustained educational programme is necessary to reduce littering
with plastic baps and raffia. Some post-mortemed sheep had large quantities of these 
materials in ttie rumen. 

Infectious agents 

During several visits to Sei Putih, no sheep suspected of being clinically ill due 
to infectious diseases were seen or reported. Dr. M. Sanchez (personal communication, 
1990) is of th: opinion that infectious agents are not an important cause of losses. 
Nevertheless, the geographic isolation of the fiock and its intensive management 
sy.-tem makes it highly susceptibl - to outbreaks should infectious agents be introduced. 

Occasional dystocias we.e seen, but it is not known whether these are simply 
physical or physiological in aetiology or were influenced by infectious agents. 

RECOMMENDATIONS FOR ANIMAL HEALTH RESEARCH 

FOR IPS SYSTEMS IN NORTH SUMATRA 

Parasitology 

Nematode parasites 

Under this integrated farming system, nematode parasites are a major constraint 
to successful production that has been neglected in terms of scientific and financial 
commitment. Unless this deficiency is addressed many of the inputs into other 
disciplines of productivity will probably also be compromised and the long term 
success of the enterprise jeopardized. 
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Successful parasite control under these conditions cannot be based on retrospec
tive evaluations or day-to-day administrative decisions. It should be formulated on the 
basis of recommendations derived from systematic, high quality, relevant research for 
which funds, resources and facilities must be allocated. Only three potentially useful 
studies are in progress at Sei Putih. I believe that resources should be provided to 
expand resea. -h into animal health in IPS systems, particularly in so far as pirasite 
control is conc. rned. In the present case at Sei Putih, the first two experiments are to 
be continued for a total period of 12 months to provide comprehensive seasonal data. 

The third experiment is being conducted in the second half of 1990. The pastures 
were contaminated in May and sheep will be placed on them at intervals until the end 
of September 1990. An underst.nding of the ability of larvae to survive on the pasture
under the unique combinations of temperature, humidity and light intensity which 
prevail in rubber plantations is critical to the development of meaningful nematode 
control programmes. Therefore, it is impor:ant that this study be repeated in the first 
half of 1991, when the larval population on the pasture (predicted from the early data 
of experiment 1) is likely to be different and small climatic variations may play an 
important role (the driest months of the year occur at this time). 

After completion and review of the three preliminary studies, furthcr protocols 
should be developed to evaluate several alternative parasite control prr'grammes under 
practical conditions. These programmes should be tested and compared on the basis of: 

" efficacy in controlling parasitism, 
* practical application in the production system,
 

" integration with other essential management activities,
 

" cost effectiveness, and 
" sustainability over time. 

Einryre.rna pancreaticum 

Most of the sheep which have been post-mortemed at Sei Putih were infected with 
this fluke. Acutely infected, enlarged pancreases were found in some animals, but in 
others, only a small fibrotic pancreas remained. 

In Russia, heavy infections with Eurytranahave been associated with malaise and 
emaciation, although this is considered to be unusual and generally, only mild, 
undefined clinical signs are evident. Neve!rtheless, in China, Korea and Japan, 
chemotherapy of Eurytrema has received considerable attention, although no reports 
are available of the benefits to be expected front successful treatment or control 
programmes. 

The significance that this extremely common parasite may assume in North 
Sumatra is not yet known, but it must be regarded as a potential problem and resources 
should be allocated to its investigation. Recommended opproaches are as follows: 

" establish the life cycle of Eurytrema in artificial!y infected sheep, 
* using artificially infected sheep, determine the clinical pathology of the 

condition and pathogenesis of diseasc, 
" determine the period of time that the final developmental stage remains 

infective in grasshoppers (or the longevity of the grasshoppers), 
" examine the seasonal patterns of infection of grasshoppers and sheep in rubber 

plantations, 
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* evaluate the efficacy of treatments with praziquantel and nitroxynil and the 
production responses, and 

* develop control strategies for use under IPS systems in Sumatra. 

Genetic Variability in Susceptibility to Nematodes 

Careful records should be kept of sheep with consistently low faecal egg counts 
and their progeny identified for possible later use in comparative experiments using 
artificially-induced nematode infestations. 

Infectious agents 

" A vaccination programme should be designed to avoid possible disease 
outbreaks (e.g. from pasteurellosis). 

" All purchased or borrowed animals being brought into the system should be 
treated for external and internal parasites, vaccinated as necessary and 
quarantined for a predetermined period. 

* A determined effort should be made to collect material from routine clinical 
cases for laboratory examination e g. foetal tissue and placenta from dystocias 
or abortions; brain, spleen, lunps, liver from febrile cases etc. This will help 
to increase the base-line data concerning infectious diseases in sheep. A stock 
of essential consumables such as formalin, sample bottles, alcohol, glycerine, 
cooler boxes etc., should be held at each site. Also a system for despatch of fresh 
samples to pre-arranged and reliable destinations for diagnosis should be set 
up before problems arise. A vast amount of invaluable material is lost because 
people in the field are not informed on basic aspects of sample collection and 
preservation. 

Trace element deficiencies 

Another aspect of flock health which needs to be carefully examined is the 
complex problem of trace element status, particularly copper, molybdenum and 
sulphur. No conclusive data are yet available regarding these elements. Serum samples
with low copper levels were collected from sheep in May 1990, but appear to have been 
improperly processed, so the results need to be confirmed. This problem will need to 
be clarified not only in naturally grazing sheep, but also in those on various dietary 
supplements which could influence mineral balances. 

RELEVANCE OF THE RESEARCH RECOMMENDATIONS
 
FOR OTHER IPS SYSTEMS
 

All available reports confirm that helminth parasitism is a major problem in IPS 
systems in the humid tropics. Accordingly, there can be no doubt that there is an urgent
need for studies similar to those which are in progress at Sei Putih to be conducted 
elsewhere in Southeast Asia. Currently there are few answers, huge potential problems 
and little commitment to action. 

Local conditions will dictate the final structure of each research programme, but 
certain procedures should remain the same. 

* Carefully ascertain the exact parasite species involved and their contribution 
to the problem. It should be remembered, however, that just because a parasite
species is present (even if it is represented in 100% of the population), does not 
mean that it is causing a clinical problem in the flock. 194 



" 	Determine the seasonal abundance of the important species and the levels of 
challenge at different times of the year. 

* Determine the survival periods of larvae which hatch from eggs deposited in 
the grazing environment. 

" Conduct planned trials to determine the efficacy of anthelnintics with 
different pharmacological actions against natural infections of parasites. 

* 	Design and evaluate integrated control programmes and select and use the most 
suitable one(s). 

In some areas, specific problems (e.g. Eurytrena, Fasciola) may require a 
separate solution to be devised and integrated with the first solution. 

Pneumonic pasteurellosis appears to be a problem in Malaysia but has not yet
been found in ind-,genous sheep in the IPS system at Sei Putih. Vaccination 
programmes should be instituted wherever this or clostridial diseases are confirmed 
problems. Again, indigenous sheep appear to t-.- reasonably resistant to bluetongue but 
there is probably a serious risk in imported sheep and these should be vaccinated against 
the 	local serotypes if possible. 

Much more needs to be known about the mineral staus of sheep in these systems
and the influence of dietary supplements. This work should find a place in all animal 
health programmes. In most cases the complexity of the problem may require a g:eat 
deal of effort to resolve. 

Finally, I endorse the comments of Pattie (1987) who stresses that on-farm 
research is the only way that useful informa:ion con-.rning health problems can be 
generated. This, of course, requires the resources of trained workers, k'boratory,
diagnostic back-up and, most importantly, meticulous attention to recording. A 
comprehensive administrative system for investigating day-to-day incidents in animal 
health, collecting and dispatch of material for diagnosis and access to scientific experts 
should be instituted and maintained. 

CONCLUSIONS 
Animal health problems, particularly helminth infestations, are possibly the most 

important source of production loss in iPS systems, yet ironically are probably the most 
neglected. It is disappointing that they constantly seem to be re!egated to the background. 
At the 1986 workshop on small ruminant production systems in South and Southeast 
Asia held in Bogor, Indonesia, disease was recognized as a major constraint to produc
tion (Devendra, 1986). Subsequently, in the 1988 conference on sheep production in 
Asia held at Laguna, Philippines, (Devendra and Faylon, 1989) only 'the more urgent
and sheep-specific issues' were included in the conclusions and recommendations. 
Attention to sheep health was removed from the list of priorities. Eight other issues 
('more urgent') were addressed. I believe there are valid reasons for challenging the 
wisdom of that judgement. 
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ABSTRACT 

This paper presents information on gastrointestinal parasitism in small ruminants. It 
discussesincidence, significance,role ofclimate, age-immunityand managementsystems derived 
from Malaysian research.Methods to evaluateand to reduceparasitismarealso discussed. High 
incidence ofgastrointcstinalparasitismis an importantconstraint to smallruminantproduction 
in the warm, humid tropics. Control by pasture management is limited by land tenure and 
size and chemical control is cost-limiting. Genetic resistance and tolerance is expected to have 
a major contributionto the solution of this problem. 

INTRODUCTION 

The current goat and sheep populations in Peninsular Malaysia are estima:ed at 
270,000 and 69,000 head respectively. Production is mainly undertaken by small 
landholder farmers. Individual flock sizes are small, approximating 20 head. The 
animals are penned at night in raised-floor housing and during the day, they are 
allowed to graze on vegetation found on roadsides and/or in inter-rows of orchard trees 
and plantation crops. A large number of sheep are now raised in association with 
plantation crops in Malaysia. 

One of the major constraints to small ruminant production is disease. The major
disease problems in order of importance include pneumonic pasteurellosis, endopara
sitism, mange, contagious ecthyma, meliodosis and caseous lymphadenitis (CLA). In 
sheep, additior,al problems include 'Blue-tongue' and contagious keratoconjunctivitis
('pink-eye'). Endoparasitism is frequently reported as the second most common cause 
of mortality in sheep in both small landholder stccks as well as large-scale operations.
The variety of management systems used in small runitiart production in Malaysia 
demands control strategies for parasitism. 

This paper discusses literature pertaining to various aspects of gastrointestinal 
parasitism in small ruminants and current Malaysian research findings on the subject. 

INCIDENCE AND SIGNIFICANCE OF ENDOPARASITISM 

Over 90% of cases of endoparasitism of sheep and goats are due to Haemonchus 
('stomach-worm') (Amin-Babjee et al., 1990; Sani et al., 1986). Haemonchus is a large 
worm which is easily detected and can occur in large numbers witliin each animal. 
Other common nematodes are Trichostrongylus and Oesophagostoinum ('nodular
worm'). These are small and inapparent speies which can easily be overlooked at 
necropsy unless special methods are used. However, they have lifecycles that are 
similar to Haemonchusand can also occur in large numbers as well. The main features 
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of the blood-sucking activity of Haemonchus are anaemia and hypoproteinemia. The 
major effect of the smaller nematodes is intestinal epithelial damage which causes 
protein leakage into the gut. Hence, parasitic gastroenteritis produces a negative 
nitrogen balance in the animal which is closely related to inappetence. The usual 
necropsy findings in parasitic gastroenteritis include emac;ated carcass, pale muscle and 
viscera, watery blood, oedema in the lungs, thoracic and peritoneal cavities and 
subcutaneous tissue particularly in the neck region and a generalized serous atrophy 
of fat depots (Sani et al., 1986). 

Climate 

Weather plays a dominant role in determining the development and survival of 
infective larvae in pasture. The year-round rainy humid weather of the tropics is 
favorable to the survival of helmirthi larvae. There is little work reported in the tropics 
on the relationship between climatic factors (such as temperature, rainfall and relative 
humidity) and the incidence of erndoparasitism. In a seven-year study there was no 
correlation betwecn rainfall and parasitism in goats (Sani et al., 1985). It is therefore 
likely that at all times of the year, grazing goats are ingesting large numbers of infective 
strongylc larvae. An investigation into the seasonal changes in the population structure 
of Haemionchus and Trichostrongylusin tracer goats was conducted over 12 months 
at Serdang (Ikeme et al., 1987). Hypobiotic larvae of Haemonchuswere evident during 
each month of the year but accounted for only a very small proportion of the total 
Haemonchus burden. No hypobiotic larvae of Trichostrongyluswere recorded. There 
was no month in which infective larvae were absent from pasture but the lowest 
recoverics for both genera were in the months with the heaviest rainfall (May and 
September). 

Age Immunity 

The most common causes of diarrhoea in young I month-old kids in New 
Zealand are dietary problems, bacteria and protozoa. Dietaiy abnormalities are 
associated with the use of milk replacers. In kids, older than one month of age, 
coccidiosis and nematode parasitism become the major cause of diarrhoea (Anon., 1987). 
Unweaned kids showed the first evideace of infection with worms and coccidia when 
they were nine weeks old (Sani, unpublished). 

It is widely accepted that goats are less capable of developing resistance to 
internal parasites than either sheep or cattle (Sani et al., 1985). There is no correlation 
between age of goats and worm counts of either Haemonchus, Oesophagostomum or 
Trichostrongylus; indicating that goats of all ages are susceptible to nematodiasis 
(Ikeme et al., 1987). Recent research has demonstrated, however, that goats do develop 
some resistance to worms (Anon., 1987). Goats older than 12 months of age had much 
lower egg counts than kids. Whether this was due to the presence of fewer worms in. 
the older goats, or due to suppression of egg production by the worms, was not clear. 
In either case, it appears that kids contribute much more to larval contamination of 
pastures than adult goats. 

Management Systems in Relation to Parasitism 

In humid tropical climates, the infective larvae of strongyle nematodes develop 
continuously and survive for long periods in a normal pasture environment. 
Additionally, grazing land is commonly utilized by a number of farmers. Thus, the small 
landholder cannot manage his grazing land in such a way that will be helminthological
ly safe. 
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In open pastures belonging to government or institution farms in Malaysia, there 
ap-ears to be lower infecti3ns of helminths. This is due to the effect of direct sunlight 
on the larvae and the practice of rotational grazing; both factors reduce larval numbers 
in the herbage. The microenvironmen in plantations is different. Humidity is high and 
the tree canopy provides shade from direct sunlight. These factors provide an ideal 
habitat for larvae to survive. This is shown by high numbers of worms found in sheep
reared in oil-palm estates. 

METHODS TO EVALUATE PARASITISM 

Several methods are used to assess parasitism (Armour, 1986). These include the 
traditional parasitological methods and production criteria described below. 

Counting of Parasite Eggs in the Faeces 

This is a simple and rapid method, but it is not a reliable indicator of the worm 
burden since egg production varies widely during the life cycle of the parasite.
However, some indications of changing worm burdens and trends in the development
of acquired resistance can be obtained by performing serial counts of nematode eggs
in the facces of animals. 

Enumeration of Iniective Larvae on Pasture 

This has proven to be difficult to manage. Retrieval of larvae from common 
Malaysian herbage is not as simple as from temperate herbage. We hypothesize that 
the furriness of our grasses forms a 'trapping mat' which causes low larval retrieval. 
Work is in progress to modify the technique to suit tropical grasses. 

Worm Counts and Pathological Lesions at Necropsy 

We find that necropsy lesions and identification of species of worms present in 
the gut, rather than their absolute numbers are more reliable in diagnosing parasitic
gastroenteritis. This is because it is common practice in the field to drench animals which 
are found emaciated and weak which may indicate internal parasitism. Tilerefore, the 
absence of worms in post-mortem animals should not be unexpected. 

Weight Gains as Eva!uation of Productivity 

Change in body weight is a common feature of infection. Reductions in live weight
gain vary with the level of infection, the species and ag2 of parasite, and the nutritional 
and immunological status of the host. There are reports of up to 60% reductions in 
live weight gain in sheep infected with Trichostrongylus, Ostertagiaor a-Iemonchus 
(Holmes, 1986). 

Serum Pepsinogen/Gastrin as Markers of Abomasal Parasitism 

A good measure of the extent of tissue damage within the abomasum can be used 
to assess the degree of infection. However, elaborate lab facilities are 'equired to 
conduct this test and this makes the testing of single or small groups of samples 
impractical. 

Serological Titres to the Appropriate Parasite Antigen 

This indicates exposure to infection and is more suited for research rather than 
field application. 
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MEASURES TO REDUCE PARASITE INFESTATION 

Strategies on control measures for animal parasitism in the humid tropics 
reported in the literature are scanty and this is an area where more attention is needed. 
There are essentially three approaches for the control of parasite diseases. They 
include: 

Control Through Management 

Some small landholder farmers use communally grazed land and have little 
oppcrtunity to manage their pastures. But many farmers use areas which have not been 
grazed for a considerable period and so can be regarded as 'parasitologically safe'. 
Anthelmintic treatment should bc given prior to the introduction of animals to a safe 
pasture (Dunsmore, 1985). Work in South Nigeria indicates that infective larvae have 
a short life span (not more than six weeks). This indicates that pasture spelling of short 
duration may be effcctive in controlling infection (Fabiyi, 1986). This should be tested 
in other regions, specifically in the humid tropics. 

Young animals should not be grazed if the pasture is contaminated. The cut-and
carry system of feeding with grass obtained from safe pastures, is ro-ommended for 
this age group. The nutritional status of grazing animals is an important component 
of their ability to withstand the effects of parasitism, therefore a balanced diet is 
crucial. 

Chemical Control 

The method of worm control most favored by sheep producers is frequent 
anthelmintic treatment commonly at intervals of four weeks or less in lambs and eight 
weeks or less in ewes. Benzimidazoles; imidothiazoles and tetrahydropyrimidines are 
excellent broad-spectrum anthelmintics for the treatment of parasitic gastroenteritis in 
small r.tminants. Anthelmintic trials in Nigeria and in Ghana indicated that with 
Haemonchus, treatment had to be made at short intervals, i.e. four weeks under an 
intensive system (Fabiyi, 1986). A 'Wormkill' programme in sheep using closantel and 
other broad-spectrum anthelmiutics for the control of benzimidazole-resistant 
Haemonchus and Trichostrongylus has been highly successful in Australia. For 
Malaysian conditions, it is suggested that a low daily dosage mode be used by 
incorporating an anthelmintics in the feed together with mineral(s) that have been found 
to be deficient in the region (Dunsmore, 1985). 

Helminth resistance to anthelmintics has been most frequently recorded in sheep 
and has mainly involved the benzimidazole group of compounds. Resistance has 
occurred in areas where Itaemonchuspredominates and is associated with frequent use 
of drugs with the same mode of action. However, sometimes this resistance is 
incomplete and can be overcome by using higher dosage rates (Urquhart et al., 1987). 
Resistance can be checked by a simple faecal egg reduction test following treatment or 
an in vitro egg hatch assay. 

Genetic Control 

Most tropical breeds of li" "ich more resistance to nematodes and 
other parasites than breeds whick ...eloped where the parasite challenge is 
minor. Great differences exi3t L b, to haemontreeds in their resistance 
chosis. The Red Masai from Kenya is an... "fractory to infection (Fabiyi, 1980). This 
raises hope for the possibility of developi._ Haemonchus-resistantbreeds. 
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CONCLUSION
 

Tb-re is little repoi ted work on the control of gastrointestinal parasitism in small 
ruminants in the humid tropics of Southeast Asia. To implement control measures, the 
epidemiology of a disease must be known. Control by pasture management is not an 
easy solution when land is limited and climate favours development and survival of 
infectious larvae. Chemical control is cost-limiting for most fairners. Long-term effec
tive control measure will combines the selection of resistant breeds and resistant lines 
within preferred breed with sustainable pasture management programs. 
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ABSTRACT 

Tlre limited resource base for farming in Indonesia stimulate the need to 1t1aximize benefits 
from plant-animal coexistence. Current agricultural development policy promotesfurther diver
sification. Integrated Production Systems (IPS) research should be oriented to a systems
approach including on-farm experimentation with farmer participation. This research process 
can be conceptualized as passing through four successive levels. The process starts from the in 
vitro level. Then it moves to the semi-in vivo, and in vivo levels for overall system testing and 
ends with a pilot project for development. IPS research should be modeled to cover a variety 
of agroecosystem and socioeconomic situations. 

INTEGRATED PRODUCTION SYSTEMS IN INDONESIA 

Farms in Indonesia can be considered as integrated family operations consisting
of multiple production components, each aimed at improving family nutrition and (or)
income. Framed in a low cost technology dimension that reduces farmer's risk and 
combines multiple cropping with other farm activities such as animal production, the
guiding prili.iple of this type of integrated farming systems is to maximize benefits from
plant-animal coexistences for maximal utilization of available resources. 

An important aspect of such plant-animal systems is bioroass recycling whereresidues from one farming activity are used as inputs for other farming activities.
Biomass recycling has characterized traditional farming in Indonesia, and many
countries of the region, for generations. Livestock convert crop residues and weeds
into a source of cash income and productive capital. Livestock are also a source of 
fertilizer which is used to sustain and (or) increase production of crop components on
the farm. Resource surpluses such as family labor, field forage, green leaves and
agricultural residues are noncash inputs and are typical segments of IPS. The diversity
of these resource endowments, methods of farming, farmer skills and preferences
make the whole integrated system a complex topic of research (Sabrani, 1989). Such
plant-animal systems are called Integrated Production Systems or IPS. The major
underlying philosophy in the traditional IPS is the application of practical knowledge
which has proven to be sustainable under uncertain and fluctuating economic 
conditions. 

Current Indonesian development policies are promoting agricultural diversifica
tion as this tends to improve or sustain food production, income, land fertility and the
environment in a range of distinct ecosystems. Therefore, research on and development
of IPS should be first defined on the basis of these national policies before focussing
on specific regional/islands conditions. In this definition, historical aspects should not
be overlooked particularly when formulating socioeconomic evaluations of new farming
practices and (or) when considering that a shift in the system is needed. 
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ASPECTS OF ON-FARM RESEARCH METHODOLOGY 

Basic Constraints in the Development of Technology 

One of the most serious problems that eventually compromises the crcditability
and sustainability of R&D efforts is the assessment of responses among the end-users 
of new technologies. Although many factors that modify the adoption rate of new 
technologies are beyond the mandate and responsibility of R&D agencies, some are 
directly related to the process of development of technology perse. When small family
sustainable farming systems are the clients of new technology development, two main 
constraints to successfull research have been identified: 

" the complexity of IPS makes it difficult to replicate a representative or typical
farming system in a research station environment, and 

" the lack of participation of the decision maker of the system, i.e. the farmer. 
A complete solution to this problem cannot be found. However, on-farm 

research integrating disciplinary-oriented efforts with the participation of farmers in 
their own production schemes has proven to be an effective approach. 

Basic Aspects to Consider in Technology Development and Testing 
In the development of appropriate technologies and definition of research 

priorities to improve the existing IPS, it is important to clarify the nature of 
technology, and the purpose and method of its evaluation. IPS research should deal 
not only with animal and crop production levels but also with dimensions of efficiency,
technology adoption, land use and environment. Therefore, the objective of 
developing new technologies is not only to improve animal and crop production per 
se but also to improve the quality of life (Camoens, 1987). 

Anderson and Hardaker (1979) indicate that farm technology can be defined 
simp!y as a way of doing farming activitizs. New technology may be in the form of 
a changed feeding system, introduction of improved plant or animal species, or access 
to improved equipment. Critical changes in farming inputs and (or) outputs may occur 
as a result of a new technology; therefore, the researcher should be prepared with well 
defined methods and variables to evaluate and validate these changes. Examples
include changes in net gain, investment requirements, returns or investment, labor use, 
the production function and the level of risk. Measuring these changes and comparing
of the farm family welfare with or without the new technology are an important part
of socioeconomic methodologies for analysis and assessment of new technologies. 

The comparison of relative benefits of each teL. -nology will assist in determining
intervention decisions and investment strategies. With no loS6 of generalization,
assuming potential interactions of technology response and environment, identification 
of ecosystem sensitivity will be an important step to consider in on-farm research 
methodology for IPS. Socioeconomic research therefore will include input and output
and component relationship analysis of each ecosystem. It also implies a description
and analysis of institutional roles (e.g. informal as well as formal institutions, 
aarketing and infrastructure). 

Because of the complexity of IPS, the quantification of constraints and partial 
assessment of relationships is an important part of the analytical process that should
be complemented by a comprehensive cross-discipline analytical approach. A 
simplified diagram of linkages and interaction of components involved as appraised by 
means oi Rapid Rural Appraisal (RRA) can help scientists to identify boundaries among 

206 



subsystems, input and output flows, and the role of each component within a certain 
IPS. RRA is a common technique in ecological systems analysis. RRA should be 
complemented and followed by focussed problem analysis based on field survey and 
on-station experiments. 

The socioeconomist's main interest in testing technologies through on-farm trials 
is to establish relative benefits of alternative options within a given system. Other 
questions of interest include how farmers evaluate benefits, what policy and institu
tional structure is needed to improved acceptability of tested technology by farmers, 
and how an improved technology matches with the farmer resource base. 

The complexity of the system, makes also research priority definition difficult. 
In this process, it is essential to determine the key interactioli between various farming 
activities. 

A methodological approach example that helped scientists to determine research 
priorities and to identify the relationships between physical, biological and economic 
factors which affect production, can be found in recent studies on sheep production
in Central Java (Sabrani, 1989; Levine and Sabrani 1989). These studies identified 
factors influencing sheep -production efficiency. The source of low production
efficiency was the farmer's resource allocative behavior as a result of the need for cash 
and feed availability. These studies also identified, among different level of technology, 
those that will have better adoption rate among smallholder farmers. 

Research priorities in the master research plan at the Research Institute for 
Animal Production (RIAP) are aimed at identifying reasons for low productivity, low 
efficiency and low technology adoption (Anon., 1989; 1990). It is expected that 
approaches like this will yield technology packages for a range of production priorities
for instance, for traditional breeding and (or) fattening, and commercial breeding and 
(or) fattening. 

On-Farm Research for Integration of Sheep and Rubber Production Systems 

Vast areas under tree ciop agroecosystems in Indonesia harbor abundant forage 
resources for livestock production and represent a unique opportunity for agricultural 
diversification, a policy encouraged by government agencies. If the possibility of 
developing a sheep fattening or breeding model under rubber trees is researched, the 
key interaction is the sheep-tree association under a stable environment. Research 
priorities can then be more sharply identified and defined. 

There are important considerations in defining research priorities. One is that the 
interdependency among activities is temporal and changes over time. An example of 
this is observed in crop-livestock iilteractions in transmigration and other areas under 
rubber, palm oil, coconut, and food crops, which shifts from draft animal power to 
beef breeding and fattening of calves. Scientists must identify the main source of each 
change. Once the source of change is isolated, the research priority can be defined. 

Another factor that cannot be overlooked relates to tenure (grazing and grass
ownership). In commercial estate crops, plantation workers usually are allowed to keep
ruminants which are fed from forage produced in the plantation. If the system turns 
out to be commercially profitable a potential future disequilibrium in the forage supply 
may occur. Furthermore, plantations can incorporate a livestock component to the 
detriment of the already-established small production systems. Alternatives that 
comprise animal and tree production and satisfy all involved parties need to be 
investigated. In this regard, the determination of a minimal flock size that will secure 
a substantial income for the farmer should be the priority of research. Given the 
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availability of forage in plantations and fewer space constraints in comparison to more 
populated regions, flock sizes should be dimensioned with a less conservative view. 

While the determination of specific constraints to production and re!,earch on new 
and "imported" plants and animals require a discipline orientation in on-station trials 
(in vitro research), muftidisciplinary approach should follow as soon as possible.
Rather than compartmentalizing research studies he on-stztion research is trying to 
target an optimum management flock which inciuues improved forage production,
nutrition and feeding systems, health, breeding and management. It is expected that 
this concept will be expanded to a tree plantation-flock management system with the 
incorporation of a research component lead by the Rubber Research Center Sungai 
Putih, North Sumatra. 

Technology validation and testing at this research stage can be considered as a 
semi in vivo, because the research are fully managed by researchers. The full in vivo 
technology testing requires involvement of farmers which can be achieved in an on-faim 
research framework. On-farm research not only generates changes according to the 
technologies introduced (changes in sheep performance, forage composition, grazing,
breeding; changes in weeding costs, etc), but also generates feed back for scientists to 
make adjustments in the technology package. 

The SR-CRSP/RIAP research program established in North Sumatra includes an 
on-farm research component known as the Outreach Research Project (ORP) that is 
expected to bridge the semi in vivo phase with the development of the in vivo phase. 
In this program researchers and scientists work together with groups of farmers with 
the general purpose to raise the productivity of certain commodities within the existing 
framework of the smallholders' farming system. It is the final step in farming systems 
research.
 

The conceptual framework for the relationships between in vitro and in vivo 
technology testing is presented in Figure 1. The in vivo stage allows for 1) a reduced 
operation scale that fits into the resources and budgets-of on-farm research and 2) an 
expanded scale where, to evaluate new IPS technologies, other agencies such as 
extension, and credit participate. The continuation of the expanded in vivo phase is a 
development project (Figure 1). It is obvious that in this sequence, the -ole of socio
economic analysis will gradually increase in view of further socioeconomic interactions. 

ON-FARM RESEARCH 

A correct definition of what should be researched and how it should be re
searched would make the development of appropriate packages of technology easier. 
In order to identify environmental constraints and activity components (their linkages
and interaction) and quantify changes in inputs and outputs, the on-farm research 
process could include: 

" assessment of maximum livestock and plant performance under ideal conditions, 
to determine production ceilings and potentials, 

* assessment under village conditions with controlled sets of factors, and 
* assessment under village conditions. 
A baseline of information on each assessment is recommended before extensive 

and larger farm trials in different locations can be conducted. RRA survey techniques
have proven to be useful. Sri Widodo (1989) described the methodology for assessment 
under field conditions with controlled introduction of a set of factors after a baseline 

208 



was obtained. Three levels of input management were tested under farm conditions. 
M, was the farmer level, M2 was the high input le, e! and M3 was the nedium input 
level. M2 was designed to determine the production potential which produced the 
maximum yield. Based on technology and cost, M3 produced better margins and was 
considered to be more realistic. 

Important animal production variables which show responses to proposed 
treatments and technologies are: 

" post-weaning weight gains, 
" weaning weights, feed consumption and digestibility, 
" lambing intervals and prolificacy, and 

" incidence of disease. 

These variables m :sure the biological impact of the treatment. Another direct 
impact of the treatment can be observed by measuring changes in environmental and 
land fertility conditions. Since these type of variables do not strictly correspond to the 
field of animal sciences, animal researchers should interact with tree plantation 
researchers to identify which variables are critical. 

Socioeconomic variables should measure productivity, efficiency, supply/shift 
of livestock products, and farmer's welfare. These variables should be assessed and 
compared with current farmer practices and willingness to adopt higher investment 
strategies. Key observation also include the measurement of input and output prices. 
In relation to technologies, several criteria can be used such as; 

* internal rate of retua (IRR) and cash flow pattern (related to time), and 

" risk in livestock production, such as production stability, mortality rate 
variation and birth rate variation. 

On-farm livestock research under rubber trees is a long term process. Analysis 
of the time factor which affects livestock, forage and tree production should be carried 
out. The time factor has to be ,onsidered in the analysis because changes in forage 
composition and productivity fluctuate ac--ording to weather and economic factors. 

The IRR and risk analysis are important tools to select the best recommended 
practices to be implemented in IPS. By using the marginality principle, the analysis can 
evaluate different functions of production and economic variables leading to optimum 
managemeni recommendations (Dillon, 1979; Dillon and Hardaker, 1980). 

On-Farm E5 ,;erimental Design 

IPS are oriented to exploit interactions among resources for stable prodution 
leading to better income, land utilization and environmental quality. IPS consist of 
complementary components (commodity and disciplinary), and th y require of a strong 
on-farm research component with farmer participation (Sands, 1986). 

On-farm research on IPS does not start from zero. '.'here are available 
technologies from traditional practices as well as from on-station research that are 
already part of the production system or need adaptive research validation and selec
tion for appropriateness under specific environmental conditions. Therefore, baseline 
information and an inventory of resources are needed before application of new 
technologies. The assessment of changes as induced by the intervening technology ;an 
be based on 1) per animal or per unit of production, 2) per unit area under a specific 
ecological conrfition, 3) per unit labor, or 4) per capital unit. 
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If the on-farm research is designed to test technology and estimate technical 
parameters, the experimental unit can be the animal unit or the production unit. The 
per animal data show individual animal responses to intervening technology. From an 
economic viewpoint, data per flock is more valuable. An experimental flock, when
given a certain level of input should be compared to a control flock under the same 
environmental conditions. If the objective is to test technology and factors affecting
its adoption, including supporting institutions, (such as extension, credit, input
distribution, and marketing systems), the unit of experiment could even be the village 
or involve a larger area. This is typically the case in a pilot project approach. 

The diversity of social environments in on-farm trials requires specific stratifica
tion techniques which can maximize the variability between population groups (strata)
and minimize the variability within strata. This concept compares samples from 
location specific to relatively homogenous ecological conditions. 

Phase 
in vitro 

On-Station 

Rubber 	 To develop breed,
semi in vivo Estate 	 forage and 

management strategies 

Limited Scalein vivo 	 Pilot Project 

Extended To test overall 
in vivoExpanded Scalesystems 

Pilot Project For development 

Figure 1. Methodology to test technology for development. 
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CONCLUSIONS
 

Identification of the type of technology to be tested, production ecosystems, 
farmer's needs and farm activities are important considerations in developing on-farm 
research methodologies. This can be done by using Rapid Rural Appraisal techniques. 
A diagrammatic presentation of linkages and relationship among activities can help 
identifying research needs. The analysis of the development of technology, will be 
more effective when its end-users (clients) are stratified. Such stratification classifies 
farmer groups by maximizing variation among population groups and minimizing 
variation within a group. The stratification can be based on production ecosystem, land 
ownership, land type, cropping pattern, animal species, etc. 

Because of the socioeconomic interest in building a development model, the 
systematic testing of technology is started from the on-station component research (in
vitro level), through the in vivo level until the development of a pilot project. It is only 
in the framework of a pilot outreach project that the ultimate success of a new techno
logy can be measured or proven. 

A research program in any agricultural research institute should contain pilot 
projects where researchers, extension workers and farmers collaborate in a multi
cc-imodity and multidisciplinary way. 
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ABSTRACT 

Ineffective communication linkages between extension services and agricultural researchers 
in Southeast Asia have contributed to a less than optimal expansion of the agricultural sector, 
in terms of both total production and its contribution to economic development. The well 
established research and extension systems in this region should begin to measu'e their success 
by the adoption level of production innovations by target users. This paper descrites effective 
research and communication strategies that can strengthen integrated production research. These 
strategies focus on the needs offarmers and bridge the communication gaps between farmers, 
extension services and researchers. Many research and extension methodologies attempt to 
communicate with technology users separatelv from the technology development process. A 
brief review of several farmer-to-researcher communication techniques for small ruminant 
technology development is presented. These technologies may be employed in integrated 
production and farmer oriented research. 

INTRODUCTION 

National agricultural research and extension networks are dedicated to providing
valuable public services. They focus on providing innovative production and marketing 
technologies for a wide range of crop and livestock farmers. They thus share the goal
of increasing agricultural productivity and output. However, there are numerous 
examples in Indonesia and elsewhere, where this goal is not achieved. Research efforts 
stop before extension can be incorporated, creating an obvious gap in the agricultural
research and development process. Ineffective linkages between these two groups and 
farmers and livestock producers contribute to this gap. These shortcomings signifi
cantly retard the expansion of the agricultural sector, thereby reducing public returns 
on investment in research and extension. 

In order to reduce the communication gap, research and extension systems shouid 
begin to measure their success in terms of the adoption of innovations by technology 
users (McDermott, 1987). Farmers and livestock producers should be the final 
evaluators of technologies designed to solve production problems they identified. 
Researcher-identified innovations are often not accepted by farmers; they often 
become simply academic exercises with limited immediate practical value. Countries in 
Southeast Asia cannot readily afford the labor and budget required for research that 
is conducted without close interaction with farmers, plantation owners or livestock 
producers. 

Research and extension systems should be in close communication with each 
other and their client farmer groups. Fach system has a perspective that is of value to 
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the other. Farmers are the final evaluators of new technologies. They determine the 
acceptability of each technology by utilizing or rejecting it. This paper provides an 
overview of effective communication strategies for integratL I production research on 
small ruminants and plantation tree crops. 

Over the past decade, a great deal of attention has been directed toward improve
ments in research communication as a means to channel technical knowledge to 
farmers and livestock producers. Among the important lessons learned is that there is 
no single best approach. However, there are some basic principles and methods for 
strengthening these communication linkages. 

Three basic requirements are crucial for agricultural development communication. 
First, technologies proposed to farmers must be relevant to their needs and fitwithin 
their resource constraints. Second, for a technology to be widely accepted, supplies of 
inputs such as fertilizer, breeding livestock, credit and infrastructure must be 
dependable. Third, national agricultural policies should encourage small and large 
scale agricultural enterprises to produce in the most efficient manner. 

Agricultural research and extension systems in Southeast Asia have gone through
several major changes over the past two decades in an attempt to address these require
ments. In order to understand how to strengthen communications to farmers and live
stock producers in Southeast Asia it is important to review some general principles. 

Agricultural Research and Extension Approaches 

In developing the methodologies for research on integrated tree cropping and sheep
production, it is important to bear in mind who are the end-users of the technologies. 
While the scientists are attempting to understand and solve the technical problems 
selected for research, they should also be encouraged to conduct their research through 
a rigorous on-frm testing and demonstration phase. Extension services can be most 
effective during these final phases, by working closely with the scientists in the evalua
tion of the technologies at the farm and plantation level. This will require considerable 
effort by both researchers and extension staff. Therefore, the need for collaboration 
between farmers/plantation owners, extension service and researchers cannot be 
overemphasized. 

The most widely used research and extension approach is commodity-oriented for 
both research and extension. This approach follows clearly defined methodologies
based on technical, administrative and commercial requirements for increasing produc
tion of the commodity (Pickering, 1987). Researchers attempt to develop a "technical 
package" containing a list of procedures derived from on-station research and perhaps 
some on-farm testing. Extension staff are usually involved during the final phases of 
the research process to assist in field demonstrations. This method is not flexible enough 
to consider the whole farm context. Communication is often hindered by the strictly
defined roles of extension and research entities. Numerous examples exist of communi
cation gaps due to extension personnel being brought into the technology development 
process too late. It is not uncommon for research findings from this approach to 
remain unused because they are written in scientific language unsuitable for immediate 
application by extension. 

During the mid-1970s, the training and visit (T&V) system was first introduced 
in India with World Bank support (Cernea et al., 1985). This program introduced 
professional agricultural extension services to villages. It implemented an adminis
trative mechanism that facilitated the flow of information from farmers to researchers 
via extension agents (Feder et al., 1985). It maintained small farmers as the focal point 
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r,f rsearch and attempted, through regular field visits, to train both farmers and 
-xtension staff, thcreby improving research-extension communication. Communication 
channels were further strengthened through jointly conducted field trials and 
demonstrations. A major difficulty of this approach is that it tends to be top-down, 
sometimes losing its focus on small farmers (Pickering, 1987) and instead concen
trating on larger farmers. 

From the research side, some recognition of thi seriousness of weak researcher
farmer linkages has emerged. For the past decade, farming systems research (FSR) 
methodologies have addressed this problem (Simmonds, 1985;. Original FSR thinking 
defined the research problem in terms of production problems identified by farmers. 
More recently, FSR advocates have recognized the importance of including extension 
from the very start of research when problems are identified at the farm level. The term 
farming system research/extension (FSR/E) has come to signify researchers' and 
extension agents' intention to understand the farmer within his or her unique socio
economic context and production systems. FSR/E methodologies have gained favor in 
many research environments due to their ability to reduce the time required for 
developing improved technologies and their close integration of researchers, farmers 
and extension personnel. 

A sound communication framework is needed for effective research-extension 
interaction and technology development. Any of the three approaches discussed above 
can be used to implement specifically defined research proposals. The model or 
combination chosen will depend on the research aims and farmers' production 
objectives. Management is key in this process. Research and extension managers should 
depend predominantly on farmers and extension staff for determining research 
priorities. IPS research leaders should seek ways to strengthen and standardize 
communication to help achieve each group's objectives. 

Levels of Communication 

Building communication channels to strengthen IPS research requires a signifi
cant commitment on the part of researchers, extension agents and farmers to transfer 
ideas and knowledge among these diverse groups. But, communication by itself does 
not ensure the success of technology development and transfer. However, it will signifi
cantly improve the potential for success, given the absence of other constraints. 

Without attempting to provide a complete explanation of the various levels of 
communication needed in IPS research, the following outline summarizes the 
complexity of the challenge. This outline is adapted from Ray (1985). The communica
tion levels include: 

" The Field Level: Communication between researchers, extension agents and 
farmers. 

* The Agency Level: Communication between the central or regional offices of 
research and extension agencies and their field staff. It includes training and 
communication for field. 

" Inter-Agency Level: Communication between research offices and other 
agencies directly or indirectly affecting the research; for example, government 
livestock and animal health services. 

" International Level: Donor agencies and international agricultural research 
centers can play a vital role in agricultural development. Attention should 
therefore be given to strengthening communication with them. 
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The following discussion centers on the field level because of its relevance to the 
methodological issues and focus of IPS on-farm research. A primary assumption made 
in the selection of IPS research methodologies (commodity, community development,
T&V, and FSR), is that individuals on both sides of the information exchange will 
perceive benefits and costs related to their involvement in research. Researchers, a 
diverse group of biological and social scientists, should organize themselves in 
a manner such that their research objectives are clear. Th ,- , must also take steps to 
interact effectively with farmers if thoy are to be understood and accepted by them (Amir
and Knipscheer, 1987). This naturally, requires additional time in proposal prepara
tion, conducting research and exchanging views with farmers. Because most, if not all,
smallholder family members are usually involved in agriculture, researchers and 
extension agents should interact with the entire family. This also requires extra time 
and funds. Social scientists have a responsibility to determine which family members 
are engaged in each production activity. Knowing this allows researchers and extension 
staff to exchange specific information with individual member(s). 

Communication Methodologies 

Procedures should then be established to optimize information exchange between 
farmers, extension services and scientists. Suggested procedures include: 

" Regular on-farm visits by researchers and extension staff. 
" Regular village-level producer group meetings. 
* Research-extension contacts with farmer leaders.
 
" Field days and demonstrations.
 

" Youth-oriented agricultural groups.
 
* Visits to local primary and secondary schools. 
The communication component provides channels through which farmers receive 

information on improved production and marketing technologies, and researchers 
obtain feedback on the technologies being developed. Information obtained from 
farmers can indicate the acceptability of the technologies and problems associated with
implementating them. It can suggest areas for further research and it provides a 
mechanism for farmers, extension agents and researchers to participate equally in the 
technology development process. For the communication component to be effective,
it must be integrated into the research methodology. The remainder of this paper
outlines farmer-level communication strategies used in a research program in Indonesia. 
This program is directed by the Central Research Institute for Animal Science 
(CRIAS) and conducted by the Research Institute for Animal Science (RIAP) and the 
research sub-station in Sei Putih, North Sumatra in cooperation with the Small Ruminant-
Collaborative Research Support Program (SR-CRSP). 

The SR-CRSP program has conducted on-station and village-level studies on small 
ruminants for the past 10 years. In 1984, an on-farm technology testing model, the 
Outreach Pilot Project (OPP), was begun. It aimed to test sheep and goat production
technologies under village conditions in West Java. A similar village level program, the 
Outreach Research Project (ORP), began in Sei Putih. Both of these projects involved 
the direct participation of farmers, scientists and local livestock and extension service 
personnel. Experience with them underlined the need for sustainable technologies that 
were technically feasible, socially acceptable and economically profitable in meeting the 
welfare objectives of the smallholder farmers. The OPP and ORP highlighted the 
importance of cooperative efforts between the extension and research services. They 
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have used a wide variety of communication methodologies. The program staff 
developed innovative training materials designed to promote the exchange of produc
tion information between smallholder farmers and researchers. The local livestock 
production services were kept informed of the program's progress and all training 
materials were transferred to the cxtension and livestock services as they were 
developed and tested. 

The following section briefly reviews the on-farm communication methodologies 
used and the training materials developed through the programs. During the early 
stages (1980-1985) of the program, researchers communicated with the farmers through 
irregular farm visits and regular research field hearings (RRFH) (Knipscheer and 
Suradisastra, 1984). However, using these methods alone had drawbacks. Farmers in 
their rice fields or engaged in other activities often missed farm visits by researchers. 
Researchers usually collected biological data on the animals without discussing produc
tion problems or exchanging information with farm,7F. The RRFH, on the other hand, 
were usually held near one of the farmer's barns with several farmers attending, many 
production problems were discussed at these hearings. But there were no follow-up 
meetings to promote the solutions suggested to the problems aired. 

To address these problems, bimonthly farmer meetings were initiated in the OPP 
during March 1988 in five conveniently located villages where all the farmers could 
attend. These meetings were held from 14:00 to 17:00 in a local school or village 
administration building. Topics for discussion were based on farmers' questions as well 
as observations by the on-farm research team on animal production and marketing 
problems. Training materials were prepared for each meeting. These materials were used 
to stimulate discussion between farmers, researchers and livestock service personnel. 
Farmers wishing to discuss other aspects of sheep and goat production or marketing 
were encouraged to do so. 

These discussions updated researchers and livestock service personnel on current 
problems. The meetings were recorded and later reviewed by te research team. 
Questions or problems presented by the farmers and responses by the researchers 
provided a basis for modifying technologies and preparing training materials for the 
next meeting. The farmers' questions and researchers' comments and responses were 
compiled into a bimonthly newsletter entitled Berita Peternakan Ruminansia Kecil di 
Pedesaan (News for Small Ruminant Farmers in the Village). This was distributed to 
the 46 farmers in the project. 

The newsletter not only provided the farmers with a written record of responses 
to their questions, but also showed them that the researchers and livestock staff 
understood their production problems. The newsletters also included photographs and 
pictures to help explain the simple Indonesian text. 

The training materials were designed by the researchers. Since the farmers' 
educational background varied, pictures and diagrams were used with as little text as 
possible. Hand-outs were laminated in plastic to encourage their use and extend their 
life. After 1 2 years of development, all of the handouts were compiled into a 185 page 
book, entitled "Kumpulan Peragaan dalam Rangka Penelitiali Ternak Kambing dan 
Domba di Pedesaan" (Collection of Training Materials within the Framework of Sheep 
and Goat Research in Villages). This book was translated into Sundanese and 
Javanese, the two local languages in Java, and English for distribution to other countries. 

During the bimonthly meetings six 15-minute video tapes were also showed to the 
farmers. These tapes presented various aspects of small ruminant production, 
including nutrition, management, marketing, breeding and health. The videos were 
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prepared by the research scientists of RIAP and SR-CRSP. In one production entitled 
One Day in the Life of a Farmerthe camera followed a key farmer as he worked with 
his sheep and goats. This video was particularly well received by the farmers because 
it increased farmer-to-farmer contact and was recorded in Sundanese. 

In an effort to provide further technical support and strengthen communication 
linkages with the farmers, the monthly farm visit format was changed. Farmers were 
encouraged to meet the researchers as they visited individual farms. This gave both groups 
another opportunity to discuss production problems and allowed the researchers to 
evaluate the acceptability of technologies discussed during the bimonthly meetings. The 
researchers also obtained immediate feedback on the applicability of production and 
marketing technologies on each farm. 

During the five years of the OPP, annual farmer meetings were held at the 
research station near Bogor or at another convenient location. These meetings
highlighted production problems and reviewed progress made in increasing produc
tivity. They also provided a forum for recognizing individual farmers who had made 
excellent progress in areas such as nutrition and marketing. The meetings provided the 
livestock and extension personnel as well as scientists not directly involved in the OPP 
with a review of research progress and communication activities. 

To encourage research information exchange on sheep and goats, RIAP and the 
SR-CRSP initiated the Indonesian Small Ruminant Network (ISRN) in October 1988. 
This network provides research information and personnel resources for researchers and 
institutions. It maintains a database of relevant research activities in Indonesia and 
elsewhere. It has produced a Directoryof personnel engaged in sheep and goat research 
in Indonesia. It has also published the first edition of a Newsletter devoted to 
disseminating research information and recent initiatives in small ruminant production. 

CONCLUSIONS 

Effective communication between farmers, extension agents and researchers can 
facilitate the development of new technologies for integrated crop/livestock produc
tion systems. The research component has the responsibility to develop communication 
strategies that promote the exchange of information and production technologies among 
these groups. These strategies should be designed to change human behavior by
demonstrating the increased productivity and profitability of new technologies. It is 
crucial that all members of the research and development program are actively involved 
in this process. Many external factors, such as the level of administrative support and 
conflicting incentive systems, can affect the outcome of the technology development 
process. However, development implies a planned process of change, requiring 
philosophical and management changes in both research and extension systems. These 
changes should center primarily on maintaining end-users farmers as the target of the 
research and development program. Communication linkages should encourage the 
exchange and evaluation of ideas in relation to farmers' production objectives. 
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ABSTRACT
 

A method to incorporaterisk associated with agricultural production is needed in order to 

determine what changes in econotnic and technical conditions would allow greater fa:-m success. 

The broad intent of this paper is toprovide an analytical method to help researchers andfarmers 

manage their source of risk and uncertainty because of variation in prices and yields at the farm 

level. This variation may lead to loss in output or excessive use of inputs. The minimization of 

total absolute deviation (MOTAD) model is presented as a method for incorporating risk into 

programming techniques as opposed to conventional linear programming. This technique seems 

to be suitable for complex production systems subject to risk such as the integrated tree cropping 

and small ruminant production systems (IPS). The application of the proposed technique 

could be useful for producers to 1) select farm plans that have specific level of income with 

minimum risk, and 2) make decisions concerning production efficiency and success. 

INTRODUCTION 

Farming is a complex business with several activities that are interrelated. At any 
point in time farmers confront the needs of many adjustments such as: 1) routine 
adjustments involving decisions, which are made several times each year; for instance, 
the substitution of production inputs or adjusting the work schedule to weather condi
tions, and 2) adjustmeots that usually iequire capital and affect all components of the 
farm business; these usually originated by implementing or shifting technology or 
miscellaneous needs of capital in the farm environment (acquisition of additional land 
and building of new animal barns, are examples). The nature of these adjustments and 
their effects on the farming business require careful consideration because important 
capital resources are involved. 

An integrated tree cropping and small ruminant production system (IPS) may be 
viewed as a farm business model consisting of several activities that are interrelated. 
The IPS model integrates tree cropping (rubber, oil palm, coconut and eventu:lly 
minor tree crops) and small ruminant production (particularly sheep). The primary 
objective of the integration system is to optimize the use of available resources. Major 
emphasis is on the utilization of the undergrowth vegetation, available under the estate 
cropping system, as forage for the small ruminant system. Such optimization is 
expected to secure more farm income than when the system components operate 
separately. This integration model can be dimensioned at different scales of operations 
(a large integrated plantation, a semicommercial farm or a smallholder IPS). Struc
turally, however, the IPS model also will integrate the inherent problems imbedded in 
each system component in the form of risk and uncertainty, particularly in yields and 
prices. 219 



Young (1984) and Young and Fendeis (1978) defined risk as: 1) variability of 
random variables, measured by the variance or the standard deviation, and 2) chance 
of loss or probability (ae) that a random income (7T)will fall below some critical or 
disaster level (d). This can be mathematically expressed as: 

P(ir < d) = oe. 

Risk and uncertainty are a pervasive phenomena in agricultural production
activities. Their importance have received considerable attention recently and is well 
documented. Many aspects, which have to be considered in the development of the IPS 
model, such as weather events, diseases, technical innovations, general economic 
conditions, and public and private institutional policies, are subjects of risk and 
uncertainty and will interact and create a unique decision-making environment for the 
IPS producers. 

The analysis of these aspects under a risk model framework, can provide
important knowledge about management alternatives and feasibility of the farm under 
risk. The specific objectives of this paper are: 1) to develop a conceptual and 
methodological framework for estimating the potential productivity of the IPS under 
risky and uncertain environments; and 2) to discuss briefly how available data from 
an IPS system could be used under the proposed methodological framework. 

MODEL DEVELOPMENT 

The inclusion of risk in farm planning models has been the subject of many
theoretical discussions (Brink and McCarl, 1978). Although comparative budgeting
techniques are helpful in developing farm plans that will undergo adjustments, the 
disadvantage of this method is the time required and the difficulties encountered when 
considering large numbers of alternatives. Instead, programming techniques have been 
used to generate solutions that will supply information useful to the farm manager in
his decision-making process. For example, a general linear programming (LP) model 
and particularly the minimization of total absolute deviation (MOTAD) approach can 
be used to generate alternative strategies for producers to select those more suitable and 
hence reduce risk. 

MOTAD formulation is preferred to the conventional LP model because it 
includes risk consideration and its computational efficiency in deriving an efficient 
expected income-risk (E-MAD) farm plan. The MOTAD approach will be particularly
suitable for generating alternative strategies which are subject to high variation in yield, 
for IPS. 

To introduce risk into the farm planning strategy, a MOTAD model (Hazell, 1971)
is incorporated into a LP model that minimizes the absolute income deviation. The 
approach allows the analyst to use a portfolio model that utilizes a tradeoff between 
a return expectation and income deviation as a measure of risk. It also contrasts with 
the usual LP farm-planning model that maximizes return without explicit consider
ation of risk. 

By generating many alternatives for farmers to select, this approach pursues
strategies stressing diversification, flexibility, and liquidity to reduce risks. This is 
important in, for example, low income level farm operations that require adjustments
and decisions as the technical and economic conditions change. 

A two complementary step modeling process is considered in this paper: 
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First Step 

A profit maximizing framework is formulated to determine the maximum 
expected net revenue or income (Emax) for the representative farm, subject to given 
resource constraints by applying the usual LP model that has the following matrix format: 

Max z = c'x (1)

Subject to: Ax < > b (2) 

x >0 
where, z is an objective function to be maximized; A is a mxn matrix of technical 
coefficients; c is a nxl vector of net revenues or gross margins for the objective func
tion; x is a nxl vector of activities and b is a m:-I vector of resource and other restraints. 

The first step of the analysis using conventional LP model generates an optimum
solution, which includes: all feasible activities; allocation of resources for each activity;
amount of slack resources; and level of gross margins obtained from such arrangement
for profit maximization or minimizat_,n of total costs. Note that the LP model 
assumes fixed price and constant output, hence, risk is not included in the analysis.
Therefore, the maximum gross margins or income (Emax) generated by a representa
tive farm assumes zero risk. 

Second Step 

In this step of modeling the solutions of the first step (Emax) are used to set the
MOTAD mode, by incorporating the absolute gross margin or income deviation to be 
minimized in a LP format. Hazell (1971) defined the mean absolute income deviation,
 
denoted by MAD, as follows:
 

s n 
MAD = /s I [ ( g xI (3)

h= I j= I (ChJ-gJ) 

where: MAD is an unbiased estimation of the population mean absolute gross margin 
or income deviations; s is the number of years of sample observations; n is the number 
of activities; g. is the sample... mean gross margin for the ji activit,,"; C-.h is the grosst•J 
 . t., 


hmargin (gross returns minus variable cobts) for the jth activity on the sample obser
vation; and xj is the level of jth activity.
 

The LP-MOTAD model solutions generate a set of efficient production plans
which, as a group, are considered as the farm's efficient frontier. For any given feasible 
expected income, the deviation is at its minimum or in other words, for a given level 
of income deviation, the expected income is a! its maximum. Therefore, the expected
income-deviation criterion of MOTAD is based on the assumption that the farmer's 
preferences, among alternative farm plans, are solely based on their expected income
(E) and associated mean absolute income deviation (MAD). In other words, the 
MOTAD solutions, which represent an income-deviation (E-MAD) frontier, are an 
efficient set r'f alternative farm plans for any risk averse decision-maker. Therefore, 
any farm plan that is not on the E-MAD efficient frontier is not an efficient plan. 

In using MAD as a measure of risk, it is then reasonable 1)to define a sufficien t 
E-MAD farm plan as this frontier has minimum mean absolute deviation for a given
expected income level (E), and 2) to consider the expected income (E) and MAD as the 
crucial parameters in selecting a farm plan from the available alternatives. In the 
MOTAD model, the meai absolute total deviation (MAD) is minimized for a given
level of expected income (E), which varies parametrically over a relevant range, using 

221 



a LP algorithm to derive a set of farm plans that are efficient for an expected income
 
and mean absolute deviations. Since the sum of absolute values of the negative total
 
deviations from the mean is equal to the sum of absolute values of positive total devia
tions, an alternative formulation for the MOTAD model is based on the minimization
 
of only the sum of absolute values of the negative total gross margin deviation,
 
( Yh for h = 1,..,s). The mathematical formulation of the MOTAD is as follows:
 

Minimize )XYh for h = 1,..,s (4) 

Subject to: 

(Chj-gj)xj-Yh > 0 for j = 1,..,n for all h (5) 

I fjxj = X for j = 1,..,n 0<X > Emax (6) 
anaijx <b fori =l,..,m andj=l ,..,n (7) 

aj,Yh > 0 for all h, j 

where Yh is the absolute value of the total negative gross margin deviations; s is the 
number of years of sample deviations; n is the number of activities in the basic LP 
model; Ch. is the gross margin for the jth activity on the hth sample observation; gi 
is the sample mean gross margin for the jth activity; xj is the level of the jth activity; 
f. is the expected gross margin of the j" activity; a..is the requirement of activity y&h 

rom resource i; and X is the expected total gross margin which can be specified 
between zero and maximum eipected total margin (Emax) at the basic LP solution. 

By parameterizing X from the maximum values of gross margins or income 
obtained from the usual LP solution Emax, to a certain level of gross margins or 
income with its respective total negative deviations over all years, different alternative 
farm plans are then obtained. The following table I shows the initial tableau of the 
LP-MOTAD model. In this table Xi's, for i= 1 to n, represent farm activities. For 
example, rubber, oil palm, coffee, coconut, cloves, and tobacco as estate plantation 
enterprises, and small ruminants as another component in the system to be analyzed. 
Many other activities also can be included in the model as far as they are relevant and 
use resout,!es avai!able to the system. 

Each activity needs resources, such as land, labor, capital. These resources 
can be fuither detailed into smaller components for more computation accuracy. 
Resources required by each activity are denoted by amj; the amount of resource in that 
are required for activity j. Risk and uncertainty components of the model are 
represented by the gross margin or income deviation as affected by the variation in crop 
and livestock yields or prices. For instance Dtj is represented as income deviation in 
year t for activity j. 

The level of gross margin or income of each activity, representing monetary 
returns, may be generated by each activity given the amount of resources used. For 
example, C, represents the gross margin or income level for activity j. 

Also, B1 through Bm are the limits of resource 1 to in, or the amount of 
resources i, for i = 1 to m, available on the farm, and X is the income parameter used 
to generate the E-MAD frontier. Chi values on Table 1 represent gross margin and 
were gen-rated in step 1.The solution generated by the LP model is the maximurm gross 
margin or income. It reflects the upper level of the income of the representative farm 
given its farm activities and its available resources. To include risk in the analysis, the 
MOTAD model incorporates yield variation, attributable to yearly weather fluctuation, 
diseases, technical innovation and other aspects in the form of deviation from the mean 
yield in the objective function. By parameterizing the expected gross margins or income 
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Table 1. The initial tableau for the LP-MOTAD model (step 2). 

Resources or 
restrictions X, X2 X 3 Xn Yl- Y2 Y3 Yh Constraints 

Objective (TND) I 1 1I Minimize 

Resource I all a12 a 13 ain B, 

Resource 2 a21 a22 a23 'a2. B2 

Resource 3 a 3 l a 32 a 33 a3n 4 B3 

Resource m am, am2 am3 amn < B. 

Year I D 11 D12 D13 DIn 1 ;&0 

Year 2 D 2 1 D 22 D23 D2. 1 0 

Year 3 D 3 1 D 32 D 33 D3n 1 0 

Year t D11 Dt2 D 3 Din 1 00 

Grozs Margin C1 C"=C 2 C 3 

level (X) the MOTAD model generates farm plans that minimize risk, the total 
absolute deviation from the mean. Figure I shows one possible shape of an E-MAD 
frontier curve tracing every locus of specific levels of expected gross margins or income 
and its risk level, representing different farm plans or arrangements. Soedjana (1985) 
showed that using a moving average technique for generating variation in yield the 
model produced a better E-MAD frontier than when yield series is calculated by using 
an overall average. The E-MAD frontier produced by the moving average technique 
provided more choices or farm plans at a reasonably low level of risk. 

Expected Income (E) 
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Figure 1. E-A frontier using overall averages. 
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The expected gross margin may be calculated in different ways, for insta.:e" 1) 
the mean, 2) unequally weighted moving average, 3) equally weighted moving aterage.
The choice of length and weights is based on the assumption that the immediate past 
is indicative of the immediate future. The use of meving average is an advaniage over 
the use of state averages. 

Data Requirements 

The required input data for different farm activities, such as estate crops and 
livestock, i.e. small ruminant activity, are to be collected in agreement with the model. 
lnforn.ation necessary for the analysis consists of: 1) annual yield per ha or per animal 
unit, 2) resources allocated for each activity, 3) average annual price received and paid
by the farmer, 4) annual cost of production per ha or per animal unit, and 5) index 
of price paid and received by the farmers (used particularly in the moving average 
technique in which on a yearly basis deflated revenues of each enterprise are 
generated). This information is usually available and can be collected from secondary
and primary sources, at the district and sub district offices. 

Estimated nominal net revenue is obtained from subtracting the nominal cost from 
nominal revenue for each crop and animal activity in each year. Using a price index, 
the deflated net revenue, is calculated by multiplying the estimated nominal net revenue 
for a specific year by the base index of the prices received. 

The identification of a representative area could be helpful in testing the model 
before its expansion to a different range of environments. This representative area could 
become a study case if statistics of regional production and experimental data 
regarding production variables are available. For instance, the region of Sei Putih, North 
Sumatra, with a well defined rubber production system and a research operation on 
integrated rubber and small production systems is one such area. 

Model Solutions and Interpretation 

As described in the model development section, the first modelling step outputs 
a maximum farm income by optimizing the utilization of available resources to the farm. 
At this step the resulting farm plan assumes no risk since all prices and yields of each 
activity were held constant. The most important output from this rtep is the resulting 
gross margin or income attainable by the farm organization. This level of income will 
be used in the second step as an upper limit of income (Emax), parameterized by X , 
to allow income to be reduced down to any level close to zero as a risk factor (MAD) 
is incorporated into the model. 

Sequential analysis will produce many alternatives of income level for the 
producers to select, where each alternative of income has its own risk (income 
deviation) level. An E-MAD frontier may be drawn by connecting each point of the 
above alternatives. The shape of the frontier is highly dependent upon the approach
used in defining income series. For example, Figure 1 shows an E-MAD frontier 
resulting from an overall average approach that considers income or gross margins 
deviations (MAD) using actual income ir gross margins data from the respective year.
Furthermore, Figure 2 pre, ents a different shape of E-MAD frontier from the same 
data set by using a moving average approach. This approach yields a new series of 
income data defined by a group 3f considered years. For instance, the first data may 
represent an average of the first 3 years data (years 1, 2 and 3). The second data will 
move one year and be based on an average of income from years 2, 3 and 4; the third 
will move to years 3, 4 and 5; and so on. 
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Figure 2. E-A frontier using moving averages. 

The moving average approach apparently produces a better E-MAD frontier than 
the overall average approach, since at any level of risk (MAD) the moving average 
approach yields a higher expected income (E). This phenomenon reflects farmer 
producers' expectations or farm manager's subjective views about income distribution. 
For example, applying more weight on the most recent income and less weight on 
incomes achieved long time ago. 

CONCLUSION 

The MOTAD model is a suitable candidate model for generating alternative farm 
plans with reduced risk for IPS. Modeled for a variety of tree crop and small ruminant 
systems, utilization of this model can render useful information for the decision-making 
process. However, the reliability of the computer solutions is dependent on the 
accuracy of the coefficients (input data) used. Inaccurate data will lead not only to 
erroneous plans but to improper allocation of scarce resources. Therefore, data 
representativeness and quality are prerequisite to operate the model. 

Furthermore, the use of a moving average technique is desirable for its capability 
of producing a better E-MAD frontier, i.e. more choices of efficient farm plans with 
higher gross margins or farm income at low level of risks. 
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ABSTRACT 

Population and offtake of sheep and goats in Indonesia and the ASEAN region were studied. 
Sheep and goat populations in Indonesia were estimated to be 5.3 and 10. 7 million, respectively 
in 1986. Production is believed to be on the order of 29.3 thousand tons of meat annually for 
sheep and 59.1 thousand tons ofgoat ineat. Several supply and demand prcjectionsfor Indonesia 
for meat and small ruminant meat are presented to suggest that supply is not keeping pace 
with demand in recent years. Data are presented as strong evidence of the shortfall in supply 
of red meat, leather and hides and also as evidence of the strong investment potential for red 
meat production in Indonesia, particularly small ruminant production. Indonesian Government 
livestock policies were also reviewed. Data on offtake show that current production systems 
are not efficient. For small ruminants, estimated optimal offtake is arcund 150o while the 
data show offtake to be around 55%5. The prospects for markering sheep and goats in the 
ASEAN region and to the Middle East are discussed. The prospect of developing a specialized 
export market for fat-tailed sheep is considered. Research priorities for small ruminants are 
proposed. The problem of availability of breeding males and a good year-round supply of 
forage are considered to be the highest research priorities. Special research topics for sheep are 
considered to he: fat-tailed sheep for export, sheep development and the problem of MCF, and 
the need to concentrate applied research to the production conditions of Java. Research topics 
for goats include the special problems of the Ettawah cross goat, including the problem of 
scabies. 

INTRODUCTION 

Indonesia and surrounding ASEAN countries have seen dramatic changes in 
patterns and levels of red meat production and consumption in recent years. This 
paper, concentrating on Indonesia, looks at levels of small ruminant production and 
consumption, real and nominal price trends, government policies, exports and export
markets in ASEAN and the Middle East, and research needs for small ruminants given
the dramatic increases in demand for red meat that has occurred. Since the Saudi 
Arabian market dominates world trade in sheep and goat meat and Australia and New 
Zealand are major sheep exporters, this aspect of world sheep and goat trade is 
discussed as well. The concept of integrated tree cropping and small ruminant produc
tion systems is seen as a method of increasing the efficiency of production of existing 
national flocks of sheep and goats. 
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LIVESTOCK PRODUCTION ASPECTS IN INDONESIA 

Livestock Populations and Meat Production 

Recent data from the Directorate General of Livestock Services on livestock 
populations and production of meat are found in Tables 1 and 2, respectively (Biro 
Pusat Statistik, 1988). According to these data, there were 10.7 million goats and 5.3 
million sheep in Indonesia in 1986, compared to 9.5 million cattle and 3.5 million 
buffalo. Estimated carcass production of meat in 1987 was 227 thousand tons for cattle 
and buffalo, 59.1 thousand tons for goats, 29.3 thousand tons for sheep, 253.6 
thousand tons for swine and 141.4 thousand tons of poultry. Using a human popula
tion estimate of 170,000,000 for Indonesia for 1987, this suggests that per capita meat 
consumption approximates 4.18 kg per year, or about 11.5 grams per person per day 
on a carcass weight basis. Of this total, per capita sheep and goat carcass weight 
consumption was about 520 grams per year or about 12%/of the total. This level of 
consumption is considered to be low compared to consumption levels of comparable 
countries. 

Table I. Livestock populations and population size' in Indonesia 1983-86. 

Population Year 

1983 1984 1985 1986
 

Dairy cattle 183.3 175.8 222.3 
Beef cattle 8,745.2 9,105.5 9,516.1 
Buffalo 3,118.3 3,245.5 3,493.9 
Goat 9,204.6 9,629.0 10,737.8 
Sheep 4,708.0 4,885.2 5,318.0 
Pig 5,288.6 5,700.9 6,215.9 
Village chicken 105,680.7 

Layer chicken 24,823.0 
Broiler chicke" 10,917.2 
Duck 17,069.4
 

Source: Biro Pusat Statistik (1988). 

Table 2. Estimated slaughter of major livestock species in Indonesia in 1987. 

Species 
Cattle Buffalo Goats Sheep Pigs Chickens 

Number' 
slaughtered, 
(000s)head 1,361 419 5,906 2,925 8,454 141,421 

Production 2 , 
(000s) tons 170 57 59 29 254 141 

Percent (%) 
offtake 14% 12% 55% 55% 136% 100% 
1 Estimated by authors based upon Directorate General of Livestock ServicE Information.
 
2 Carcass Weights used: Cattle = 125 kg, Buffalo = 135 kg, Sheep/Goats = 10 kg, Pig = 30 kg,
 

Chicken = 1 kg. 
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Net Supply and Demand 

According to the recent data (Table 1), the major species of livestock in Indonesia 
have been expanding at an annual rate of 4 to 10% from 1984 to 1936. These macro
data iust be interpicted with caution as the quality of reporing livestock popuih.tion
statistics varies greatly in Indonesia. The authors believc that those estimates are
somewhat high. If these data are correct, this is cause for concern. A number of studies 
(e.g. Soewardi and Atmadilaga, 1982) have predicted an increase in demand for all 
meat on the order of 5.8% (Table 3), while estimating increased production on the 
order of 4%. Thus, it appears that dcuiiebtic supply has not been keeping pace with 
demand in recent years. In another study (Winrock, 1986), estimates of annual 
increased demand for red meat for the period 1984 to 1988 were; cattle and buffalo 
(4.3%), goats and sheep (3.8%), pigs (2.9%), and poultry (3.6%). Overall, this study
predicted an increased demand of 3.9% per year for all meat. Knipscheer and Levine
(1984) estimated that daily per capita animal protein consumption was 2.3 grams
(Table 4) while the nutritional standard was 5.3 grams per day. 

Table 3. Projection of consumption and production of livestock products 1979-83. 

Item 1979 1979 1983 1983 Average Increase
Consump- Production Consump- Production Consump- Production 

tion tion tion 

(000s of tons) (000s of tons) 
Meat] 455.6 440.8 571.1 518.3 5.8 4.0
 
Eggs 132.3 167.9 168.1 217.0 6.2 6.6
 
Fresh Milk 68.2 
 76.1 94.6 106.3 8.5 8.7 
Condensed Milk 48.0 65.1 7.9
 
Dried Milk 37.0 
 49.9 7.3
 
1 Includes beef, buffalo, mutton, swine, and poultry.
 

Source: So,-wardi and Atmadilaga (1982). 

Table 4. Meat, egg, and milk consumption based on nutritional standards and present consumption levels. 

Nutritional standard Consumption per capita 
per capita per year per year (1982) 

(kg) (kg) 

Commodity 
Meat 8.1 4.1 
Milk 2.2 2.9 
Eggs l 2.0 1.6 

Animal Protein Consumption 

per capita 
per day (g) 5.3 2.3 

Protein Gap 

per capita 
per day (g) 3.0 
1 1kg of eggs = 20 eggs. 

Source: Knipscheer and Levine (1984). 
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Evidence to support the idea of an increasing gap between domestic supply and 
demand for meat includes increasing real prices for meat over time (in the absence of 
price controls). Young. and Amir (1988) conducted a marketing study in Central and 
East Java which covered a number of commodities produced in these two provinces 
such as beef, goats, eggs, corn, soybeans, coffee, coconuts, and cassava. As part of 
that study, they collected monthly data on real and nominal prices for these commodi
ties in Semarang, Central Java for the years 1984 to 1987. Figures 1 to 4 show the 
results for the nominal and real prices of corn (Figure 1), beef (Figure 2), goat meat 
(Figure 3), and chicken eggs (Figure 4). With the exception of chicken eggs, the real 
price of these commodities was higher at the end of 1987 than at the beginning of 1984. 
An examination of the price fluctuations of these four commodities over time provides 
some interesting information on the relative trends of supply and demand. The graph 
for chicken eggs shows the most violent fluctuations which reflect the chronic cycles 
of oversupply which make commercial egg production a risky enterprise. Both real and 
nominal prices suffered a steep decline in mid-1986 following a devaluation of the 
Rupiah. Commercial egg producers rely heavily on imported ingredients and they were 
unable to pass their increased costs on to consumers which resulted in a collapse of the 
egg market. At the end of 1987, real egg prices were 9o lower than at the beginning 
of 1984. The graph for corn prices shows regular seasonal fluctuations caused by 
increased supplies at harvest followed by a steep increase during the last four months 
of 1987 (almost a 100% increase in the real price from February to November, 1987).
This increase was caused by a drought which affected much of Indonesia during 1987. 
Prices promptly fell again after normal rain levels returned in 1988. Discounting the 
1987 drought, real corn prices were relatively constant during 1984 to 1987 (Rp. 120+ 10 
per kg). 
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Figure 1. Nominal and real price of corn per month. Kabupaten Semarang, Central Java, 1984-1987.
 
Source: Young and Amir (1988).
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Figure 2. Nominal and real price of beef per month. Kabupaten Semarang, Central Java, 1984-1987. 

Source: Young and Amir (1988). 
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Figure 3. Nominal and real price of goat meat per month. Kabupaten Semarang, Central Java, 1984-1987. 

Source: Young and Amir (1988). 
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Figure 4. Nominal and real price 	of eggs per month. Kabupaten Semarang, Central Java, 1984-1987. 
Source: Young and Amir (1988). 

The graphs for beef and goat meat show much less seasonal variLtion. The 
largest monthly fluctuations are due mainly to holiday season prices (Lebaran, the end 
of the Ramadhan Fasting month and ldhul Adha or the end of the Hajj Pilgrimage 
season). In late 198, real beef prices were 32% higher than at the beginning of 1984. 
That is, in real terms, they had increased about 8% a year. The graph for goat meat 
shows even steeper increases over time. In nominal terms, retail goat meat almost exactly 
doubled in cost in the four years between 1984 and 1987. In real terms, goat meat was 
61076 more expensive at the end of 1987 than at the b.'ginning of 1984, or had increased 
slightly more than 1507o a year in real terms over the four year period. The authors 
believe that these microdata are reliable and accurately reflect the relative net supply 
and demand for these commodities. 

Annual real price increases of 8% for " ef and 15% for goat meat indicate that 
supply and demand are not in balance and that demand for red meat has been 
increasing faster than supply in recent years. This is also borne out by studies by 
Sabrani (1979) and SUSENAS (1978) which reported income elasticities of demand 
for meat of 2.08 and 2.71, respectively. It should also be pointed out that these micro
data show the investment potential of beef and goat production. Real returns of 8% 
and 15% per annum indicate attractive investment potentials. 

Export of Livestock Products 

Tables 5 and 6 contain information on export of livestock products from Indonesia. 
In the late 1970s, the export of live animals was banned by the Government of 
Indonesia because of the concern over rapidly increasing domestic demand. With the 
exception of the special zone of Batam Island, which is a few kilometers from 
Singapore, this ban remains in effect. (On Batam Island large swine, dairy, and poultry 
operations produce pork, milk, eggs, and broilers for the Singapore market. Singapore 
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no longer raises any of its own livestock. Cattle fattening on Batam Island is also 
planned for the Singapore market). Indonesia exports livestock products such as hides 
and treated leather, rawbones and horns, and duck feathers. According to a Winrock 
International study (1986), these exports had a value of US$36.8 million dollars in 1984 
(Table 5). Most of this was leather and hides (97% or approximately US$36 million). 
Of this amount, 65%o (approximately US$24 million) were sheep and goat skins or 
leather. Soemitro and Soedardjo (1988) estimated that total hide production in Indonesia 
in 1988 was 17,168 tons (Table 6). Of this production, 712 tons of unprocessed hides 
worth US$6.1 million and 4,702 tons of processed leather and leather goods worth 
US$48.9 million were exported. This study also estimates that thcre was a shortfall 
in demand for hides in Indonesia in 1988 of 4,321 tons. The authors were unable to 
find reliable statistics on global leather prices, but it is believed that they have been 
increasing dramatically during the past decade. In 1989, the United States government 
placed export controls on livestock hides in order to help insure a sufficient supply for 
its own domestic market. In Indonesia, there have been frequent articles in the press 
describing how Indonesian leather exporters have nut been able to meet export 
contracts due to lack of supply. It is believed that quality leather production is a highly 
profitable activity that could be influenced by increased sheep and goat production. 
Globally, cetand far exceeds supply. 

Table 5. Export of livestock raw materials, 1984. 

Commodity Net Weight Value 

(tons) (000s US$) 

Duck feathers 125.7 865 
Rawbones, horns 2,167.3 238 
Cattle hides 4,043.2 11,673 
Buffalo hides 20.1 37 
Goat and kid skins 2,678.6 14,053 
Buffalo leather 2.1 3 
Calf leather 1.2 15 
Sheep skins 603.2 4,052 
Sheep/Lamb leather 193.0 4,964 
Goat/Kid leather 70.5 909 

Total 9,904.8 36,810 

Source: Wiurock (1986). 

Table 6. ltdonesian leather and hide production, exports and demand (1988). 

Productioa, 0! hides !;oP.988 (tons)
 
Estimated demand 

Sheep Cattle/Buffalo Total in 1988 (tons) Shortage 
833 13,435 17,168 21,399 4,231 

Export. 1988:
 

Unpro s 
Processed 
leather goods Total 

Tons 
712.0 ,4,702.0 

Tons US$(000s) 
48,936.2 

Tons US$(000s) 
5,414.0 55,011.5 

Source: Soenitro and 1., t988). 
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Indonesian Government Livestock Policies 
The basic policy of the Indonesian government with regard to development of 

all livestock classes may be described as a policy that focuses solely on increasing
domestic populations. Since the live animal export ban, various Government of Indonesia 
and foreign donor pregrams have set up credit programs to increase domestic animal
populations. BanPres cattle, buffalo, sheep, and goats provided under Presidential
budget funding are found in villages throughout Indonesia as well as animals 
provided by World Bank, Asian Development Bank, IFAD, UNDP, EEC, and 
bilateral donor programs. These credit schemes have paybacks either in kind whereby
recipients of livestock return offspring to the project (the so-called gaduhan system) 
or in cash through local banks (the World Bank Smallholder Ciedit Schemes). These 
programs have been evaluated in a number of studies (e.g. Winrock International, 1986)
and a common conclusion is that these programs are more concerned with quantity than
quality. In particular, livestock officials have been reluctant to commit resources to
improve the efficiency of production of both small and large ruminant production
systems, especially with regard to improving the national feed base. A number of
studies have shown that increased feed and health caie have dramatic effects on
increasing overall production by decreasing lambing/kidding intervals, and increasing
survivability and weaning weights (Chaniago et al., 1980, Subandriyo, 1985). Govern
ment policies have been slow to respond to these evaluations of the various credit 
schemes. Government policy has been more receptive to donor efforts to increase the
level and quality of veterinary services in Indonesia and the animal health projects
sponsored by several Commonwealth countries-Australia, New Zealand, and Canada
have been well received. 

Another aspect of the Government of Indonesia (GOI) livestock development
policy which bears scrutiny is the belief that large temperate zone breeds-Holstein Dairy
Cattle, Simmental beef, or Merino and Suffolk sheep-are "better" than smaller local
breeds. The limited scientific evidence available (where various breeds have been
production tested under the same environmental conditions) does not bear out the idea
that these large temperate zone breeds are productive under humid tropical conditions. 

With respect to intcgrated Tree Cropping and Small Ruminant Production 
Systems (IPS), there is increasing evidence that, under conditions of proper manage
ment, tree crop production can be increased under small ruminant grazing regimens.
There has been considerable work especially in Malaysia on this subject. Wan Mansor 
and Tan (1980) found increased production of rubber due to effective weed control and
increased fertilization when a Malaysian rubber plantation was grazed by sheep. In
another Malaysian study Tan and Abraham (1980) found similar positive responses 
among sheep, goats, and broilers raised under rubber trees while Mahyuddin and
Mustapha (1980) found positive results for grazing goats under mature coconut planta
tions. There is no official Indonesian policy concerning grazing plantations and public
forests, but the defacto policy in many plantation and forest areas is to treat incursions 
by farmers grazing their stock as a security problem. The authors believe that estate 
and forest managers are not interested in the prospect of increased profits per hectare
of plantation based on a soundly managed tree crop-animal production system. It is
hoped that one of the results of this Workshop will be to provide these government
and estate sector officials with information that shows the benefits of integrated
production systems on estate and forestry land. Given the pressure on existing domestic 
livestock populations, which has produced real price increases on the order of 15% for 
goat meat as previously discussed, and opportunities for export, national estate and 
forest land are major potential resources for a feed base to increase the productivity
of domestic sheep and goat populations and provide a surplus for export. 

234 



Malignant Catarrhal Fever and Sheep Development 

One important problem for sheep development in Indonesia corcerns malignant 
catarrhal fever (MCF or penyakit coryza) in Bali cattle and sheep as carriers of this 
disease. 

One of the Government of Indonesia's most important livestock development 
activities has been to increase the number of Bali cattle dramatically throughout the 
country (except Java and Madura) in recent years. Bali cattle are particularly 
susceptible to MCF (it is believed that local Bos indicuscattle known as Ongole cattle 
are not susceptible to MCF). During the nineteenth and early twentieth centuries, Dutch 
colonial administrators repeatedly tried to introduce Bali cattle to Java as they had 
successfully done in many other parts of Indonesia only to have them die from MCF. 
Experience in Indonesia has shown that the animals quickly become ill when kept near 
sheep but not goats. Therefore, in many parts of Indonesia, livestock officials insist 
that all sheep in a given area should be destroyed as a prerequisite for qualifying for 
participation in a Bali cattle development program. This problem has particular 
practical significance for this conference because many of the estate crop areas of 
Indonesia especially on Sumatra, Kalimantan, Sulawesi, and Irian Jaya are currently 
receiving large numbers of Bali cattle under domestic and foreign funded projects (e.g. 
the FAD Smallholder Development Project). Livestock officials in many of these 
areas are ordering the slaughter of sheep in order to avoid death losses among Bali 
cattle. This problem is discussed again in the section on research priorities, below. 

POTENTIAL OF SHEEPS AND GOAT TRADE IN THE
 
ASEAN AND MIDDLE EAST REGIONS
 

With domestic demand for all red meat exceeding supply as evidenced by 
increasing real prices and a ban on export of live animals, Indonesia is currently a net 
importer of meat. However, several studies have shown the potential for sheep and 
goat trade to the Middle East and other ASEAN countries. Adnam (1988) has provided 
an interesting overview of world trade in livestock. According to this study, Saudi 
Arabia dominates world trade in sheep and goats with imports of 6.5 million head in 
1986. Australia is the largest supplier to the Saudi market with exports of 2.5 million 
sheep, followed by Turkey with exports of 1.6 million fat-tailed sheep. According to 
Adnam (1988), two specialized sheep markets exist in Saudi Arabia. One is the annual 
requirement of about 1,000,000 intact rams for the Moslem Pilgrimage or Hajj and the 
se-ond is the strong consumer preference for fat-tailed sheep on the Saudi market. 
According to Adnam (1988), New Zealand has developed a specialized export market 
for intact ram lambs to Saudi Arabia and now supplies about 500,000 head a year for 
the Hajj sacrifices. The most interesting aspect of the Adnam study is information on 
price differentials for different classes of sheep and goats in Saudi Arabia (Table 7). 
Australian sheep dominate the market retail for about US$48-58. Turkish Fat Tail sheep 
retail for about US$1 10 per head. Imported Merino x Border Leicester ewes are bred 
to local fat-tailed rams of the Nadji or Awassi breed and these offspring are sold at 
3 to 4 months of age for US$120 or more per head. But, according to Adriam, the most 
expensive sheep are the local Nadji Fat Tail and Awassi Fat Tail. Nadji sheep in 
particular, are at a premium, and sell for more than US$250 per head, or about 5 times 
the price of imported Australian sheep. Adnam ends his survey of the Middle East 
market with the statement that he believes Indonesia could develop its own specialized 
export market of fat-tailed sheep by crossing its local breeds to Nadji and Awassi rams. 
He believes there is virtually an unlimited market in Saudi Arabia and other Gulf states 
for fat-tailed sheep. 
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Table 7. Live retail sheep prices in Saudi Arabia in 1986. 

Breed/Type of Sheep Price us$per Head 

Australian, Imported 48-58 
Turkish Fat Tail, Imported 110 
Awassi x (Border Leicester-Merino) Domestic 120
 
Nadji x (Border Leicester-Merino) Domestic 
 120
 
Awasssi Fat Tail, Domestic 
 200
 
Nadji Fat Tail, Domestic 
 250 
Source: Adnam (1988). 

Market Potentials Within ASEAN 
Within the ASEAN region, Malaysia and Singapore are importers of sheep and 

goats. According to a team from the Technical University of Berlin (Peters (ed), 1979)
Malaysia produced only 11 Wo of its domestic requirements for sheep and goat meat or
about 540 tons in 1977 and imported the equivalent of 5,000 tons, including 28,475live sheep and 3,864 tons of mutton. The majority of this came from Australia and
New Zealand. Singapore imports all of its sheep and goat meat, but the authors were
unable to obtain data on this trade. Almost all of this meat came from Australia and
New Zealand. A small but lucrative market for sheep and goat meat also exists for Brunei. 

Size uf Animals for Local and International Markets 
Certain types of animals are considered to be desirable for local and international

markets. It is important to distinguish between traditional and commercially orientedmarkets. Traditional livestock markets are dominated by middlemen (blantik) who
usually buy sheep and goats directly from farmers and then transport them to local
markets. Sales are not determined directly by body weight (i.e. animals are not
weighed) but on overall body condition and health. Therefore, traditional producers
do not obtain any great price advantage for large animals and there is no incentive to
produce them. Almost all sheep and goats in Indonesia are marketed through thesetraditional channels. The lack of incentive to market bigger animals and hence produce
more meat per animal slaughtered is a major reason for the low productivity of the
national small ruminant flock. This structural inefficiency in marketing sheep and 
goats domestically will continue until producers have gre.:er direct access to markets
and can bargain directly for higher prices for bigger animals. This is an area where live
stock cooperatives could make a major contribution. 

For the small commercial market in Indonesia, which produces lamb meat for
major supermarkets and the hotels and tourist areas, there is a definite premium forsize and quality. Shopping for lamb in a Jakarta supermarket costs 3 to 4 times local 
market prices for lamb chops or leg of lamb. This would require a market weight
animal of 40 to 50 kg. 

For international markets, presently dominated by Australia, New Zealand, and
Turkey, larger sheep are at a premium, both for consumer preference and economic reasons. It costs less to ship a smaller number of larger sheep than a large number of
smailler sheep (labor and feed costs, vaccinations, import duties, etc.). This means amarket size of at least 40 kg is necessary for international markets. As commercial and
international markets develop in Indonesia and other ASEAN countries, selection and 
management for larger body size will become more important. 
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RESEARCH PRIORITIES
 

The most important idea stated in this paper is the belief that domestic sheep and 
goat production in Indonesia has not been keeping pace with demand. This has resulted 
in steep real increases for the price of sheep and goat meat and foregone opportunities 
for export, especially to the Middle East. Research for both sheep and goats should, 
therefore, be directed to increasing the productivity of the existing national stock to 
close this "sate gap." The work of the Research Institute for Animal Production (RIAP) 
has established that at least the Javanese Thin Tail sheep and the kacang goat are 
genetically capable of producing two offspring every 8 months. This calculates to a rate 
of 3 lambs/kids per year per ewe/doe joined (3 litters of 2 offspring each every two 
years). Allowing for males and young repla-:ement females in the population, this 
means an ideal extraction rate approaching 150%. The macrodata listed in Tables I 
and 2 suggest that the national extraction rate for sheep and goats is less than 6007o and 
that populations are growing only at the rate of 1.1 to 1.2% per year. Clearly, the 
present production system is well below optimal levels of offtake. In the authors' 
experience, the two areas that are most crucial for both sheep and goats are the timely 
availability of males and a good year-round feed supply. Grazing syslems beneath 
estate crops can partially solve feed problems, but will usually have to be supplemented 
by some form of high quality supplement. It is also the authors' experience that inputs
requiring cash expenditures such as protein or mineral blocks are not readily adopted 
by smallholder producers. Planting small amounts of high quality forage such as 
Leucaena, Sesbania, or Glyricidia in "protein banks" which do not require cash inputs 
are much more likely to be adopted. 

Sheep Research 

In addition to the common problems of low offtake of both sheep and goats
described a-ove, some research specific to the two species are recommended. 

Fat Tail sheep for export 

The suggestion in the Adnam study, above, that Indonesia should develop a pilot 
breeding program for fat-tailed sheep should be seriously considered by RIAP and DGLS. 
Potential production of the Javanese Fat Tail sheep which is the largest breed in 
Indonesia, and the only breed possessing fat tails, should be evaluated in its main 
dispersion center (East Java). The relatively high proportion of hair sheep in this breed, 
makes it suitable to inclusion in integrated tree cropping schermies such as that of the 
Small Ruminant Research-Collaborative Support Program (SR-CRSP)/ RIAP's research 
project in North Sumatra. Concurrently, the possibility of using Awassi and Nadji rams 
is also an interesting alternative to explore. With current demand in Saudi Arabia 
running at over 6 million head a year and consumers willing to pay in excess of US$250 
for a fat-tailed sheep, efforts of this type have immense commercial potential. 

Sheep development and MCF 

The problem of the susceptibility of Bali cattle to MCF which is carried by sheep
is a major obstacle to the expansion of sheep production off of Java. More work on 
this disease needs to be done, especially on the method of its transmission. 
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Intensification of sheep production and concentration of applied research to Javanese 
production conditions 

Eighty-eight percent of Indonesia's sheep are located on Java (including 
Madura) compared to 62% of Indonesia's goats. Nearly half of the national sheep flock 
(43%) is located in West Java. In the near-term, any gains in sheep production must 
come from sheep on Java. Therefore research results obtained in other parts of Indonesia 
or abroad should be tested on Java in order to intensify, if not specialize, the already 
intensive production system of this region. 

Goat Research 

Goat research is neglected 

RIAP, especially through its collaboration with the SR-CRSP, should be 
congrat'ilated on the amount of scientific information that it has collected on Indonesian 
sheep. Basic production data under several different environments exist and work on 
the genetics of prolificacy has been carried out. Goats, however, have been neglected. 
Although goats constitute two-thirds of the small ruminan't population in Indonesia and 
are found in significant numbers in all provinces, the basic set of production data 
under different production conditions and the effort at genetic improvement is still 
lacking. It is believed that there is a clear consumer preference for goat meat over sheep 
meat in Indonesia - especially off of Java (Levine et al., 1985) - and increased produc
tion of goat meat can take some of the pressure off domestic supply, thereby freeing 
up sheep production for export to the lucrative Middle East market. Perhaps this 
relative imbalance in allocation of research resources between sheep and goats can be 
corrected in the future. 

Special problems of the Ettawah cross (PE)breed 

Good scientific information is lacking, but the authors believe that there are 
some special problems with PE goats that need researching. A significant number of 
PE goats have deformed lower jaws (undershot jaws) which is a serious disadvantage 
under grazing conditions. The incidence and genetics of this problems needs study. PE 
goats appear to do well in the hot and drier areas of Indonesia (or at least areas with 
long dry seasons) such as the North Coast of Java and eastern islands such as Sumbawa 
and to do very poorly in high rainfall or swampy areas such as Kalimantan and Irian 
Jaya or parts of Sumatra. Kacang goats, on the other hand, appear to be adapted to 
a wider range of environmental conditions. More information on this and the 
feasibility to integrate goats into IPS is urgently needed. Some livestock officials 
believe that PE goats have high incidences of infertility and that PE bucks are poor 
breeders. The limited experiment station data certainly suggest that they are less 
prolific than the smaller kacang goats. Accurate information on levels of fertility and 
any breeding problems are also of practical interest. 

Scabies 

Scabies outbreaks cause severe losses to goat producers every year in Indonesia. 
While this disease has been researched, an effective method of control for humid 
tropical conditions needs to be developed. 
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CONCLUSIONS 

The most important point of our survey of marketing and production aspects of 
sheep and goats in Indonesia is a shortage of domestic numbers due to low efficiency 
of production. Malaysia, Singapore, and Brunei also do not produce enough sheep and 
goats to satisfy local demand a;)d import live sheep and mutton from Australia and 
New Zealand. The ASEAN region, therefore, is considered to be a net deficit producer 
of small ruminants. Malaysia has the greatest deficit and imports almost 90% of its 
sheep and goat meat. 

Three kinds of information were used as evidence to support the idea that there 
is a shortage of small ruminant meat or a "sate gap" in Indonesia. One is the macrodata 
which suggest that sheep and goat populations are growing at less than 9% in recent 
years while increased demand projections range between 3 to 6%. Second, the 
price trend data which show real goat meat prices rising 15% per year between 
1984 to 1987 are believed to be an evidence to support the idea that supply is not 
keeping pace with demand. Third, since the late 1970s, the Government of Indonesia 
has banned the export of live animals and instituted a number of domestic and 
foreign funded development projects to increase domestic populations of all major
livestock species. So, the GOI certainly believes domestic livestock populations are in
sufficient to meet current and projected demand. Some information on what is 
believed to be a global shortage of leather is also presented. National offtake rates of 
55%o by both sheep and goats is considered to be a third of the genetic potential of 
prolific Javanese Thin Tail sheep and kacang goats. Lack of male breeding stock and 
insufficient or poor quality feed are considered to be the main constraints to increased 
productivity of existing flocks. The authors view the use of estate crop and forest land 
in IPS systems to be an important potential resource to increase the feed base for small 
ruminants. Several specific research areas are also suggested. 

Demand within indonesia, ASEAN, and the huge Saudi Arabian market are very 
encouraging both in the near and long term. Fifteen percent real price rises for goat 
meat are a supply side problem but also a very attractive investment opportunity. And 
the Saudi Arabian and Gulf markets with premium prices for fat-tailed sheep, beckon. 
From an investment perspective domestically within Indonesia, regionally within 
ASEAN, an..! globally to the Middle East, increased small ruminant production looks 
very attractive. 
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ABSTRACT
 

This paper describes the application of systems analysis to the study of tree cropping and 
small ruminant production systems (IPS). Such a multidisciplinary approach is particularly 
important in the understanding of the complex interrelations among the various components 
of the systemF and the input/output processes related. Three biological subsystems are basic 
components of IPS: I) tree cropping systems (TC), 2) undergrowth (herbage) production 
(HERB), and 3) grazing small ruminant production (GSR). Mathematical models that take into 
account different critical factors and can quantify these subsystems are presented. An example 
is modeling the availability of herbage, which is the main contributing factor for integrating 
small ruminants into a plantation system and which depends on the availability of light and 
water, soil type, location and management. The concept of energy flow was used in order to 
link the three biological subsystems, with the metabolizable energy availability being more 
accurate than dry matter availability for de;ermination of grazing intake and carrying capacity 
of the plantation area. Simulation models, can also be used to study the different relations of 
input and output for a range of production situations which may be useful for the decision 
making process. 

INTRODUCTION 

The concept of systems analysis has gradually emerged into an accepted theory
in the last decade (Dillon, 1976). Initially, systems analysis was conceived as an 
integrating framework whereby complex systems, possibly involving several disciplines, 
could be studied together (Dent and Anderson, 1971). 

An integrated tree cropping and small ruminant production system (IPS) is a 
complex agricultural system comprised of many interacting components or subsystems
which could be better understood and eventually developed, if studied as a conceptual 
model in a systems analysis framework. 

One basic objective of integrating small ruminants into plantation crops such as 
rubber, oil palm and coconut, .is to optimize the utilization of forage resources to 
sustain meat, wool and possibly milk production. For some countries in the tropics,
this strategy is a priority since development of open pastures and intensive animal 
production systems is costly. The application of systems analysis can help under
standing many processes and factors that affect this optimal utilization. It may also 
allow one to incorporate changes assuming differeni environmental conditions and re
sources as well as to propose suitable management decisions for a range of production 
situations. 
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SYSTEM AWARENESS
 

A production system is characterized by a dynamic set of inputs and outputs, with 
a connecting structure of interrelated processes and final products all lying within 
dcfined boundaries. 

A systems approach attempts to incorporate all the elements which influence a 
decision or response, or the understanding of some phenomenon within the defined 
boundaries. 

In this context, it is important not to overlook critical relationships between 
various parts of the system. In following a systems approach for instance, the study 
of the herbage production under the plantation should not be conducted without 
taking into account of the logistics of planting, the tree crop management and the 
animal production practices. 

The study of systems analysis is based on models which are conceptualized as 
simplified representations of reality. A system is defined here as "an orderly collection 
of logically related principles, facts or objects" (Graybeal and Pooch, 1980). 

The application of systems methodology, also referred as model-building 
methodology, to the study of complex production systems may involve: 

" 	Observation of the system behavior 
For instance, observation of the interaction pathways among the various 
components of a given IPS, such as tree crop growth pattern, small ruminant 
grazing activities, grazing intake of small ruminants in the plantation and how 
they react to each other in a complete system of integration. 

" 	Formulation of hypotheses that account for the observed behavior 
The formulation of suitable working hypotheses should be made on the basis 
of knowledge of the factors that are linked in the production process. For 
instance, it is known that tree crop growth leads to the development of canopy 
which eventually will reduce the amount of light penetration or light availabil
ity. Furthermore, it is also known that light availability has a direct effect on 
the development of the undergrowth. Since the grazing animals depend on the 
herbage as a source of feed, then a global working hypotheses linking the 
elements of the process could be proposed as: the animal carrying capacity of 
the plantation is changed by tree growth. 

* 	Simulation to predict the future behavior of the system assuming that the 
formulated hypotheses are correct 
Mathematical models can be used to simulate herbage dry matter yields related 
to a range of light availability, rainfall and locations. 

" Comparison of the predicted behavior with actual behavior 
Comparisons can be made utilizing actual data collected from the field, or if 
available, records and published information. 

Simulation and utilization of computer technology are important aids to systems 
analysis. Model building and simulation can also be helpful in anticipating the produc
tion of systems that are not yet established. For this to be possible, reliable and 
accurate estimates of the effects involved in each subsystem will be needed along with 
the ultimate requirements of the system. Essential steps involved in formulation of a 
simulation framework are: 
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* Construction of a mathematical model representing the real situation. 
* Collection and processing of data to feed the model. 

" Estimation of parameters from field data and evaluation of the parameter 
estimates and the assumptions undei!ying the model. 

" Testing the validity of the mathematical model. 

" Construction of a computer model and checking its validity. 
" Modeling experiments by operating the computer model. 

" Analyzing the results and selection of the most appropriate policy or policies. 
Detailed explanations of systems analysis, models-building and simulation in agri

culture have been explained by Csaki (1985), Spedding and Brockington (1976), France 
and Thornley (1984) and by Dahlan (1989), who developed the OPCIS-model in the 
study of oil palm and cattle integration. 

CONCEPTUAL MODEL OF TREE CROPPING AND SMALL
 
RUMINANT PRODUCTION SYSTEMS
 

Many ruminant production models have been developed based on an individual 
animal basis with feed availability usually assumed unlimited for the grazing animal 
(Sanders and Cartwright, 1979; Kahn and Spedding, 1984; Blackburn et al., 1989). 
Nevertheless, availability of feed for grazing animals in ruminant-herbage systems is 
usually limited by area, intake, production, and regrowth of herbage. 

In tree cropping and small ruminant production systems the problems are more 
critical, since not only the grazing area is limited and constrained by environmental 
fluctuations, but herbage production and grazing intake varies with tree crop canopy 
growth and botanical composition of the undergrowth. 

Conceptually, an IPS system can be envisioned as consisting of three inter
dependent subsystems or components: I) tree crop (TC); 2) undergrowth (herbage) 
(HERB); and 3) grazing small ruminant (GSR). 

The productivity (p) of the integrated system can be written as the following 
function: 

p(IPS) = f(TC, HERB, GSR) 
where p relates to the productivity of IPS and f is-a function of three components. 

Tree Crop Models 

Tree crop plantations such as in oil palm and rubber estates are an appropriate
place to integrate small ruminants. The main contributing factor for this integration 
being availability of feed or undergrowth. In these systems the availability of radiation 
that penetrates through the tree canopy and provides energy for the herbage to grow, 
is a critical factor. Since the tree canopy density expands with growth of the tree, the 
amount of light penetration will decrease as age of the tree increases. As a con
sequence, the energy available for photosynthetic processes or photosynthetically 
active radiation (PAR) will be reduced resulting in low herbage growth rate and less 
herbage biomass. 

The biological relationship between tree growth and light penetration can be 
expressed by the following nonlinear functions: 
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Canopy development model 

CA = ir r2 with 7r = 3.1416 
r = rmax (l-exp(-kAGE)) 

where CA is canopy area, r is the radius of tree canopy, rmax is the maximum radius 
of tree canopy, AGE is the age of the tree and k is a coefficient that quantifies the growth. 

By using field data or published information on tree crop growth, the parameters 
of the respective canopy model can be developed. Application of these concepts to the 
growth of oil palm canopy is illustrated in Figure 1. Validation of the model that gene
rates data in Figure 1 can be made by comparing the predicted and actual data of the 
palm structure. 
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Figure I. Growth of (i palm canopy. 

Light penetrationmodel 

Light penetration can be expressed as: 

LP = f(CA) 
LP = f(7r r')

' ° LP = b-cJ2

since r = f(AGE), then 
LP = d exp(gAGE) + h exp(-vAGE) 
with LPmax = 100 and LPmin = 0 

where LP is percentage (07) light penetration under the canopy, b, c, d, g, h and v are 
the coeffici-tnts of the equations. LPmax is maximum percentage of light penetration 
(100 for oper, space) and LPmin is minimum percentage of light penetration (0 for total 
shading). 
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Measurements of light penetration in the field is a tedious work. But by using 
this LP model, prediction of light availability under the tree crop can be easily obtained 
according to tle respective age or structure of the tree. Figure 2 shows the trend of light 
penetration under oil palm with relation to plantation age. The L.P model is useful in 
determining light availability under tree crops ior the development of a herbage pro
duction model. 
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Figure 2. Light penetration under oil palm canopies. 

Herbage Production Models 

Herbage production (HERB) under a tree c ip canopy depends on the availabil
ity of light and water (rainfall), soil type, location and management, that is: 

HERB = f (light, water, soil type, location, management) 

Herbage dry matterproduction modol 

The following are mathematical models to predict herbage production under tree 
crops: 

WA = (PD2-USE)/4 NT 
HERB = 10000-WA 
DMYHA = (DMY/USE) HERB 

Dry matter (Dr.,I) models including age of tree and LP value are respectively: 

DMYHAi = a AGE + b AGE exp(c AGE) and 
DMYHAip = d (100-LP) exp(-g (100-LP)) 
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where WA is the weeding area in the plantation, PD is the planting distance, USE is 
the area used for grazing, HERB is the availability of herbage per ha, NT is the number 
of trees per ha, DMY is the dry matter yield per plot area and DMYHA is the dry 
matter yield per ha. For DMYHAi, i = 1,2..,30 for age of tree or palm, and DMYHAIp, 
lp*=O to 100°%0 light penetration. a, b, c, d and g are coefficients of the equations. 

As in example, simulated and actual DMYHA according to LP and AGE under 
an oil palm plartatioit are presented in Figures 3 and 4. Variation in/or between the 
simulated and actual DMY values were due to the distribution of rainfall, soil type and 
locatio-i of herbage production. 

A model that can take into account these changes should relate DM'A ;.o rainfall 
and location. Such a model can be expressed as 

ADMY = DMYHA + RRi(AR-MR) 

where ADMY is the actual DMY (kg/ha/mo) related to rainfall, i = 1,2,..,n for loca
tion specific, RRi is the rate of rainfall, AR is actual rainfall (mm/mo) and MR is the 
mean rainfall (mm/mo) for the area. 
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Figure 3. Herbage dry matter yield related to % light availability. Actual data collected from plantations. 
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Figure 4. Actual and simulated dry matter yield in coastal areas. Actual, based on actual mean values; 
Simulated, based on simulation results. 

Energy Availability Models 

Conversion of energy from herbage energy to animal metabolizable energy is the 
more convenient method to link HtRB and GSR subsystems. For grazing ruminants 
it is advisable to convert dry~matter gross energy content of herbage, for each botanical 
species present under the tree crop, to metabolizable energy available (MEA). MEA 
values are more accurate than dry matter availability values for determining grazing
intake and carrying capacity of the area. 

MEA model 

The MEA model can be expressed as 

MEA = (ADMY/30) Sum(BCi x ECi x PFi) 
where Sum is summation of botanical composition (BCi) with all BCi v,,lues between 
0 and 100, i= 1,2,..,n for number of botanical species present in the field, ECi is the 
.,.nergy content of herbage and PFi the preference index of the herbage grazed by the 
animal. MEA is expressed in MJ/day/ha. 

The botanical composition under tree crop plantations usually consist of broad 
leaf plants (BL), ferns (FN), legumes (LG), grasses (GR) and palm seedling (PS). BCi 
values can be gathered from field observation or can be derived from: 

I =- KI + K2 LP - K3 LP2 

where K,, K29 and K3 for different species are: 

247 



Botanical Components KI K2 K3 

For broad leaves plants (BL) 33.83 -0.52 0.01 
For ferns (FN) 39.12 -0.11 -0.003 
For legumes (LG) 9.57 -0.69 0.01 
For grasses (GR) 15.42 1.3 -0.014 
For palm seedlings (PS) 1.86 -0.056 0.0004 

While the energy content of herbage (ECi) cin be based on calorimetric analysis 
and in vitro digestibility estimation, the preference index (PFi) is based on the 
probability of selecting available herbage species in the plantation. 

Grazing small ruminant model (GSR) 

Metabolizable energy requirement models developed by ARC (1980) were 
modified according to the intake of grazing animals, herbage quality and availability. 
The following models show the relationship of quality and availability of herbage and 
requirements of respective physiological status of grazing animals. 

The faecal output (FO) on body weight (bw) basis is: 

F = FO/bw 

Therefore, the faecal output which can be determined by marker techniques 
(Dahlan et al., 1988) depends very substantially on the animal's physiological status. 
Furthermore, the voluntary intake (VI) depends on F, body weight and dry matter 
digestibility (DMD) of the herbage: 

VI = F bw/(I-DMD) 

Then, the metabolizable energy intake is 

MEVI = 14.58 VI DMD 

When ME intake is assumed ad libitum, and MER is ME requirement for each 
animal, then 

MEVI = MER 

The net energy requirement (NERi), with ki as a coefficient of efficiency of 
conversion of ME to NE for the ith body function, can be written as 

NERi = ki MERi 

Thus, 

NERi = ki 14.58 VI DMD; also,
 
VI = NERi/(ki 14.58 DMD)
 

ki = 0.546 + 0.30 q
 

with q representing metabolizability of the herbage (ME/gross energy). 

Furt:iermore, 

MERi = NERi/ki
 
MERi = MERM + (MERG or MERP or/and MERL)
 

where metabolizable energy requirements (MER, in MJ/day) of grazing animal are 
accounted for maintenance (MERM), growth (MERG), pregnancy (MERP) and (or) 
lactation (MERL). 
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As an example, Table 1 gives the values of MER (MJ/day) for grazing goats, 

according to the NRC standards (1981). A simulation of growth and production of sheep 
based on Graham et al. (1976) and a simulation model of a breeding ewe flock from 
White et al. (1983) can be adapted into an IPS to model GSR. 

Table 1. Daily metabolizable energy requirement of grazing goats1 . 

Body weight Maintenance Activity2 Growth3 Preg Lact Sum 
(kg) (Mi) (Mi). (Mi) (Mi) (MJ') (Mi) 

10 2.38 1.79 1 - - 5.68 

20 4.02 3.02 1.51 - - 8.55 

30 5.44 4.08 1.51 5.95 5.40 22.37 

40 6.74 5.06 - 5.94 5.40 23.14 

50 7.99 5.99 - 5.94 5.40 25.32 

60 9.16 6.87 - 5.94 5.40 27.37 

1 Based on NRC (1981).
 
2 Additional 75% requirement for high activity in a harsh environment..
 

3 50 g/day weir 't gain (for all goat sizes). 
Preg is MER for late pregnant doe. 
Lact is MER for lactating doe at 5.5076 milk fat. 
Sum is total daily MER for the grazing goat. 

Carryingcapacity 

Carrying capacity can be determined by adopting the concept of energy flow in 
the biological system. Thus, carrying capacity in an efficient system will be determined as: 

CCi = MEAi/MERi
 
SRi = CCi/AREAi
 

where CCi is carrying capacity (animal unit equivalent), SRi is stocking rate (animal 
unit/ha), MEAi is metabolizable energy available from the plantation area and AREAi 
is area of the plantation (ha) and i represent the resepective area. 

For an integrated oil palm and goat productioii system, Table 2 shows simulated 
carrying capacity (CCi) and stocking rate (SRi) of 100 ha of oil palm plantation for 

i
Table 2. Simulated carrying capacity and stocking rate of 100 ha oil palm plantation for goats . 

Palm age LP Area MEA/ha CCi SRi Comments 
(years) (0) (ha) (Mi) (AU) (Hd/ha) 

2 98 30 32.3 42 1.4 not advisable
 

6 71 10 41.5 18 1.8 good
 
9 48 14 24.3 15 1.1 moderate SR
 

12 32 26 12.9 14 0.6 moderate SR 
15 22 10 9.9 4 0.4 low SR 

18 15 5 8.9 2 0.4 low SR 

24 10 5 5.5 1 0.2 very low SR
 

Total 100 96
 

1 Information on palm age and area was gathered from the farm.
 
LP: simulated light penetration value for the respective palm age.
 
MEA: metabolizable energy available.
 
CCi: carrying capacity (animal unit equivalent = 40kg goat).
 
SRi: stocking rate (head/haj.
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different tree ages. Decisions on the possibility of integrating goats into the plantation 
can be made according to SRi and palm age. 

QUANTITATIVE DECISIONS BASED ON IPS MODELS 

The decision on how to begin tree crop and small ruminant integrated farming 
can be considered as one of the most difficult tasks for the farmer or manager. Without 
proper information about the farm, the system behavior and knowledge on the system, 
a planning process and correct decisions cannot be properly made. 

By using model and simulation techniques, many uncertainties in the planning
process can be answered quantitatively without conducting field experiments. For
instance, the common questions and associated answers with the planning stage of tree
cropping and small ruminant systems can be arranged as in Figure 5 that illustrates an 
input and output scheme. 

INPUT WINDOW 
QUESTIONS CHOICES 
WHAT TYPE OF PLANTATION ? RUBBER I OIL PALM I COCONUT 
HOW BIG IS THE AREA ? 
WHERE IS THE LOCATION ? 
WHEN TO START PLANTING ? 
FOR HOW LONG IS YOUR PLAN? 
WHAT TYPE OF ANIMAL ? SHEEP I GOAT CATTLE 
WHAT TYPE OF SYSTEM ? GRAZINGI STALL-FED SUPPLEMENT 
OTHER INFORMATION ? 

IPS-MODEL SIMULATION PROGRAM (using computer programming to 
analyze the information and simulate the system) 

OUTPUT WINDOW WITH RECOMMENDATIONS
 
SUITABILITY 
 : YES: NO
 
DURATION SUGGESTED
 
FEED AVAILABILITY IN
 

YEAR I
 

YEAR N
 
ME AVAILABILITY IN
 

YEAR I
 

YEAR N
 
STOCKING RATE BY YEAR
 
CARRYING CAPACITY BY YR
 
NET RETURN BY YEAR
 
OTHER RECOMMENDATIONS
 

Figure 5. A scheme with inputs and outputs for an integrated tree cropping and small ruminant production 
system. 
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Outputs from the model can be used as a guide by the manager or the planner 
in his/her decision making process. Since a model is a simplification of a real-life 
system, it cannot mimic all possible situations. A model builder should test the inherent 
limitations and hypotheses by a procedure called validation. 

In practice, a valid model not only implies that the mathematical expressions 
truthfully represent the various processes in the model but also that parameters and 
input data are correct. Commonly the user must ensure that the input data are correct 
and the model operates within the constraints specified by the builder. 

CONCLUSIONS 

Systems analysis is not limited to the more formal aspects of model conception 
and development. Returning to the idea of systems analysis as a caus,-effect assessment 
of a complex system, we find a broad range of uses for which systems analysis can help 
the efforts of agriculturists. In this paper, we showed that the development of 
conceptual models can lead us to study the behavior of a system. that does not exist 
yet. In doing so, models can explain the possible interactions occurring between the 
components of the complex system. 

Computer simulation of tree cropping and small ruminant integrated production 
systems is an aid to the decision making process. It has been particularly useful in 
integrating and assessing information from, and in providing direction to, research 
programs. It has been less beneficial to farmers and extension officers but this is likely 
to change when a new generation of models are developed. These models will enable 
farmers to evaluate complex management options with added confidence. 
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ABSTRACT 

Southeast Asia has large areas of land under plantation crops such as rubber and oil palm. 
These production systems offer a tremendous potentialfor expanding small ruminantfarming. 
To date, there has been limited success in rearing small ruminants in a plantation setting 
because of poorly deve oped technologies and an ineffective extension service. This paper 
highlights the educatio, research and extension needs required to develop a viable crop and 
animalintegratedfarmiig system within a plantationcropping system. 

INTRODUCTION 

Production of small ruminants, particularly sheep and goats, is being intensified 
through an integrated production system with tree crops. The main purposes of 
intensification are to increase farmers' income, meat output and farm productivity. In 
Southeast Asia, the integration concept has been practiced widely by traditional small 
farmers for many years. This is because farmers are primarily engaged in the cultiva
tion of crops, and farm by-products are available and easily utilized to support live
stock production. However, commercializing the integration concept, particularly among
large land holdings under estate crops such as rubber and oil palm, is a recent 
phenomenon. 

Rubber, oil palm and coconut are grown in large estates in Southeast Asia and 
high quality forage grown in the interrows has the potential of being utilized for 
feeding livestock. Since the first international seminar on the integration of animals with 
plantation crops was convened in 1978 (Abraham et al., 1978), many research projects 
have been undertaken to determine the feasibility of combining tree cropping and 
livestock. 

Small ruminants have been selected as the animals of choice for many practical 
reasons. Sheep, and to a lesser extent goats, are easy to manage, cause less damage to 
the crops, require less capital investment, and yield high profits. To date, the process
of integrating crops and small ruminants has only been successful in a limited number 
of cases. In Malaysia, those organizations that have been successful are large planta
tion conglomerates which have the ability to self-generate technology related to this 
integrated production concept. For smaller organizations, which require technology
transfer from other sources, success has been limited. This is partly because the agents
for technology-transfer to the farmers are themselves unfamiliar with the technoiogy. 
There are few training opportunities on the integration of crops and animals at 
universities/colleges and extension institutions in most countries. The aim of this paper 
is to assess the adequacy of and need for a higher education, research and extension 
infrastructure to support a commercial crop, and animal integrated production system 
in Malaysia. 
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EDUCATION
 

Commercial agriculture in Malaysia began when rubber was planted on a large
scale about 100 years ago using foreign expertise and labor. Technical training in agri
culture became available locally around 1932. University education in agriculture 
commenced much later - in the early 60s. As the Malaysian agricultural sector is heavily 
crop-based, the early undergraduate curriculum reflected that bias. Animal science 
courses made up less than 15% of the total programme. It was difficult to generate
interest among undergraduates to specialise in any animal science discipline. The 
problem is accentuated in current undergraduate programmes in agriculture that are 
devoted primarily to plants and crops. Only one general course in animal science is 
offered during undergraduate studies, and it is inadequate either to provide the 
necessary foundation in animal agriculture or to stimulate continued ini. rest in the 
subject. Thus, graduates in agriculture who manage the plantations and estates lack 
even rudimentary skills in animal management. A move to expand the number of 
animal science subjects ,nffered in the agriculture undergraduate programme would, to 
some extent, help alleviate the problem. 

One of the main reasons for narrowing the agriculture degree programme base 
to the study of plants and crops is because of the division of job responsibility within 
the public sector. Since 1964, animal husbandry services have been placed under the 
care of veterinarians. Until 1977, all veterinarians were trained overseas. They had very
little exposure to animal husbandry and none to agronomy and other crop sciences. With 
the introduction of the veterinary degree in 1973, it was decided to incorporate both 
animal health and production disciplines into a single programme. Locally-trained
veterinarians became definitely more competent, as far as animal husbandry is 
concerned, compared to their foreign-trained counterparts. This is evident by the large
number of veterinary graduates who have gained employment as nutritionists, breeders 
and managers in the animal industry. A sizeable number also work as field officers or 
consultants with the various pharmaceutical companies. Their primary role is to act as 
extension agents to the commercial pig and poultry farmers and teach them the modern 
technologies marketed by the specific companies. 

The competency in animal husbandry exhibited by the veterinary graduates is 
confined to conventional farming systems which are wholly livestock-oriented. If the 
curriculum is carefully examined, one finds that the structures of the animal science 
courses offered are traditional. The contents are developed using reference materials 
and facts derived from other environments. Consequently, students of animal science 
are more appreciative of high input intensive production systems compared to the low 
input extensive systems prevailing in the region. Until today, not a single original text 
book based on local experience has been adopted as reference text. This is because the 
few text books written on tropical animal husbandry are considered unsuitable, since 
the majority of facts presented are not of indigenous origin. In a number of instances, 
the books are too narrative and information oil crop and animal integration, 
theoretically the most promising system for adoption in this part of the world, is lacking. 
Unless an adequate reference text on the subject is available, it is inconceivable how 
such a system can be effectively understood by students of agriculture and animal science. 

In Malaysia, in addition to agriculture and veterinary degree programmes, two 
other levels of training are offered. Diplomas in animal science and agriculture are 
given for practical courses that prepare students to serve as mid-level professionals. The 
second kind of training is at the certificate level and its emphasis is to train technicians. 
Neither programme focuses on the acquisition of knowledge and technology to deal 
with integrated animal production systems. 
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RESEARCH
 

Since the integrated crop and animal production concept is recognized as being
feasible, research on breed ap., species suitability, nutritional needs, and disease 
control is being undertaken i he concept of integrating ruminants in plantations is a 
recent idea and most suitable for small ruminants, especially sheep. Large ruminants 
and goats can graze urJer oil palm and coconut, though management is more difficult 
and damage to tree species can be extensive. 

The advantages of integrating ruminant production with tree crops, viewed from 
the crop perspective, include: (a) increased fertility of the land via the return of dung 
and urine; (b) control of waste herbage growth and reduced use of herbicides; (c) easier 
crop management; and (d) distinct possibilities of increased crop yield (Mahadevan and 
Devendra, 1985). Such a view is now changing with greater realization for expanding 
livestock as a means for increasing local food production as well as farm income. This 
is evident by an increase of livestock numbers in the plantations. For instance, the sheep 
population under the plantations in Malaysia increased from 3,000 heads in 1984 to 
26,000 heads in 1987. 

Availability of fresh fodder under younger rubber, estimated at 15 to 17 tons per
ha with 12.5%V0 crude protein, is capable of carrying up to 20 ewes per ha on rotational 
grazing (Pillai and Seeveneserajah, 1988). Forage quality of ground vegetation under 
plantation crops is high at 16% crude protein. Sheep, grazing in plantations, when 
given small amounts of palm kernel cake and about 10 to 50 mg per head per day
mineral supplements, weighed between 25 and 30 kg at 6 to 7 months of age, a 
satisfactory growth rate. In Malaysia, the 3.5 million ha of land planted with major 
crops such as rubber, paim oil and coconut, have the capacity to carry 1 million cattle 
or 6 million sheep (Wan Mohamed ef al., 1987). This confirms that the potential to 
expand small ruminant farming under plantation crops is indeed large. The major
limiting factor is the inadequacy of the technology itself. Integrating animal and crops 
is not a simple process. A complete technological package has to consider the 
relationship between the animal, forage and soil, as well as the tree crop. The under
standing of these relationships requires a multi-disciplinary approach unlike in the past 
were it was carried out on a single discipline basis. There is a need to obtain more data, 
based on different levels of production, in order to develop economic models. In this 
respect, studies on animal type, grazing method, fertilization rate and forage evalua
tion need to be carried out more intensively. Another area of research which merits 
attention relates to questions of disease control to reduce the prevailing high mortality 
among lambs produced under plantation cropping. 

EXTENSION 

Agricultural extension is a service which assists farmers, through educational 
procedures, in improving farming methods and techniques. However, the existing 
extension institutions in this country do not have the personnel trained in crop and 
animal production technologies to address the integration of small ruminants in estate 
cropping systems. Without adequate training in extension methods and research 
supported information, the extension agents are ineffective in their role in working with 
farmers and estate managers. 

The integration of estate crops and small ruminants has not made as much 
progress as thought possible because of the failure to translate research findings into 
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practical terms. The writers feel that there are sufficient technologies now developed 
at various research institutions in Southeast Asia that can be channelled to the possible 
end-users. The main reason for this failure is the weak linkage between research and 
extension. Informal or loosely organized linkages are not usually successful. 
Technology transfer will be more effective if the research and extension link is 
strengthened. This can be accomplished by a strong commitment of resources from 
policy makers and administrators. 

There are a number of extension methodologies which have applications to estate 
crop-small ruminant integration. Training for extension agents is critical. Training 
programmes can initially be organized on a regional basis to optimize the use of 
resource personnel whose role would primarily be to train extension leaders who in turn 
would train other extension agents. The manner in which extension is carried out also 
determines the degree of success. In promoting livestock integration with crops, the most 
appropriate extension technique would be to implement a Training and Visit system 
(T&V). The T&V system has many built-in positive features which can create a strong 
linkage and facilitate the flow of information between research and extension and the 
farmer. 

Another constraint to the integration of crop and animals is the plantation 
owners' reluctance to modify existing systems of production. The majority do not have 
the knowledge of animal husbandry nor do they see the benefit that can be derived from 
livestock farming. Without convincing them of the feasibility and profitability of such 
farming systems, it is unlikely that the integration concept can be widely propagated. 
These plantation managers will require basic training to develop an understanding of 
animal management. At the same time, model farms should be established to 
demonstrate the system's benefits. 

For integration to succeed, the system has to be profitable which means the 
production costs must be kept to a minimum. Animal care and management will 
increase production costs and this can turn such a production system unprofitable. Thus, 
it may be necessary to mobilize and train the existing farm workers to care for the 
animals and thereby improve labour efficiency and farm income. 

CONCLUSION 

It is apparent that graduates in agriculture and veterinary sciences lack training
in topics related to integrated crop and animal production systems. The main reason 
for this is their non-exposure to the subject matter in these disciplines. It is proposed 
that animal production courses incorporate elements of crop and animal production 
systems into the existing curricula. Students should be taught to understand the 
comparative advantage of both the conventional as well as the integrated systems of 
production. Since there is a lack of teaching materials on crop and animal integration, 
encouragement and incentives should be given to individuals or groups of animal and 
plant scientists to develop teaching and reference materials. 

In terms of research, there is still much that needs to be done. Forage manage
ment on the plantation and animal disease control are two critical areas. Research on 
crop and animal integration needs to be studied on a multidisciplinary basis because 
of the interrelationship between the crop, soil, forage and the animal. The biggest 
drawback of the system is the high mortality of animals, which reduces profit. The 
causes of mortality are not very well-understood although in most instances parasitism 
is a contributing factor. 
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F -'.cessful integration of small ruminants into plantations and estates cannot be 
accomplished unless plantation owners understand production technologies and profit 
potentials. Unfortunately, the extension services are not effective at addressing either 
of these issues and they do not have te manpower to accomplish the task. The 
extension system needs to be improved inmediately, since it will produce the greatest 
impact and bring about the desired changes quickly. 
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ABSTRACT 

Integrated production systens (IPS) ofsmall ruminants in plantation areas are now thefocus 
of miany research efforts in the A SEAN region. This integration offers a remarkable potential 
to enhance small ruminant productivit' and income of smallholder farmers. A network, 
considered as a powerful tool for communication and information detivery, can contribute 
significantlv to IPS research. Aspects of this contribution are discussed along with the organization 
of a regional network specifically to promote education and research in the ASEAN region. 

INTRODUCTION 

The demanC for food in Southeast Asian countries is ever increasing and new 
approaches and production alternatives are required for the agricultural sector to meet 
this challenge. An alternative system that comprises an efficient utilization of land and 
animal resources is the integrated production system (IPS) involving small ruminants 
in plantation areas. 

At different production scales this approach is apparently beneficial for the 
production and development of two mutually complementary systems; the tree crop and 
the small ruminant system, respectively. The benefit includes reduction of weeding costs, 
recycling of undergrowth in the form of manure as fertilizer, and increased production 
of small ruminants, which translates into more kg of easily marketable meat. 

Although the concept of integration is not new, field research has not yet 
determined the ways to overcome the many constraints involved and technology is not 
ready available. The development of technology, to which many regional research 
agencies are contributing, is a long term investment process that requires a global, 
multidisciplinary approach with efficient communication and information exchange. 

Moreover, adoption of the concept of IPS by the smallholder farmers for whom 
integration could represent a new avenue for income improvement has been limited. 
Apparently planters and farmers are either not totally convinced, insufficiently 
informed, or unaware of the benefits of an integrated system. This may be the con
sequence of poor information delivery. In fact, except for few scientific meetings little 
has been done in promoting IPS. Considering this scenario and present limitations in 
funding, expertise, facilities and other resources, it would be unrealistic to expect that 
the needs of technology development and delivery could be met by isolated efforts. It 
is through sharing of information and of other resources that this process could be 
accelerated, become more efficient and meet its objectives. It is obvious in this context 
that networking, a powerful instrument for exchange and delivery, has an important 
role to play. 
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WHAT IS NETWORKING?
 

A network could be regarded as a system in which links between parties involved 
are established either formally or informally. Lipnack and Stamps (1989) defined it as
"a web of freestanding participants cohering through shared values and interests, 
consisting ofself reliant people and of independent groups". Implicit in this definition 
is that no enforcement is involved, but participation and contribution of those 
interested.
 

Networking differs from leader-centered organization. In a network, directions 
and recommendations are produced from ideas and thoughts of many who are directly 
concerned and share mutual problems and who also are free to accept those developed 
directions and viewpoints. Thus, a network is expected to function under a relatively 
autonomous framework, creating links but not dependencies; the networking message 
is therefore interaction with independence. This condition confers a cross-sectional 
power, free of traditional barriers usually defined by institutional boundaries and 
bureaucracies. 

Networking is linking people with people and linking ideas and resources. While 
basically this interaction is a common facet of social behavior, it is only in the past 
decade that it has been formally conceptualized as an organizational tool. It has played 
a basic role in the organization of scientific societies and it can be considered as an 
early step in the evolution of these organizations. 

With the advent of computer and computing technology network has a new 
meaning. It can access unlimited sources of information and facilitate the communica
tion process. It can permit the establishment of databases for literature searching and 
resource inventories. Furthermore, computers communicate each other and link 
national and international databases reducing notably the time-consuming process of 
information searching and exchange. 

Networks can also be considered as appropriate technologies for developing 
countries. Readily available information and innovative technology could be trans
ferred quickly to scientists, educators, extensionists and farmers. 

WHY NETWORKING? 

The nineteen nineties are forecasted as a decade of accelerated information 
exchange. The global economy in this period will require that available information 
should be disseminated and delivered to those in need of it. The information is 
particularly necessary to developing societies to keep up the pace of the development 
progress. 

Naisbitt and Aburdene (1989) forecasted a shift from the present hierarchical 
structures towards networking structures in the next decade, which will characterize a 
change from an industrial society to an information society. Independent of these 
global needs, research, education and development activities have always depended and 
will depend on information as a basic resource to formulate curricula, hypotheses, 
research plans, validation/test, and transfer of the developed technologies to the 
end-users. 

There are many sources of information available, but it is not possible to have 
access to all. The information is often not focussed and specitically geared towards 
specific needs and problems. Specificity can be provided only by sharing information. 
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For instance, through networking, individuals can communicate easily to share specific 
knowledge and information otherwise accessible only to single individuals. Difficulties 
in accessing information sources are also of economic nature. This occurs with access 
to scientific literature, due to prohibitive subscription fees. A network can help sharing 
by circulating summaries of research papers or by identifying through its inventory 
of resources, the nearest location than can furnish the needs of the researcher. 

A network can contribute also to avoid the development of an atmosphere of 
isolation among researchers, educators and developers by allowing them to com
municate on their results and problems to an audience that may have similar interests. 

A network can be also useful in maximizing utilization of available resources. For 
instance, the inventories of research facilities can identify specialized laboratories which 
are available in a region but unknown to researchers in the need of particular type of 
analysis who, eventually, have to send their samples to Europe, USA or other regions. 

Another contribution of networking is through the organization of meetings and 
the implementation of a system of alert. By this, different sectors and persons 
otherwise unaware of the opportunity to share and learn, could be informed on the 
nature and scope of the meetings. The present meeting has indeed been promoted as 
a networking activity to stimulate and establish multidisciplinary links among a variety 
of educators, scientists and developers. 

NETWORKING AND RESEARCH DEVELOPMENT 

Research is costly and requires vital economic resources in competition with 
other sectors of development. It is difficult to convince governments to release 
continued or additional research budgets to sustain research development. The long term 
characteristic of the research process, particularly in the research of small ruminants 
under smallholder production systems, adds to the difficulty of convincing government 
to continue research support. Research development should also target sustainability.
Therefore project visibility should be encouraged and unnecessary duplication of 
activities avoided. The place and role of networking is very evident in this regard. It 
can approach the decision makers more efficiently, it can provide required visibi ity, 
stimulate complementary activities and promote rapid delivery of technology. It is 
obvious that success of research programs will be limited if information is confined within 
the communication boundaries of a single institution. 

In regard to IPS, participation of researchers, farmers and developers in on-farm 
research projects is known to establish an important flow of information that enhances 
visibility and can secure further support, while it accelerates the process of technology 
delivery. 

ASPECTS IN WHICH NETWORKING COULD SUPPORT THE 
DEVELOPMENT OF INTEGRATED PRODUCTION SYSTEMS 

Research on integrated tree cropping and livestock has a regional relevance that 
involves most countries of ASEAN: in Malaysia and Indonesia efforts are being made 
to integrate small ruminants into rubber and oil palm plantations (Tajuddin, 1989; 
Sanchez, 1990) and in the Philippines and Thailand to integrate coconut plantations with 
carabaos and small ruminants, respectively (Moog el al., 1989; Sopha. iodora, 1989; 
Manidool, 1989). 
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Some aspects in which nctwurking could contribute will be outlined in a regional
framework, based on experience with a focal network. The Indonesian Small Ruminant 
Network or (ISRN), was launched to fulfil! similar needs in a national context. We 
envision that a network linked to specific development needs of IPS, in an area such 
as ASEAN, should target: 

" The establishment of a regional computerized inventory database to catalog: 
" well documented (journal articles) and overabundant not well documented 

literature concerning IPS, 
" institutions and human resources, 

" resources such as laboratories and research and education facilities, and 
" libraries and centers with most relevant literature in animal science and their 

available issues. 
" The preparation of a directory of regional field-related institution/agencies and 

persons. This should define leaders and their main areas of expertise. 
" The publication of a regular newsletter. In this regard the ISRN could be used 

as a preliminary step to the official launching of an exclusive issue. 
* 	The promotion of regional meetings. For instance series for research, 

extension, and IPS related activities. 
" The search for competitive research grants to fund creative projects proposed 

by scientists in the region. 

" The production of an alert system to inform quickly on outcoming events, on 
important visitors, courses, etc. 

" The publication of textbooks with participation of regional and other scientists 
working in the field of IPS. 

The Indonesian Small Ruminant Network, sponsored by the Small Ruminant-
Collaborative Research Support Program (SR-CRSP) and the Research Institute for 
Animai Production (RIAP), has produced important information in this regard which 
is available to all users in the region. Some of its output includes: a national newsletter 
issuc.u twice a year, a national directory of small ruminant workers and a literature 
database. Planned for this year is the opening of a section for regional news in the ISRN's 
newsletter. This will be mainly devoted to activities related to IPS. Key personalities
in the region will be invited to participate and submit short articles on recent advances 
and coming events. 

An important issue to consider in the organization of a network is its sustainabil
ity. Presently, organizations such as IDRC, the SR-CRSP, ACIAR and others are 
sponsoring initial efforts. Nevertheless, networks should look for self-sufficiency and, 
if possible, obtain continued support from governments and the private sector. 
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ABSTRACT 

The integration of small ruminants with rubber production systems is discussed as an 
alternative to increase the low income offarmers in the Nucleus Estate and Smallholders Schemes 
(NES). Prospects for this integration as well asfor enhanced production ofsmall ruminants are 
promising in '1donesia. The implementation of an integrated production system, its technical and 
socio-economnic constraints are considered along with a summary of needs forfuture research. 

INTRODUCTION 

To boost the income of smallholders in estate crop regions, the government of
Indonesia implemented the Nucleus Estate and Smallholder (NES) project. The 
development of this project has resulted in the expansion of smallholder plantations.
The allocation of extra land for farmers to grow crops other than rubber or oil palm 
as their main crops, apparently was not sufficient to raise their income. In addition,
since the rubber productivity of the NES projects is relatively low additional sources 
of income must be sought. One of these is the integration of a small ruminant produc
tion component into the rubber smallholding. This paper discusses the potential of this 
integration for the NES project. 

THE SMALLHOLDER RUBBER SECTOR AND THE NUCLEUS 

ESTATE SMALLHOLDER PROJECT 

The Smaliholder Rubber Sector 

About 3,059,000 ha of land are utilized for rubber plantations in Indonesia. Most 
(80%) of this area consists of smallholdings with a 0.5% growth rate per year
(Directorate General of Plantation Estates, 1989). North Sumatra has the largest area 
of plantations and the greatest potential for expanding small plantations. Plantations 
occupy nearly 423,000 ha in this province. This total includes 310,000 ha of small
holdings, 94,000 ha of government owned estates, and 104,000 ha of private estates 
(Table 1). 

The productivity of smallho!dings is low compared to both government owned 
estate and private plantations. Most of the smallholder plantations are in poor condi
tion, and consist of aged trees that produce no more than 500 kg of dried rubber per
hectare per year. Rubber trees in the estates, by contrast, yield 1,500 kg per hectare 
per year. Table 2 shows the distribution of production areas owned by smallholders. 
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Table 1. Plantation area and production of rubber in North Sumatra (1984-1988). 

Year 
1984 1985 1986 1987 1988
 

Smallholdings 
Areal 281 307 319 320 310
 
Production 2 110 111 167 171 117 

Large private estate,4 
Areal -  - 104
 
Production 2 

- - - - 4,690
 

Government owned estates 
Area 104 86 99 104 94 
Production2 108 104 99 96 93 

' (000 ha).
2 (000 tons). 

Source: North Sumatra in figures (1988). 

Table 2. Area and distribution of smallholder rubber plantations in North Sumatra. 

Location Area (ha)
 
Not yet in In Non Total
 
Production Producion Productive
 

Nias 4,507 17,575 3,492 2,431
 
South Tapanuli 7,434 69,064 9,630 86,128
 
Central Tapanuli 5,921 17,984 5,561 29,466
 
North Tapanuli 982 7,718 2,286 10,986
 
Labuhan Batu 22,192 56,793 1,908 80,893
 
Asahan 3,720 6,566 567 10,853
 
Simalungun 721 3,330 5,833 9,884
 
Dairi 33 284 12 329
 
Karo none none none none
 
Deli Serdang 1,149 22,216 4,236 27,601
 
Langkat 4,527 22,045 5,150 31,722
 

Total 51,186 223,575 38,675 310,293 

Source: North Sumatra in figures (1988). 

In order to increase rubber productivity and farmers' income, an assisted 
replanting program was implemented in 1980 in several smallholder plantations. 
However, this program affected only 10%70 of the total smallholders area, and the new 
plantings have not yet all reached maturity and peak production. 

Smallholder Estate Development Projects 

Three different type of projects were launched to support the smallholder estate 
development in Indonesia: the Management Unit Project (PMU), the self-funded 
projects (Swadana), and the Nucleus Estate and Smallholders (NES). The Management
Unit Project helps farmers to replant old rubber by providing them with a complete 
technological and credit package. In the self-funded projects the assistance is limited 
to technical recommendations on clones and on agroeconomical advice. The NES 
project was designed to take advantage of large estates (the Nucleus) in the hope that 
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advanced technology and management would be quickly transferred to smaliholders. 
The smallholder rubber area, called the plasma, is managed by large estate managers 
until the trees reach productive age. Ownership and management are then transferred 
to farmers, farmer groups or cooperatives. During the immaturity period of the 
rubber, farmers are employed by the nucleus estate. Income from this employment, 
however, is not sufficient to meet family needs and must be supplemenited. For this 
purpose, the project provides land for food crops and homeyard cultivation. 

Observations on several NES project areas have revealed some problems (Zen,
1988). A number of farmers abandoned the food crop and homeyard areas after 2 
years of cultivation because of the declining soil fertility. The farmers were unable to 
maintain or improve the soil fertility because they are lacked of capital, their wages 
were low, and their income from rubber cultivation was still limited. 

There are 4 types of NES systems in Indonesia (Table 3). The whole NES rubber 
plantation area includes 553,789 ha, comprising 168,400 ha of nucleus estates owned 
by Government plantation Estates (PTP) or private estates, and 385,393 ha of plasma 
estates (Nuhung et al., 1989). 

Table 3. Characteristics of four different types of NES projects in Indonesia. 

Local Special Extension Transmigration 

Smallholding area (ha) 2 2 2 2 
Food crops area (ha) - 0.75 0.25 0.50 
Homeyard (ha) - 0.25 0.25 0.50 
Participants LF T+LF T+LF T+LF 
House allocation No Yes Yes Yes 
Location P N N N 
Source of funding GOI GOI F WB 

LF: Local farmers; T: Transmigrant farmers; P: Surrounding of a large estate; N: New plantation areas;
 
GOI: Government of Indonesia; F: Foreign loan; WB: World Bank.
 
Source: Nuhung et aL (1989).
 

INTEGRATING SMALL RUMINANTS WITH SMALLHOLDER 
RUBBER 

There is sufficient evidence to believe that sheep-can be integrated with small
holder rubber. Such a strategy is in line with government support for diversification 
of monoculture. Sheep can utilize the undergrowth vegetation, which is considered as 
weed for the plantation. Sheep can also benefit from plantation residues and by-products 
such as rubber seeds and palm oil cake, both of which are suitable feed supplements 
(Sanchez, 1990). 

In return, sheep produce manure, which can be used to restore soil fertility. They 
provide employment and maximize family labor, particularly ior women, the elderly 
and children. An on-farm experimental program on sheep integration in a NES project 
at Alue le Mirah, Aceh, showed that activities such -s shepherding and grass collection 
were complemeatary and did not interfere with the farmer's other responsibilities 
(Dcreinda et al., 1989). Furthermore, the extra income from sheep can prevent the 
overtapping of rubber trees, which usually occurs when the rubber price falls. 

The potential for sheep is greater in the replanting areas because forage is 
abundant in immature rubber area before the trees' canopy overlap each other. During 
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this period, when smallholders do not have a direct source of income, grazing small 

ruminants under rubber could thus play a very important role. 

Sheep and Goats in Indonesia and Potentials for the Smallholder Sector 

In 1985, Indonesian farmers kept 12,117,000 goats and 4,940,000 sheep. From 
1978 to 1985 the goat population growth was 6% per year, while that of sheep 4.6/o 
per year (Table 4). In North Sumatra in 1989, there were 424,800 small ruminants with 
lower growth rates than those for the national flock (5.35 for goats and 1.72 for sheep, 
per year) (Table 8). 

Table 4. Livestock population growth in Indonesia. 

Species Population 
in 1985 

(000) 

Growth rate 
per year 

1978-1985 
(00) 

Beef cattle 9,318 5.68 
Dairy cattle 208 12.18 
Buffalo 2,838 2.97 
Goats 12,117 6.01 
Sheep 4,940 4.58 
Pigs 5,371 9.19 
Horses 696 1.78 
Chickens: 174,505 6.96 

layers 31,090 26.28 
broilers 143,657 41.35 

Ducks 25,642 5.57 

Source: Directorate General 3f Livestock Services (1987). 

Small ruminant husbandry is a traditional part of the local farming system,
especially in areas of intensive food cropping. According to the Directorate General 
of Livestock Services (1983) (Table 5), some 4,735,000 households raised small 
ruminants, second only to chickens. The mean flock size was 3.3 head per household. 
In North Sumatra, 94,000 households raised small ruminants with an average of 2.3 
head per household (Regional Livestock Service, North Sumatra, 1989). 

Table 5. Number of smallholder farmers raising different livestock in Indonesia and number of 
animals raised by each farmer. 

Species Number of Number of 
farmers raising animals 
livestock (000) raised per farmer 

Beef cattle 4,053.4 2.2 
Dairy cattle 64.6 2.8 
Buffaloes 934.4 2.6 
Goats 4,735.8 3.3 
Pigs 1,398.6 2.9 
Horses 302.9 1.7 
Chicken (layer) 22,351.4 7.1 
Chicken (broiler) 247.2 113.6 
Ducks 2,679.7 8.9 

Source: Directorate General of Livestock Services (1984). 
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While small ruminants are usually integrated in intensive food cropping in the 
densely populated island of Java, they are not typically found in plantation crop areas 
outside of Java. The unutilized portion of plantations can support a small ruminant 
component oriented to produce mutton. This potential can be still expanded in the estate 
crop regions because of the large area devoted to plantation crops. In North Sumatra 
most of the cultivated area (13.6%) is in plantation crops (Table 6) 

Table 6. Land use in North Sumatra (1977). 
Utilization Area Percentage 

(ha) (%) 

Wetland 
Rice field 
Irrigated 255,679 
Rainfed 160,529 
Freshwater swamp 17,671 
Tidal 818 

3.56 
2.24 
0.67 
0.01 

434,679 
Dry land 
Homeyard 166,269 
Arable land 240,800 
Range 137,593 
Fish ponds 1,298 
Small ponds 3,138 
Untilled land 386,663 
Tilted swamp 171,663 
Wood forest 472,376 

6.48 

2.32 
3.32 
7.46 
0.02 
0.04 
5.39 
2.40 
6.39 

1,579,800 
Government forest 2,151,928 
Plantation crops 974,938 
Others 1,462,888 

27.34 
30.01 
13.60 
20.41 

Total 5.182,233 100 

Source: Food Crops Extension Service, North Sumatra (1977). 

North Sumatra has a vast area not yet utilized (196,114 ha) with potential to 
produce forage for small ruminants (Table 7). The province's goat population grew by 
5.4% per year during 1985-1989, while sheep numbers rose by 1.776 per year. It is 
projected that growth will continue during the next five years at a rate of 2.5% per year 
(Table 8). 
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Table 7. Grazing area and carrying capacity in some districts of North Sumatra. 

Grazing Capacity 
(Animal unitDistrict 	 Area 

(ha) 	 per ha per year) 

South Tapanuli 127,940 0.3 - 0.5 

Central Tapanuli 116 -

Norti Tapanuli 24,292 0.1 - 1.1 

Dairi 	 1,535 0.4 - 0.5 

5,954 	 0.3 - 0.6Karo 
25 	 -Labuhan Batu 
64 	 -
Asahan 


Deli Serdang 	 300 

347 -Simalungun 
Nias 579
 

Total 	 196,114 

Source: Regional Livestock Service, North Sumatra (1989). 

Table 8. Population of livestock in 1985-1989 and expectations for 1990-1994 in North Sumatra (000). 

Average Annual 
Species 1985 1986 1987 1988 1989 Increment 

(1985-1989) 
(M)
 

Beef cattle 154.5 162.0 165.2 189.5 193.3 5.87 

Dairy cattle 6.1 6.3 5.5 7.1 7.1 5.25 

Buffaloes 174.9 179.9 184.4 191.8 192.1 2.38 
8.6 8.9 9.3 4.97Horses 12.0 8.5 

Goats 29.5 305.9 314.5 354.2 363.0 5.35 

Sheep 1151.7 1257.6 1319.2 60.2 61.8 1.72 

Pigs 1159.3 1210.9 1329.6 1526.5 1610.4 8.63 

Estimated population 

1990 1991 1992 1993 1994
 

Beef cattle 197.2 201.1 205.1 209.2 213.4 2.00 
Dairy cattle 7.2 7.2 7.2 7.3 7.3 0.50 

Buffaloes 198.4 202.4 206.4 210.6 214.6 1.97 

Horses 9.1 9.3 9.4 9.6 9.7 1.42 

Goats 372.1 381.4 390.9 400.7 410.7 2.50 
Sheep 62.7 63.2 64.8 66.4 68.1 2.52 

Pigs 1699.0 1792.4 1891.0 995.0 2104.0 5.50 

Source: Regional Livestock Service, North Sumatra (1989). 

Prospect for Sheep Production in Indonesia 

Prospect estimation for the Indonesian economy by the turn of the century 
suggest that livestock has an excellent potential. This suggestion is supported by the 
success of the rice self-sufficiency effort and national economic growth rates along with 
an expected change in consumption patterns from carbohydrates to proteins as the 
economy improves. 
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In general, livestock's contribution to GDP is growing faster than that of food 
crops (Table 9). However, livestock production is still insufficient to fulfill minimum 
food requiremens. 

Table 9. Gross domestic product (billion rupiah) by agricultural subsector, based on 1984 constant 
prices (1983-1986). 

Average 
Subsector 1983 1984 1985 a 1986b Annual 

Growth (%) 

Food crops 11,578 11,599 11,895 12,117 3.1 
Smallholder estates 2,295 2,349 2,576 2,722 5.9 
Large estates 375 446 511 512 11.2 
Animal husbandry 1,754 1,890 2,037 2,097 6.1 
Fisheries 1,220 1,253 1,341 1,395 4.6 

Agricalture sector 	 16,702 17,254 18,358 18,845 4.1 

Note: 	a revised value. 
b tentative value. 

Source: Directorate General of Livestock Services (1989). 

The average production of meat in the region has increased at a higher rat,"(6.9%) 
(Table 10) than animal numbers, suggesting the potential for an unsatisfied miarket. 
In 1986, the average Indonesian consumed only 5.17 kg of meat, 1.98 kg of eggs and 
3.88 kg of milk per capita, compared to national targets of 6, 4 and 4 kg, respectively. 
During 1987-1988, meat production rose by 6.96% per year (Table 10); however, 
domestic demand for meat was not fulfilled. The problem was attributed to low live
stock numbers and productivity. 

Table 	 10. Meat, egg and milk production (Tons) during 1984-1988 in North Sumatra. 

Average 
Annual 

Product 1984 1985 1986 1987 1988 Increase 
(670) 

Meat 32,864.4 34,390.2 .j8,660.9 42,792.8 44,127.8 6.96 
Egg 27,354.2 28,191.2 28,583.4 32,173.4 34,228.1 5.90 
Milk 2,897.4 2,601.2 2,587.9 2,600.1 2,680.9 -1.79 

Source: Regional Livestock Service, North Sumatra (1989). 

Small ruminants are found throughout Indonesia and mutton consumption is 
rising as a result of population growth and improved incomes. Indonesia, with a large 
Moslem population, has a preference for red meat, further stimulating demand. Small 
ruminants are especially preferred for religious and traditional ceremonies. They also 
provide a means of saving and are readily converted to cash to support family expenses. 

Increasing small ruminant production outside Java can oveiome market supply
rroblems. By-products such as leather also have an excellent potential for export. 

Research conducted by the Small Ruminant-Collaborative Research Support 
Program (SR-CRSP), Research Institute for Animal Production (RIAP), and Research 
Center for Estate Crops in Sei Putih shows that sheep can be grazed in rubber planta
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tions. It also may be feasible to integrate sheep grazing under rubber in the NES 
project. Research shows that the carrying capacity is 4 to 6 sheep per ha )f rubber 
(Sanchez, 1990). A NES farmer, with 2-3 ha, could thus raise about 10 sheep. There 
is therefore a potential to raise 875,000 sheep in the NES project. 

The development of small scale industries to process leather, wool and bone 
meal, should be considered in order !o improve farmers' and workers' income further. 

IMPLEMENTATION OF INTEGRATED SHEEP AND RUBBER 

PRODUCTION SYSTEMS FOR SMALLHOLDERS 

Technical Aspects 

Sheep can destroy very young rubber trees (0-1 year oid) by foraging on the young
leaves. During this period forage should be produced in homeyard or food crop areas 
and feeding should be done on a cut-and-carry basis. An alternative method to avoid 
sheep damage is using high stem planting material (high stem bud grafting) so that sheep 
cannot reach the young leaves of the trees. Until the rubber tree reaches 6 years of age, 
forage under the trees can be grazed without any problem for the trees. As the canopy
closes, reduced sunlight intensity will decrease forage production. Alternate forage 
supplies, for instance from legume trees or forages planted in the food crop and 
homeyard areas, should then be incorporated. 

The distance from barns to the grazing area should be as short as possible. Other 
technical problems of grazing small ruminant under ruiber include diseases, lack of 
breeding stock in the region, and low productivity. 

Socio-economic Aspects 

NES project farmers are poor. They can afford to buy sheep only if credit is 
available. The loan should cover the cost of buying sheep, building the barn and 
purchasing of some medicines. The credit can be distributed through farmers' groups 
or village cooperatives. Credit could be obtained from government or private estates. 

Since the NES farmers have no skills in sheep raising, a basic training program
and extension supervision are required if an integrated program is to be implemented. 

NEEDS FOR FUTURE RESEARCH 

In developing sheep raising in rubber plantations at the NES project, the first step 
is to establish a multidisciplinary on-farm trial to introduce the integration concept to 
the farmers. On-farm trials should be implemented, in different locations and types of 
plantation. 

Socio-economic aspects that need further research are: 
* Development of a management system for sheep-rubber integration. 
* Marketing research to study internal and foreign markets and their potentials. 

" Studies on post-harvest and added value for leather, wool and mutton 
preservation. 

" Studies on consumer preferences. 
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CONCLUSIONS
 

" The NES project has the potential for expanding sheep production. This is 
supported by the fact that abundant unutilized forage is available under 
immature rubber. In addition, rubber seed and palm kernel cake, also 
available in the region, can be used es feed supplements. 

" Sheep production can increase the economic stability of participant farmers of 
the NES project and boost national meat production, foreign exchange and 
labor utilization. 
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ABSTRACT 

The Rubber Industry Smallholders Development Authority (RISDA) is a Malaysian 
government agency involved in the development of integrated sheep-rubber production schemesfor 
smallholders who in average own 2 ha of land. RISDA joins efforts of other agencies such as 
the Department of Vererinary Sciences, which targeted in Malaysia a population of I million 
sheep by the turn of the century. Sheep production at smallholder farm level faced various 
problems. There was lack of available breeding stock and of available adapted breeds, uncer
tainty about group farming enterprises and also lack ofdelivery of services and technology. This 
resulted in very small flock sizes and poor management, as compared to cooperative farmer in 
RISDA 's projects. Future plans contemplated by RISDA are outlined. 

INTRODUCTION 

A smallholder in the Malaysian context is defined as the owner of a parcel or 
parcels of lands that total less than 40.4 hectares or 100 acres (RISDA, 1972). An 
Integrated Production System (IPS) is defined as the combination of one or more 
economic activities carried out by the farmer himself or by his family to maximize 
income and resource utilization. 

The government of Malaysia has set up agencies such as the Rubber Industry Small
holder Development Authority (RISDA), the Federal Land Consolidation and 
Rehabilitation Authority (FELCRA), the Federal Land Development Authority
(FELDA) and other state development corporationis to improve smallholder livelihood. 
Generally, smallholders in RISDA and FELCRA own an average land area of 2 
hectares. These land holdings are usually operated by the owner himself and often are 
scattered into small parcels. The total land area within the smallholder sector is 
estimated to total more than one million hectares. The Malaysian rubber smallholder 
sector is assumed to contribute arouad 70% of domestic national rubber production
which approximates about 250 76 of the world supply of natural rubber (Monthly
Rubber Statistics Malaysia, 1985). 

BACKGROUND OF SHEEP INTEGRATION 

For many years, smallholders have been carrying out smallscale sheep rearing
projects on thcir own. No technology nor management assistance was provided by
Malaysian development agencies. But in the early eighties, the Rubber Research 
Institute of Malaysia (RRIM) formally proposed the farming system of integrating sheep
under rubber as a measure to cut the relatively high cost of chemical weed control (RRIM,
1986). RRIM recommendations were based on estimates that suggested that 70% of 
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undergrowth in rubber plantations could be utilized as animal feed. Sheep rearing 
under tree crops such as rubber and oil palm appeared to be a logical biological weed 
control mechanism, which could reduce weeding costs and provide a potential source 
of supplementary income. Currently RISLA, FELCRA, FELDA and the State 
Development Corporation are working closely with the Department of Veterinary 
Services and other research bocuies in promoting this activity. 

In the late 1980's, the Department of Veterinary services established a National 
Advisory Committee (NAC) which was comprised of research and development 
agencies. The NAC established a goal of reaching a population of one million sheep 
in Malaysia by the year 2000 (Ahmad, 1988). 

Current Situation 

Sheep population 
Efforts to monitor the growth of the sheep population in Malaysia have been 

difficult as there was no system of collecting and monitoring sheep data. However, 
RISDA has started a simple reporting system using more than 1,300 village-level exten
sion workers to identify and report on sheep. Data collected so far has indicated an 
upward growth in the sheep population (Table 1). However, the figures for 1989 show 
a marked decline in the population due to the closure of 3 major sheep production 
projects because of social problems in the regions wh;re they were located. 

Table I. Growth of sheep populaion under rubber smallholders. 

Ycar n 

1985 1300 
1986 5066 
1987 
 103GO
 
1988 12010 
1989 
 11768
 

Source: RISDA, Annual Report (1985-1989). 

Average flock size 

+Although the increase in sheep population through recent years appears to be 
encouraging, it must be noted that the average flock size per smallholder is only 8 
head. The distribution can be seen in Table 2. On this scale of operation, the economic 
value of sheep to smallholders is marginal although they are still considered beneficial 
for biological weed controi. 

Variability in flock size was primarily due to availability of grazing area, amount 
of available undererowth, and age of trees (Tajuddin et al., 1985). Furthermore, many 
farmers could not afford to raise more sheep due to the lack of financial support. With 
more attractive prices of about $M4-8 (US$1.5-2.9) (Exchange rate IUS$ = M$2.73) 
per kg live weight of easily marketable meat by local or regional cooperatives and 
support from the government, most farmers are now interested in raising sheep in their 
rubber and eil palm plantations. Farmers are screened before any recommendations 
for support from the program are made. 
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Table 2. Sheep population under rubber smallholders by state as of December 1989. 

Small-

State Projects, holders, Sheep, Sheep per
 

n n n smallholder
 

Perlis 1K 10 10 949 94.9
 
Kedah DA 22 183 1063 5.8
 
P. Pinang 4 52 263 5.1
 
Perak DR 35 94 764 8.1
 
Selangor DE 9 18 262 14.6
 
N. Sembilan DK 14 26 587 22.6
 
Melaka 10 107 1146 10.7
 
Johor DT 152 414 3112 7.5
 
Pahang DM 22 312 2158 6.9
 
Terengganu 16 191 588 3.1
 
Kelantan 11 64 876 13.7
 

Total 305 1471 11768
 
Mean 8.0
 

Source: RISDA, Annual Report (1985-1989). 

Management system 

The rubber smallholders under RISDA manage their sheep individually or by 
organized groups of farmers. For the individual smallholder, the usual number of sheep 
managed are less that 50 head. Seventy four percent of the total sheep population in 
RISDA falls within this group. Sheep are housed at night and some farmers provide 
supplementary feeding. Project viability by individual smallholder remains question
able and requires fuither study. 

For group projects, the animals are managed as a community effort that has been 
integrated into the operation of small estates. The smallholders either take turns 
managing the flock or hire shepherds to look after the community animals. Sheep 
under group handling are better managed, due to proper housing facilities, adequate 
supplermentary feed anu access to veterinary care. The production output and 
corresponding income derived from this management system is lucrative and sheep 
rearing pro;-t are readily being started by 3mallholders as a supplementary income 
generating activity. 

Capitalinvestment 

In the past, farmers who started sheep raising projects had to build their sheds 
before being given animals. The animals were provided either as a lease from the 
Department of Veterinary Services, bought through RISDA, or purchased using 
personal funds. For group and cooperative projects, shed construction was financed 
by the group or the group obtained a loan from a financial institution. 

Animals p.'ovided by the Department of Veterinary Services are returned wihin 
a certain period of time, usually not exceeding four years. This program requires a 
signed agrewzient between the recipient(s) and the Department. All operational input 
costs are born by the group or cooperative involved. RISDA, as an agency, only 
supports the smallholder by giving soft loans or arranging with oth,"r finpacial institu
tions such as the Agriculture Bank. To date, RISDA has given M$150,000 (US$55,000) 
to nine group projects (RISDA Annual Report, 1989). 
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Extension activities 
RISDA uses sheep farming technology from various sources and carries out 

adaptive trials through pilot projects at the farmer level. The trials with positive results 
become model farms where farmers and RISDA extension workers can be trained in 
sheep raising. Additional training for farmers and extension personnel is carried out 
either at the RISDA Training Institute or at agencies such as the Department of 
Veterinary Services, the Agriculture University of Malaysia (UPM), the Rubber 
Research Institute of Malaysia (RRIM), the Malaysian Agricultural Research and 
Development Institute (MARDI) or at Guthrie. 

Recently, RISDA has organized a national workshop in sheep husbardry for 
farmers and extension workers with the objective of solving management problems.
RISDA's extension staff also participate in workshops and seminars organized by
other agencies. Advisory services to farmers are carried out from time to time with the 
help of the Veterinary Department. 

RISDA has also produced and distributed a cassette slide programme, leaflets and 
posters to extension offices in order to help extension workers transfer the recom
mended husbandry plactises to farmers. 

Problems Encountered 

Animal availabilitj 

The establishment of an integrated tree crop-livestock project needs careful 
resource planning. When Malaysia started the project, finding adequate wasstock 
difficult. Based upon research and early experience, RISDA decided to rear only a 
Malaysian indigenous sheep known as Malin sheep, Dorset crosses, and Long Tail sheep
imported from Thailand (RiSDA Farm Records, !989). Malin sheep are considered to 
be more disease resistant than the others, but its body size is smaller. For the long tail 
breed, research started about a year ago and the results on weight gain and multiplica
tion look promising. To solve the animal shortage problcm, RISDA decided to 
establish a reproduction center which currently has a total population of around 2000 
head. From this center, Malaysia hopes to produce 1000 ewes per year. Starting in 1991,

RISDA will also grant permission to smallholder cooperatives to supply animals to
 
interestcd' parties.
 

Temperate sheep breeds 

Most breeds from the temperate zone, such as Corriedale, Bordcrleister, and 
Suffolk did not perform well with the exception of the Dorset or the Dorset x Malin 
crosses. Eventually, all the initial breeding stock of pure breeds died due to climatic 
and other related environmental stresses (RISDA Farm Records, 1989). 

Imported pure breeds and crosses such as Corriedale-Merino Boarder-Leiste, 
(CMBL) distributed by the Veterinary Department to smalllolders failed to succeed 
because high mortality mainly due to disease problems caused by internal parasites and 
the lack of reproductive activity resulting in zero lambing percentage. High mortality
rate (35%7o) and low lambing rate (1076) were also observed among 100 head )f C.MBL 
introduced to RISDA's reproduction center. 

Due to these negative experiences, as a policy, the center stopped distributing 
imported breed animals to smallholdtrs and research concerning their production. 
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Supplementary feeding 

Most individual farmers do not provide supplementary feed. Animals are let 
loose and graze freely. Sheep from the majority of group pojects on the other hand, 
are grazed and fed with supplements such as Palm Kernel Cake (PKC) and rice t --n. 
As a result, animals perform better and register higher live weight gains than sheep 
raifd by individual farmers. For instance, weight gains over 120g per day can be 
recorded in Malin x Dorset and Long Tail x Dorset growing lambs. 

Health care 

in the smallholder and group projects, advice and monitoring of health care is 
provided by thc Veterinary Department. Due to scattered project locations, providing 
health services is a problem for the Department. Regular visits are not possible or prac
tical at this tim :. 

The major health problem in the smallholder and group projects is caused by 
internal parasites. The majority of farmers do not deworm animals according to a 
recommended schedule. Thus, mortality is high. Causes for health treatment at the 
reproduction center are shown in Table 3. The most common causes included wounds 
(33%) and anorexia (32%). 

Table 3. Cause for health treatment at RISDA's Reproduction Center. October 1987 to May 1990. 

Cause Treated cases, 
n 

Percentage 

Maggot wound 200 33.27 

Contagious ecthy ma 34 5.66 

Pyrexia 29 4.82 

Anorexia 191 31.78 

Broken limb 20 3.32 

Abortion 2 0.33 
Diarrhoea 26 4.33 

Mastitis 4 0.67 

Milk fever 1 0.17 

Septicemia 9 1.50 

Dystocia 1 0.17 

Jaundice 7 1.16 
Conjunctivitis (suspected) 72 11.98 

Others 5 0.94 

Total 601 

FUTURE PLANNING 

RISDA, as an agency responsible for 500,000 smallheiders in area of about 1.6 
million ha will encourage farmers to raise sheep cooperatively in their holdings 
beginning 3 years after replanting tree crops. This effort will be supported by 
veterinary services providing basic inputs to associated farmers to carry out sheep 
integration projects. 

RISDA also will establish two additional reproduction centres with capacity of 
500 head each to supply at least 2,000 ewes a year during the Sixth Malaysian Plan 
from 1991-1995 (RISDA, Blueprint, 1990). This projection includes a sound breeding 
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program (reproduction and genetic improvement) and flock manangement package. The 
cooperatives will become the main suppliers of input such as mineral blocks, supple
mentary feed, and anthe!mintics and the marketing agency for farmer outputs. 

CONCLUSION 

Sheep tree crop integration in Malaysia offers an open opportunity for the small
holder farmer to maximize his returns with extra income from selling animals and 
reducing weeding costs. 

The development of these integrated production systems faces various biological 
and socioeconomical problems. The lack of an adapted breeding stock and farmer group 
integration resulted in several losses due to unadapted breeds and poor management. 

Group farmers projects have proven to be efficient and will be the target of 
further RISDA efforts with a new projection that includes improved extension and 
veterinary services, and a sound breeding program. Under this projection, it is expected
that by the year 2000 tne smallholder sector will be the major sheep supplier in Malaysia. 
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ABSTRACT 

Thailand ispredominantly an agrarian country with a total land area of51.3 million hectares. 
Thirteen percent of the land is currently under tree crop or fruit tree cultivation. The majority 
of the plantation crops include para rubber, coconut and palm oil. Small ruminant production 
in the country is marginal. According to a recent survey, the number ofgoats and sheep in the 
country are about 78,000 and 130,000 head, respectively. Most small ruminants are of native 
breeds and are raised traditionally in villages by small scale farmers. While sheep are concen
trated in the central region, the bulk of goat production is in the southern isthmus where the 
mrajority of tree crops are cultivated. Small ruminant production in association with tree crops 
1,2s not been exploited in Thailand. Limited research has revealed that tree crop undergrowth and 
interrow forages can support a daily weight gain of about 70 to 100 gper headfor sheep with a 
yearly saving of about 250 baht (US$10) per hectare for weed control and 625 baht (US$25) per 
hectareforfertilizer. Future prospects for small ruminant production in association with treecrop 
cultivation in Thailand is foreseeable pending the market demand for sheep and goats and the 
availability ofappropriate village-level management packages for integrated small ruminant and 
tree cropping production systems. 

INTRODUCTION 

Thailand is predominantly an agricultural country where over 70% of the 55 
million population live in the rural areas and engage in various agrarian activities. 
Despite remarkable progress achieved during the past decade in the improvement of 
agricultural production, poverty and protein-energy malnutrition remain major problems 
affecting the livelihood of a large section of the rural population. Parallel to the 
current rapid increasing demand for small ruminants for local meat consumption and 
for live animal exportation, attention has been given to promote goat and sheep 
production in the country. This paper will review the current situation in Thailand. 
Emphasis will be given to the prospect of integration of small rumixiant production 
under tree crops in the country. 

STATUS OF SMALL RUMINANT PRODUCTION IN
 
THAILAND
 

Thailand is located in the golden peninsula of Southeast Asia. The country, with 
a total land area of 51 million hectares, is divided into four geographical regions; i.e., 
the mountainous north, the rolling northeast, the flat central plains and the southern 
isthmus. Under the influence of a tropical and monsoonal climate, the mean annual 
temperature varies from 25°C to 29°C. The average annual rainfall ranges from 1000 
to 3000 mm while the annual rain days vary from 91 to 202 days per year (Office of 
Agricultural Economics, 1989a). 
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Of the 55 million population, over 70076 live in rural areas. This accounts for over 
5.2 million farm households using 46% of the total land area uf the country. Land 
utilization and farm land classification by region is shown in Table 1. Of the 23.6 
million hectares of farm land, 50% is used for rice cultivation, 25% for agronomy, 13% 
for tree crops and fruit trees and only 3% for livestock (Table 2). For the 3.1 million 
hectares used for tree crops and fruit trees, over 70% (representing about 2.2 million 
hectares) are currently utilized for para rubber, coconut and paln oil cultivations. While 
fruit tree cultivation is scattered throughout the four regions, tree crop growing areas 
are located mostly in the south. According to the Office of Agricultural Economics 
(1989a), the three tree crops provide an annual farm income between 11,200 (US$448) 
and 30,300 (US$1,212) baht per hectare (Table 3). 

Table I. Land utilization by regions in Thailand'. 

Land area x 1000 haRegions 
Total Forest Farm Unclassified 

North 16,964 8,042 5,443 3,481 
Northeast 16,885 2,369 9,732 4,784 
Central 10,390 2,508 5,434 2,448 
South 7,072 1,463 3,038 2,570 
Whole kingdom 51,311 14,382 23,648 13,283 
To of Total 100 28 46 26 

'Office of Agricultural Economics, 1989a. 

Table 2. Utilization of farm land by regions in Thailand'. 

Regions Land area x 1000 ha 

Total Paddy AgronomyHorticulture Tree cropFruit tree Livestock 

North 5,443 2,712 1,904 258 179 
Northeast 9,732 6,175 2,187 295 149 
Central 5,434 2,296 1,683 677 410 
South 3,038 687 47 1,897 24 
Whole kingdom 23,648 11,870 5,851 3,125 762 
% of total 100 50 25 13 3 

'Office of Agricultural Economics, 1989a. 

Table 3. Major tree crop cultivation in Thailand'. 

'free crops Area, ha Income/ha 

Total Harvested Unharvested Baht US$ 2 

Para rubber 1,692,300 1,479,500 212,800 12,600 504 
Coconut 398,400 337,000 61,400 11,200 448 
Palm oil 109,200 82,800 26,400 30,300 1212 
Total 2,199,900 1,899,300 300,600 

'Office of Agricultural Economic, 1989a. 
2Exchange rate of US$1 =25 bath. 
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Small Ruminant Production 

Compared to beef, buffalo, swine and poultry production activities, small 
ruminant production in Thailand is marginal. The number of goats and sheep in 
various regions in Thailand isshown in Table 4. According to the Office of Agri
cultural Economics (1989a), the total number of goats in the country totals 77,689 
while the total sheep population reaches 130,663. The majority of goats (69%) are 
raised in the southern region while 67% of sheep are found in the central plain. In the 
last decade, the goat population increased marginally at an average annual rate of 3%. 
A rapidly increasing trend is found in the case of sheep (Table 5). 

Table 4. Number of goats and sheep by regk n it. Thailand. 

2
 

Regions Goats' Sheep

Number Percent Number Percent 

North 10,263 13.2 23,442 17.9 

Northeast 690 0.9 3,620 2.8 

Central 13,045 16.8 87,655 67.1 

South 53,691 69.1 15,946 12.2 
Total 77,689 100.0 130,663 100.0 

'Office of Agricultural Economics 
2Office of Agricultural Economics 

1988, surveyed year 1987. 
1990, surveyed year 1988. 

Table 5. Number of goats and sheep in Thailand'. 

Years Goats Sheep 

1977 59,136 19,652
 
1978 63,138 18,551
 

1979 66,503 31,755
 

1980 55,539 21,776
 
1981 37,561 21,357
 
1982 48,883 27,018
 
1983 58,550 32,785
 
1984 73,644 44,877
 
1985 80,807 57,877
 
1986 80,333 72,679
 
1987 79,592 95,099
 
1988 78,525 130,663
 

Average annual change, % 3.0 51.4 

1Office of Agricultural Economics, 1989. 

Predominant Small Ruminant Breeds 

Small ruminants raised in Thailand are mostly of indigenous types. Both local 
goats and sheep are relatively small in size. Their birth weights average about 2.0 to 
2.5 kg while their mature body weights are 25 to 30 kg for males and 20 to 25 kg for 
females. Thai indigenous goats are similar to the Malaysian and Indonesian "Katjang" 
goat. Most have black skin and short hair with variable colors of brown with black 
patches, solid black, solid white or amixture of all three colors. (Chantalakhana, 1985; 
Devendra and Burns, 1983). Thai sheep are also similar in appearance to the Malaysian 
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"Kelantan" sheep. The wool color is white or brownish white. Despite their small size 
and slow growth, both types of indigenous animals are hardy, tolerant to the hot and 
humid environments and, to a certain extent, resistant to parasites and diseases that 
prevail in ,he reit.n. Attempts to improve the productivitics of local animals through 
crossbreeding ' ith certain imported exotic breeds have been conducted. Under proper 
management, their offsoring significantly outperformed the native breeds in terms of 
body weight gain (Sai.hanoo and Milton, 1988) or milk yield (Chantalakhana, 1985). 
However, the ccntribution of crossbreeds towards improving small ruminant produc
tion in the country is still marginal. 

Socioeconomics of Small Ruminant Production 

i general, small ruminaiits in Thailand are *owned and produced by small
holders. The animals are raised traditionally in villages. Table 6 illustrates the number 
of goats per holding in the northern, north eastern, central and southern regions of the 
country as reported by the Office of Agricultural Economics (1988). Very little change 
in the number of goats raised per family during the past decade was observed. The herd 
size is relatively small, averaging 12 goats per holding for the cential region and only 
3.2 goats per holding for the south. No official figure on the number of sheep per 
holding is available. Although larger flock sizes are observed in the central region, a 
similar distribution pattern for sheep in all the regions is evident. 

Table 6. Number of goats per holding by regionsi . 

YearsRegions 
1978 1987 

North 5.1 4.8 

Northeast 3.2 3.2 
Central 16.6 11.7 

South 3.2 3.2 
Whole kingdom 3.4 3.4 

Office of Agricultural Economics, 1988. 

Production of small ruminants in the country is primarily for meat. Milk, skin, 
wool or hair are the by-products. Under a smallholder situation, the animals are raised 
traditionally in the villages as an integral part of other agricultural-related activities. 
In the south, where tree crops cover over 50% of the land, goats are the predominant 
species and are almost entirely raised by Thai Muslims (Chantalakhana, 1985; 
Saithanoo and Milton, 1988). According to the extensive survey by Saithanoo and 
Milton (1988), goats are raised in the villages in southern Thailand as a suppiementary 
farm produce to tree crops, mixed tree crops and rice, monoculture rice, ot fishing 
enterprises. Generally, 2 to 3 persons in the average family of 5 to 6 engage in the major 
farm activity while one person, usually a female, looks after the animals. With an 
average land ownership of 1.4 hectares, each family raises about 5 to 6 goats, either 
for home consumption or for sale locally. Contribution from goats towards total farm 
cash income can be as low as 1.7% for the families with fisheries as their primary 
activity, to as high as 5501 for those involved in rice cultivation. An annual income 
of 1,200 to 1,300 baht (US$48 to 52) from goats was observed for the farmers whose 
tree crops and rice plus tree crops are their main farm incomes (Table 7). 
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Table 7. Village goat production to other farming activities in the South'. 

Farming Number Land Income' Goat number 4 Income 
activities farms owners:'p 2 

from 
surveyed does total goat s 

Tree crops 31 1.85 37,011 2.5 5.8 3.4
 
Tree crops & rice 37 1.97 14,425 2.4 4.8 8.8
 
Rice 33 0.99 3,302 2.8 5.5 55.5
 
Fishing 20 0.25 55,914 2.4 
 5.8 1.7 
Average 	 1.40 24,306 2.5 5.4 5.8 
1 Saithanoo and Milton, 1988. 

2 ha/family. 

3 Mean annual farm cash income, baht per family.
 
4 Average number of goat raised per family.
 

5 076of annual farm cash income. 

Feeding Management Systems for Small Ruminants 

Small ruminants are normally allowed to graze on uncultivated grasses or 
herbages available in the area. Since villagers own limited land, most animals graze on 
land other than their own, either private or public land, usually along roadsides. 
Feeding practices for goats in various farming systems in southern Thailand during the 
wet and dry seasons are shown in Table 8. In all farming systems, tethering is 
commonly practised both in the wet and dry seasons. In either season, use of controlled 
grazing is marginal, while cut-and-carry is only practised during the wet season. During 
both seasons, free grazing is practised to a certain extent by farmers who grow tree crops 
but it is practised more extensively by those involved with fisheries. 

Table 8. Management practices of goat production in Southern Thailand'. 

Farming Tether Free Cut and Controlled
 
activities 
 to roam carry grazing 

Wet seasnp
 
Tree crops 58.1 16.1 25.8
 
Rice & tree crops 78.4 5.4 13.5 2.7
 
Rice 75.8 9.1 15.1
 
Fishing 35.0 50.0 10.0 5.0
 

Average 	 65.3 16.5 16.5 1.7 

Dry season 
Tree crops 74.2 25.8 
Rice & tree crops 91.9 8.1 
Rice 84.8 6.1 9.1 
Fishing 	 25.0 75.0 

Average 74.4 23.1 2.5 

Saithanoo and Milton, 1988. 

Socioeconornics of sheep produc,.ion and their feeding ma.n!agements have not been 
thoroughly investigated. However, the Office of Agricultural Economics (1989b)
revealed that most sheep owners (95%10) in the southern Thai villages preferred free 
grazing or grazii,g in combination with cut-and-carry (Table 9). Extensive cut-and-carry
and tethering are used infrequently. This implies a different feeding management 
pattern for sheep from that of goats in the villages in southern Thailand. 
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Table 9. Feeding practices for sheep production in Southern Thailandt . 

Feeding Management Sources of grass. % surveyed 

Pasture Roadsides
idle land 

Both Total 

Free to roam 25 15 25 65 
Cut-and-carry 0 0 0 0 
Grazing & cut-and-carry 25 5 0 30 
Tether 0 5 0 5 
Total so 25 25 100 

Office of Agricultural Economics, 1989. 

SMALL RUMINANT PRODUCTION UNDER TREE CROPS 
AND MAIN CONSTRAINTS 

The characteristics of small ruminant production in association with tree crops 
in Thailand have never been investigated. According to Manidool (1984), the integra
tion of livestock and tree crop production in the country is rather limited. In a survey 
on goat production systems in the south of Thailand, Saithanoo and Milton (1988) only 
reported on the utilization of grasses and herbages along roadsides and uncultivated 
grazing land. Even in the tree crop villages, utilization of tree crop undergrowth was 
not discussed. This indirect evidence implies that the potential contribution of herbages 
under tree crops for small ruminant production has not been fully exploited. 

The limited information available on small ruminant production in association 
with tree crops in Thailand derives mainly from research results. Since tree crops are 
predominantly found in the south, research information available is mostly generated 
from this region. One of the major constraints in the integration of animal and tree 
crop production is the quantity and quality of forages. During the early stage of tree 
crop establishment, forages are abundantly available. As the trees mature, ihe closing 
of the canopy will significantly reduce the sunlight intensity to only 10% to 30% of 
that in the open field depending on the type and interrow spacing of the tree crops (Egara 
et al., 1989). This will eventually cause a decline in the biomass yield of the undergrowth. 
Pookpiboon and Supapon (1988) reported a reduction of dry matter yield from 20 to 
9 tons per hectare per year under para rubber trces at approximately two and a half 
and four and a half year maturity, respectively. Under shaded conditions, only low yield 
and mostly low auality native forages predominate in the undergrowth. On soil of 
moderate to high fertility in southern Thailan,, the common native forages include 
Axonopus compressus, Paspalura conjugatum, Imperata cylindrica, Ottochloa nodosa, 
Microslegium ciliat'am, Setaria sumatrensis, and Desmodium ovalifolium. On low 
fertile sandy soils, the most common species are Chrysopogon orientalis and Eremo
chloa ciliaris (Manidoo!, 1984; Tongmit and Jindarat, 1988). 

Investigations to search for shade tolerant improved forage species that can adapt 
to the local environments were carried out and reviewed by Manidool (1984) and Cheva-
Israkul (1988). In a comparative trial in Narathiwat province, Egara et al. (1989) 
obtained the highest dry matter yield from B. ruziziensis, followed by Panicum 
maximum, B. humidicola and B. milliiform is in the coconut plantation but B. 
milliformis and P. maximum yielded the highest dry matter in rubber plantation. As 
for legumes, the suitable shade tolerant species are Centrosema pubescens (Manidool, 
1984) and Desmodium heterocarpon (Sophanodora, 1989). 
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No trials to illustrate the responses of small ruminants grazing under tree crops 
with unimproved versus improved forages have been reported. However, a two-year 
experiment was performed during 1979-1981 to compare the effect of stc.cking rates 
of beef cattle grazing under coconut plantations with native grasses or signal-centro 
improved mixed forages (Boonklinkajorn el al., 1982). It was found that the improved 
mixed forages provided cattle with twice the body weight gain of those grazing the 
unimproved native grasses at the same stocking rate. 

Research on small ruminant production under tree crops gives preference to sheep 
rather than goats. This is mainly due to the handling problem and the browsing habits 
of goats, which can cause damage to the trees. Performance of sheep grazing under 
para rubber trees at a para rubber research statiot in Yala province was investigated 
by Tongmit and Jindarat (1988). Unfortunately, not much dcta led information about 
the trial; i.e., number anl breed of animals, grazing and supplemental feeding, was 
given. Due to the scarcity of research data, an attempt is made to best utilize the 
available information. Tab',- 10 provides body weights of male and female lambs from 
birth up to 10-month of age. Daily weight gain of 10-month lambs averaged 101 g per 
day for males and 77 g per day for females. Mean age of ewes at first lambing was 
304 days while lambing interval was 180 days. The incidence of twinning was reported 
to be 8%o. The optimum stocking rate was suggested at 6 and 12 sheep per hectare for 
para rubber trees over and below 5 year maturity, respectively. 

Table 10. Performance of sheep raised under para rubber treet . 

Trait Average 

Birth weight (k): 
female 1.6 
male 2.4 

10-months weight (kg*,. 
female 24.8 
male 32.8 

Average daily gain (g/day): 
female 77 
male 101 

Age at first lambing (days): 304 
Lambing interval (days): 180 
Twining ((Vo): 8 

Tongmit and Jindarat, 1988. 

The above observed average daily gains were higher than those of village goats 
as reported by Saithanoo et al. (1990). This is probably due to better management of 
the experimental animals. In fact, Saithanoo and Milton (1988) demonstrated that with 
proper feeding and management, body weight gain of village goats significantly 
increased. Interestingly, the proposed optimum stocking at 6 to 12 sheep per hectare 
is rather high. A trial conducted in a rubber estate in Narathiwat province (Anonymous, 
1988) indicated that stocking at 3 to 4 s'leep per ha under para rubber tree, at 6 to 10 
year maturity resulted in overgrazing and encroachment of unpalatable weeds, 
particularly during the dry period. It is worth noting that, Tongniit and Jiidarat (1988) 
reported an extra annual income from sheep at about 2,500 baht (US$100) per ha. in 
addition, a yearly reduction cost of 250 baht (US$10) per ha for weed control and 625 
baht (US$25) per ha for fertilizer was observed. 

286 



Besides constraints from the low nutritive values and dry matter yield of the tree 
crop undergrowth, another important problem is the apparent high mortality 
(Pukphiboon and Supapon, 1988). In a sheep trial conducted under para rubber trees 
in Narathiwat province (Jewtrakul et al., 1979), mortality rates reached 76070 of lambs 
from birth until after weaning and 47% for adults. Sheep in this experiment were 
regularly dewormed. Bloat and pneumonia were reported to be the major causes of 
mortality. The survey of village goats by Saithanoo and Milton (1985) revealed 
mortality rates of 29, 10 and 7076 respectively from birth to weaning, weaning to first 
conception and adults. For the village goats, 75% of death were caused by accidents 
such as dog bites or diseases such as scabby mouth or pneumonia. Other causes were 
poor mothering ability (20%) and abortion (5%). 

CONCLUSIONS AND FUTURE PROSPECTS 

Although, the current extent of small ruminant production under tree crops in 
Thailand has not been systematically investigated, it is apparent that undergrowth and 
interrow forages in tree crop plantations have not been fully exploited for small 
ruminants production. Constraints in the promotion of the integrated animal and tree 
crop production systems include: 

" 	nature of the smallholding production situation, 
" availability of idle open land for natural forages, 
" limitation of undergrowth biomass in mature plantation, 
• 	lack of appropriate management packages for various integrated animal and 

tree crop production systems, and 

" uncertainty of economic return. 
To overcome some of these constraints, research to accumulate baseline informa

tion on the current extent and the status of small ruminant production in the villages, 
particularly uider tice crop plantations, is necessary. Attempts to select and improve 
shade tolerant forages of high quality and yield and to improve the productivity of small 
ruminants, through proper breeding, management, health care and suppkmental feeds, 
are needed. Prior to the extension of any management package to the farmers, it is 
important that economic benefits of the system should be thoroughly and comparative
ly examined u'nder the actual existing conditions. 
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ABSTRACT 

Combining tree crops with small ruminant production constitutes a tremendous opportunity 
for integrated production systems (IPS) commodity development. Smallholder goat and sheep 
producers produce 99% of the 2,061,000 goats and 78% of the 40,000 sheep in the Philippines. 
Existingowner;hip patterns throughout the country makes IPS a viable development program for 
the 3.5 million hectares of tree crops available. The compatibility ofexisting tree crops, current 
farming practises, and small ruminant demand must be assessed in terms of profitability and 
sustainability. Additional factors that also must be considered include nutrition, feeding, health, 
husbandry management, socio-economic coiditions and extension -ervice support. Likewise, 
research and development for IPS must !,ebased on the evolving treecrop farming systems due to 
agrarian reforins. To make IPS a viable enterprise among smallholders, the organizational 
processes of institutionalizing research and development packages through IPS extension and 
production models must be given due attention. The future of IPS lies in meeting the needs and 
requirements of smallholder tree crop farms in a profitable mannwr. 

INTRODUCTION 

Tree cropping in the Philippines consists mainly of coconut, rubber, mango, 
other fruit trees, and forest trees. The limitations of laniholdings, the relatively longer
pre-production period of tree crops, and the unstable market value of tree crop 
products have gradually shifted tree crop farms to multi-commodity production systems.
The practice now is to use the undercrop areas either for cash crops or livestock or a 
combination of both. Ruminants provide an ideal complement to tree crops and 
secondary crops or the natural undetcrop herbage. In the different production systems 
under tree crops, such as cash crops, perennial crops, or unimproved pastures, small 
ruminants can readily be integrated as an important production component. 

STATUS OF SMALLHOLDER TREE CROPPING AND SMALL 

RUMINANT PRODUCTION 

Smallholder Tree Cropping 

The existing tree crop area of 3,576,000 hectares (Table 1) constitutes almost 'A 
of the total agricultural area of 12,952,000 hectares (NAREA, 1989). 

Coconut production uses 95% of the total tree crop area, and is predominantly 
a smallholder enterprise. The average size of a coconut-based farm i: approximately 
3 hectares and 98% of the fcrms are below 20 ha (PCARRD, 1989a). 
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Iable 1. Crop area of selected tree crops in the Philippines (ha x 1000), 1988. 

Tree Crop Area 

Coconut 3,400.00
 
Rubber 
 75.71 
Mango 62.78
 
Citrus 25.28 
Jackfruit 13.00 

Total 3,576.77 

Source: NAREA 1990. 

Rubber holdings account for 75,710 hectares and is categorized mostly, by
smallholdings and some plantations. The smallholders number about 4,000 with an 
average landholding of 2 hectares. They account for 78% of the total land area planted
to rubber (PCARRD, 1982). Other tree crops like mango, jackfruit, and citrus are mostly
distributed among smallholder fat,,ers. 

Another potential area for small ruminant integration is forest plantations. There 
were 923,000 hectares planted to timber species in 1987. The program of reforestation 
contracts for smallholders is targeted to increase 200,000 hectares annually for a ten 
year period (Bulletin Today, 1990). Goat grazing has been used to help set up a fire 
break without any damage to trees while maintaining a high rate of production of meat 
and milk (Asian Livestock, 1987). 

Smallholder Small Ruminant Production 

The small ruminant population in the Philippines consists mainly of goats. There 
were 2,061,000 head in 1988 (Table 2). Goats pobied an annual average growth rate 
of 3.11% between 1980-88. This is the highest growth rate among the ruminant popula
tion. Goats are mostly raised by smallholders to supplemwrt household income. This 
system comprises 99% of the total goat population. The average number of goats
owned by smallholders ranges 2-3 head. Farm size runs between 1-3 hectares (Abilay
1985). A survey conducted in Zamboanga del Sur showed that more than 90% of the 
goat population were on farms of less than 2 hectares (Synnot, 1979). 

Table 2. Livestock and poultry inventory in the Philippines as of January I, 1980-1988. 

Year Carabao Cattle Swine Goats Chicken Ducks 

1980 2,870,270 1,882,860 7,933,630 1,671,260 52.761,170 4,724,760 
1981 2,849,940 1,939,950 7,758,120 1,696,000 57.723,850 4,762,740 
1982 2,988,450 9,141,650 7,794,610 1,783,180 59,710,350 4,904,800 
1983 2,946,130 1,973,520 7,979,600 1,859,390 62,254,510 5,419,350 
1984 3,021,650 1,340,950 7,612,650 2,362,010 59,205,330 5,763,620 
1985 2,982,840 1,786,390 7,333,980 2,180,750 52,098,200 5,275,610 
1986 2,984,440 1,814,460 7,274,830 2,176,930 53,004,570 5,207,610 
1987 2,867,690 1,76.4,850 7,113,670 2,015,510 52,930,220 5,139 320 
1988 2,929,490 1,604,570 7,517,300 2,061,460 55,944,220 6,269,520 

Ave. Annual 
Growth 0.28 -1.02 0.62 3.11 0.94 3.94 
Rate (%) 

Source: NAREA, 1989. 
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The sheep population in the country is small. As of 1985, the sheep population 
was estimated to be 40,000 head (Asian Livestock, 1986). Faylon (1989) estimated the 
sheep population to be 7,308 head based on a national survey. Generally, sheep raising 
is also a smallholder activity. Farmers with areas of not more than 7 hectares of land 
constitute 78% of sheep producers. The animals are reared just like goats, either 
tethered or let loose to feed on available forages and weeds in vacant lots, plantations, 
and fishpond dikes (PCARRD, 1989b). 

INTEGRATION OF SMALL RUMINANTS IN SMALLHOLDER 
TREE CROPS 

Attention to improving the role of small ruminants as a significant component
of smallholder tree crop farms has increased in recent years. Complementary interac
tion between small ruminants and the existing tree cropping activities can make a 
valuable contribution to farmer incomes. While these complementary interactions also 
exist for other ruminants in mixed systems, the small size of goats and sheep is better 
suited to the limited resource base available to smallholder tree crop farmers (Parawan, 
1990). In a sheep resource assessment survey, 24.5% of the total 114 farms surveyed 
reported integration of sheep under plantation crops with other cash crops (PCARRD, 
1989b). 

Production Potentials 

Integration of goats into coconut-pasture farms increased copra yields and 
provided additional income from goat meat production. The integration of goat and 
sheep in village coconut crop farms showed average daily gains (ADG) of 69 and 64 
grams respectively (Parawan, 1987). Studies of the economics of goat and sheep 
production with coconut tree smallholders indicate that 6 head of does or 6 head of 
ewes produced an annual income of P2,127.00 (US$ 97.00) and P2,295.00 (US$ 104.00)
respectively. These incomes constituted 30 to 50076 of the yearly gross income from 
copra per hectare depending on price fluctuations of copra (Parawan, 1938). 

Integration of small ruminants under rubber is not as common as under 
coconuts. Castrated and non-castrated sheep which grazed for 6 months on herbage 
under rubber and in pasture swards along rubber farm boundaries showed an ADG of 
43 to 44 grams (Philippine Asean Goat and Sheep Center,1989). 

In a study of goat production under mango orchards, growing female goats,
grazed at a stocking rate of 25 goats per ha, showed a mean ADG of 41 grams (Alvarez 
er al., 1985). An on-going study of sheep grazing under mango orchard has 
demonstrated the suitability of sheep to clean up the orchards with minimum damage 
to the mango tree and ability of sheep to gain live weight on a previously unused feed 
resource (Sevilla, 1990). 

Pasture 

Traditional pasture 

Forage under tree crops is mainly native or indigenous growth. Trung et al. (1989), 
in a study on native vegetation under smallholder coconut stands in Luzon, reorted 
that with 45 and 60 day cutting periods, grasses reached their peak growth durii the 
wet and early wet seasons. Legumes were also abundant during the peak wet season 
while shrubs thrived during the dry season. Cyrtococcum sp. (grass), Centrosema 
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pubescens (legume), Desmodium triflorum (L) DC (legume), Blechum pyramidatum
(Lam.) Urban (forb), PseudoelephantopusspicatusAuble( C.F. Baker (forb) were among
the forage 3pecies that flourished well during the dry season. On the other hand, 
Axonopus compressus (SW) Beauv. (grass), Paspalum conjugatum Berg. (grass),
Cyathula prostrata (L.) B. (forb) and Zingiberzerumber (L.) Smith (forb) were among 
those ,hat grew during peak wet season (Tables 3 and 4). 

Table 3. Seasonal responses of vegetation species cut every 45 days. 

Vegetation Dry matter yield (tons/ha/yr) 

Species Peak wet' 

Grasses 
Axonopus compressus (Sw.) Beauv. 20.80 
Cyrtococcun sp. 13.36 
Paspalum conjugatum Berg. 6.82 

Legumes 
Centrosema pubescens Benth. 0.46 
Desmodium triforum (L.) D.C. 0.00 
Mimosa pudica L. 2.23 
Pueraria lobata 0.00 
Pueraria phaseoloides 7.56 

Forbs 

Ageratum conyzoides L. 6.47 
Blechum pyramidatum (Lam.) Urban 3.09 
Borreria laevis (Lam.) Griseb 4.48 
Cyathula prostrata (L.) BI. 16.55 

Pseudoelephantopus spicatus 
Aublet C. F. Baker 0.68 

Singiber zerumbet (L.) Smith 2.31 

Shrubs/trees 
Pandakaki 0.54 
Urena Lobata L. 0.34 

I Peak of wet period covers October to December, 1988. 
2 Dry period covers January to April, 1989. 

3 Early wet period covers May to June, 1989. 

Source: Trung et al. (1989). 

Dry2 Early wet3 

21.42 
18.64 

10.81 

30.26 
9.88 

21.66 

1.44 

1.92 

1.99 
0.41 

11.52 

0.82 

5.00 

1.17 
5.93 

3.07 

4.33 
7.80 
2.22 

9.42 

1.72 
1.64 

1.26 

2.31 

4.18 

0.41 

2.44 

0.71 

0.30 
0.24 

0.00 
0.00 
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Table 4. Seasonal responses of vegetation species cut every 60 days. 

Vegetation 
Species 

Grasses 
Axonopus comprervus (Sw.) Beauv. 

Cyrtococci.m sp. 


Paspalumconjugatum Berg. 


Legumes 
Centrosema pubescens Benth. 

Desmodium triflorum (L.) D.C. 

Mimosa pudica L. 


Puerariakobata 


Pueraria phuseoloides 

Forbs 
Ageratum conyzoides L. 


Blechum pyramidatum (Lam.) Urban 


BorreriaLaevis (Lam.) Griseb. 


Cyathulaprostrata(L.) BI. 


Pseudoelephantopus spicatus 
Aut'-t C. F. Baker 


Zingiber zerumbet (L.) Smith 


Dry matter yield (tons/ha/yr) 
i 3

Peak wet Dry' Early wet 

8.81 17.25 14.39 
18.63 12.06 5.28 

6.82 23.78 32.41 

0.00 0.67 0.55 
0.00 0.11 0.54 
0.53 0.36 1.32 
0.00 0.77 1.48 

5.28 0.97 0.86 

6.11 2.71 0.14 

4.69 5.84 2.58 
3.40 4.21 1.01 

15.62 10.41 2.54 

0.00 1.46 0.81 
15.88 0.45 1.50 

Shrubs/trees 

Pandakaki 0.00 0.39 0.00 
Urenalobata 1L. 0.00 0.00 0.00 

1 Peak of wet period covers October to December, 1988. 

2 Dry period covers January to April, 1989. 

3 Earl wet period covers May to June, 1989. 

Source. Trung et al. (1989). 

Improved pasture 

There are only small area,; of improved pasture under tree crops. In Mindanao, 
caly 20% of coconut livestock arms had improved pasture (de Guzman, 1970). Among 
sheep producers utilizing plantation crops, it was found that only 3.5% had improved 
pastures (Faylon, 1989). 

In an evaluation of 13 grasses and 12 legumes under coconuts, Subere and 
Gerona (198o) found: 

Average annual 
Plant species herbage yield 

(Ton) 

Setarta cv nandi 25.45 
Napier 21.08 
Guinea (broad) 18.86 
Kennedy ruzi 18.26 

Of the legumes evaluated, Calopogoniumhad the highest yield with 13.68 tons 
per hectare per year with Ipil-ipil (Leucaenasp.) coming in second at 10 tons per hectare 
per year. In Western Mindanao, Brachiariadecumbens, Brachiariahumidicola, and 
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Setaria splendida have been found to give good dry matter yield tuider coconuts 
(Parawan, 1988). 

Feed resources for small ruminants under tree crops are mainly based on native 
pastures and crop by-products. Posas (1981) also noted that goats grazed under 
coc. -'ut compared to cut-and-carry fed have a better live weight gain per hectare per 
year. 'his would indicate that at least for goats, grazing is a more efficienty method 
of pasture utilization than cut-and-carry. 

Breeding and Reproduction 

The most extensively utilized technology in breeding is the use of upgrades and 
exotic breeds. The breeds used in goat upgrading are mostly Anglo-Nubian, Saanen, 
Toggenberg, and French-Alpine. Field results indicate that F, Anglo-Nubian x Native 
bucks are the most appropriate for smallholders. 

Sheep breeding r-t the moment is mostly confined to the Philippine native breed. 
There are plans of registering outstanding rams and exchanging them Qmong raisers 
to upgrade smallholder stocks. 

Upgrading in goat populations has increased in the last 15 years. However, only 
31.6% of sheep farms practice upgrading (Faylon, 1989). 

Health 

Health problems are mainly due to internal and external parasites and respiratory 
diseases. The most commonly practiced flock health maintenance is deworming and 
hemorrhagic septicemia vaccination. 

Socioeconomic Factors 

Small ruminants are raised under tree crops to make use of the available labor, 
indigenous herbage, and crop by-products from cash crops. Small ruminants are 
considered as a subsidiary activity of tree crop farming. 

Production and marketing of small ruminants becomes significant during the 
pre-production period for tree crops. Additional income from ruminants is important 
at times of low yield and low prices of tree crop produce, at the middle and end period 
of the dry season, for seasonal financial requirements such as school opening, weddings, 
emergency needs, and at the start of the cash crop planting season. 

SMALL RUMINANT PRODUCTION MODELS FOR
 
SMALLHOLDER TREE CROP FARMS IN PHILIPPINES
 

Model A. Smallholder Based (Figure 1) 

The smallholder farmer has a gross income annually of less than P25,000.00 (US$ 
1136.00) and works on a farm lot of less than 3 ha. 
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Smallholder Farmer Cooperator 
(Secondary Farmer Cooperator) 

T 

E1 

Primary Farmer 
Cooperator 

A 

NI 

Farmer Association 

or Cooperatives 

Figure 1. Smallholder Based IPS Production Model. 

Phase L Identification of cooperating smalholder fatmers 

In this phase, a village (usually averaging 200 households) is selected as a produc
tion site on the basis of its suitability and potential for goat or sheep production. A 
group of 10 farmers is selected in the identified village who will then be trained on goat
and sheep raising and the concepts of the program. Each farmer receives 2 to 3 head
of female goats or sheep. The selected village receives I upgraded buck or ram which 
will be available to all 10 cooperating farmers. Repayment of the animal received is 
2 head at 6 months of age (male or female) for every doe or ewe originally received. 

Phase II. Selection ofprimary cooperating farmers 

A primary cooperating farmer is identified from among the original 10 farmers. 
This primary farmer is given a minimum of 6 to 10 does/ewes (native or upgrade breeds)
and 1 buck/ram (upgrades). The primary farmer must provide an improved pasture
of 1/4 hectare and an animal shed. The criteria for selecting the primary farmer are 
as follows: 

" outstanding performance as a cooperating farmer; 
" must be willing to build Ashed and provide ha of improved pasture or 

improved forage sources on his farm; 
" willing to enter into a contract with the government; 
" willing to undergo training; and 

willing to serve as a contract farmer leader. 
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The government inputs for the primary farmer are as follows: 

* stock inputs (at least 6 to 10 does/ewes and 1 buck/ram); 

" pasture seeds/rootstocks and other forage planting materials; and 

" vaccines and dewormers if available. 

In addition to the 9 original cooperating farmers, the selected primary farmer is 
required to select another set of 10 cooperating farmers who will join the program. The 
primary farmer then serves as contact leader for the agricultural technicians. Introduc
tion of new technology packages are passed through the primary farmer before 
distribution. The primary farmers also are a source of upgraded stock and pasture 
planting materials. The primary farmer assists his group of cooperating farmers in 
coordination with the agricultural technician. For these services, the primary farmer 
receives a 2 head share for every 10 head collected as repayment from his cooperating 
farmer group. The remaining shares/repayments are distributed to other newly 
identified cooperating farmers in the same village or an adjacent village. 

Phase IlL.Organizationof the primaryfarmer cooperatorandfarmer cooperators 

After 6 cycles of production and repayment (4 years), the primary farmer and 
the cooperating farmers are expected to have increased their level of involvement in 
goat or sheep production in the village and to be able to take over the technical 
supervision of the program. Organization of the primary farmer and his farmer 
cooperators into associations or cooperatives is then encouraged. At this phase, it is 
assumed that the organized farmers can operate on their own vith minimal or no 
government support. 

Model B. Mediumholder Based (Figure 2) 

A Mediumholder farmer has at least a gross income of more than P25,000.00 (US$ 
1136.00) a year and holds over 3 hectares of land. 

Mediumholder Farmer Coopeiator 

(Primary Farmer Cooperator) 

T
 
E
 

C 
H Smallholder Farmer Cooperator 
N (Secondary Farmer Cooperator) 

I
 
C
 

A 

N Farmer Associations 

or Cooperatives 

Figure 2. Mediumholder Based IPS Production Model. 
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Phase L 	 Selection of the mediumholder cooperating farmers and the next-in-line
 
cooperating farmers
 

A village is selected for its suitability for small ruminants as in Model A. A 
mediumholder farmer is then selected with at least 10 to 20 next-in-line cooperating 
farmers. The selection of cooperating farmers is the same as in Model A. The 
mediumholder farmer receives between six and 20 does/ewes and I upgradcd buck/ram. 

The mediumholder farmer is the source of stock that will be provided to the next
in-line cooperators farmers who receive 2 to 3 does/ewes and access to a buck/ram 
available for a group of 5-10 cooperating farmers. The mediumholder farmer acts as 
the contact leader and performs the same functions as the primary farmer in Model A. 

Phase I1. Organization of the mediumholder cooperating farmers and the next-in-lint 
cooperating farmers 

After 6 cycles of production and repayment (4 years), the mediumholder 
cooperating farmers and the next-in-line cooperating farmers are expected to have an 
increased level of involvement in goat and sheep production. They are then encouraged 
to organize themselves into associations or cooperatives. 

PROBLEMS, CONSTRAINTS, AND OPPORTUNITIES OF
 
INTEGRIATED TREE CROPPING AND SMALL RUMINANT
 

PRODUCTION SYSTEMS (IPS)
 

Production 

The potentials of IPS must be considered within the context of the existing 
farming systems for tree crop farms. In the Philippines these are primarily coconut 
production systems. The upcoming comprehensive agrarian rc form program, which will 
increase the number of smallholder tree crop farms of 3 hectares and below, and the 
increasing cropping intensity under tree crops, make small scale confinement or semi
confinement of small ruminants a possible option for integrating then into tree crop
farms. The constraints of establishing compatibility between tree-crop/cash crops and 
small ruminant farming systems must be considered when evaluating IPS. Factors to 
be considered include the input of additional resources for intensive or semi-intensive 
management, such as housing, labor, capital, and husbandry. This also requires the 
establishment of intensive feed gardens and forage sources to supply the needed forage
during the dry months and to supplement feeding throughout the year. Research on 
utilization of crop by-products under tree crops and its storage must also be expanded 
(Parawan 1990). 

On a limited scale, IPS without cash crops, should also be evaluated. The 
viability of irtroducing suitable improved pasture under the different tree crop farming 
systems to sustain a higher level of small ruminant production must also be studied. 
With massive reforestation, watershed development and forest tree crop farming, there 
is a potential for integrating small ruminants, primarily sheep, as grazers of ground 
vegetation and to maintain fire breaks. 

Nutrition and Feeding 

The constraints to IPS in terms of nutrition and feeding can be remedied by 
developing feeding system which include the use of the wide variety of nonconventionai 
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feeds, crop residues and by-products, and native pastures under tree crops in the 
different agroclimatic conditions and the determination and use of appropriate levels 
and species of legumes as a supplement and source of bypass protein (Sevilla, 1990). 

Breeds and Reproduction 

There is a need to continue investigating the growth and reproductive per
formance of different breeds and crosses of goats or sheep at the farm level (Suba, 1990). 
Inbreeding, can be a major constraint and should be dealt with through better 
extension and husbandry management programs. 

Health 

Internal/External parasitism and respiratory diseases are major constraints to 
production. Neonatal mortality is also high. Location specific small ruminam health 
programs must be implemented in relation to specific tree crops situations. An 
important factor is that shading in tree crops prolongs viability of strongyle ova 
(PCARRD, 1986). 

Socioeconomics 

There is a need to look into the economic viability of small ruminant production
integrated with tree crops in relation to the available resouices and cash crop patterns 
under tree crops in the different agroclimatic conditions. The sustainability of IPS as 
a smallhold enterprise over a period of time and its socioeconomic impact must be 
looked into. It has been observed that smallholders tend to shift to cattle from goat 
or sheep once they attain higher levels of income. 

CONCLUSION 

Small ruminants are compatible with tree crop production systems in the 
Philippines. The introduction of technologies such as improved husbandry management, 
good nutrition, upgrading, health treatments, and marketing can quickly fail if they 
are not continually promoted. This situation becomes more difficult when the 
technology introduced requires additional rash inputs. Thus, it is necessary to 
introduce new and increasing levels of technologies to smallholders gradually so that 
farmers attain semi-commercial or commercial levels of production where they can 
absorb even higher technologies and more risk. This consideration must be coupled with 
strategies to combine the varied situations undcr tree crops with the peculiarities of 
raising goats or sheep. Foremost, research and developmental programs for IPS must 
consider the organizational processes to institutionalize the adoption of self sustaining 
technologies and profitable production at the farmer level. 

ACKNOWLEDGMENT 

Acknowledgement is due to Regional Director Roberto T. Lim and Director 
Romeo N. Alcasid for their support. Special thanks are extended to Tessie Folgo and 
Staff for the computer prints, Maxima Lucabon and Indira Isma, l for the typing work. 

Thanks are also due to those who in one way or the other made this manuscript 
possible. 

298 



REFERENCES
 

Abilay, T. 1985. The National Goat Piogram for Chevon and Dairy Production in the Philippines. In: E.C. 
Villar and N.V. Llemit (Editors), Goat Production In Asia. pp. 31-36. 

Alvarez, F.R., E.A. Araral, R.D. Hernandez, M.S. Torres and L.M. -errera. 1985. Chevon production 
under mango orchard: live weight gain of goats as affected by sto':ing rates. Paper presented at the 
22nd Annual Convention of the Philippine Society of Animal Science, PICC, Manila. Philippines. 
pp. 3-10. 

Asian Livestock. 1986. Status and prospects of sheep raising in the Philippines. 11(9): 98-10(0. 
Asian Livestock. 1987. Goat as protector of forests. 12(4): 48. 

Bulletin Today. F1990. Reforestation contracts set. 208(8): 23-88. 

de Guzman, M.R. 1970. Economics of beef production under coconut in Mindanao. MSc. Thesis, College 
of Agriculture, University of the P'-i'ppines, College, L'aguna, Philippines. 

Faylon, P.S. 1989. Sheep production and developmeni in the Philippines. In: C. Devendra and P.S. Faylon 
(Editors), Proceedings of the Workshop on Sheep Production in Asia, April 18-23, 1988, PCAARD, 
Los Bafios, Laguna, Philippines. PCAARD and IDRC. pp. 166-183. 

NAREA, The National Agricultural Research and Extension Agenda 1988-1992. 1989. Bureau of Agricul
tura: Research, Department of Agriculture, Philippines. 250 pp. 

Parawan, 0.0. 1987. lotegration of small ruminants with coconuts in the Philippines. In: C. Devendra and 
P.S. Faylos (Editors), Proceedings of a Workshop on Small Ruminant Production Systems in South 
and Southeast Asia, October 6-10, 1986, Bogor, Indonesia. International Development Research 
Centre. IDRC-256e. pp. 269-279. 

- - 1988. Integration of Livestcck under tree crops in the Philippines. In: International 
Workshop on Livestock Integration with rree Crops, MARDI, Kuala Lumpur, Malaysia. pp. 9-10. 

1990. Technologies on production management for goat and sheep in the Philippines. In: 
Consultation/Workshop on National Smah Ruminant R and D Program. PCARRD, Los Bafios, 
Laguna. Mimeo. 96 pp. 

Philippine Asean Goat and Sheep Center. Annual Report 1989. Bureau of Animal Industry, Department of 
Agriculture, Pagadian City, Philippines. pp 4-5. 

Philippine Council for Agriculture, Forestry and Natural Resources Research and Development (PCARRD). 
1982. State of the art in rubber research. Los Bafios, Laguna, 35 pp. 

- 1986. State of the art and abstract bibliography of goat researches. Los Bafios, laguna, 
Philippines. 89 pp. 

- 1989a. Quezon technoguide on coconut. Los Bafios, Laguna, Philippines. 125 pp. 
- - - 1989b. The Philippine recommends for sheep raising. Los Baflos, Laguna, Philippines. 54 pp. 

Posas, O.B. 1981. Grazing versus crt and carry trials on goats under coconuts. Ph.D. Thesis. University of 
the Philippines, College, Laguna, Philippines. 

Sevilla, C.C. 1990. Technologies on nutrition and feeding systems for small ruminants in the Philippines. 
In: Consultation/Workshop on National Small Ruminant R and D Program, PCARRD, Los Bahios, 
Laguna, Philippines. Mimeo. 96 pp. 

Suba, M.S. 1990. Technologies in breeds, breeding and reproductive physiology on goats and sheep. 
Consultation/Workshop on National Small Ruminant R and D Program. PCARRD. Los Bafios, 
Laguna, Philippines. Mimeo. 96 pp. 

Subere, V.S. and G.R. Gerona. 1986. Performance evaluation of pasture grasses and legumes grown under 
coconuts. Terminal Report. Visayas State College of Agriculture, Baybay, Leyte, Philippines. pp 2-3. 

Synnot, W.M. 1979. Liveb'ock ownership and production survey in Zamboanga del Sur, Philippines (1978). 
Zamboanga del Sur Development Project, Pagadian City, Philippines. pp. 23-43. 

Trung 	L.T., M.C. Maroon, P.S. Faylon, F.S. Moog, E.C. Villar, A.B. Colico, N.C. Ocampo and E.K. 
Casalla. 1989. Herbage yield and quality of vegetation under coconut. PSAS, SEARCA, Los Bafios, 
Laguna, Philippines. Mimeo. pp 4-9. 

299 



COMMERCIAL SHEEP PRODUCTION UNDER
 
RUBBER AND OIL PALM CROPS: DEVELOPMENT
 

OF THE GUTHRIE BREED
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Guthrie Research Chemara, Jalan Sungei Ujoag, 70990 Seremban, Malaysia 

ABSTRACT 

Commercial sheepfarmingunder tree crops can be a reality if the constraintsfacing the sheep
industry can be overcome. With limited information available in thefield, inprovement of sheep
production under this integrated system requires sound and practical research and development 
ptogrammes. The resultsfrom the research and development activities in sheep production carried 
out at Kumpulan Guthrie Berhad over the last six years are promising. For example, among the 
ewe and ram breeds evaluated, the Malin and Polled Dorset (PD) x Malin (50% PD or less)
crossbred ewes have the poic'n:ial ofproviding satisfactory lambing rates and lamb crops. The 
formatibn of the elite flock called the Guthrie Dorsimal breed, which is being developed for 
prolificacy andfast growth rate, is envisaged to be competitive with its counterparts in temperate 
areas. Currently, the Guthrie Dorsimal sheep can be produced off as early as 6 to 7months at 
between 25 to 30 kg body weight. 

INTRODUCTION 

The sheep industry in Malaysia is in its infancy. As in many other countries in 
Asia, the majority of sheep are owned by small landholders and reared on a subsistence 
level of production. The industry is not as commercially developed as the swine and 
poultry subsectors, as indicated by a less than 3% annual growth rate of the sheep
population between 1965 and 1980 (Ani., 1988). 

A recent commitment has been made by the Malaysian government, through the 
Department of Veterinary Services, to increase sheep populations. This involves 
massive animal in'portation and the involvement of the private sector in sheep farming.
As a result, tKb growth rate during the last five years (1983 to 1987) jumped to a 
phenomenal Jevel of about 20% per year. Almost ten years of research and develop
ment have prepared Kumpulan Guthrie Berhad, a private company, to join formally
in this expansion and to evaluate the technical anid economic feasibility of rearing sheep
in association with plantation crops. 

The purpose of this paper is to highlight some of the experiences obtained from
involvement in the integrated production of sheep with plantation crops at Guthrie. It 
also discusses the future direction of Kumpulan Guthrie's R&D programmes and 
strategies regarding the sheep industry. 

SOME PHILOSOPHY 

Conventional monoculture ruminant farming (animal feeding on improved
pastures or ranching) in Malaysia is less favorable economically compared with 
monoculture farming with plantation crops such as oil palm, rubber and cocoa. There 
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are many factors that have contributed to this, namely, high cost of establishment and 
maintenance of improved pastures, poor animal performance and a lack of a well
developed marketing system for small ruminants. 

In Malaysia, the integration of livestock with plantation crops, as an alternative 
to the monoculture system of production, was first discussed in the early seventies. The 
philosophy of the integrated livestock production relates to the exploitation of 
untapped and/or underutilized resources within the plantation sector (Wan Mohamed, 
1978; Wan Mohamed and Armnuddin, 1986). Forage is critical for ruminant produc
tion and plantation undergrowth is abundant, free (no cost to establish or maintain) 
and to a degree, a nuisance to the plantation sector. Therefore, integrated livestock 
farming can in some ways maximize the utilisation of resources within the plantation 
sector.
 

CONSTRAINTS 

Experience at Kumpulan Guthrie Berhad has shown that the sheep industry in 
Malaysia cannot be expanded rapidly because of major limitations, e~ppecially in the 
following areas (Ani, 1990; Ani, 1988; Wan Mohamed et al., 1988a; Wan Mohamed 
et al., 1988b; Wan Mohamed and Abdul Rahman, 1987; Wan Mohamed et al., 1987): 

* The availability of suitable breeding ewes.
 
" Availability and utilization of undergrowth and compatibility of sheep with oil
 

palm production.
 
" Lack of suitable disease prevention and control programs.
 
* High cost of feeds such as palm kernel cake (PKC). 
" Lack of market and market promotion for the consumption of lambs and 

riutton. 
* Severe inadequacy in technical knowledge of sheep husbandry among the local 

farmers and extension workers. 
Nevertheless, the results from our studies strongly suggest that the constraints 

facing the sheep industry in Malaysia could be reduced or overcome provided that there 
are concerted efforts and full commitment by planners, researchers and farmers. 

THE GUTHRIE DORSIMAL SHEEP 

One of the major constraints confronting the establishment of large scale, 
commercial sheep farming in Malaysia is the availability of suitable breeding stock. 
Hence, Guthrie has placed the highest priority to this area, starting in 1984 with 1,000 
Malin (M) ewes. An additional 1,000 head were added in 1985. Twenty to thirty head of 
exotic ewes including Polled Dorset (PD), Wiltshire Horn (WH) and Romney breeds 
were also imported and evaluated. The Malin and exotic ewes were mated to exotic PD, 
WH, Romney and Suffolk rams. As of 1989, Guthrie had five breeding farms with a 
total sheep population of about 10.0(v r comprised of 8,500 crossbreds and 1,500 
Malin. In January 1990, a profit , anized and for this purpose, a holding 
yard facility which can hold abc 9 ' of sheep and goats for slaughter was 
established. 

Among the crossbreds that were eva ed, both rams and ewes showed direct 
influence on the fertility and lambing rate of the ewes and preweaned performance of 
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lambs. The best results were obtained when M and 50% PDM crossbred ewes were 
mated to PD and 50% PDM crossbred rams, respectively (Wan Mohamed, et al., 1988b). 
The PDM breeding programme is now concentrating on intermating the 50% PDM 
population and currently the F3 stage has been reached. 

The results also revealed high variability for traits such as growth and lambing 
rate, particularly among Malin and PD crosses. These traits can be subjected to 
selection. 

Selection of Sires 

Stringent selection pressure was imposed on crossbred rams that were to be used 
as sires (Wan Mohamed, et al., 1988a; 1988b). Besides body confirmation, testicular 
development, birth types, and resistance to disease, emphasis was given to birth weight 
and early weight gain in relation to improved management. 

Based on early weight gain of 150 g per day, about five to 30% of the ram lambs 
were selected as future sires from each tupping group (Wan Mohamed et cl., 1988b). 
This selection criterion is currently being evaluated and it may be increased to higher 
levels as the flock averages improve with time. 

Future sires were again ranked for growth at 12 months of age and were used 
in the breeding programme at 12 to 14 months old or sold to the industry. The sheep
breeding structure fo, flow of genetic material at Guthrie farms is shown in figure 1. 

Selection (if Ewes 

The selection of PDM ewes at Guthrie is based on prolificacy in a mating system 
that allows ewes to lamb every 8 to 9 months. The results of our six year evaluation 
showed that there were large variations in all parameters studied, particularly growth 
and reproduction. As indicated before these varldtions can be exploited from thc 
genetic viewpoint, and a rapid improvement on growth and reproduction can be 
achieved through selection. 

In 1990, the PDM elite flock at Guthrie was established. The requirements for 
the formation and continuation of the flock included: 

* PDM ewe lambs that give birth to twins automatically qualify for the elite herd. 
" Those ewes with three or more lambs by the age of 42 months are classified 

as elite. 

" Twin ewes. 

A total of 500 crossbred PDM ewes which currently represent about 6% of 
breeder females have qualified based on using the above selection criteria. These elite 
ewes are subjected to individual sire mating or best-to-best mating. We plan to 
maintain the elite flock at about 500 head. Therefore, it is envisioned that the annual 
production of superior rains from the elite flock will be around 500 head. From our 
past experiences, about 30% of ram lambs produced will be selected as future sires. 
This would provide 150 to 200 heads of sire rams from the elite flock for Guthrie's own 
use and sale to the industry. More sire rams for sale will be produced (from the 10,000 
ewes) in the multiplier flock. Detailed performance records for dam and sire lines, 
including prolificacy, litter size, growth rate, lambing intervals and others are 
collected. Table I shows the interim results of the elite and the multiplier flocks at Guthrie 
farms.
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Table 1. Performance indices of the Guthrie Dorsinal sheep. 

Traits Flock 
Elite Multiplier 

Mean prolificacy/year' 2.01 1.20 
Mean (S.D.) body weight, kg 

" At birth 2.3 (0.2) 2.2 (0.1) 
" At 3 months (weaning) 18 (2.3) 12 (3.4) 
" At 12 month , 43 (3.8) 34 (4.2) 

Mean (S.D.) gain at weaning (g) 174 (24, 109 (35) 
Lambing three imes in two years. 

S.D.: Standard Deviation. 

The remaining crossbred ewes were grouped as the multiplier herd (Figure 1). Mass 
mating with a ewe:ram ratio of about 30:1, was adopted for this flock. Selected rains 
produced from the elite flock discussed earlier were used and siperior ewe lambs or 
ewes from this flock will be moved to the elite flock to replace the culled ewes from 
the elite herd and reduce inbreeding. 

Selected rams 

Surplus ewes flock Best 5-10% ewes 
I (a) 

Multiplier flock 

Selected (b) 
rams and 

breeding 
ewes 

zIndustry 

(a) About 500 PDM ewes; individual sire mating; complete performance records. Farm-Sua Betong Estate. 
(b) About 10.000 ewes; mass mating with lambing date, number of lambs, weaning weight and age records. 

Ewes and lambs are identified. Four farms: Sua Betong Estate, Sungei Gemas Estate, Tampin Linggi 
Estate, Tanah Merah Estate. 

Figure I. Sheep breeding structure showing the flow of genetic materials at Kumpulan Guthrie Berhad farms. 
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Terminal Sire Programme 

Concurrent with the PDM breeding programme, Guthrie has also established the 
terminal sire programme for future mating of the Guthrie Dorsimal breed. Malin ewes 
were mated to the imported Suffolk (S)rams from Australia to produce the 50% SM, 
as the terminal sire. The selection criteria and pressure on the PDM rams were similarly 
imposed onto terminal sires, however, emphasis was given for fast weight gain and good 
conformation. The 50% SM flocks were also multiplied by intermating aind to date the 
SM breeding programme is at the F2 stage. 

FEEDS AND FEED RESOURCES 

Feed and feed resources are recognized as the second most important area in the 
development of the sheep industry. Under a plantation-based animal production system, 
they are categorized as: 

* Ground vegetation or undergrowth. 

* Cultivation of improved pastures.
 
" Agricultural by-products and residues (ABRs).
 

Ground Vegetation or Undergrowth 

The botanical composition, yield and quality of the undergrowth have been 
reported to vary in relation to agromanagement practices, types and ages of the 
primary crops, soil types, rainfall, terrain and other factors. Due to these variabihities, 
the performance of sheep reared under this system was reported also to vary widely 
(Wan Mohamed, 1977; Chen and Othman, 1983; Wan Mohamed and Aminuddin, 1986). 
Therefore, sheep production with the plantation crops cannot be solely dependent on 
the ground vegetation. On the contrary, for maximum output from sheep production, 
one should combine all above three feed resources as and when necessary. Kumpulan 
Guthrie is working towards formulating a feeding system utilizing ground vegetation,
improved pastures and ABRs in improving the efficiency auid productivity of sheep
integrated with cropping systems. 

Cultivation of Improved Pastures 

The utilization of improved pastures is limited due to high cost of establishment 
and maintenance, particularly those pasture species that require vegetative propagation.
There are some additional problem also. For instance, Brachiaria decumbens (Signal)
which is easily cultivated, is reported to cause jaundice and eventually death due to 
some unknown constituent. Other grasses, like Panicum maximum cv. Coloniao 
(Guinea), have a low germination rate, in addition to high costs of seeds. 

At Guthrie, Digitaria setivalva (Digitaria) or Mardi Digit was planted nearby the 
sheep shelters for lactating ewes, growing lambs and the sick. These nearby grazing 
areas enable us to provide the dry matter intake requirement without herding the flock 
far from the shelters. Mardi Digit was also established under the power lines where oil 
palm or rubber are not allowed to be planted. Consequently, we have maximized land 
utilization in the estate and have provided a reservoir of dry matter for special flocks 
or when rat baiting campaigns or dry spells reduce access to foliage under the tree 
canopies. 
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Agricultural By-products and Residues 

The utilization of ABRs is limited due to the cost, availability and the possible 
harmful effrcts to sheep. For example, the use of palm kernel cake (PKC) in sheep 
nutrition presents some restrictions (Wan Mohamed et al., 1987; Hutagalung, 1985; Lim, 
1983; Hutagalung, 1978). This is because, besides high costs, feeding high levels of PKC 
over periods longer than three months resulted in copper toxicity, fo!lowed by death, 
especially in young and fast growing lambs (Abd. Rahman et al., 1987; Hutagalung, 
1987; Wan Mohamed et al., 1988a). 

Recently, our work at Guthrie showed that the deleterious effects of copper 
toxicity following PKC in weaned lambs could be prevented (Wan Mohamed et al., 
1998a). Guthrie patented a treated mineral product that when supplemented to lambs 
at about 10 g per day, reduced mortality compared with iambs receiving nontreated 
mineral meals. Losses due to copper toxicity were reduced to zero when the level of 
nutrients was increased up to 75 units per head per day or higher. Treated and 
nontreated mineral meals are currently available in the market at a competitive price 
when compared to the other salt licks or blocks, but the latter is not designed to 
overcome the copper toxicity caused by feeding high levels of PKC. 

The price of PKC fluctuates frequently during the year. Nevertheless, it is the best 
and the most practical ABR in this situation. This is due to its availability throughout 
the year, ease of application, storage and low spoilage rate. Guthrie breeder stock are 
fed with PKC supplementation up to 20 to 30% of their daily dry matter intake (DMI) 
requirement based on their physiological stages, while prime lambs are fed 80 to 90% 
DMI. 

With a feeding system based on combinations of undergrowth, improved 
pastures and ABRs, Kumpulan Guthrie is now able to finish off lambs at 6 to 7 months, 
weighing about 25 to 30 kg, with a dressing percentage ranging from 48 to 52% (Wan 
Mohamed et al., 1988a). 

HEALTH AND DISEASE 

Health is one of the most important areas that affects small ruminant produc
tion. Losses due to disease have not been quantified in economic terms. Our 
experiences at Guthrie showed that the major problems were pneumonic pasteurellosis, 
endoparasites, enterotoxemia, meliodiosis, Escherichia co/i, contagious kerato
conjunctivitis (pink eye), contagious ecthyma and nonspecific diseases. 

Table 2. Causes of sheep mortality (0o of death) at Kumpulan Guthrie's farm, 1985 to 1989. 

Major problem 1985 1986 1987 1988 1989 

Pneumonic pasteurella 42 35 36 39 36 
Jaundice ND 30 5 4 2 
Endoparasite ND - 3 3 10 
Meliodiosis ND 4 2 2 -

Poisoning ND 3 3 5 2 
Mastitis ND - I - I 
Dystocia ND - 2 I 2 
Dog Bite ND - 4 8 4 
Weak/Unthrifty ND 12 19 21 28 
Others ND 16 25 17 15 

ND: Not determined. 
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Pneumonic pasteurellosis is the most common among the enzootic diseases and 
causes the highest mortality in the Malin ewes (Table 2). The use of an imported
vaccine only met with limited success. The attempts to ptoduce a local Pasteurella vaccine 
and studies on its efficacy and improvement of the vaccine by the Veterinary Research 
Institute are critical and should be strongly supported and intensified. 

MARKET PROMOTION 

Market promotion is perhaps the most important area that will determine the 
growth of the sheep industry. The focus on sheep in M-!aysia has been biased towards 
production and opportunities for marketing lamb and mutton. There are no critical 
reviews on the strength or weaknesses in market developmenr and price competi
tiveness of locally produced animals. 

In January 1990, Guthrie established the marketing network of live sheep a'!'1 
goats for slaughter throughout Peninsular Malaysia and Singapore. Equipped with one 
of the largest holding yard facilities in the region, Kumpulan Guthrie Berhad is now
in the position to supply live sheep and goats for slaughter in Malaysia as well as for 
export. 

OTHER AREAS 

Kumpulan Guthrie is also actively evaluating the production of value added 
products and increasing the value chains in sheep farming. The latter includes the 
utilization and convertion of sheep by-products such as pelts, bone and manure into
saleable products. These areas are considered synergistic to the development of an 
efficient and profitable sheep industry in Malaysia. 

Some of the products that were developed and are already in the market include:
1)Guthrie natural fertilizer (organic fertilizer enriched with inorganic feztilizer), 2) ear 
tags for sheep, 3) crayon markers, and 4) mineral meals. Guthrie is also in the process
of compounding feed rations to meet the requirements of various classes of sheep for 
our own use and in the later stages, for the industry. 

Experience at Guthrie also highlighted a severe inadequacy in the technical 
knowledge among our local farmers. In view of this, we have conducted four training 
courses on sheep and lamb management over the last six years. The aims of tie training 
included: 

" to expose farm supervisors, extension workers and farmers to integrated sheep
production, 

" to highlight recent developments in intensive sheep husbandry, and 
" to train farm supervisors, extension workers and farmers in intensive large 

scale lambing and lamb management. 
Sharing the latest sheep husbandry technology with the industry is critical to our 

corporate philosophy. We are extending our advisory services and courses to our 
overseas clients. In fact, the first international sheep and lamb management course is 
planned to be held in Guthrie's Training Centre in July 1991. 
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CONCLUSION
 

Commercial sheep production under plantation crops can be a reality if constraints 
such as the availability of suitable breeding ewes, proper methods of controlling health 
and disease problems, iiighi costs of feed and other factors facing the sheep industry 
in Malaysia are reduced o* overcome. 

For example, our studies revealed that the choice of ewe and raih, breeds is a 
critically important prerequisite in the development of a viable sheep farm. At present,
only Malin and PD x M (50% PD or less) crossbred ewes have the potential of giving 
fairly satisfactory lambing rates. As for reproduction and growth, the Polled Dorset 
crosses were found to be the best and the lambs may be finished as early as 6 to 7 months 
at about 25 to 30 kg body weight when given optimum nutrition. 

The Guthrie Group has established the PDM "elite and multiplication flocks in 
an attempt to develop the Guthrie Dorsimal breed of sheep which is selected for 
prolificacy and fast growth rates. This "tropicalized" breed has many advantages over 
other imported breeds because it is developed under the plantation conditions of which 
Malaysia has over four million hectares. 

Our studies also confirmed that PKC is still the best source as feed supplement 
in terms of availability, cost and feed conversion. The copper toxicity problem can be 
satisfactorily reduced when Guthrie formulated mineral meals are supplemented
regularly to lambs fed with high levels of oil palm by-products such as PKC. 

With the large holding yard facility, Kumpulan Guthrie Berhad is now in the 
position to supply live sheep and goats at competitive prices to distributors, butchers 
or consumers within Malaysia or to neighboring countries. 

Further research and development activities in developing suitable breeds of sheep,
overcoming the existing health and disease problems, developing value added products 
and increasing the economic contribution from the sheep industry are definitely re
quired and must be intensified. 
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ROUNDTABLE DISCUSSIONS
 

Following the presentations of papers, a roundtable discussion on methodologies 
was held. The rationale was to generate a sound analysis of the main constraints in the 
various subjects of integrated tree cropping and small ruminant production systems,
and outline recommendations on research methodologies and research priorities. 

The roundtable discussions were organized in four groups: 

Topic/Groups 
* Environment and Resources 

in Reference to Forage Production 

" Animal Productivity
 
" Animal Nutrition 


" Animal Breeding 

" Animal Heath 

" Socioeconomic Considerations 

* Education and Networking 

Co-chairpersons 
Graeme Blair 
Joseph C. Burns 

Kevin Pond 
Zainal A. Jelan 
David Thomas 
Ariff Omar 
Alan Wilson 
Rehana Sani 
M. Sabrani 
Tjeppy Soedjana 
Henk Knipscheer 
Syed Jalaludin 
Andi Djajanegara 

The session on Animal Productivity was firstly organized in subgroups that met 
later in a joint session. A plenary session was organized to formulate general recom
mendations at the end of the roundtable. This was excellently co-chaired and 
summarized by Dr. James Oxley Director of the SR-CRSP and Dr. Graeme Blair from 
the University of New England, Australia. 
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ENVIRONMENT AND RESOURCES IN REFERENCE TO
 
FORAGE PRODUCTION
 

Main Constraints 

Land resources 

Although the area of tree crops in Southeast Asia is extensive, the land area 
potentially available for integrated tree cropping and small ruminant production systems 
(IPS) is considerably less because of the present need to house animals at night and 
the changes in forage production throughout the life of tree crops. 

" Housing livestock increases the utilization of forages in the vicinity of the shed 
which could be potentially overgrazed and may serve as a harbor for internal 
parasites of sheep and goats. In smallholder systems this factor is less of a 
constraint to land utilization. In addition to limiting the area of utilization, 
housing results in a significant restriction in grazing time. Studies need to be 
undertaken on the impact of limited grazing time on productivity. 

" The changing forage production pattern throughout the life of the tree .,'op
limits overall productivity. In rubber the present transplanting system means 
that sheep are excluded from the area i'or the first 2 years after transplanting 
and canopy closure limits the high forage production period to 3 to 5 years. 
This means that only approximately 25176 of the plantation area has a high 
forage production potential while the remainder has a low stocking potential. 
Consequently, the continuity of the forage supply depends on a systematic re
planting schedule in areas adjacent to sheds. 

" 	In coconuts, light transmission is higher throughout the life of the tree so 
forage production potential is mote constant. In mature oil palm, the area 
available for grazing is further reduced by the presence of stacked dead fronds 
between the tree rows which not only occupies ground area (- 10%) but can 
injure small ruminants grazing the area. 

Relative values of tree crops and small ruminants 

It is often argued that the small ruminant enterprise interferes with the 
productivity of the main tree crop. However, trends in costs and returns of rubber, oil 
palm and coconuts and sheep and goat products suggest that this situation is changing. 

The group estimated (Table 1) the relative net returns in various tree cropping 
and livestock production systems. The above calculation takes into account the weed 
control function of small ruminants but does not ascribe a value to their impact on 
nutrient cycling. 

Table I. 	 Estimates of the relative net return in various tree 
cropping and livestock production systems. 

Systems % contribution of animal to 
tree/animal system 

Oil palm: sheep 	 5-10 
Rubber: sheep 15-20 
Coconut: cattle (Bali) 75 
Coconut: sheep (Philippines) 50 
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The group considers that the areas of greatest potential for IPS are where there 
are regular replanting schemes and where there is opportunity for organized
commercial grazing. Because of the changing relations between rubber and sheep 
returns, alternative systems of planting such as delayed transplanting or hedge row 
planting systems should be evaluated. It is anticipated that any loss in rubber produc
tion could be more than offset by increased small ruminant production. 

People resources 

The majority of scientists involved in IPS research have been trained in a specific
discipline and experience some difficulties coping with the multifaceted nature of IPS 
research. It is suggested that greater training opportunities in broad based programs 
be made available to developing country scientists. 

The long term and integrated nature of IPS research often means that the 
opportunities for publication by scientists is reduced. In addition, the nature of IPS 
research means that staff must be located close to the field research areas. Research 
institutions need to recognize both these problems and to provide appropriate 
incentives to encourage continued participation of scientists in the programs. 

Because of the need for information transfer into and out of IPS and the close 
interaction required with producers, there is a need to strengther, multidisciplinary
research and enhance linkages in the planning and execution phases of IPS programs. 

Forage Methodology 

Germplasm evaluation 

Past evaluations of forage germplasm in Indonesia, Malaysia and the Philippines
have identified likely germplasm candidates for the IPS. The group considered a 
potential list of candidate material and narrowed them to the accessions in the Table 
2. It was recommended that these should serve as a starting point for evaluations. The 

Table 2. Potential candidate forage material for integrated tree cropping 
and small ruminant production systems. 

Crop and age 
Young rubber/oil palm 3-6 yr rubber/oil palm Mature rubber/oil palm 

old coconut young-coconut 

Light 100-70% 60-30% 30-10% 

trans
mission 

Brachiaria decumbens 1,2 Arachis spp. Arachis spp. 
Brachiaria humidicola Desmodium ovalifolium Stenotaphrum Secundatum 
Brachiaria mutica Paspalum notalum 
Digitaria setivalva Paspalum wettsteini 
(MARDI digit) Axonopus compressus 
Pueraria phaseoloides 
Centrosema pubescens 
Stylosanthes guianensis 

can cause photosynthesization in sheep.
2 used particularly under coconuts. 
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accessions were chosen on the basis of: 

* productivity and compatibility with tree crops,
 

" ability to perform under defined light reg.mes,
 

" persistence under grazing, and
 

" absence of adverse animal effects.
 

For cut-and-carry systems monoculture of Pennisetum purpureum (elephant grass),
 
Tripsacum laxum (guatemala grass) and tree legumes is preferred. 

Scientists conducting germplasm evaluation should pay close attention to local 
quarantine regulations. Particular care should be taken when introducing accessions with 
weed potential. Because of the impact of Asystasia sp. on cropping areas in Malaysia 
particular care is recommended with this species. 

It is recommended that forage evaluation programs should commence by 
evaluating grasses and legumes with high and low shade tolerance in small plots that 
can be grazed by animals. Grazing of individual plots is preferred and can be achieved 
by the tethering of animals. 

Estimation of feed on offer and botanicalcomposition 

Research by The Rubber Research Institute of Malaysia (RRIM) and the Univer
sity of Queensland has adapted the BOTANAL method of pasture estimation for use 
in tree crops. This provides a means of visually assessing both feed on offer and 
botanical composition of swards. The original method was published in-

Tothill, J.C., Hargreaves, J.N.G. and Jones, R.M. (1978). Botanal: A 
comprehensive sampling technique for estimating pasture yield and 
composition. 1.Field Sampling. Tropical Agronomy Technical Memorandum. 
Division of Tropical Crops and Pastures, CSIRO, Australia, No. 8. 

A modified method will be published shortly and will be available from Dr. 
Werner Stiir from the University of Queensland. 

Optimum grazingpressure 

Because shaded plants depend more on reserves held in leaves than in roots for 
recovery after grazing, it is important to leave functional green leaf' after grazing. 
Overgrazing will lead to extended recovery times and overall lower productivity and 
persistence. 

In areas with relatively uniform rainfall distribution, it is recommended that 
grazing should remove only 50%/0 of the material on offer. In areas with a wet/dry 
climate, wet season grazing should be as noted above and dry season grazing should 
aim to utilize all standing material to allow good wet season recovery. Supplementation 
of animals with crop residue and/or tree legumes should be used to maintain animal 
productivity. 

Light measurements 

There is presently no simple integrating light measuring equipment available. It 
is desirable to measure photon irradiance (PI), which is the same as PAR, in plantation 
crops. Measurements should be made between I I am and 2 pm on reasonably clear days. 
.Integrated measurements should be made on transects through the plantation over a 
5 to 10 minutes period. If instantaneous measurements are made, they should be taken 
from at least 50 sites in the plantation due to sample variability. 
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Fauderconservation 

Past attempts at production of silage and (or) dried forage have generally not met 
with much success. This is because of wet conditions during the maximum growth 
period when excess feed is available and the characteristically high lignin and low sugar 
of most tropical forages. For these reasons there appears to be a limited opportunity 
to stabilize animal productivity by those means. Transfer of feed into the dry season 
by appropriate wet season management of tree legumes appears to offer the best 
prospects. 

Continuity of feed supply can best be achieved by integrating grazing, cut-and
carry and tree legume systems. It is suggested that supplementation of ewes and lambs 
with tree legumes would likely have a significant effect on survival and productivity. 

Information Dissemination 

Handbooks on sheep management under rubber and oil palm are being prepared 
by Guthrie Sales Bhd and RRIM in Malaysia. PCCARD in the Philippines has a 
bulletin on cattle under coconuts. In addition, the FAO Publication by Reynolds 
(Pastures and Cattle under coconut, 1988) and the Proceedings of an ACIAR 
sponsored workshop on Forages for Plantation Crops held in Bali, June 1990 (to be 
published in 1991) will be available from ACIAR (Canberra) and contains a consider
able body of valuable information. This material should serve as a basis for future 
publications. 

Forage Research Priorities 

" Grazing evaluation of promising forage mixtures. 
" Impact of fodder banks for supplementation of special classes of animals held 

in sheds and for dry season feeding (e.g. tree legumes, open pasture areas). 

" Evaluation of forages in alternative rubber and oil palm planting systems (e.g. 
hedgerow or delayed transplanting). 

" Nutrient cycling (forage to tree, animal off-take). 

" Oil palm frond and trunk utilization (supplement, remove thorns, land area). 
* Targeted forage germplasm evaluation. 
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ANIMAL NUTRITION
 

Small Ruminant Production Systems and Constraints 

The nutrition group identified five tree cropping/small ruminant production 
systems: cut-and-carry, cut-and-carry with grazing, grazing only, grazing with supple
mentation and concentrate based lamb finishing. 

" For the cut-and-carry system, the major constraints included labor, transporta
tion, feed and water facilities, mineral supply and internal parasites. 

" Adding grazing to the cut-and-carry system, imposed the limitations of grazing 
time and additional labor, as most animals are grazed only during daylight and 
confined at night. 

" For animals allowed to graze only, the major disadvantages were that grazing 
time can also be quite short, a shepherd and (or) fencing is needed and water 
and minerals must be supplied. Also the animals are subject to continuous 
parasite challenge. 

" Supplementing small ruminants on pasture requires knowledge of nutrient 
deficiencies and when and how much to supplement. 

" A concentrate based system is constrained by the need to know the composi
tion of the diet and formulation of a least cost ration. 

* In general, constraints characterizing all systems are feed quality and quantity. 

Solutions to the above constraints are to be found in the general areas of forage 
quality and yield, grazing management, conservation of feed and supplementation with 
mineral blocks and other nutrient carriers. The need is to identify and develop species 
of forages that are of high quality and yield, persistent and shade tolerant. Under 
grazing management the goal is to maximize the rate of feed intake and carrying
capacity without depleting the forage resource; the latter involving the planning of 
adequate rotation systems. It was recognized that feed resources can be extended through 
the preservation of forages and supplementing with by-products. Mineral blocks 
formulated to meet local deficiencies and from local materials can solve mineral 
problems. 

Methods to Assess Feed Quality 

" Sampling of grazed forage can be done by using a cannulated animal or by 
observing the animal and sampling the forage selected by the animal. 

" Measures to assess forage quality should include: analysis of crude protein, 
digestibility (in vitro or in sacco), NDF and essential or potentially toxic 
minerals such as Ca, P, Na, K, Mg, S, Cu, I, Mo, Mn, Co, Zn, Fe, and Se. 

" Quality of feed by-products should be examined by following similar assess
ment for forages, in addition to evaluations of fat, nitrogen solubility and 
efficiency of rumen fermentation. 

" Animal response to dietary factors is measured by growth and feed or forage 
acceptability. Growth studies should be designed with a minimum of eight 
animals per treatment and the test should run for at least a 90 day period. An 
adjustment period prior to testing should be routinely reported. Where 
possible, the test animals should be followed through to market weight and 
slaughtered to assess carcass quality. Feed acceptability should be monitored 
with tracer animals. Assessment of feed quality should not overlook toxicity 
and anti-quality factors, an area that merits more research efforts. 
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Methods for Measuring Feed Quantity 

The quantity of feed is usually expressed in terms of available dry matter per unit 
of area grazed. In a supplementation program, forage intake is used to measure the 
degree of feed/forage substitution. Levels of supplementation are not well defined, 
since information on nutrient requirements of small ruminants, particularly those vith 
a high genetic potential and produced in tropical environments, is not available. 

In determining limited nutrients, growth rate, feed efficiency and reproductive 
performance should be measured. Condition scores should be developed as a practical 
means of evaluating the need for supplementation. 

Finally, the economics of supplementing at strategic or critical times of the 
animal's production cycle versus continuous supplementation should be evaluated. 

The group ccncluded its discussion by recognizing the need to develop tables of 
nutrient requircinents and of nutrient composition o' 'ropical feedstuffs as well as 
methods to dc-termine toxicities and anti-quality factors in feeds. Finally, the group 
recognized the importance and necessity of sharing experiences, good and bad, as a 
valuable exercise in the course of advancing knowledge in small ruminant nutrition. 

Nutrition Research Priorities 

" Determine nutritive value and quantity of forages and nutritive value of other 
feedstuffs. Nutritive value should be measured with complete description of 
feedstuffs utilized. Measurements should include crude protein (CP), 
digestibility (in vitro or in sacco), neutral detergent fiber (NDF), and minerals 
(Ca, P, Na, K, Mg, S,Cu, I, Mo, Mn, Co, Zn, Fe and Se). Analysis of agri
industrial by-products should also include fat, nitrogen solubility, rumen 
fermentation efficiency and rate of degradation. Toxicity and anti-quality 
factors are difficult to measure and elusive. Developing tests for field use would 
be desirable. 

" Develop supplementation systems to meet production goals. Production goals 
dictate need and level of supplementation. Systems need to be developed to meet 
the genotype within the constraints of the local environment. Systems utilizing 
continuous or strategic supplementation with agri-industrial by-products, 
legume trees or forage feed banks should be considered. Conservation of feed 
and development of nutrient blocks to meet deficiencies should be included. 

" Develop grazing systems to meet production goals. Grazing can provide the 
majority of the nutrients required for many production schemes. However, 
limited grazing times or grazing areas can compromise production. Systems of 
grazing with shepherds, portable fences ur permanent fences need to be 
evaluated. Carrying capacity, stocking rate etc., are unknown. New species 
introductions need to be evaluated by grazing. 
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ANIMAL BREEDING 

Main Constraints and Ideal Genotype 

It is recognized that integrated tree cropping and small ruminant production 
systems have several constraints which do not allow maximum efficiency of production 
of small ruminants. Foremost among these constraints are the fluctuation in the quality
and quantity of feed resources, higher prevalence of parasites and diseases, lower 
genetic po'ential for growth of the present genotypes, heat and humidity and current 
grazing management of limiting feed intake. In developing the appropriate genotype 
for the IPS environment, these constraints must be considered seriously so as to fit the 
genotype into the environment. Considerations must also be given to characteristics of 
the genotype which would allow a higher level of production with any future improve
ments in nutrition and management that would remove some of the above constraints. 

The following recommendations are aimed at developing a sheep for integrated 
tree cropping and small ruminant production systems: 

" ewe mature weight (25 to 40 kg), 
" resistant to parasites and diseases, 

" aseasonal (lambing interval of 200 to 240 days), 
" prolificacy (1.30 to 1.75 lambs born/ewe lambing), 
" high survival rates of singles (90%), twins (8007o) and triplets (60%), 
" little or no wool cover, 

* good temperament, and
 
" ability to respond to different levels of nutrition and management.
 

Animal Breeding Recommendations 

* Selection within the localpopulation 
Many individuals within the local breeds satisfy most of the criteria for the 
"ideal" genotype and should be viewed as a valuable resource in the IPS 
system. Organized genetic improvement programs would improve the 
efficiency of production of local sheep and should be given high priority. Elite 
ewes with high levels of production (i.e., 5 lambs weaned in two years and 
body weight greater than 30 kg) should be screened from flocks of farmers in 
a given region to establish the nucleus of an open nucleus scheme. Selection 
in the nucleus would be based upon genetic merit for weight of lamb weaned 
per kg of ewe weight per year with further selection in rams on parasite and 
disease resistance, body weight gain and minimal wool cover. Genetically 
superior animals would move from the nucleus to the farmers with farmers 
continuously contributing genetically superior ewes to the nucleus. Success of 
the program is largely dependent upon organization and cooperation among 
the farmers in the scheme. 

" Introduction of new genotypes and new breed development. 
Some hair breeds from the humid tropics meet most of the criteria for the "ideal" 
genotype. The introduction of genes of these breeds into the local population 
may improve ewe productivity. In general temperate breeds are not adapted 
to the humid tropics. However, there seems to be a case in Malaysia where 50076 
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inheritance of a temperate breed and 50% of a local breed is suitable for 
integrated tee cropping and sheep production systems. Before genes of any 
exotic genotypes are released into the local sheep population, well-designed 
research evaluations of the effect of the exotic genes for not only body weight 
and carcass merit, but also reproduction, survival and parasite and disease 
resistance for at least a period of 3 lambings needs to be completed. Such 
evaluations must include local and exotic animals as well as F,, F and 
backcross generations. Only those genotypes which show conclusive superiority 
in overall merit over the local breed should be utilized. 
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ANIMAL HEALTH 

Main Constraints 

The following health constraints to production were identified: 
" The presence of some specific disease conditions including 

" pneumonia of bacterial origin, 
" gastrointestinal nematodiasis especially the abomasal worm Haemonchus 

con tortus, 
" specific mineral deficiencies related to deficiencies in the soil and forages, and 
" photosensitization related to toxins in plants. 

" Lack of a system for delivery of medicines and vaccines in usable and 
economic form. Also related to this, is the need for an extension service 
capable of delivering the above. 

" No reliable surveillance or diagnostic service available so that disease constraints 
can be diagnosed and treated quickly. 

" A lack of coordination between animal health research and the other research 
disciplines in the planning of research and production schemes. 

Priority Recommendations 

" Animal health should be considered an integral part of IPS and animal health 
experts should be involved in planning and execution of projects. 

* Attention 	should be given to the development of post graduate specialists in 
small ruminant diseases and production systems. There should be increased 
emphasis on IPS systems in veterinary curriculae. 

" Priority should be given to developing an understanding of the epidemiology 
and economic of diseases in IPS. Specific attention should be directed to the 
following: 
" Pasteurellosis (Pasteurellahemolytica)with emphasis on improved vaccines. 
" Gastrointestinal helminthiases. Protocols should be developed to evaluate 

several alternative parasite control program under practical conditions. 
These programs should be tested and compared on the basis of: 

efficacy in controlling parasitism,
 

practical application in the production system,
 
integration with other essential management activities,
 
cost-effectiveness, and
 
sustainability over time.
 

Attention should also be given to investigating presence of genetic resistance 
to parasitism. If resistance is identified, its inclusion into formal selection 
programs should be considered. 

" Define mineral and trace element status of small ruminants under various 
IPS. Initial work should concentrate on those minerals which are most likely 
to be deficient e.g. Cu, I, Na, P, Ca, etc. 
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" Flock health programs should be developed aimed at providing simple, cheap
and effective management packages for farmers. This would include 
instituting a regular sampling program followed by analysis and report back 
systems. 

" Additional research is required to define the importance of various toxicities. 
Methodology will need to be developed to achieve this. 

* The use of traditional management practices and remedies should be 
investigated as alternatives to currently available drugs. 
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SOCIOECONOMIC CONSIDERATIONS
 

Constraints Identification 

Major constraints to the development of IPS were grouped into social, economic, 
administrative and policy. 

The social constraints which may influence the integrated tree cropping and small 
ruminant production systems consist of: 

* Ownership of animals and land which may limit flock size and alternatives for 
improvement.
 

" Differences in ethnic perception toward small ruminant raising.
 
* Tradition or culture that can affect the composition and type of the flock 

(males with horns for sacrifices, etc). 
* Availability of child labor for grazing animals. 
* Security issues (housing versus open grazing with no housing). 

The economic constraints include: 

" Start up capital limitation.
 
" Labor availability where farmers have access to feed.
 
" Animal breeding stock availability. 
* Veterinary supply limitation especially for parasite prevention. 

* Availability of feed supplements. 
" Competition between crop and livestock in land and forage utilization. 
* Market issues (fluctuation of prices, marketing channels, etc.). 

The administrative constraints involve: 
e Lack of extension systems which are suitable for inte.-rated tree cropping and 

small ruminants production systems. 
a Lack of organized cooperatives and groups of farmers. 

* Long and bureaucratic credit procedures. 

o Weak research and extension linkages. 

The policy constraints consist of : 
" Export regulations limiting export of animals (e.g. ban to export alive animals 

in Indonesia). 
" Lack of government support because of limited information on the benefits of 

IPS at the level of policy makers. 
* High taxes and fees. 
" Livestock development policies within country which may limit, affect or 

exclude the development of a small ruminant program. 
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Research Priorities 

Research ia social constraints should be directed to the following issues:
 
" Group management (traditional, cooperatives and private).
 
" Access to forage/feed and land use rights.
 
" Education and extension and community development.
 

Research in economics should include:
 
* 	Labor allocation between farm enterprises (trees vs. animals). 

Capital allocations and return between farm enterprises. 
* 	Marketing efficiency. 
• 	Animal and tree crop interactions (benefits-losses) such as:
 

" weed control by animals, and
 
" long term management such as grazing stocking rate adjustment. 

In addition the group rccognized the need of relaxing administrative and policy 
constraints by efforts oriented to: 

" inform National and Provincial policy makers about the potential of IPS for 
economic development, 

" simplify policies and procedures concerned with livestock export, veterinary and 
competing development programs, and 

* institutionalize IPS development with the support of cooperatives, effective
extension system, farmers groups, research and extension linkages, involvement 
of non-government organization and veterinary service. 
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EDUCATION 

Main Constraints 

It is a well recognized fact that the integration of animals into cropping systems
has not always beern successful. This limited success is essentially due to the inadequacy
of the technology it3elf or that whatever technology is available cannot be effectively
disseminated. Constraints in technology transfer are mainly caused by a weak 
extension service and limited educational opportunities at all subject matter levels. 

Budgets for education and research programs have been reduced in recent years.
This has forced education and research administrators to do more with less, and to 
struggle constantly to maintain support for on-going programs. Starting new programs 
is difficult. 

In general, inadequate facilities are a constraint in animal and veterinary science 
education and training. This is accompanied by reduced level of funding to universities 
and research institutions. This is a world-wide problem and with lack of support from 
outside sources (e.g. private organizations) the pi,,blem can worsen. Inadequate
funding also leads to deficiencies in repair and maintenance and can lead to further 
rapid deterioration. 

It is believed that the private sector can and will provide substantive financial 
support to research programs that are structured to address priority problems affecting 
the production/marketing efficiency in small ruminants (IPS). The arrangement can 
be made more cost-effective if it is formalized and structured to draw on the 
comprehensive expertise of commodity-based multidisciplinary work groups establis
hed within the university system. 

The level of English language competency of many University undergraduate and 
graduate students restricts their ability to fully utilize the scientific publications written 
in English. Consequently, their knowledge of on-going technical advances in their field 
is limited. Language deficiency prevents students from acquiring essential under
standing/knowledge of techniques and research methodologies that can facilitate 
achievement of more pragmatic and innovative research projects. It also creates a real 
barrier to graduate studies in English speaking countries, resulting in donor 
scholarships not being utilized, which is a serious loss to the recipient cnuntry. 

The following recommendations are made with the aim to improve the quality 
of education, research and extension on the integrated tree cropping and small 
ruminant production systems. 

Recommendations 

* Animal science courses at universities/colleges should be revised to include 
elements of integrated animal/crop production systems. The students of 
animal production and veterinary medicine faculties should be sufficiently
knowledgeable of the IPS system in order to be able to communicate with the 
farmers and lan: I owners. 

" There is a need to establish appropriate career structure for technica! staff and 
training programs to upgrade their skills. Practical workshops are usually a very 
useful means of introducing new ideas and techniques, and also help to 
identify problems and deficiencies in facilities and suggest solutions. 
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* Students should always be encouraged to undertake special assignments to gain 
the knowldge and expertise in the subject. Universities, research institutions 
and the private sector should make available and facilitate the use of their 
facilities for training of students. 

" English language competency is recognized as a major problem and the.e are 
no quick and definitive solutions to this dilemma. One suggested approach is 
to promote regional publication of bi-lingual journals, technical books, and 
articles. Translations of English language technical publications should also be 
expanded and strongly encouraged by the host country universities. 

" The lack of teaching and reference materials is a serious impediment to educate 
students on the integrated systems. Immediate steps should be taken to ensure 
that teaching and reference materials be developed by experts within the region. 
Materials that need to be prepared include university/college text books, 
reference books/journals, technical reports/bulletins and case studies. 

" Teaching and research laboratories should be planned and organized with the 
level of funding and available resources. It is important to create specialized 
laboratories which also function as reference laboratories. The sharing of the 
facilities should then allow better utilization of the limited resources. Training 
in management of laboratories is needed and (or) needs to be upgraded for proper 
maintenance and functioning. 

" Where land is available, students and researchers need exposure and hands-on 
experience with crops, forages and animals. Income generated from these 
activities can also be used as a revolving fund to aid in further purchases and 
help defray expenses. Some of the animals could then become available for use 
in practical classes and (or) leased out for research projects (instead of the 
present system of having to purchase animals every time a research project starts). 

" The effectiveness of teaching will ensure success in promoting the concepts of 
integration. In this respect the aninial science disciplines related to system of 
production should be well integrated and presented to the students. It is 
recommended to develop such an integration through a workshop being held 
by individual universities that have the expertise to prepare teaching 
guides/courses. 

" It is becoming too expensive for many institutions to maintain libraries and it 
may be more cost effective to establish senior libraries and link them together 
so that users can access information from several sources. On the other hand, 
it is relatively inexpensive to own and operate data base searchers (e.g. CAB 
with CD from readei) 

" With active participation of Universities and many competent research and 
extension workers a program should be developed to exchange current new 
findings and train trainers in IPS. Such a program should be conducted at 
regular intervals in order to ensure their effectiveness. Extension workers should 
be provided with adequate research findings and new information regularly 
through publications, manuals, etc. 

" 	Efforts should be directed to capture the interest of the private sector. 
Multidisciplinary groups shou!d develop/conduct short courses that focus on 
the private sector's production priorities. 
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NETWORKING 

Main Constraints 

It is expected that networking will play a key role in the development of 
integrated tree cropping and small ruminant production systems, particularly if the 
network serves an area with relatively similar production and agroecological systems.
Experience with organization of national and international networks .ed to the identifi
cation of the following constraints: 

* Political 
In particular in regard to the difficulties to identify representatives of 
participating institutions/countries with genuine interest in SR. 

" Operational 

In relation to: 
" the network's scope of work which is usually overdimensioned and too 

broad, and 
" the development of a discipline for active participation and continued 

interest since networking is a coordinating/consensus operation rather than 
a structural/vertical operation. 

* Economic 
Experience has shown that networks dissolve as rapidly as thby are constituted 
due, among other causes, to limitations in availability of resources including 
facilities and funding for long term operation to ensure sustainability of the 
network. 

Recommendations 

The group made the following recommendations: 
" A research network should be established for SR scientists educators and 

extension workers within the Southeast Asian region. The membership of the 
network should be also open to individuals, organizations and groups involved 
in the small ruminant industry in respective countries. The proposed network 
should develop links to appropriate existing network(s) within the region. 

" In order to secure funding for the long term operation of the network, a 
proposal should be developed by an "ad hoc" committee and put forward e.g. 
to the existing ASEAN organization, and international donor agencies.
Proposal items to address include: organization, headquarters, coordinator, 
objectives and budgets. 

* Immediate activities of the network include, the establishment of a roster of 
members, links with a core of individuals who eventually will be steering the 
network and establish a media for communication and exchange of informa
tion with English as the language of communication. 
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