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

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

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

considered the prevailing circumstances, the innovations, and the strategies 

that are pertinent for stimulating increased productivity from goats and 

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

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

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

extensive systems, systems combining arable cropping, and systems integrated 

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

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

production resources, especially the genetic and feed resources available, 

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

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

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

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

enabled a definition of research protocols and the priorities for future 

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

ruminants. 

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

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

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

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

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

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

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

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

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

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

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

les ressources disponibles pour la production, spécialement les ressources 

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

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

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

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

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

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

auront vraisemblablement un impact majeur sur la productivité liée à 

l'élevage des petits ruminants. 

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

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

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



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

imperantes, las innovaciones y las estrategias pertinentes para estimular la 

mayor productividad del ganado caprino y ovino. Se examinaron detenidamente 

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

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

componentes de los sistemas de producci6n. Estos sistemas incluyen sistemas 

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

integrados con plantaciones de érboles. La discusi6n de estos sistemas 

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

coma de problemas y politicas relacionados con los recursos de producci6n 

disponibles, especialmente los recursos genéticos y alimenticios disponibles, 

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

majoras deseadas. Una importante sesi6n estuvo dedicada a examinar la 

metodologia de las investigaciones, las estrategias para et desarrollo 

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

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

discusiones permitieron definir los protocolos de investigaci6n y las 

prioridades para et futuro, que probablemente habrén de tener importantes 

repercusiones sobre la productividad de los pequenos rumiantes. 
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INTENSIVE SYSTEMS BASED ON 
CROP RESIDUES AND CULTIVATED FODDERS 

J.H.G. Holmes, A.R. Egan, and P.T. Doyle 

University of Melbourne, School of Agriculture and Forestry, 
Parkville, 3052 Victoria, Australia 

Abstract Large-scale intensive systems of small ruminant 
production are rare, but are managed to follow well-established 
principles of programmed provision of appropriate feeds. These 
feeds may be specially cultivated or obtained through integra- 
tion with industries that guarantee by-products supplies. 
Small-scale intensive systems are more vulnerable because the 
use of trop residues and fodder crops is often more opportun- 
istic. There are two requirements for the development of sheep 
and goat production programs scheduled to match periods of 
availability of différent feed classes. First, there must be 
deliberate management of cropping rotations to allow the 
planned use of forages and crop residues for known numbers and 
classes of animais on a year-round basis. Second, preferential 
feeding of specific classes of animal is essential; however, 
this is suecessful only if intake and nutrient limitations 
throughout the whole life cycle are recognized. The nutri- 
tional conditions for improved reproductive performance, the 
consequences of periodic undernutrition during growth, preg- 
nancy and lactation, and the likely interactions between 
nutrition and other environmental and management constraints 
are discussed in this context. 

There are few well-developed, intensively managed, 
commercial-scale small ruminant operations in any developing 
country. In such systems, the large concentrations of animais 
require a concentration of feed from large areas. The products 
(meat or milk) must be produced close to a concentrated market. 
However, the fibrous roughages that give the ruminants a nutri- 
tional niche are expensive to harvest, transport, and store. 
In nome localities, food processing by-products provide the 
basic for intensive ruminant production systems; however, there 
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are few opportunities that match feed supply and market prox- 
imity. Only in rare cases will easily accessible, highly 
productive arable land be used for the production of cultivated 
fodder specifically grown as sheep or goat feed. In some 
systems, however, crop residues are extensively used and 

integrated with some improved pasture and fodder production on 
less arable areas. Such intensive and semi-intensive systems 
are developing on a small scale in integrated crop-livestock 
smallholder communities. Individually owned small groups of 

animals are fed from small, noncontinguous tracts of otherwise 
unproductive land utilizing otherwise unproductive labour. 

Where the animals are penned at night, seasonally, or contin- 
uously, conditions for intensive management exist. This paper 
addresses systems of intensification based on crop residues and 
cultivated fodders, recognizing that often radical changes in 

the nature or the size of inputs required cannot be readily 
adopted, because of other contraints on the smallholder farms. 

SMALL-SCALE INTENSIVE AND SEMI-INTENSIVE SYSTEMS OF MANAGEMENT 

Small-scale goat and sheep production occurs primarily as 
a sideline to crop production or employment in other indus- 
tries. The methods adopted involve simple strategies to use 
available feed resources, with minimal power input. Currently, 
small ruminants are viewed primarily as scavengers of feed and 
labour: few resources are directed to small ruminants that can 
be directed into cropping or alternative employment. The owner 
may be insensitive to improved husbandry techniques, resisting 
steps that divert resources from more profitable enterprises, 
involve changes in lifestyle, or have unforeseeable conse- 
quences. These "intensive" systems contrast sharply with 
large-scale commercial operations based on a monoculture 
involving high resource allocation. The "breeds" or types of 
sheep and goats kept in intensive systems differ between 
localities (Devendra and McLeroy 1982). While crossbreeds and 
exotics are almost always housed and intensively managed, 
native breeds often gain some feed by grazing at least for part 
of the year. Individual farmers, who may be landless, or 
cultivate less than 1 ha of land, usually keep 4-12 animals. 
The small ruminant enterprise depends on integration with crop 
rotation and the use of herbage grown on small areas of land 
not cropped. Improved feed materials are rarely grown 
specifically for goats and sheep. These animals are fed by 
exploiting the unmanaged plant growth on nonarable, often 
public land by using crop by-products, household wastes, and 
leaves of shrubs and trees grown around houses, fields, and 
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plantations. Opportunities for selection of crop residues and 
cultivation of forages are limited. Hence, the nutritional 
value of feed offered is frequently inconsistent with require- 
ments for high levels of production. While improvement of 
feeding value of fibrous crop residues by supplementation or 
chemical treatment has been given attention in research, the 
extent to which this has penetrated into sheep and goat 
production systems is low. 

Digestibility of the herbage, voluntary intake, and 
nutrient yield are frequently limiting factors; however, 
recognition of times when particular classes of animals require 
special feed allocation (amount or type) is often wanting. 
Some farmers do have specific supplementation programs; they 
may or may not be appropriate. Competition among mixed classes 
of animals can reduce the effectiveness of supplementation. 
While separation of housed sheep and goats into classes (dams 
and newborn; males) occurs, this is usually not for reasons of 
nutritional management. Lack of knowledge or resources 
prevents the farmer from taking full advantage of intensive 
handling by preferentially feeding or supplementing target 
groups (pregnant, lactating, weaned, or sick animals) with 
appropriate feeds. The feeding is, in many instances, the 
responsibility of children, which may result in lapses in 

feeding procedures, especially as rural education programs 
develop and available time is reduced. 

NUTRITIONAL CONDITIONS AND FEEDING PRINCIPLES 

Housed animals are usually fed ad libitum, although the 
extent of excess and the potential for selective feeding is 

highly variable. A large proportion of the feed brought from 
outside the holding is composed of any available mixture of 
plant species that animals are known to eat, regardless of 
nutritional value. Crop residues may be fed as part of the 
diet and by-products such as rice bran are provided though the 
combinations are not always well chosen. Planned coincidences 
of animal production cycles with pasture crop residue shrub 
leaf available cycles in arable cropping or tree cropping 
systems are being devised (Moog 1986; Nitis 1987) and this 
often is more feasible with small ruminants than with cattle 
and buffalo. Weeds and grasses harvested from uncultivated, 
unfertilized land often include less palatable species, often 
are of low digestibility, and may be deficient in some minerals 
such as S and P (Little 1985). Alone, weeds and grasses rarely 
provide better than maintenance intakes. 
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Improvement of pastures with sown legume and better 
quality grasses is limited by common usage or exploitation 
problems. Few smallholders have developed special pastures for 
goat or sheep production. There are a few situations in 

several countries where areas of pasture grasses and legumes 
are grown to stabilize sloping lands and erosion-prone water- 
sheds. The cultivation of improved forage species may be 
stipulated as a condition for government support or credit 
schemes for establishing small ruminant production units. 
Regulation of harvesting in such systens is difficult and 

realistic "stocking rate" relationships should be established 
in priority feeding prograns to provide the best nutrient 
sources to those animais with the greatest requirements. 

Mature ruminants can maintain weight on most herbages and 

crop residues offered ad libitum if digestibility is 55% or 
better. As a broad rule, as feed digestibility increases, so 

does voluntary intake. Many empirical studies of combinations 
of feeds have been reported and reveal associative effects 
on total intake, digestibility, and production. Complementar- 
ity of feed components, as, for exanple, feeding high protein 
herbages with low nitrogen crop residues, provides a simple 
guideline. The principles of complementarity extend to manipu- 
lation of the rumen environment and to provision of nutrients 
that bypass rumen fermentation and proceed to the small intes- 

tine. These aspects are poorly explored for tropical feeds, 
but have been discussed by Dixon (1985), Egan et al. (1986), 

and Leng (1986). Strategies to combine feedstuffs generally 
aim at making maximum use of the more abundant, lower digesti- 
bility rouqhages while animais are in a maintenance phase and 
at reducing the contribution of these roughages to the diet as 
physiological demand increases for growth, late pregnancy, or 
lactation. The relationship between nutrient supply and 
requirement is shown in Fig. 1. Either individual animais with 
the greatest demand are supplied preferentially at any time of 
the year or ail animais are brought to simultaneous high 
demands in those seasons where the high nutritive value feed is 

most abundant. In either case, productivity targets must be 
realistic in relation to feed supply. 

FEEDING SYSTEMS, CROP, AND FODDER PRODUCTION 

The need to commit a major portion of land to the produc- 
tion of food crops limits the area that can be used for forage 
crops. Rotations of staple crops and vegetable or grain legume 
crops provide harvest residues and crop by-products for rumi- 
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LEGUMES 
STEM GRASS LEAF 

LEGUME HAYS 

CEREAL HAYS 

STRAW MOL/UREA 
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Fig. 1. Relationship between the protein energy supply of a 

range of temperate feedstuffs and the demand of producing 
ruminants (M, maintenance). Similar data is needed for 

tropical feeds and animais. Supply and demand are indicated 
as grains protein digested in the intestine per megajoule of 

metabolizable energy. 

nants. In some cases, forage crops can be incorporated in the 
rotation or grown in association with the food crops (Cornick 
and Kirby 1981). For small holders, such systems invariably 
involve seasonal collection of weeds and shrub and tree leaves. 
Fields of standing stubble from irrigated rice will often yield 
rice plant regrowth and weeds of reasonably good nutritional 
value for animais tethered or grazed. Selective harvesting of 
this green material for cut and carry systems is often prac- 
ticed. The period of availability and the stock numbers that 
can be supported are limited. Rice straw is a highly variable 
harvest by-product. Depending on cultivar, soil moisture con- 
ditions, stage of maturity at harvest, harvest weight, and 
conditions of storage postharvest, digestibility can range from 
30 to 55% (Pearce 1985). Intake also varies from 1.0 to 2.7 kg 
per 100 kg live weight for goats and sheep. Both species will 
practice selection if given the opportunity, although the basis 
of acceptability of different rice straws has been poorly 
studied. Leaf, leaf sheath, and stem internode are often of 
similar digestibility and the relationships between straw 
morphology, proportion of cell contents, N content, digesti- 
bility, and acceptability are currently being studied (Doyle 
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et al. 1987). Usually, however, rice straws will not permit 
the maintenance of live weight of sheep or goats. Chemical 
treatment with, for example, lime or urea-derived ammonia can 
improve intake and digestibility of rice straw, although 
acceptability problems and highly variable intakes are 
encountered. Such a treatment is often too expensive for the 
smallholder to consider and the improvement afforded still 
fails to support the intake needed for growth, late pregnancy, 
or lactation. 

Forage crops, grown as intercrops, relay crops or compan- 
ion crops improve the yield of good-quality ruminant feed. 
Experimentation with such systems indicates possible combina- 
tions that result in little or no reduction in cereal crop 
yield (Moog 1986). Season availability of companion crop as 

harvestable green feed for cut and carry systems, however, 
often coincides with availability of weeds and grass growth on 
uncultivated land. Left to maturity to improve residual rough- 
age after cereal harvest, these materials lose nutritional 
value. Some legumes grown as dual-purpose crops in a relay 
cropping system utilizing residual soil moisture in paddy 
fields offer the opportunity to support extra production. 
Likewise, forage legumes grown on paddy banks can be used 
either as a harvested feed component or as a grazed supplement 
to stubbles. Digestibility, protein content, and intake of 
many legumes is higher than that of grasses at similar 
maturity. 

Forage and grain legume harvest residues vary widely in 
feeding value for small ruminants and between species of 
ruminants (Table 1). The stage of maturity at which harvest is 

made affects the nature of the residues. For cowpeas picked as 
immature pods, the residual stubble may still be green and of 
high digestibility. For soybeans harvested at maturity when 
the plant stem is drying, digestibility of stem material is 

low. At harvest, some grain legume straws and stubbles are 
left in the field; with others, however, the whole plant is 

harvested and the legume seed is recovered by whole-vine 
threshing. The latter procedure can result in stem, leaf, and 
pod or hull residues being separated as different components 
for subsequent use as components of mixed-material diets. 
Consequently, in considering feeding value, the crop residue 
must be described quite specifically. 

As with most crop plants, there is considerable dry matter 
loss, decreased protein carbohydrate content, and increased 
fibre content with approaching maturity of the plant. For most 
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Table 1. The nutritive value of pigeon pea harvest trash for 
goats, sheep, and cattle. 

Species 
Mean LW 
(kg) 

Voluntary 
intake 
(g/kg LW) 

DMD 
(%) 

DDM 
(g/kg LW) 

Goats 39 25.7a 47.3a 12.2 

Sheep 56 21.7b 50.9a 11.0 

Cattle 216 25.1a 54.6b 13.7 

Notes: LW, live weight; DMD, dry matter digestibility; 
DDM, digestible dry matter. Values followed by the came letter 
are not significantly different (P >0.05). 

Source: Whiteman and Norton (1982). 

of the common food legumes, however, the stem material is of 
better digestibility and slightly higher nitrogen content than 
cereal straws. Leaf digestibility is high, but for some legume 
crop residues at maturity, leaves may contribute little to the 
material recoverable by animais grazing stubbles or hand fed 
vine-threshed materials. 

With respect to soybean fodders, it is probable that data 
on soybean hay (unharvested crop) and soybean stubble (residue 
following harvest) have been confused in some reports on compo- 
sition and nutritional value of "straw." At the low end of the 
scale, intake of digestible energy will not support live weight 
maintenance; at the upper end, however, respectable gains are 
made by sheep (120 g/d) (Table 2). Soybean straw containing 
6-7% crude protein has an organic matter digestibility between 
35 and 50% and appears to be well accepted by goats. During 
threshing of hand-harvested soybeans, leaf and pod residues and 
stem separate. The stem material will typically have an 
organic matter digestibility of 25-30%. Although intake of 
stem may be as low as 1.5% of live weight, the itake of leaf 
pod fraction fed alone can be up to 3.8% of live weight 
(Cheva-Isarakul and Saengdee 1985). As a general rule, intake 
decreases with decreasing nitrogen content and digestibility. 
Acceptability and intake, however, are not governed by these 
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Table 2. In vitro digestibilities of harvest straws 
(stem and leaf fractions). 

Straw 
IVOMDa 
(%) 

Nylon bag 
(48h) loss (%) Sourceb 

Soybean 14.7-38.4 16.4-40.5 1,2 

Pigeon pea 34.8-52.4 - 3 

Cowpea 39.6-48.2 45-53 4,5 

Field bean 40.1-56.8 38-54 1 

Faba bean 31.4-55.5 - 6 

a IVOMD, in vitro organic matter digestibility. 
b 1, A.R. Egan and W.G. Allden (unpublished); 2, Ayers and 

Denney (1986); 3, Whiteman and Norton (1982); 4, Roxas et al. 

(1985); 5, A.R. Egan and Lowrey (unpublished); 6, A.R. Egan and 
Radcliffe (unpublished). 

factors alone. Ayres and Denny (1986) examined "better 
quality" soybean stubbles as feed for sheep and found for a 

"better quality" stubble material (consisting of 80.9% stem, 
18% pod, 0.9% seed, and 0.2% leaf fragment); organic matter 
digestibility was about 50%, but intake was only 1.0% of live 
weight. Supplementation with urea and molasses did llittle to 
improve intake, digestibility, or animal performance, indicat- 
ing that nitrogen deficiency was not the limiting factor. 

Cowpeas (Vigna unquiculata L.) can be grown as a dual- 
purpose crop. Where pods are hand harvested, the green stem 
and leaf material (50-70% of the harvestable biomass) has 
14-16% crude protein and a digestibility of 55-65% (Bhaid and 
Talaptra 1965). This residue will support good growth in 

goats. If the crop is allowed to mature, however, protein 
content of residues falls to 10-11% and digestibility declines 
to 45-55% (Roxas et al. 1985). Intake of such residues is 

reduced to about 1.8% of live weight, just maintaining live 
weight of sheep and goats. Pigeon pea harvest trash (mixed pod 
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leaf, and stem) had a higher feeding value than pod alone 
(Whiteman and Norton 1982). The proportion of leaf within the 
mixture will have a major effect on protein content and nutri- 
tive value. Limitation to animal performance was suggested by 
Whiteman and Norton (1982) to arise from the low sulphur 
content of the constituents of pigeon pea harvest trash. 

Of major importance, is the recognition that the feeding 
value of a harvest residue is dependent on the level of 
availability as provided to the animal. If able to select, 
some animais may, for example, choose a higher proportion of 
powdered leaf material, increasing the protein content and 
digestibility above that of the material selected by others. 
Sheep and goats may differ in this respect. The question of 
selective preference raises at least one aspect of differences 
between species and between animais adapted or trained to 
different feeds and feeding systems. These questions lie 
beyond the scope of the present paper, but such considerations 
must be accommodated in tests of feeding value of these classes 
of feedstuffs. 

There is little comparable information on the composition 
and digestibility of residues of other tropical food legumes 
used in sheep and goat feeding systems. Certainly, mung bean, 
peanut, chick peas, lab-lab bean, yam bean, rice bean, sword 
bean, and jack bean provide forage materials and residues for 
use as animal feeds; however, little systematic work on the use 
of the harvest residues is available. 

SUPPLEMENTATION AND COMPLEMENTARITY OF FEEDS 

Dixon (1985) and Leng (1986) have reviewed the principles 
involved in choice of supplements from among available alter- 
natives. Roughages of low digestibility or long ruminai 
retention time require supplementation to increase the rate of 
intraruminal digestion and improve the efficiency of microbial 
protein production. Often, N, S, and P are the main nutrients 
required and can be provided in available shrub and tree 
leaves. Supplementation with rapidly fermented concentrated 
forms of energy depress the rate of fibre digestion. This will 
result in substitution of the supplement for the roughage in 

the animais' total intake (Dixon 1985). The aim is to build 
the total supply of nutrients towards the optimum pattern and 
achieve intake levels of the combination of components that is 

adequate for the desired performance. Some roughages such as 
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poorer classes of rice straw or elephant grass stem are poor 

sources of nutrients in the senne that the rate of digestion is 

not much improved, even when other sources of microbial nutri- 

ents are provided. The physical properties of many straws and 

coarse tropical grasses restrict the rates of comminution and 

of removal of particles from the reticulorumen, resulting in 

low intake (Egan et al. 1986). Supplements may not always 
improve rates of outflow of the relatively indigestible resi- 
dues from the reticulorumen. Components such as leaves and 

twigs or shrubs, or stems of tropical legumes, while providing 
protein and readily digestible components, may contain a slowly 
degraded, slowly comminuted fibrous fraction that adds to the 

fibre load to be removed from the rumen. Thus, supplements 
like leucaena used to increase the intake of moderate quality 
rice straw may lead to no increase or even a decrease in rough- 

age intake (Doyle 1987). 

Heat production in a high-temperature, high-humidity 
environment also imposes a limitation on intake level and 

feeding patterns. The effect is greatest where very high 
intakes and, hence, heat production are necessary to support 
growth and lactation. It is particularly exacerbated when 
confinement at night compels grazing animals to consume their 
entire intake at the hottest times of the day. The problem of 
heat stress will increase if nutritional and genetic limita- 
tions on performance are reduced. High intakes of feed will 
result in increased heat production from fermentation and 

metabolism, thus imposing a new ceiling on production. Support 
feeding at night with crop residues or cut herbage and tree 
leaf may improve overall intakes. There is also possible 
benefit in providing more nutrients in forms that avoid ruminal 
fermentation and are digested in the small intestine. Like- 
wise, provision of nutrients in balances which minimize 
heat-yielding metabolic interconversions in the animal may be 
of greater importance because of the greater implications for 
intake and the direct effects on metabolic efficiency (Egan 
1976). The time of day when peak absorption and metabolism 
occur may also be important. 

More sophisticated nutritional strategies to improve 
intake and total nutrient yield by programmed feeding of 
different dietary components (Egan et al. 1987) have yet to be 
effectively developed. Preliminary evidence is that nutri- 
tional conditions can be improved without necessarily requiring 
altered feed supplies. Less regular feeding of some components 
(concentrates or highly digestible leaf material) in larger 
amounts at a given feed can result in cycles of intraruminal 
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conditions and digesta flow that optimize the positive and the 
adverse associative effects. Over the longer period, this can 
lead to increased total intake and nutrient yield (Table 3). 
In some circumstances, such small gains with no change in total 
feed used may be more valuable than larger gains requiring 
greater or different feed resources. 

Minerai deficiencies (S, P, Na, I, Cu, Co) are likely in 
many areas (Little 1985). These cannot always be dealt with 
sensibly by application of fertilizer, particularly where feed 
is harvested from "unproductive" land. Hence, either the feed 
component mixtures must include species chosen on the basis of 
likely minerai adequacy or cheap minerai supplements must be 
provided directly to the animal. 

NUTRITION AND REPRODUCTIVE PERFORMANCE 

The mixed origins and varied management in intensive goat 
and sheep systems makes generalization about reproductive 
performance difficult. Short parturition intervals and high 
proportions of multiple births are frequently quoted. Yet, 
long parturition intervals and poor litter weight weaned are 
common problems. 

In mort village sheep and goat systems, there is no appar- 
ent photoperiodic seasonality in reproduction; but nutritional 
seasonality may be marked (Obst et al. 1980; Bell et al. 1983; 
Simpson 1985). With confined animais there is no evidence of 
widely practiced routines of planned mating in relation to 
patterns of feed availability or market prices (Fletcher 1985; 
Falvey 1985). Breeding systems are not well organized and much 
of the discernible reproductive inefficiency may be due more to 
a lack of biological knowledge or purposeful management than to 
other major environmental constraints. Even with confined 
animais hand fed once or twice daily and potentially under 
close surveillance, the onset of oestrus may not be recognized. 
If bucks or rams have to be borrowed, mistiming of mating often 
occurs. In a village study by Bell et al. (1983), some éwes 
being held for mating were not in oestrus; 5 of 55 ewes mated 
were already pregnant and only 13 of the nonpregnant ewes 
conceived to that mating. Nutrition, if a problem, is clearly 
not atone. 

While factors affecting performance in a single reproduc- 
tive cycle have been examined (Obst et al. 1980; Knipscheer and 
Kusnadi 1983), overall lifetime reproductive performance has 
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Table 3. Live weight and wool growth of pasture-grazing, 
supplemented, weaner wether sheep. 

Treatmenta 

Live weight change Wool growth 

over 90 days (90 days) 

(kg) (mg/day) 

Control -1.9a 58.1a 

0 x 1 -0.3b 60.1a 

0 x 3 +0.3bc 73.1bcd 

T x 1 -0.4b 63.Oab 

T x 3 +0.7c 74.Obcde 

L x 1 +0.2bc 75.8bcde 

L x 3 -0.2bc 72.Obc 

SM x 1 +0.2bc 81.4cde 

SM x 3 +0.6c 74.1bcde 

FSM x 1 +0.5bc 87.8e 

FSM x 3 +0.8c 86.6e 

Note: Values followed by the same letter(s) are not 

significantly different (P> 0.05). 
Source: Egan et al. (1987). 
a Sheep were supplemented daily (xl) or once every 3 days 

(x3) at an average rate of 150 g/head per day. 0, oats; 
T, triticale; L, lupins; SM, sunflower meal; FSM, formalin- 
treated sunflower meal. 

been poorly evaluated for sheep and goats raised intensively in 
the tropics and subtropics. Some workers (e.g., Khusahry 
1985), consider that in their specific environment there is no 

major problem with reproduction. The performance of existing 
breeds as revealed under favourable environmental conditions 
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conditions with good management indicate no inherent fertility 
problem. Repeatability of litter weight at birth or at weaning 
is low (Becs et al. 1985), however, indicating either major 
environmental effects or negative correlations between compo- 
nents of performance in successive pregnancies. 

The important performance trait, litter weight at weaning, 
combines aspects of dam reproduction (ovulation rate, embryonic 
survival, and foetal growth rate) and offspring survival and 
growth (birth weight health, mothering ability, and colostrum 
and milk yield). Data from Bell et al. (1983) indicate litter 
weights at weaning of 12-15 kg/ewe per year and 10-12 kg/doe 
per year. In well-managed experimental conditions, this can be 
improved four- to five-fold, even where weaning takes place at 
an earlier age. In village systems, lifetime weight of off- 
spring weaned for does is 60-90 kg and 250-360 kg in better 
nutritional and management conditions. Beilharz (1986) has 
argued that in an adapted population, lifetime reproductive 
performance is at a maximum in equilibrium with specific 
environmental conditions. Without improvement in environmental 
conditions, an increase in one component of reproductive 
performance will attract a compensating loss at one or more 
steps during the subsequent lifetime reproductive pattern. 
This is expressed in the often-noted negative correlation, in a 
given environment, between litter size and survival rate of 
offspring and the positive correlation between weight of 
surviving offspring at weaning and parturition interval. 

Nutritional history and live weight of the dam, particu- 
larly age and weight at first mating have been noted to affect 
performance in intensive small ruminant production systems 
(Obst et al. 1980). Holmes and Mott (1986) have shown a 
significant increase in kidding interval in does mated for the 
first time at low live weight and a significant effect of doe 
live weight and litter weight at parturition on interval to 
next kidding and subsequent litter size (Table 4). Knipscheer 
and Kusnadi (1983) found that where doe live weight was lowest 
in village conditions, kidding interval was longest. With 
ewes, however, Bell et al. 1983 observed that in a range of 
nutritional and management conditions supporting different 
lactation levels and lamb growth rates, return to oestrus did 
not appear to be a major factor limiting subsequent reproduc- 
tive performance. No data on subsequent litter size was 
provided. 
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In examining reproductive response to current nutrition, a 

number of important nutritional interactions become clear. 
Past nutritional conditions (reflected in size of labile 
reserves) can modify effects of current nutrition. Some steps 
in reproduction that appear to respond to extra nutritional 
inputs do not impose a high demand for energy or for specific 
nutrients. The response of ovulation rate to a sudden and 

short-term increase in nutrient inputs (Lindsay 1976) is 

mediated by hormonal responses to those inputs (Oldham and 

Lindsay 1984). Minor shifts, therefore, in live weight and 

current nutrition may have marked effects on ovulation rate, 
implantation, and, therefore, potential litter size. Later in 

gestation, as major energy demands are made, body reserves and 
sporadic and unregulated provisions of extra feed may not 
provide the nutritional environment for good foetal growth, 
mammary development, and subsequent lactation, although litter 
size may not be affected. For Indonesian conditions, Fletcher 
(1985) identifies nutrition during late pregnancy and early 
lactation as a principle factor limiting goat reproduction. 
Crop residues and by-products are often fed when available to 
ail animais regardless of the usefulness these might have in 

meeting the varied requirements of animais in different 
physiological states. Overall reproductive performance could 
be improved by scheduling mating to allow allocation of better 
quality feeds in greater quantities to does and ewes at those 
stages. This should improve lifetime reproductive performance, 
but will not necessarily show a discernible effect on any one 
criterion such as litter size or litter weight at weaning. 

There is an observable improvement of litter size and 
offspring survival rates associated with increasing altitude 
(Astutu et al. 1984; J.M. Obst, personal communication). The 
components of such a correlation can inciude a diversity of 
environmental varibles: e.g., nutrition, disease status, 
climatic environment, management practices, and their inter- 
actions. It is often proposed that indigenous livestock are 
adapted to their climatic environment and, therefore, perfor- 
mance should not be limited by those conditions. This is not 
necessary a logical argument about the nature of adaptation. 
Holmes et al. (1986) have provided evidence that, in adapting 
to cope with high temperature and humidity (35°C, 70% relative 
humidity), the physiological effect in pregnant does was 
reduced foetal growth, particularly affecting multiple 
foetuses. Perinatal mortality is increased and low birth 
weight kids have a high probability of succumbing to subsequent 
problems. Doe lactation level is also reduced. From doe live 
weight patterns, it is clear that altered partition of nutrient 
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Table 4. Interval from parturition to next conception (days, 
SEM = 29 days) in relation to previous litter size 

(single or multiple) and lactation. 

Single Multiple 

No. 
Interval conceiving 

to during 
conception lactation 

Interval 

to 

conception 

No. 
conceiving 
during 

lactation 

After f i rst l i tter 89 4 of 5 

After second l i tter 20 2 of 2 

After third l i tter 76 2 of 3 

After fourth and 
subsequent litters 32 2 of 2 

Total 10 of 12 

212 

144 

115 

107 

0 of 2 

0 of 1 

1 of 5 

4 of 6 

5 of 14 

Note: Kids were weaned 112-120 days postpartum. 
Source: Holmes and Mott (1986). 

use, which is possibly a consequence, in part, of altered food 
intake and blood flow patterns, occurs (Ocfemia et al. 1987). 

Feed materials with the potential to support high intakes and 

provide a good balance of essential amino acids and gluconeo- 
genic precursors may not produce the predicted response. Far 
more work is needed in this area. While nothing can be done 

about the climate, the site, and design of housing to take 

account of aspect, shade, and air movement, the timing of 
feeding and availability of drinking water can moderate extreme 
adverse conditions. For pregnant and lactating does and ewes, 

small improvements may have far-reaching effects on lifetime 
productivity. 

Over several studies of intensive goat production systems 
in Southeast Asia (Devendra and McLeroy 1982) mortality ranges 

from 4 to 20% at birth and from to 13% from birth to weaning. 
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The contributing factors are diverse, including separately or 

collectively, low birth weight, poor mothering ability, poor 

milk production, disease, and environmental stress. Cocciodi- 

osis, pneumonia, septicaemia, helminthosis, enterotoxaemia, and 

melioidosis are the major identified disease states. Some of 

these may be effects of close confinement and poor housing 

interacting with poor nutrition of the dam. 

Low birth weight is a serious disadvantage and is often 

associated with poor colostrum and milk intake and slow growth 

rate (Alexander 1984). This may reflect effects of poor nutri- 

tion, low health status or heat stress in the doe, or large 

litter size, each of which contributes in other ways to the 

complex conditions that predispose offspring to debility and 
mortality from other causes. 

Subandriyo (1985) found that under village and experiment 

station conditions in Java, litter weight at birth increased 

with ewe age up to 4 years of age, but this did not carry 

through to a significant effect on litter weight at weaning. 

Weaning weight of individuals is markedly affected by litter 
size at birth, even where little size is adjusted downwards by 

removal of one of a set of triplets (Bess et al. 1985). This 

is more marked in villages, than on field stations. The litter 

weights for single, twins, and triplets were in the ratio 

1:1.4:1.65 in the villages system compared with 1:1.5:1.8 at 

the field station. At weaning, twins sustain their litter 

weight advantage over singles, but triplets suffer an increas- 

ing penalty and litter weight falls below that for twins even 
if they survive. Improved nutrition may reduce this effect, 
but limitations on the dam's intake, body reserve status, and 

capacity to mobilize must be more thoroughly explored in the 

tropical environment. Some evidence suggests that the Kacang 
goat produces insufficient milk to support maximum growth rate 
of a single kid even when fed ad libitum on diets including 
concentrates (Khusahry 1985). 

NUTRITIONAL CONDITIONS FOR POSTWEANING GROWTH AND PRODUCTION 

Average growth rates of lambs and kids of 80-100 g/d are 

achievable on immature grass and fodder crop alone but are not 
exceeded without substantial amounts of concentrate in the diet 

(J.M. Obst, personal communication). Voluntary intake of 

digestible energy and protein digested in the small intestine 
are the primary limiting factors (Egan 1984). Growth rates of 
20-40 g/d for lambs in village systems can be improved by shrub 
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leaf supplementation (Mathius et al. 1984). There can be wide 
variation in the material harvested and fed each day, however, 
and guidelines on selection of material for feeding are needed. 
Surges in growth rate are associated with periods of provision 
of feeds of 70-75% digestibility, inclusion of concentrated 
by-products, cassava chip, and high protein feeds such as 
legume forage or immature grain legume hay. 

Continuous rapid growth is not always achievable. The 
traditional "intensive production" objective of rapid and 
continuous growth to market weight is not appropriate in an 
environment where there is an unstructured market relatively 
insensitive to price per unit weight. Severe and continuous 
undernutrition, particularly if compounded with parasite or 
other disease problems, can result in permanent stunting. 
Periodically undernourished animais will recover normal rates 
of growth and levels of performance, however, when provided 
with improved nutritional conditions (Allden 1972). Metabolic 
efficiency and appetite during such recovery have not been 
studied for the tropical environment. While animais have a 
capacity for compensatory growth, expression of this phenomenon 
depends on their ability to ingest more feed or to partition 
more absorbed nutrients into lean tissue growth (Allden 1970). 
The ability of small ruminants to achieve compensatory 
("catch-up") growth when fed tropical roughages in a hot, humid 
environment deserves investigation. Systems can then be 
considered in which particular problems of seasonal feed supply 
can be dealt with on the basis of optimized irregular growth 
paths. This can be important in achieving target weight for 
first mating that fits young replacement does and ewes into the 
management time table. 

There is also the need for continuation of growth of young 
ewes and does during their first pregnancy and lactation and 
this imposes greater and more specific demands for nutrients. 
Because of the Jack of locally derived information, the 
requirements of different classes of ruminants are currently 
assumed to be like those of similar classes of animais in 
temperate environments (Orskov 1980; Leng 1986). Although the 
needs of animais for specific metabolites can be estimated from 
such work, the tropical feedstuffs have not been well studied 
in terms of the yields of nutrients such as protein, acetate, 
gluconeogenic substrates, lipids, vitamins, and minerais. 
Voluntary intake levels for young sheep and goats with high 
growth potential fed native grasses and crop residues are 
quoted in many publications. However, the interactions of 
animal growth potential or physiological state with other 
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factors influencing intake such as digesta passage rate, 
nutrient balance, heat production, and environmental tempera- 
ture have not been adequately investigated. 

CONCLUSION 

Intensive small ruminant production systems are appropri- 
ately established at the smallholder level in many countries. 
There is immense scope for improvement of efficiency of produc- 
tion in such systems. The utilization of crop residues and 
cultivated fodders enables the development of simple year-round 
operating time tables consistent with the assessed seasonal 
feed supply and the labour commitments in other activities. 
Opportunities for production of special-purpose fodder crops 
for small ruminants are limited, but cropping systems are being 
developed that will improve this situation. Instruction in the 
principles of animal feeding and breeding, and in construction 
of housing to permit preferential feeding and treatment of 
young, pregnant, lactating, and sick animais will provide major 
improvements. More sophisticated supplementary feeding prac- 
tices, where necessary for optimum animal performance, can be 
introduced only when the basic management skills are well 
developed and farmers are receptive to changes related to 
improvement of reproduction and growth efficiency rather than 
simply aim to increase numbers of animais held. 
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