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

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

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

considered the prevailing circumstances, the innovations, and the strategies 

that are pertinent for stimulating increased productivity from goats and 

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

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

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

extensive systems, systems combining arable cropping, and systems integrated 

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

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

production resources, especially the genetic and feed resources available, 

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

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

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

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

enabled a definition of research protocols and the priorities for future 

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

ruminants. 

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

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

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

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

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

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

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

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

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

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

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

les ressources disponibles pour la production, spécialement les ressources 

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

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

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

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

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

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

auront vraisemblablement un impact majeur sur la productivité liée à 

l'élevage des petits ruminants. 

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

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

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



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

imperantes, las innovaciones y las estrategias pertinentes para estimular la 

mayor productividad del ganado caprino y ovino. Se examinaron detenidamente 

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

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

componentes de los sistemas de producci6n. Estos sistemas incluyen sistemas 

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

integrados con plantaciones de érboles. La discusi6n de estos sistemas 

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

coma de problemas y politicas relacionados con los recursos de producci6n 

disponibles, especialmente los recursos genéticos y alimenticios disponibles, 

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

majoras deseadas. Una importante sesi6n estuvo dedicada a examinar la 

metodologia de las investigaciones, las estrategias para et desarrollo 

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

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

discusiones permitieron definir los protocolos de investigaci6n y las 

prioridades para et futuro, que probablemente habrén de tener importantes 

repercusiones sobre la productividad de los pequenos rumiantes. 
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INTEGRATED CROP AND SMALL RUMINANT SYSTEMS 
IN BANGLADESH 

M. Saadullah and Shyamal Chandra Das 

Department of General Animal Science, 
Bangladesh Agricultural University, 

Mymensingh, Bangladesh 

Abstraet nie paper discusses the importance of small 
ruminants in the agricultural economy of Bangladesh. Goats are 
considered to be an integral component of farming systems in 
Bangladesh. nie animal has been one of the country's major 
sources of foreign exchange and goat-processing industries are 
an important source of employment. Feeds, fodder, and diseases 
are considered to be major constraints to goat and sheep pro- 
duction. As the vast majority of goats and sheep are raised by 
small farmers, especially women and children, who own little or 
no land, it is essentially impossible for them to stimulate 
improved production by growing feeds and fodder for their 
animale. Selection of high-yielding fodder, forages that are 
suitable for relay or intercropping, and planting with woody 
legume trees on wasteland might increase the availability of 
green roughage. It is essential that research on small rumi- 
nants be carried out in a farming-system context under village 
conditions, where the stresses experienced by these animale are 
often différent from those experienced on the experimental 
station. 

Bangladesh consists largely of a delta with a riverine 
environment and experiences floods in one-third of the total 
land area each year. The average temperature in the summer is 
35°C; in winter, it is 11°C. The annual rainf all (monsoon) is 
117-340 cm. Bangladesh has a population of about 94 million, 
with a density of 620 people/km2, which is considered among the 
highest in the world. About 84% of the people live in rural 
areas. 

Agriculture plays a major role in the economy and accounts 
for about 50% of the gross domestic product (GDP), 67% of 
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employment, and more than 80% of export earnings. Livestock in 

Bangladesh is an essential component of crop farming, supplying 
the major part of the draft power required for land cultivation 
and transport. In addition, they supply meat, milk, and eggs 
for human consumption; hides and skins; and bones and horns as 

raw materials for industry and export. Animal manure is an 

important source of fertilizer for crops and for fuel for 
domestic use. 

The livestock sector contributes about 4.9% of the total 
GDP. Virtually ail the animais are kept on small farms, and 
livestock farming is a secondary and supportive activity to 
crop farming. The farmers are involved in crop production, 
raising crops with a pair of bullocks for use as draft power 
for the farmers' cultivation needs and partly to hire them out 
to neighbours. There may also be one or two cows, goats, or 

sheep for milk and eventually for meat. A few chickens and 

ducks are kept for their meat and eggs and are usually cared 
for by the housewives. The number of animals per rural house- 
hold averages 2.6 cattle or buffalo, 1 goat or sheep, and 7.5 

poultry. The average stocking density of cattle and buffalo is 

about 177/km2 (ADB 1984). 

With the increasing human population (2.4% per year), farm 
size decreases and farms are further fragmented from generation 
to generation. The usual size of the landholding is extremely 
small, the average being about 2 acres (0.8 ha) with about 50% 
being less than 1 acre (0.4 ha) (Table 1). 

The livestock population of Bangladesh is estimated at 

about 22 x 106 cattle, 0.5 x 106 buffalo, 10.5 x 106 goats, 
0.5 x 106 sheep, and 90 x 106 poultry (ADB 1984). Annually, 
they provide 2.3 x 106 hp (1 hp = 746 W) of draft, 0.29 x 106 t 

of meat, 1 x 106 t of milk, and 4.5 x 106 pieces of hides and 

skins (World Bank 1982). 

LAND UTILIZATION AND ANIMAL FEED RESOURCES 

In an intensive agrarian country like Bangladesh, feed 
resources for ruminants are mainly derived from crop residue 
by-products from food grown for human consumption, as well as 

from grasses and legumes that can be grazed on fallow land, 
river embankments, roadsides, bunds, and between fields. 

Aquatic plants and tree leaves are also eaten. 
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Table 1. Size and distribution of agricultural holdings 
in Bangladesh. 

Size 
(acres) 

No. of houîeholds 
(x 10 ) % of total 

0 1979 12.32 

0.01-1.0 5802 40.11 

1.01-2.5 2660 21.70 

2.50-5.0 1436 13.86 

5.01-7.5 501 5.57 

7.50-10.0 205 2.43 

>10 283 3.94 

Note: 1 acre = 0.404 ha. 
Source: BBS (1985). 

A total of 77% of all the cultivable land is being used 
for production of rice; 10% is in ponds, depressions, rivers, 
and canals; 3% each for oilseeds and pulses; and 1% each for 
sugarcane and others (Jackson 1980). Rice straw is by far the 
most important crop residue, contributing more than 90% of the 
total feed available to the ruminants, especially cattle and 
buffalo. A livestock feed inventory giving the quantity of 
feedstuff available for ruminants in Bangladesh is shown in 

Table 2. About 2 kg of straw dry matter (DM) and 80 g of 
concentrate are available per head per day. Under these 
conditions, administering a conventional balanced ration is 

difficult because of the Jack of available feedstuffs, both 
quantitatively and qualitatively. The alternative is to import 
feedstuffs, especially concentrates, which is obviously 
undesirable. The strategy, therefore, is to properly manage 
the limited amount of available feed supplements (cereal and 
animal by-products, green grasses, tree leaves, etc.) to ensure 
the most efficient, optimum utilization of basic feeds such as 
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Table 2. The availability of livestock feed in Bangladesh. 

Feedstuff 
Quantity 

(x 103 t DM) 

Daily availability 
(kg/head) 

Straw 
Rice straw 14955 
Wheat straw 264 
Total 15219 2.01 

Grasses 1219 0.20 

Concentrates 
Oilcake 168 0.02 
Brans 697 0.06 

Sugarcane tops 192 0.03 

Fodder and forages 81 0.01 

Molasses 10 0.001 

Source: World Bank (1982). 

crop residues, green roughages, and the small quantity of 
available concentrates. 

SMALL RUMINANTS IN THE NATIONAL ECONOMY 

Goats and sheep make up about 31 and 1.5%, respectively, 
of the total livestock population in the country. They are 
multipurpose animais producing meat, milk, skins, hair, and 

wool. Estimated production of meat and milk from livestock 
from 1977 to 1981 is shown in Table 3. Goats produced more 
than 20% of the total meat and 28% of the total milk production 
from livestock. The contribution of goats and sheep in 

comparison to cattle and buffalo in supplying meat and milk is 

shown in Figs. 1 and 2. The relative contribution of buffalo 
in meat and milk production is about 1.6 and 2%, respectively, 
of the total production. Figures 1 and 2 also show that milk 

production by cattle and buffalo has decreased by 10% from 1977 
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Table 3. Estimated meat and milk production from 1977 to 1982 
and projected estimation from 1985 to 1990. 

Products 1977 1978 1979 1980 1981 1985 1990 

Meat (x 103 t) 

Cattle 202.2 196.8 199.4 201.3 204.9 206.0 231.9 
Buffalo 8.4 4.7 4.7 4.7 4.7 4.7 5.3 
Goat 41.9 45.6 49.6 54.0 62.8 76.9 118.6 
Sheep 1.2 1.4 1.9 2.3 2.7 3.4 5.2 
Poultry 19.2 19.9 20.5 21.1 22.4 24.5 32.6 

Annual 3.3 3.2 3.2 3.3 3.3 3.2 3.6 
per capita 
consump- 
tion (kg) 

Milk (x 103 t) 
Cow 686.9 668.4 677.3 683.7 696.4 699.6 766.8 
Buffalo 28.6 15.9 15.9 15.9 15.9 15.9 17.4 
Goat 183.2 199.4 216.9 235.9 274.8 336.5 472.0 
Sheep 2.5 3.2 3.8 4.6 5.5 6.8 9.6 

Annual 11.0 10.6 10.7 10.8 10.8 10.7 11.6 
per capita 
consump- 
tion (kg) 

Source: ADB (1984) and BBS (1985). 

to 1981, whereas goat milk production has gone up by 57% during 
the same period. It also appears that cattle meat production 
decreased by 9%, whereas it has gone up by 37% in goats. This 
increased milk production relates to an increased goat and 
sheep population. 

The export of hides and skins has been the country's third 
major source of foreign exchange earnings over the last 5 years 
and their processing industries are an important source of 
employment. These earnings have been fairly substantial over 
the last decade, although they declined somewhat from 1980 to 
1982 because of a slump in world market prices (Fig. 3). 
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Fig. 1. Contribution of large and small ruminants to total 
meat production in Bangladesh (ADB 1984, adapted). 
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Fig. 2. Contribution of large and small ruminants to total 

milk production in Bangladesh (ADB 1984, adapted). 

Figure 3 shows that the production of goat skins has increased 

from 1977 to 1982. In 1981-82, buffalo hides and sheep skins 

represented 3.4 and 4.3%, respectively, of the total production 

of hides and of skins. Wool production from sheep has 

increased from 40 t in 1978-79 to 53 t in 1982-83 (BBS 1985). 
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BREEDS AND MANAGEMENT OF GOATS AND SHEEP 

There are two main varieties of indigenous goats in 

Bangladesh: the Black Bengal, which makes up the majority of 
the country's goat population, and the somewhat larger White 
Bengal. There are a good number of pure Jamnapari, and its 

crosses with local goats are also found in certain areas of 

Bangladesh. Most probably, these goats were introduced into 

Bangladesh from India in 1947. The Black Bengal is well 

adapted and is one of the most productive goats under local 

conditions. Their legs are short and their body is deep and 

small. Bucks weigh 14-16 kg; nannies, 9-14 kg. The coat is 

short, lustrous, and hairy. The body colour is black or black 
with brown or white marks. There are a few goats with brown or 
white marks, or brown or white coats. Both sexes have small to 

medium (6-12 cm) length horns, the ears are short (11-14 cm), 

and beards are common on either sex. The birth weight of kids 
ranges from 0.4 to 0.8 kg, depending on the number of kids 
born. The weaning weight of kids is from 6 to 8 kg with an 
average weaning age of 131 days. Nannies kid twice a year and 
twins or triplets are common (more than 50%). 
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Fig. 3. Production and foreign exchange earning (in 1986, 33 
Bangladesh taka (BDT) = 1 United States dollar (USD)) from 

hides and skins from 1977 to 1982 (BBS 1985, adapted). 
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Sheep in Bangladesh are indigenous, small, varied in 
colour, have hairy wool, and show poor prolificacy. They are 
kept mainly in large flocks in the southern and northern part 
of the country. The mature weight is as low as 10 kg for ewes 
and 15 kg for rams. Although they are kept primarily for meat 
production, they also annually produce about 500 g coarse wool 
per sheep. 

Although different management systems exist in the devel- 
oping countries for raising sheep and goats, the village system 
is the only system practiced in Bangladesh. The vast majority 
of goat production is maintained by poverty-stricken farmers, 
especially women and children. There is no maintenance cost in 

this sedentary system of grazing on harvested fallow land, on 
road and canal sides, and overgrazed commons, where the goats 
are generally tied to a short rope. Very little or no concen- 
trates are provided except from household scraps or their 
by-products. Most often, the goats are housed in a small 
thatched shed or in a room attached to the cattle shed. 
External and internal parasitic infestation are the common 
disease problems in goat raising. 

INTEGRATION WITH CROPPING SYSTEMS 

The estimated and projected livestock population from 1977 
to 1990 is shown in Table 4. Based on this estimate, it was 
observed by ADB (1984) that the annual cattle and buffalo 
population growth rate was less than 1%. This is probably 
because of the increasing farm fragmentation and decreasing 
feed and fodder availability. The annual goat, sheep, and 
poultry population growth rate, however, is Gloser to that of 
the human population (2.4% per year). As the human population 
increases and the pressure on land becomes greater, the need 
for small, highly efficient livestock increases, as does the 
total contribution of small ruminants to the national economy. 
Increased production efficiency can be expected from goats 
because they have higher reproductive efficiency with the 
potential for increased litter size, shorter gestation inter- 
vals, and relatively higher fertility. For these reasons, 
small-scale farmers are more inclined to raise goats when feed 
is the major constraint caused by the scarcity of land. A 
survey report by Lassen and Dolberg (1985) in the Noakhali 
district reflected a similar situation (Table 5). They 
reported a 32% increase in the goat population from 1979 to 
1984 in the project area. They concluded that the landless and 
nearly landless farmers are keeping more goats. The households 
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Table 4. Estimated livestock population (x 106) from 1977 
to 1982 and projected estimation from 1985 to 1990. 

Estimated Projected 

Species 1977 1978 1979 1980 1981 1982 1985 1990 

Cattle 21.6 21.0 21.3 21.5 21.9 21.9 22.0 22.0 

Buffalo 0.9 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Goat 6.8 7.4 8.1 8.8 10.2 10.2 12.5 17.5 

Sheep 0.2 0.3 0.3 0.4 0.5 0.5 0.6 0.8 

Source: ADB (1984). 

with more than 2 acres (0.8 ha) of land have reduced the number 
of goats. 

A more recent survey by the Bangladesh Aqricultural 
University Farming Systems Research and Development Programme 
(FSRDP 1986) has shown a similar trend in goat raising by 
smallholder farmers in a village of the Mymensingh district. 
In that village, 28 farming production systems were identified 
among the 200 households, of which 87% of the households have 
livestock as a component of farming systems. In other words, 
23 production systems have livestock as a farming component. 
It has also been observed that goat raising is a farming com- 
ponent in 14 of 23 production systems that include livestock as 
an enterprise. The percentage of different types of livestock 
in relation to the size of the landholding is shown in Fig. 4. 
Landless to marginal farmers (0-0.5 ha) keep the highest per- 
centage of goats. 

The relationship between land and types of livestock 
holding in the Kazir Shimla village of the Mymensingh district 
is shown in Table 6. It appears that the highest number (66) 
of goats are kept by farmers holding 0-0.5 ha of land, which 
accounts for 44% of the total goat population. This group (39% 
of total households) also keeps 33% of the cows and 5.8% of all 
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Table 5. Relationship between land and livestock holdings 
in a village of the Noakhali district. 

Households Bullocks Cows 
Young 
stocks Goats 

Landholding 
(acres) 1979 1984 1979 1984 1979 1984 1979 1984 1979 1984 

0 159 137 17 0 13 10 14 15 37 64 

0-0.5 39 48 10 4 20 28 11 11 16 40 

0.5-1.0 31 52 24 25 9 43 11 12 16 22 

1.0-2.0 44 46 51 57 31 49 18 25 39 47 

2.0-3.0 26 16 39 25 10 16 25 17 29 12 

>3 18 18 30 33 13 20 17 11 9 7 

Total 317 317 171 144 96 166 96 91 146 192 

Note: 1 acre = 0.404 ha. 

Source: Lassen and Dolberg (1985). 

bullocks (Fig. 4). A higher number of bullocks (33%), however, 
is kept by households having more than 2 ha of land. 

INCREASING THE LEVEL OF PRODUCTION 

To increase the level of production, it is important to 

identify the problems related to lower productivity of small 
ruminants, namely feeds and fodder, care and management, 
breeding, and disease. 

Feeds and Fodder 

A major constraint to small ruminant production is the 

severe scarcity of feed. Various opportunities for improving 

the feed supply and quality exists in this country. One method 

is to increase crop residue production by increasing the 

cropping intensity and utilizing nonconventional agroindustrial 
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Fig. 4. Relationship between landholding and different types 
of livestock in Kazir Shimla village of Mymensingh (FSRDP 

1986, adapted). 

by-products. Although the area under rice cultivation has 
increased in Bangladesh, the net availability of rice straw has 
decreased (Jackson 1980). Among the reasons for this is a 

large increase in acreage in the boro season and this type of 
rice is harvested in monsoon. Because of the difficult drying 
situation, most of the straws rot and become unsuitable for 
animal consumption. Apart from the nutritional benefits of 
treating straw with urea or lime, it is important to note that 
these chemicals can also be used to preserve wet straw (Dolberg 
et al. 1982) and, thus, increase the availability of straw for 
livestock feeding. In addition, it seems to be extremely cost 
effective to use urea or lime to treat straw, e.g., to save 
1 kg of straw (equivalent to BDT 1.0), only 50 g of urea is 

required (equivalent to BDT 0.25) (in 1986, 33 Bangladesh taka 
(BDT) = 1 United States dollar (USD)). Moreover, the nutritive 
value of the treated straw also increases significantly. 

In terms of selecting high-yielding grain and straw 
varieties, the local varieties of rice are being replaced by 
the dwarf and intermediate high-yielding varieties, which yield 
less straw per unit of land than the local type of rice; as 

such, there is a possibility that total production of straw 
might be reduced (Jackson 1980). It has also been reported by 
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Table 6. Relationship between land and livestock holdings 
in a village of the Mymensingh district. 

Landholding % of total Young 
(ha) householdsa Goats Cows Bullocks stocks 

0-0.5 39 66 (44) 52 (33) 4 (6) 39 (39) 

0.5-1.0 16 22 (15) 30 (19) 16 (23) 12 (12) 

1.0-1.5 15 14 (10) 24 (15) 16 (23) 19 (19) 

1.5-2.0 5 17 (11) 14 (9) 10 (15) 7 (7) 

>2 12 30 (20) 37 (24) 23 (33) 23 (23) 

Note: Values in parentheses are percentages of each type 
of livestock. 

Source: FSRDP (1986). 

a Households with no livestock made up 13%. 

the farmers in Bangladesh that straw from high-yielding vari- 
eties of rice is less acceptable than the local varieties. 
Haque et al. (1981) observed a significant difference in dacron 
bag DM digestibility of straw between the local variety of 
Naizershail and the high-yielding varieties of BR-3 and BR-4; 
however, the straw from IR-20 and BR-5 was found to be as good 
as the straw from Naizershail with respect to DM digestibility. 
They could also increase the DM digestibility of different 
varieties with lime. 

Saadullah (1983) reported that there was no significant 
difference among the different local and high-yielding vari- 
eties (two local and five high yielding) with respect to cell 
contents, cell materials, hemicellulose, lignin, crude protein, 
and ash contents. Swapan and Saadullah (1985) compared the 
natural variability in chemical composition and nylon bag 
digestibility of straw from the rice varieties of Paijam, 
Patnai, Dhulabog, BR-4, BR-10, DA-31, DA-29, B-I, B-II, and 
B-III. The highest and lowest DM digestibility of 70 and 44% 
were observed with the varieties of Patnai and BR-4, respec- 
tively. Such variation in digestibility of straw might also 
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exist for other local and high-yielding varieties of rice. 
There is a need for a systematic study to assess the quantity 
and quality in terms of nutritive value as cattie feed, which 
is directly related to more intake and productivity. It is 

felt that identification of superior varieties can influence 
plant-breeding research, initiating breeding to increase the 
quality of straw and encourage high grain yield. 

Although straw is relatively abundant, there is not enough 
to meet the needs of all the cattle and buffalo. It should be 
noted that straw is also used for fuel and construction of 
thatched houses. A village study in Bangladesh shows that as 

much as 45% of the fuel used for cooking cornes from straw 
(Briscoe 1979). In this context, livestock feeding relates to 
other aspects of biogas production, such as tree planting, as 

both activities could increase the amount of straw for live- 
stock feeding. 

In terms of agroindustrial by-products, the use of nonpro- 
tein nitrogen, such a urea, can be of considerable importance 
because of the high colt and unavailability of concentrates. 
Molasses has been used as a supplementary energy source for 
microbes in the rumen for efficient utilization of nonprotein 
nitrogen and optimum digestion of straw and microbial protein 
synthesis. Saadullah (1978) observed a decrease in organic 
matter digestibility of straw beyond 10-15% molasses with 2% 

urea nitrogen in the mixtures. Urea molasses block licks were 
found to be very effective with straw-based diets in increasing 
the daily live weight gain and milk production in cattle and 
goats (Kunju 1986; M. Saadullah and S.C. Das, unpublished). 
Sugarcane tops and bagasse could also be another means of 
increasing the availability of crop residues. 

To increase the availability of green roughages, supple- 
mentation of fodder, forages, and water plants is recommended. 
Supplementation of small quantities of green roughages with 
straw-based diets in ruminants appears to have a beneficial 
effect on rumen fermentation. Nolan and Staciew (1979) 
observed that it was difficult to maintain sheep on chopped 
straw unless 50 g of lucerne was included in the ration. 
Perdok et al. (1982) found that daily supplementation of 
Gliricidia (6 kg/cow) with urea-treated and untreated rice 
straw increased live weight gain as well as milk production. 
Aquatic plants such as water hyacinth and azolla can also be a 

good source of green roughages to supply protein in the 



216 

ruminants' diet. Azolla supplementation to the lower quality 
roughages stimulated better performance in crossbred heifers 
(Singh 1980). 

Using Shahiwal local calves, Hamid et al. (1983) observed 
significant increases (295 g/day compared with 222 g/day) in 

live weight gain when they gave a daily supplement of 200 g 

water hyacinth on a DM basis to a basal diet of urea-treated 
straw with 150 g of fish meal compared with roadside grasses. 
Wanapat (1983) has also reported a definite improvement in 

animal productivity by supplementing water hyacinths in the 
diets of urea-treated straw. Saadullah (1984; Saadullah 
et al. 1985) evaluated the quality of different leguminous and 
aquatic plants in terms of degradability of protein in the 
rumen. He observed that the protein from ipil ipil leaves, 
Sesbania aculeata, and water hyacinth was a gond source of 
undegradable protein, superior even to that of oilcakes and 

soybean meal. 

Because green fodder is difficult to find, water hyacinths 
could meet part of the requirement of green roughages. One way 
of increasing fodder production for livestock would be to 

produce maximum DM using the minimum amount of land (Table 3). 
This could be achieved through improved farming systems using 
intercropping, relay cropping, or mixed cropping. Cereal- 
legume intercrops have proven in many cases to provide the 
greatest production per unit time and per unit land, and to 
reduce the nitrogen requirement for the next crop (Khan 1981). 
There is considerable potential for growing legumes in the dry 
season, particularly after aman rice is harvested as an inter- 
crop or relay crop. Investigation into the range of available 
legumes and testing them under local conditions is required. 
Plantation of legume trees like ipil ipil around homesteads and 
embankments and planting Sesbania and pigeon pea in hedges 
along roadsides and bunds could also be a way of increasing the 
availability of green roughages. Weeds are also beinq used by 

the farmers as an important source of green roughages in 

Bangladesh. The quantity and quality of these weeds, however, 
are not known. 

Another means of improving feed and fodder is to improve 
the nutritive value and utilization by physical, chemical, and 
biological methods. Rice straw, for example, has a low feeding 
value because of its inherent low digestibility, low nitrogen 
content, and imbalanced mineral composition and, coupled with 
low intake, this straw is not enough to maintain an animal. 

Chopping and water soaking of the straw before feeding cattle 
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has been practiced by farmers for a long time. Saadullah and 
Haque (1981), however, observed that neither chopping nor water 
soaking could improve the digestibility, although there was an 
increase in intake. Chemical treatment of straw was found to 
be one of the mort effective methods of increasing digesti- 
bility and protein content (ammonia treatment). 

Considering the facts, there is a growing interest in 
increasing the feed value of straw through chemical treat- 
ments. Jackson (1978) has reviewed the known methods of straw 
treatment. In relation to Bangladesh, however, they had 
limitations. Caustic soda is expensive and dangerous to 
handle, and the technique used in developed countries is very 
difficult to follow by farmers in the villages. Anhydrous 
ammonia, for example, requires airtight covers and sophisti- 
cated equipment to carry in to the villages. In this context, 
urea as a source of ammonia was used in treating straw using 
indigenous materials for the treatment processes (Dolberg 
et al. 1981; M. Saadullah and S.C. Das, unpublished). Under 
temperatures of 20-25°C (an elevated temperature in the stack 
during treatment), treatment is completed after 6 or 7 days. 
Fertilizer-grade urea was added with water (water-straw, 1:1) 
at the rate of 5% air-dry straw and sprayed over the straw. 
The following methods were developed in Bangladesh: bamboo 
basket, hessian sack, earthern pit or brick pit, and the stack 
method. The farmer's choice of method depends upon the quan- 
tity of straw to be treated, the time, and the farmer's 
financial condition. The comparison between the effect of 
feeding urea-treated and untreated straw with or without 
supplementation of concentrates on the performance and 
efficiency of feed utilization in calves is shown in Fig. 5. 

Management, Breeding, and Disease 

The productivity of small ruminants depends on proper 
management inputs. Faulty housing management and caring for 
kids, especially weaning and pregnant does and ewes, represent 
major economic losses to the farmers in Bangladesh. The simple 
extension of technical advice will not ensure successful 
development without acknowledging the importance of management 
inputs. Management variables like housing, breeding practices, 
selective feeding, and feed treatments that produce a positive 
impact on production and reproduction performance should be 
intensified. 

Genetic selection for increased production among local 
genotypes under existing or improved management systems could 
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be useful for any wide-ranging program to improve small rumi- 
nant production, especially goat production. The selection 
program should include the level of fertility, prolificacy, 
growth rate, and the quality of skin. Considerable opportuni- 
ties exist to select particular traits among local breeds and 
to assess their potential in the environnent to which they are 
adapted. 

Illness is a major problem among village goats. There are 
a number of goat and sheep diseases that lower productivity; 
however, there is little information on the relative importance 
of those diseases on small ruminant productivity. Undoubtedly, 
parasitic control is needed to increase the productivity of 
goats. Parasitism is mainly caused by ecto- and endoparasites, 
which are associated with poor nutrition and reduced disease 
resistance. 

Legend 

M Untreated 
El] Ammoniated 

Treatments 

1,3: Unsupplemented 

2,4: 150 g fish meal/day 

1 2 3 4 4 3 2 1 

Treatments 

rn 

Fig. 5. Effect of supplementing rice straw with fish meal on 
live weight gain and feed conversion. 
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CONCLUSIONS 

Goats are an integral component of the farming system in 

Bangladesh. There is significant potential for increased goat 
meat and milk production. As such, the research priorities 
should be directed toward 

0 
Identification of present productivity and management 
constraints at the village level; 

Nutritional requirements of goats; 

° Developing appropriate technologies to strengthen the 
linkages between land, crops, and goats under the 
small-scale farm environment; 

° Integration of goat raising with crop and marginal land, 
which will involve both production and economic aspects; 

Selection of goats for increased production among the 
local genotypes, which should include the prolificacy, 
fertility, growth rate, and the quality of skins; and 

Investigation of the relative importance of different goal 
diseases and their effect on productivity, especially 
ecto- and endoparasites. 
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