


Program and the Provincial Ball Government Coffee 
Mapping Program, the area of coffee plantation has 
been reduced. On the other hand. the area of clove, 
vanilla and cocoa is increasing through intensification 
and integration, since such plantation crops are 
becoming sought-after export commodities. 

Almost all plantation crops (98%) are owned by 
smallholders. The remaining 2% is owned by 
commercial enterprises. There are 548 900 small­
holder farmers with farm areas varying from 0.11 to 
0.46 ha and only five commercial enterprises with 
areas varying from 185 to 1380 ha. Smallholders 
owning more than one ha of plantation usually lease 
or contract part or all of their plantation to other 
farmers. Even though management is largely 
dependent on the lessee or contractor, these de facto 
farmers are usually reluctant to make any changes 
without the consent of the owner. Average yields are 
marginally higher for smallholders compared with 
commercial producers. 

Some plantation crops such as vanilla, tobacco, 
capulaga and rubber require continuous attention, 
while others such as coconut, kapok, cocoa and 
cashew nut require only seasonal atlention. For 
smallholder plantation crops, permanent labour is 
usually provided by the family, while seasonal labour 
is partly recruited from the village. For commercial 
enterprises, on the other hand, the permanent and 
casual labour requirements are recruited on a contract 
basis. Of the 5.8 million work-months of labour used 
in \988,99% was for smallholder plantations. 

Except for coconut and kapok, the price of plantation 
crop commodities fluctuates widely. Such price 
fluctuations coupled with relatively low quality of 
produce and high maintenance costs have resulted in a 
low and often marginal benefit for smallholder farmers. 

The Provincial Bali Government (through the 
Department of Plantation) is providing training and 
services to smallholder farmers by direct contact, 
through the mass media and through demonstration 
plot programs. For some plantation commodities, the 
government is also supplying seeds, clones and stump 
planting material of superior quality. In diversifying 
the tourist economy of Bali, the Provincial 
Government is planning to use plantations as one of 
its tourist attractions. 

Present Plantation Crop Integrated Systems 

Food crop integration 
Food crops commonly integrated with plantation 
crops include corn, red-bean, peanut and cassava. The 
integration of food crops is usually for 8-9 months of 
the year, while for the other 3-4 months the land is 
usually left idle and becomes invaded by weeds. In 
this system, food crops apparently do not compete for 
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water since the food crops are grown during the wet 
season, and by the time moisture shortage becomes a 
constraint, the food crop has been harvested. 

Grain and tubers are used for home consumption, 
and the straw residues are fed to livestock. Most 
farmers claim that yields of plantation crops 
integrated with food crops are higher than without 
food crop integration. 

Vanilla is not commonly integrated with food 
crops, while coffee, cocoa, rubber and clove are 
usually interplanted with food crops for the first 3 - 4 
years of the growing period of the tree crop. Coconut 
can be integrated with food crops both during the 
early growth and production periods. 

Food crop integration has some important social 
bearings. Farmers who visit the field daily to look 
after their food crops are also indirectly looking after 
their plantation crop. Furthermore, land sown to food 
crops will not be trespassed upon. 

Estate crop integration 
Cocoa, vanilla, clove and capulaga are the main estate 
crops commonly grown under coconuts. The planting 
space, leaf canopy structure and height of the coconut 
ensure sufficient sunlight for the growth and 
production of these crops. In the case of vanilla. a 
lower light intensity is desirable, and this is provided 
by the leaf canopy of the support shrub. 

Nutrient competition does not appear to be a major 
constraint in this very intensive form of integration, 
since farmers regularly apply artificial fertilizers or 
livestock manure. However, in the case of vanilla, the 
very intensive integration of grass, vanilla, shrub and 
coconut layers may result, in the long-term, in 
competition for soil nutrients. 

Livestock integration 
fn nearly all the plantation crops, ruminants are kept 
as clearers of weeds and erop residues and for draught 
purposes. In the smallholder coconut plantations, 
poultry and pigs are kept to consume the byproducts 
of the oi I-processing cottage industry. 

Recentlv, smallholders with clove and vanilla 
�p�l�a�n�t�a�t�i�o�n�~� have preferred to keep goats rather than 
cattle. It is claimed that goat manure will release 
nutrients more slowly and over longer periods than 
cattle manure. 

Livestock are usually permanently stalled or 
tethered for grazing during the day and stalled at 
night. In the vanilla-growing areas, poultry are kept in 
cages so that the birds do not scratch the roots of 
vanilla. 

When the vanilla and clove plantations were first 
established in Bali, it was postulated that ruminants 
would no longer be needed, as little roughage was 
available and draught power was not required. 
However, with the presence of volunteer grasses, the 



use of shrubs as climbers that have to be lopped 
regularly, and the need for barnyard manure, the 
integration of ruminants has become even more 
important. Since the ruminants integrated with 
plantation crops are generally permanently stalled and 
no energy is expended in grazing, it will be interesting 
to note whether ruminants in plantation crops perform 
better than those integrated in the food-crop growing 
areas. 

Even though livestock are integrated with 
plantation crops, they will remain a secondary 
activity. In most farming families, the children or the 
wife, rather than the father, look after the livestock. 
The presence of livestock may in some cases cause 
damage to or interference with plantation crops if not 
managed properly. In commercial enterprises, raising 
livestock is not encouraged, since the workers are paid 
to manage the plantation and not to keep livestock. 

The number of livestock raised is not dependent on 
the area of plantation. but rather on the size of the 
farming family. On average, each family keeps 4 pigs, 
10 kampung chickens, 2 cattle or 2 buffalo and/or 3 
goats. 

Forage integration 
Forage integrated with plantation crops can be in the 
form of grass, herbaceous legume, or fodder shrubs 
and trees. Eryrhrina variagata and Leucaena 
leucocephala are fodder tree legumes commonly 
used as shade plants in coffee plantations, while 
Leucaena is the most commonly used support for 
vanilla. However, due to Heteropsylla insect attack, it 
has been replaced by Gliricidia sepium, Erythrina sp. 
and Lannea corromandilica. In smallholder 
plantation crops, grass and herbaceous legumes are 
not planted, but grow naturally as volunteer weeds. 
There are 26- 31 native grass species with forage 
yields (cut twice a year) varying from 1.7 to 2.6 t 
DW/ha!year (Nitis et al. 1980). In commercial 
plantation crops, legumes such as Centrosema, 
Ca/opof?onium and Mimosa are grown for their green 
manure value. 

The fodder shrub and tree species used as shade are 
not usually cut. The shrubs used as support for vanilla 
are usually lopped twice a year; while the shrub and 
trees used in living fence lines are cut whenever 
needed as forage or whenever they cause 
inconvenience. In vanilla plantations, there are about 
100-200 shrubs/ha, while in living fences there are 
10000-15 000 shrubs and 20-40 fodder trees/ha. The 
leaf yield (lopped twice a year) of the 10--15-year-old 
fodder shrubs and trees varies from 5.5 to 10.4 kg 
DW /tree/year (Nitis et al. 1980). 

Since grass, shrub legume and fodder trees are not 
specially grown for forage, shortage of livestock 
feed is not uncommon, particularly during the dry 
season. 
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Scope for Greater Use of Forages in 
Intensive Plantation Crops 

Choice of plantation crop and forage species 
During the early growth and the later production 
stages of most tree crops, grass and herbaceous 
legumes can be integrated as cover crops, and fodder 
shrubs and trees can be used to provide shade or 
support. 

Although the main objective of integrating forages 
into plantation crops is to increase forage supply, the 
secondary objectives of cover crops-shade, climber 
support, firewood, timber supply and nutrient 
recycling-should also be considered to ensure 
maximum benefits of integration. 

Apart from the desirable characteristics normally 
associated with fodder species, shrub and fodder trees 
should be able to withstand repeated lopping and be 
non-deciduous in habit. When u,ed for shade, shrubs 
and trees should have a pollarded branching habit with 
a leaf canopy that is not too thick. When used as 
support for climbers, they should be erect, with a 
pollarded rather than evenly distributed branching 
habit. They should have stems which do not peel off, 
be resistant to root rot, and be able to bear the biomass 
and saprophytic habit of the climber. They should also 
be deep-rooted so that they do not compete for 
nutrients with the plantation crop and can withstand 
the prevailing wind. 

Using improved varieties appropriate to the type of 
plantation crop, and coupled with strategic cutting 
management and fertilizer application, the yield of 
grass, herbaceous legumes, shrubs and trees can be 
increased (Manidol 1984, Rika 1985, Home et al. 1985, 
Nitis et al. 1989). 

Forage production systems 
Forage can be integrated directly or indirectly into 
plantation crops. Direct integration implies that the 
forage is grown within the plantation crop area, while 
indirect integration implies that the forage is grown in 
the vicinity of the plantation crop. In both these 
systems, the forage can be cut and carried for livestock 
feed. The likely forage yield from various forage 
integration systems has been calculated in Table I. 

With direct integration, herbaceous forages and 
shrub and tree fodders may be grown without 
following any pattern. In this system, the area of 
herbaceous pasture will be the same as the area of the 
plantation crop while the number of the shrub or trees 
may vary from 100 to 200 plants/ha. 

There are also a number of more formally 
identifiable systems of direct integration. In alley 
cropping, the grass and herbaceous legume can be 
grown as strips, while the fodder shrubs and trees can 
be grown a~ hedgerows between the rows of the 



Table I. Predicled forage yield from one hectare of plantation crop using various inlegrated forage planting systems. 

Production Forage types Size Yield Plantation 
system (t DW/yearl crops 

Direct integration 
Intercropping a) Paslure2 1.0 ha 14.6 All plantation 

b) Shrub3 75 plants' 0.2 crops (except 
c) Tree4 75 plants 0.6 vanilla and 
Tolal (a+b+c) 15.4 pepper) 

Alley a) Pasture 0.8 ha 11.7 All plantation 
cropping b) Shrub 1500 plants 4.5 crops 

cl Tree 150 plants 1.2 
Total (a+b+c) 17.3 

Shade a) Paslure 0.8 ha 11.7 Early growth 
b) Shrub 75 plants 0.2 stage of all 
c) Tree 75 plants 0.6 plantation 
Total (a+b+{;) 12.5 crops 

Support for a) Pasture 0.8 ha 11.7 Vanilla and 
vanilla or b) Shrub 125 plants 0.4 pepper 
pepper c) Tree 125 plants 1.0 

Total (a+b+c) 13.0 

Fence a) Pasture O.Sha 11.7 All plantation 
b) Shrub 3000 plants 9.0 crops 
cl Tree 60 plants 0.5 
TOlal (a+b+c) 21.1 

Indirect integration 
Feed bank a) Pasture 1.0 ha 14.6 Indirect 

b) Shrub 300 plants 0.9 integration 
cl Tree 150 plants 1.2 
Total (a+b+c) 16.7 

I Average value; 2 pasture: 4.5-24.6 t DW /ha/year (Manidol 1984); 3 shrub legume: 2.0-4.0 kg DW /tree/year (Home et a!. 
1985); 4 foddcrtrees: 5.6-10.3 kg DW/tree!year (Nit is er al. 1980). 

plantation crop. The spacing of the shrub rows may be 
0.5-1.0 m (1000-2000 plants/ha), while the spacing 
of tree rows may be 5-10 m (100-200 plants/ha). The 
area of the pasture will be 80-90% of the total area. 

When fodder shrubs and trees are used for shade, 
they can be grown in parallel or diagonal patterns 
under the plantation crops. The pasture can be grown 
as an intercrop or as an alley crop. In this system, there 
may be 100 200 shrubs and/or fodder trees/ha with 
0.8 - 1.0 ha pasture/ha of plantation crop. When rows 
of fodder shrubs or trees are grown to support 
climbers, understorey pasture can again be grown as 
an intercrop or an alley crop. In this system, there will 
be 200 - 300 shrubs or fodder trees/ha with 0.8 - 1.0 ha 
pasture/ha of plantation crop. When used for living 
fences, the fodder shrubs and trees may be grown as a 
fence surrounding the plantation crop with herbaceous 
pasture grown as an intercrop or an alley crop. Shrub­
spacing may be 10-20 cm (2000-4000 shrubs/hal and 
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tree spacing 5-D m (40~80 trees/ha) with around 0.8-
1.0 ha of herbaceous pasture/ha plantation crop. 

In indirect integration, special land may be 
allocated as an intensive feed bank. Depending on the 
planting density, in one hectare there may be 100- 200 
lrees/ha and 200-400 shrubs/ha and pasture. 

Forage utilisation 
The forage may be utilised either in fresh or conserved 
form by livestock. In wetter areas, where sunshine is 
limiting, conservation in the form of silage is 
preferable. In dryland plantation crops, conservation 
in the form of hay is preferable. 

Shrub and tree fodders preferably are conserved in 
situ by adjusting lopping frequency. To ensure year­
round forage supply. grass and herbaceous legumes 
should be cut mainly during the we! seasons, while 
fodder shrubs and trees should be cut mainly during 
the dry season. 



Major constraints 
Data are not readily available for forages that are 
adapted for integration with plantation crops. Seeds 
and cuttings of new forage species are not only 
difficult to obtain but also are too expensive to 
establish in smallholder plantation crops. 
Demonstration plots should be established by 
government and non-government agencies to act as 
nup;eries to supply seeds and cuttings for the 
interested plantation farmers. 

The area of smallholder plantations is relatively 
small, so that the forage available is not sufficient to 
feed livestock for meat production. Using highly 
productive cultivars, more intensive methods of 
forage integration. and strategic defoliation and 
conservation measures, it should be possible to 
increase forage supply without increasing the land 
area. 

Smallholder farmers currently do not plant grasses 
and/or legumes as forages under their plantation 
crops. However, they do grow fodder shrubs and trees 
for shade. supports for vanilla or protection of 
plantation crops. Commercial enterprises, on the other 
hand, grow legumes for green manure but not for 
forage. Demonstration plots should be established in 
farmers' own fields. so that the smallholder famler 
can appreciate the importance of good forage crops, 
not as a cover crop, shade or support, but as a source 
of feed for livestock. 

Plantation crops are often a high-profit enterprise, 
so the plantation crop owner may be reluctant to take 
on ',ide-line' activities such as growing forage and 
keeping livestock. 

In smallholder plantation crops, most of the routine 
work is carried out by family labour. Therefore the 
role of children and housewives in keeping livestock 
should not be overlooked, and with some practical 
guidance and training their management can be 
improved. 

Capital to establish forage and to buy livestock to 
integrate into plantation crops may be another limiting 
factor, although farmer groups and smallholder 
farmers, with a recommendation from the 
Departments of Plantation and Animal Husbandry, 
can obtain special bank loans. 

A Possible Solution 

A possible solution to the problem of inadequate 
forage in intensively cultivated plantation crops is 
now proposed. It comprises an integrated production 
model in which each ha of land is divided into an 0.8 
ha core area for the plantation crop and a 0.2 ha buffer 
zone area using the three-strata forage ~ystem (TSFS) 
developed in Bali (Nitis et al. 1989) (Fig. I). The 
plantation crop area may be a monoculture or may be 
integrated with a forage crop. The TSPS methodology 
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F'ig. I. Proposed integration of the three-strata forage 
system with plantation crops. 

is developed in the peripheral area, surrounding the 
core area, and along the circumference. The 0.2 ha 
peripheral area comprising mixed pasture (first 
stratum), the 400 m circumference containing 4000 
shrubs (second stratum) and 80 fodder trees (third 
stratum) have the potential to produce a forage yield 
of 15.5 t DM/year. Animals integrated with the 
plantation crop can be either stall-fed or tethered for 
grazing. 

Based on data obtained on the integration of forage 
and livestock in plantation crops in the TSFS, the 
expected outcome is: 
(I) plantation crop yield will be reduced. since 

the area of plantation is reduced from 1.0 to 
0.8 ha; 

(2) forage yield will be increased due to the 
presence of 0.2 ha of mixed pasture. 80 
fodder tree legumes and 4000 shrub legumes. 
When forages are also integrated in the 
plantation crop area, the forage production 
will be even higher; 

(3) there will be increased carrying capacity of 
the land; 

(4) security of the plantation crop will be 
increased, since TSFS will act as protection; 

(5) soil structure and fertility will be improved 



due to the presence of nodulated legumes, 
root debris of the TSFS and manure from the 
livestock; 

(6) firewood will be available from the branches 
of the shrubs and trees; and 

(7) other on-faml activities will be increased 
(such as Kampung chicken-raising, honey 
bee-keeping, back yard snail-raising and 
plantation tourism), 
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Prospects for Integration of 
Forages for Ruminants into 

Coconut Plantations in North Sulawesi 

L.W. Sondakh* and D.A. Kaligis* 

Abstract 

There are about 250 000 ha of coconuts in North Sulawesi, mostly cultivated by smallholders with 
an average farm size of 1.7 ha. The industry employs approximately 60% of the total labour force in 
agriculture and contributes about 80% of the province's exports. Land under coconut palms is mainly 
used for subsistence food production and cattle are raised in a traditional way for draught purposes 
with little adoption of modem practices. The market prospects for high quality meat are encouraging 
and should provide incentive for further investment in pasture research and improved husbandry 
practices. 

Various studies have indicated possibilities for the modernisation of cattle and goat farming by 
smallholders through improvement of forage production, breeding and better cattle production 
systems. However, small holder adoption of new technologies remains in doubt as the technologies 
have not been financially and economically evaluated at the 'on-farm' level. 

INDONESIA, an archipelago with a population of 175 
million, is the world's second-largest coconut 
producer after the Philippines. Coconuts are cultivated 
throughout the archipelago; approximately 10 million 
people obtain their livelihood from about 200 million 
palm trees on 3 million ha of coconut farms. 
Approximately 10% of the total coconut area of 
Indonesia is situated in North Sulawesi, the most 
important coconut-producing province in Indonesia. 

North Sulawesi, with a land area of 2.57 million ha, 
occupies the eastern section of the long northern 
peninsula of Sulawesi. The mainland section is about 
560 km long and never more than about 80 km wide; 
the Sangir and Talaud Islands stretch to the north, with 
the northernmost islands lying closer to the 
Philippines than to Manado. The climate is equatorial 
with a heavy rainfall spread evenly through the year, 
though it is drier between May and September. 
Leaching is severe under such conditions when the 
forest cover is removed. But, fortunately, the 
Indonesian 'ring of fire', or arc of active volcanoes, 
passes through Minahasa and the Sangir Islands, 
giving rise to fertile soils from volcanic deposits. 

Nearly 60% of the land area of North Sulawesi is 
covered with forests, but plantation crops (mainly 
coconuts) form a significant part of the agricultural land 
(Table I). According to an aerial survey reported by 
Babcock and Cummings, cited by Sondakh and lones 
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(1989), land identified as suitable for intensive farming 
occupies only 297 000 ha or 11 % of the total land area. 
However, Table I suggests a total farming area of 658 
000 ha which considerably exceeds the suitable farming 
area. It is clear that more and more farmers have recently 
been moving to the hillsides in their quest for land, and 
this has resulted in serious erosion problems. 
Fortunately, in most areas, and especially in Minahasa 
Province, the hillsides are used mainly for coconut 
palms, a land use which does not lead to erosion. 

Despite the leading role of rice in the food crops 
subsector, the province continues to import between 
40 000 t and 50 000 t of rice per year. The potential for 
irrigation is estimated to be at least 51 000 ha, but 
effectively only about 20 000 ha have been fully 
irrigated. The second food crop is maize. In addition, 
the production of soybeans and, to some extent, 
peanuts and vegetables, has been rising rapidly. 

Table 1. Land use in North Sulawesi. 

Land use Area ('000 ha) 

Forests 
Food crops 
Plantation crops 
Urban settlements 
Lakes and rivers 
Grasslands 
Other (swamps, marshes, etc.) 
Total 

1500 
328 
330 

48 
30 
26 

316 
2578 

Source: Sondakh and lones (1989). 

Percentage 

58.1 
12.7 
12.8 

1.9 
1.2 
1.0 

12.3 
100.0 



Plantations have long been the backbone of the 
economy. Kabupaten Minahasa is the major 
plantation area, containing over half of the coconut 
plantations and about two-thirds of the clove 
plantations. Nutmeg is produced mainly in Sangir 
Talaud, and coffee in Bolaang Mongondow. 

The Coconut Production Subsector 

Approximately 250000 ha of land in North Sulawesi 
is devoted to coconut plantations producing about 
250 000 t of copra per year. About two-thirds of all 
farming households in the province are. coconut 
farmers with an average cultivated area of 1.7 ha. The 
industry contributes about 20% of the province's 
regional income. In addition, about 70% of its foreign 
exchange earnings come from exports of coconut 
products, mainly coconut oil, copra meal, and also 
charcoal and desiccated coconut. Other products of 
the coconut palm (often referred to as the 'tree of life') 
such as husks, trunk and palm juice have not yet been 
utilised. Intercropping is widely practised. Intercrops 
such as cassava, maize, rice and vegetables enable 
smallholders to secure their basic needs. About 30% 
of smallholder farm income derives from 
intercropping. 

There are two main varieties of coconuts being 
cultivated in Indonesia, the traditional 'tall palms' and 
the newly introduced hybrid palms. The tall palms, 
with a density of 100 stems/ha. produce about I t/ha of 
copra with a productive life of at least 60 years in 
North Sulawesi. The hybrid palms with a density of 
144 stems/ha are claimed to produce in excess of 6 
t!ha of copra with a productive life of. at most, 40 
years. The evaluation currently carried out on hybrids 
shows that these palms may not be as productive as 
expected. 

The Intercropping Practices 

A study by Sondakh (1984) on nearly 200 coconut 
farms in North Sulawesi showed an inverse 
relationship between size of coconut area and the 
proportion of area intercropped (Table 2). 
Intercropping under coconut palms is possible only if 
the palms are not too closely planted, e.g. fewer than 
175 old tall palms!ha (Burgess 1981). Intercropping is 
also possible during the initial growth stage of both 
hybrid and tall palms when light interception is still 
low. Table 2 further shows that, on average, 35% of 
coconut land is used for intercropping. The main crops 
cultivated as intercrops are corn, rice, soybean, 
groundnuts, cassava. and sweet potato. Rice is mainly 
confined to the wet season, but other crops are grown 
in both wet and dry seasons. 

The Livestock Subsector 

The livestock industry has considerable potential. Pig 
consumption exceeds the national average, and the 
poultry industry has expanded rapidly. Cattle 
production has increased from 190000 in the 1970s to 
nearly 300 000 in 1990. Cattle are raised in a 
traditional way mainly for draught work on farms. The 
province exports about 10 000 cattle annually to 
Jakarta, Kalimantan and Irian Jaya. These cattle are 
mostly male and/or females more than 8 years old. 
The meat is often of low quality. 

Recently Alamtaha (1990) carried out a survey of 
50 coconut farmers in Kabupaten Bolaang 
Mongondow (Table 3). The survey showed that. on 
average, one ha of agricultural land carried 
approximately 0.5 cattle. This is similar to the 
carrying capacity at the regional level, indicating that 
agricultural land including coconut land has not been 
used optimally for livestock production. 

Table 2. Proportion of coconut area used for intercropping for different fann size categories. 

Fann size 

Small Medium Large Very large All fanns 

Coconut fann area ranges (ha) 0.50-1.35 1.36-2.66 2.67-4.00 >4.01 0.50-8.00 
Average area (ha) 0.96 1.94 3.41 6.16 2.64 

(0.23)* (0.97) (0.44) ( 1.28) (1.81 ) 

Area intercropped (ha) 0.67 0.73 1.14 1.52 0.93 
(0.44) (0.70) (0.02) ( 1.72) (0.85) 

Proportion intercropped (%) 70 37 33 25 35 

Note: In the wet season, the coconut land for intercropping may be cultivated with corn and upland rice. In the dry season, the 
land may be cullivated with corn, soy bean and groundnuts, 

* Figures in parentheses are standard deviations. 
Source: Sondakh (1984) 
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Table 3. Land use and livestock numbers of 50 coconut 
farmers in Kabupaten Bolaang Mongondow. 

Average land use per family 

Coconuts (ha) 3.46 
Cloves (ha) 1.88 
Rice field (ha) 0.69 
Coffee (ha) 0.16 
Intercrops (ha) 0.05 

Average number of livestock per farmer 

Cattle 2.60 
Goats 2.60 
Pigs 0.16 
Chickens 7.00 
Ducks 0.60 

Source: Alamtaha (1990). 

The Potential and Constraints for 
Increased Livestock Production 

Future demand for good quality meat is quite promising. 
The stable and sustained economic growth experienced 
by Indonesia over the la'lt 25 years has shifted the ta'ltes 
and preferences of beef consumers from low to higher 
quality meal. Since income elasticity of meat exceeds 
unity, market prospects for better quality meat must be 
good. Unfortunately, the steady increase in demand is 
not followed by a steady increase in supply. Therefore 
the stronger domestic demand for good quality meat in 
Indonesia is mainly met by imports from Australia, New 
Zealand and North America. Most hotels in Indonesia 
serve imported rather than domestically produced meats. 

Traditionally, the people of North Sulawesi husband 
cattle not only for draught but also as an asset and as 
security. In rural areas of the province, cattle ownership 
affects the social status of farmers. Husbandry practices 
are, however, traditional. Feeds for cattle are mainly 
grasses, e.g. lalang (lmperata cylindrical and some 
legumes growing naturally under coconut palms. Grains 
and high quality grasses and legumes are rarely fed. Pest 
control is seldom applied. Vaccination is applied 
occasionally by officers from Dinas Petemakan. Well 
planned or well designed breeding programs are 
nonexistent. The traditional way of raising and breeding 
cattle is the main reason for the low rate of growth. 

The main factors intluencing smallholders not to 
adopt modern cattle farming are: 
(I) lack of capital and an inability to afford 

finance for modem systems of cattle farming; 
(2) poor farmers first have to secure their basic 

needs, which means that they must use their 
limited land for food crops and not for 
modem livestock farming practices; and 

(3) farmers have no access 10 improved profitable 
technologies in breeding, feeding and 
management of cattle. 
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The problems of lack of capital at the farm level 
may not be serious at the macro-level but it is serious 
at the 'on-farm' level. The majority of coconut 
farmers are smallholders whose incomes are just 
sufficient to secure their basic needs, and they are 
subject to high risks due to wild fluctuations of copra 
prices. For example, in the last five years, copra prices 
have fluctuated Rp 150-550/kg. 

The problem of lack of capital is further aggravated 
by the fact that there is no history of technological 
change in the livestock industries. Over the past 25 
years, Indonesia has been very successful in 
increasing food and export crop productivity but not 
so in livestock productivity. Rice production 
increased from 2 to 6 t/ha but the productivity of cattle 
remained constant. The lack of technological change 
in livestock production is caused by the lack of 
research and development in this industry. For 
example, the use of research funds for pasture and 
legume production at Sam Ratulangi University was 
no more than 2% of the total budget in each of the past 
five years. 

Lack of research and information on available 
technologies at the farm level is the main factor in the 
comparative disadvantage of livestock production 
compared to other agricultural commodities. In other 
words, farmers do not yet believe that it is more 
profitable to allocate their limited land and capital to 
increased integration of livestock into their farming 
system. 

Against this, the prospects for increasing farm cattle 
production are, however, quite promising. Research 
undertaken by the Faculty of Animal Husbandry, Sam 
Ratulangi University (Kaligis and Sumolang, these 
Proceedings) shows that soils and climate in North 
Sulawesi are suitable for intensive livestock 
production systems. The team has identified more 
productive grasses and legumes suitable for North 
Sulawesi. Unfortunately the technologies already 
identified have nOI carried through into on-farm trials, 
which are necessary for the technologies to be 
disseminated to farmers. 

A study undertaken by the Coconut Research 
Institute in Manado (Mahmud and Allororung 1989) 
shows that improvement of 'natural pastures' under 
coconut palms in North Sulawesi can significantly 
influence daily weight gain of cattle (see Table 4). 

The data show that greater access to planted setaria 
(Setaria sphacelata) pasture improves bodyweight 
gain. These results indicate that the potential for 
increasing cattle production through introduction of 
improved grasses and legumes and related 
management practices is quite high. The Research 
Institute also reported that the introduction of 
intercrops of food crops and/or grasses and legumes 
under coconut palms may also increase coconut 
production. 



Table 4. Weight gain of cattle fed varying proportions of 
Setaria sp. in addition to a low-quality basal diet. 

Feeding regime 
(% Setaria) 

o 
20 
40 
60 
80 

Weight gain 
(g/head/day) 

-94 
314 
526 
757 
909 

Note: The feeding trial was run over 5 weeks and the basal 
diet consisted of natural grasses plus concentrates. 

Source: Mahmud and Allororung (1989). 

Conclusions 

The data presented in this paper demonstrate the 
potential for increased integration of forages and 
cattle into coconut-farming systems. However, further 
research, particularly on-farm, is still needed before 
we can be confident that the new technologies can be 
disseminated at farm level. 
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Integrated Forage - Livestock Systems 
under Coconuts in the Philippines 

F.A. Moog* and P.S. Faylon** 

Abstract 

The Philippines has 3.2 million ha of coconut plantations which are predominantly owned by 
smallholders with an avemge fann size of 3.3 ha. Grazing cattle and buffalo on improved or 
unimproved pastures is a traditional practice among fanners. and higher animal and coconut 
production from improved pastures indicate the value of integrating forages with coconuts. 
Government policies and programs are focused on smallholder fanns where prospects for integrating 
forages into plantation crops are good. The adoption of new practices is restricted by socio-economic 
and technical constraints. 

Coconut Production 

AN estimated 3.2 million ha of the total land area (30 
million ha) of the Philippines is planted to coconuts 
( 1989 statistical data). Coconut plantations in 
Mindanao account for more than 50% of this area. and 
the remaining areas are located mainly in Southern 
Luzon and Visayas. 

A verage nut production is estimated at a low 49 
nuts/tree/year or about 4649 nutslhalyear. There are 
marked regional differences in production ranging 
from 64 nuts/tree/year in Southern Mindanao to 38 
nurs/tree/year in Central Luzon. Approximately 25% 
of the 401 million trees planted are non-bearing or 
unproductive. 

In a survey of coconut plantations, the Philippine 
Coconut Authority (1978) reported that only 33% of 
the coconut area was occupied by small farms of less 
than 5 ha but that these comprised 91 % of the total 
coconut farm holdings (Table I). 

The majority (71 %) of coconut farms are owner­
operated with an average area of 3.3 ha/farm. Share­
tenanted farms comprise the second largest group 
(22.3%). The remaining farms are either partly 
owned. tenanted or managed. 

Ruminant Population and Productivity 

The Philippine Medium-term Development Plan 
(1987-1992) has a goal to develop a viable livestock 
industry with active involvement of the smallholder 

*Bureau of Animal Industry, Metro Manila. Philippines. 
**Livestock Research Division. PCARRD. Los Banos. 
Laguna. Philippines. 
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Table 1. Area. number and size of coconut fanns. 

Fann Total area Coconut holdings 
(ha) ('000 ha) (%) (No.) (%) 

<5 915 33 653380 91 
5-20 629 22 50300 7 
>20 1256 45 14300 2 
Total 2800 100 718000 100 

Source: Philippine Coconut Authority (1978). 

farmers. Smallholders own 99% of the 2.9 million 
buffalo and 2.1 million goats, and 87% of the 1.6 
million cattle. Between 1980 and 1988 the buffalo 
population increased at an annual rate of 0.3%, the 
cattle population declined at 1.9%, and the goat 
population increased at 3.1 %. 

The reduction in large ruminant numbers occurred 
despite a shortfall in beef production, particularly in 
Metro Manila. To overcome this shortage, 3200 to 
4800 cattle per month are imported for fattening. The 
implementation of the Comprehensive Agrarian Land 
Reform Law (CARL) is likely to result in a shift from 
hill-beef ranching to smallholder cattle production 
systems which inelude small breeding herds and 
back yard feedlot fattening projects. 

The very high demand for milk and milk products 
provides smallholder livestock-raisers with an 
opportunity to increase their incomes by integrating 
dairy animals into their farming enterprises. 

A complementary program on small ruminants to 
augment meat production is being encouraged by the 
government. CARL will further expand the number of 
smallholder farms which are suitable for goat and 
sheep raising. Sheep and goats are multi-purpose 
animals which can be slaughtered for home use, sold 



for slaughter or breeder animals or can be raised for 
milk production. The government, in cooperation with 
selected private farms, is producing quality breeding 
stocks for upgrading the native animals owned by 
smallholders. The production of small ruminants 
under plantations, i.e. coconut, orchards and rubber, is 
being encouraged through researcher-managed and 
farmer-implemented pilot projects. In addition, 
support services, i.e. credit, health services, provision 
of planting materials of various forages and market 
facilities, are being developed jointly by the 
government and private sectors. The price of goats 
and sheep is relatively high despite the current 
disorganised marketing system. 

Present Levels of Integration of Livestock 
in Coconut Plantations 

In 1983, it was estimated that about 400 000 ha of 
coconut land were stocked with cattle, buffalo or 
goats. A survey of two villages in Santa Cruz, Laguna 
showed that 67% of farmer-respondents integrated 
either cattle, buffalo, sheep or goats with coconut 
production. 

In large coconut plantations. cattle are grazed on 
both improved and unimproved pastures. For 
example, a large coconut plantation in Albay grazes 
cattle on fertilised carabao grass (Paspalum 
conjugatum) to fatten and finish beef animals. These 
are grazed for 60-180 days and gain 0,7-1.0 
kg/headlday at a stocking rate of I beast/ha. In Davao, 
fertilised para grass (Brachiaria mutica) and guinea 
grass (Panicum maximum) pastures can support 3 
breeder cows/ha/year. 

A recent study conducted in Sorsogon found that 
the liveweight gain in buffalo was only 53 kg/ha/year 
on mature native pasture stocked at I head/ha. On 
native pastures containing centro (Centrosema 
puhescens) animal production was 93 kg/ha/year at a 
stocking rate of 1 head/ha, and 151 kg/ha!year at 2 
head/ha. 

In small farms, cattle and buffalo are normally 
tethered in the plantation. Goats are usually not 
tethered, unless they are in areas where food crops are 
intercropped. 

Forage Resources under Coconuts 

Native vegetation 
Observations indicate that the native vegetation under 
coconuts varies according to location and the intensity 
of utilisation. In a study of the botanical composition of 
native vegetation under the coconuts in Sorsogon before 
and after three years of heavy grazing by buffalo (Table 
2) it was found that pasture composition changed from 
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Imperata cylindrica and Pueraria phase%ides (puero) 
domination to one dominated by weeds. Control of 
stocking pressure and modest fertilizer applications are 
required to obtain and maintain a desired pasture 
composition. 

A recent survey of native pastures in Santa Cruz, 
Laguna showed that grasses (4R%) and broadleafed 
weeds (40%) dominated the pastures. Legumes 
(I 1%) and shrub/tree leaves (I %) were minor 
components of the pastures. The major grass species 
were Axonopus compressus and Cyrtoco('('um spp. 
and the legumes were mainly Ca/opogonium 
mucunoides, Centrosema puhescens, Moghamia stro­
bilifera and Pueraria phaseo{oides. The broadleafed 
weeds present were Hypris rhomboides, Mikania 
cordata, Borreria laevis, Ageratum conyzoides and 
Borreria repens. 

Table 2. Botanical composition (%) of native pasture 
before and after three years of grazing by buffalo 
under coconuts in Sorsogon. 

Species Botanical composition (%) 
Before grazing After grazing 

Imperata cylindrica 
Paspaiul11 and Digilaria spp. 
Pueraria phaseoloides 
Weeds 

40 
6 
33 
21 

- .... --~- .... --~~~~~~~~-

Source: Moog et aL (unpublished data). 

Improved pastures 

I 
22 
o 
77 

Guinea grass and para grass are the most common 
species grown under coconuts in the Philippines. 
Extensive areas of para grass pastures are grown in 
Mindanao, particularly in the Davao area. Guinea 
grass is more popular in Quezon province among 
smallholder farms which use a cut-and-carry system. 
However. nut pickers and gatherers complain that 
when the grass is allowed to grow tall they have 
difficulty locating and picking nuts, and that they 
suffer from skin irritations and cuts from the sharp 
blades and hairs on the grass. Signal grass (Brachiaria 
decumbens) is becoming popular under coconuts in 
Sorsogon where it is considered to be more productive 
than para or guinea grass. 

Initially there was some apprehension concerning 
the growing of improved pastures under coconuts 
because of the fear that grazing may reduce coconut 
yields. Recent experience has allayed this fear. Nut 
yields were found to be 10-30/tree!year in ungrazed 
areas compared to 30-50 in grazed natural pasture and 
80-100 in grazed improved pasture areas. 



Limitations to Improving Forages 
under Coconuts 

Lack of experience in animal and pasture management 
is the major constraint to increased integration. 
Further, the lack of availability of seeds and planting 
material of improved pastures restricts the 
commercial use of recommended forages. Plant 
evaluation and seed production of promising species 
need to be undertaken simultaneously. 

There are also a number of social and socio­
economic constraints to the integration of animals and 
coconuts. Most coconut plantation owners are 
absentee landlords who visit their farms only during 
nut harvest. Seldom do these owners seek 
opportunities to maximise land use through the 
introduction of forages and livestock. Coconut 
farmers with an average land holding of only 3.3 ha 
have an estimated net income of only 4290 pesos/year 
which is insufficient to invest in animals or forage 
improvement. The development and payback period 
of livestock projects is generally longer than with 
other agricultural projects and the return on 
investment is often low. Because of this, credit 
institutions and entrepreneurs are not attracted, or put 
low priority on these projects. 

The low level of education of most farmers makes 
extension and development work difficult, slow and 
expensive since a person-to-person approach has to be 
used. 

However, there is a great need to identify 
alternative enterprises, since the productivity of many 
coconut plantations is declining rapidly due to the old 
age of plantations. Since native vegetation already can 
support a low number of livestock, the integration of 
livestock should be encouraged in new areas and 
enhanced at existing sites. However, providing 
animals will be difficult because the cattle population 
is decreasing. Although population growth rates of 
buffalo and goats were positive up to 1988, numbers 
have recently been decreasing. Unless there is a 
vigorous development program to increase the 
national herd, vast areas under coconuts will remain 
understocked or unulilised. 

The Comprehensive Agrarian Reform Law (CARL) 
of Ihe government intends 10 subdivide land into smaller 
lots, and this will also include coconut plantations. Once 
the tenants become farmer-owners they will have more 
interest in making decisions for improvement. The first 
priority is likely to be the production of food crops, but 
this will require animals for draught. Once a farmer has 
animals, he is likely to consider their nutrition, as 
improvements in the feed offered to animals improves 
their draught capabilities and their fertility. A grazing 
trial in Bicol indicated that with livestock integration in 
coconuts an additional annual income of 1800-4500 
pesos can be obtained from buffalo-raising. 
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The national forage and pasture development 
program has been concerned with livestock 
production systems under plantations. The two sites in 
this program (Bicol and Southern Mindanao) evaluate 
forages under plantations and develop technologies 
for integrating forages into plantations. The Philippine 
Coconut Authority also encourages the integration of 
livestock under coconuts in its development 
programs. The improvement of forages, particularly 
in replanting programs, is an important component of 
their program. 

Conclusion 

The integration of forages into coconut plantations has 
great potential in the Philippines. Plantation areas are 
underutilised in spite of the capability of the native 
vegetation to support grazing animals. Experience 
with guinea grass, para grass and centro-based 
pastures under coconuts has shown the potential for 
increasing animal production with the use of 
improved pasture species. 

With agrarian reform in coconut plantations, 
individual landowners are likely to have more 
incentive to develop their land, intensify crop 
production, and more efficiently produce and utilise 
biomass through the integration of forages and 
livestock under coconuts. 
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Integration of Forages for Cattle and Goats 
into Plantation Systems in Thailand 

P. Sophanodora* and S. Tudsri** 

Ahstract 

The integration of forages for livestock has considerable prospects in Thailand. Forage species 
must be shade-tolerant and must not be too competitive. 

The prospects for integration appear to be best for the higher light transmission and lower value 
plantation crops such as coconuts and fruit trees, where additional income from livestock would be of 
major benefit to the farmer. [n high value plantation crops such as rubber trees and oil palms. 
livestock will always be of secondary imponance. 

Major constraints are the lack of pasture seed and the low and slow return from investment in 
livestock. 

PLANTATION crops occupy about 11 % of the total 
agricultural land in Thailand. The southern region has 
the highest proportion of land used for plantation 
crops, and accounts for 74% of the total plantation area 
in Thailand (Table I). Rubber is the most important 
plantation crop in terms of planted area (Table I) and 
contribution to the economy of Thailand (Table 3). 
Although not all of these plantation areas are suited for 
forage-livestock enterprises, they represent a 
significant potential for livestock production. 

and animal manure rather than for meat or milk 
production. Therefore livestock production is always 
of secondary importance. Inputs are minimal and 
animals graze crop residues and unimproved natural 
pasture under plantations. A list of the species 
commonly found in the plantations is given in Table 4. 

The majority of rubber holdings are small « 2 ha) 
while the majority of oil palm producers have large 
estates (> 500 ha) (Table 2). Most of the smallholder 
oil palm plantations are organised by government 
cooperative programs. Coconut plantations are also 
small in farm size. A large proportion of Thai farmers 
also own some paddy rice and upland areas. 

Livestock in Plantation Systems 

No statistics are available which detail the number of 
animals under the various plantation crops. However, 
large numbers of cattle and goats are raised in 
southern Thailand (Table I) and many of these are 
raised in plantations, especially coconuts. 

In northern Thailand cattle and buffalo are also 
grazed under tea, coffee, fruit trees and forests (Falvey 
1977). Animals are kept primarily for weed control 

*Depanment of Plant Science, Faculty of Natural Resources. 
Prince of Songkla University, Hat -Yai, Thailand. 

**Depanment of Agronomy, Faculty of Agriculture, 
Kasetsan University, Bangkok, Thailand. 
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Table 1. Plantation crops and cattle and goat numbers in 
Thailand. 

Nonh North-east Central East South Total 

Plantation crops ('000 ha) 

Rubber n.a. 162 1525 1687 
Oil palms 105 105 
Coconuts 188 188 
Fruit trees 116 12 274 114 152 668 

Cattle and goal number ('000) 

Caltle 1 171 1786 1130 48 826 4969 
Goats n.a. 

n.a.- data not available 
Source: Anon. 1988a, b. 

81 81 

Table 2. Average farm size (halhousehold) and percentage 
of each size category in southern Thailand. 

Small 
Medium 
Large 

Coconuta 
Size (%) 

2-5 80 

Oil palmb 

Size (%) 

3-5 15 
30-50 28 
500 57 

Sources: "Terakul and Ratanapruk 1988; 
bPongmanawa 1989; CPanomthareerak 1987. 

Rubber" 
Size (%) 

2 60 
2-4 25 
4 15 



Naturalised legume cover crops such as Pueraria 
phas('%id('s, Ca/opogonium mucunoides and 
Centrosema puhescens are sometimes present in 
pastures, The carrying capacity on native pasture 
varies with shading and fertility but is usually in the 
range of 1-2 ha per an imal. 

Table 3. Production statistics and export value of major 
plantation crops in 19R8. 

Crop Production Farm value Export value 
('000 tons) (million Baht) (million Baht) 

Coconut 131 I 2715 
Oil palm 728 1406 5 
Rubber 851 15462 23328 
Kapok 49 253 212 

Source: Anon, 19RRa. 

Table 4. Naturally occurring forage plants in the plantations 
of Thailand (Manidool 1985). 

Species 

Arundinaria pusi/la 

Axonopus ajjinis 

Chrvsopogon orientalis 

CocrilOrachis glandulosa 

Cyrto,.,,{),.um sp. 

Desmodium ol"UitjlJlium 

Heteropogon contortus 

lmperata cylindrica 

Microslegium ciliatum 

Otwchloa nodosa 

Opli.vmenllS burmanni 

Paspalum conjugatum 

Rottboellia naltata 

Setaria "enicelata 

Environmental conditions 

Slightly shaded, light soils. 
moderate rainfall. Northeast. 
Moderately shaded. light to 
heavy soils. high rainfall. 
Slightly shaded, sandy 
coastal soils, high rainfall. 
Southern area. 
Slightly shaded. light soils, 
moderate rainfall. Northeast. 
Moderately shaded, light 
soils, high rainfall. 
Densely shaded. light soils, 
high rainfall. Southern area. 
Slightly shaded. moderate 
rainfall. Iighlto heavy soils. 
North and west. 
Slightly shaded, upland soils 
all over the country. 
Densely shaded. very high 
rainfall. light soils. Southern 
area. 
Densely shaded, light soils, 
high rainfall. Southern areas. 
Densely 'haded. light soils. 
high rainfall. Southern and 
eastern areas. 
Slightly shaded. moderately 
high rainfall, light soils. all 
over the country. 
Slightly shaded, light soils, 
moderately high rainfall. 
Slightly shaded. light 10 
moderately heavy soils. high 
rainfall. 
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The use of improved pasture species and good 
management can raise animal production drastically. 
For example, one dairy fanner at Pakchong grew one 
ha of guinea grass (Panicum maximum) between rows 
of mango trees. He applied 125 kg/ha of urea and cut 
the grass every 30-40 days. This produced enough 
feed for eight dairy cows which produced an average 
of 10-12 L milk/day. The returns from milk alone 
were approximately 500 Baht/day. 

The success of livestock-plantation systems often 
depends on the prospects for marketing. The major 
reason for the success of dairying is the government 
Dairy Promotion Scheme. This is in contrast to the 
often low fann-gate price for beef which, in turn, results 
in little interest by fanners in pasture improvement. 

Potential and Prospects for 
Forage Integration 

The success of forage-livestock integration depends 
on government policy, socio-economic factors, type 
of plantation. pasture species, ease of utilisation. type 
of livestock and marketing system. 

Government policy 
The government has indicated strong support for the 
developmem of dairy and beef industries in the country. 
Currently, only 13% of the total raw milk demand is 
produced in the country. The government plans 10 

increase Ihe number of dairy cows to 200 000. The 
production of beef and draft animals is also promoted. 

Economic considerations 
Plantation crops are likely to int1uence the prospects for 
livestock integration as the income from the different 
types of plantation crop varies greatly (Table 5). The 
return from coconut and kapok plantations is low and 
coconut and kapok fanners need to increase their 
income through intercropping with field crops or 
pastures. Fanners growing other higher value 
plantation crops such as fruit trees, rubber and oil palms 
may not be willing to integrate livestock since the main 
incentive is clearly to take care of the plamation crop. 

Table 5. Yield and income from various plantation crops. 

Plantation 

Rubber 
Oil palm 
Kapok 
Coconut 
Mango 
Cashew nut 
Tamarind 
Longan 

Income/ha (Baht) 

11065 
20325 

7217 
8184 

34688 
32635 

112500 
67250 

Source: Anon. 1988, Rawanghet 1989. 

Yield (kg/ha) 

609 
10531 
1144 
3950 
3438 
1625 
1250 
3363 



Plantation type 
Another factor affecting prospects for integration of 
forages is the type of plantation crop as this 
determines light transmission and competition. 
Coconut is probably the most suitable plantation crop. 
More than 50% of coconut plantations in Thailand are 
mature (>25 years old) and light transmission is high. 
Intercropping with forage crops can help in recovering 
the cost of replanting or of new plantings by providing 
income from otherwise unprofitable land. The total 
productivity of the area of mature coconut is increased 
and security is provided against the risk of low copra 
prices. 

In rubber plantations, the highest potential for 
integration of forage crops occurs during the first 
three years. After this period, the growth of pasture 
species is increasingly restricted by decreasing light 
intensity. This also applies to oil palm. However, 
rubber and oil palm are high-value crops and the 
owner may not accept integration for fear of a possible 
reduction in yield of the main crop and the extra 
labour requirement<,. 

Integration potential also exists in mango, kapok, 
tamarind and cashew plantations. The wide spacing of 
these plantations (8 x 8 m) allows light penetration to 
the ground. 

Pasture species 
Most pasture research on improved pasture under 
plantations has been conducted with coconuts. 
Boonklinkajorn (1978) reported that guinea and signal 
grass (Brachiaria declImhens) performed well on a 
poor soil under a coconut plantation when utilised in a 
cut-and-carry system. On a more fertile soil, para 
grass (Brachiaria mutica) grew well and competed 
successfully with weeds. The average yields of these 
three species were 58, 51 and 41 t/ha of fresh material 
for guinea, signal and para grass respectively. In 
coastal areas with poor soils and a lower light 
transmission. eori grass (Brachiaria miliiformis) 
showed good adaptation and was responsive to 
fertilizer. In older coconut plantations, ruzi grass 
(Brachiaria ruziziensis) grew well on both medium 
and fertile soils. Recently. the Department of 
Livestock Development reported a species 
comparison TRIAL under coconut and rubber 
plantations at Narathivat. Of the nine grass species, B. 
miliiformis and B. humidicola gave the highest yield 
under 31 % of full sunlight (Egara et aL 1989), 

Little research has been carried out under other 
plantations. lewtrakul (1989) reported that a number 
of grass species can be intercropped with young 
rubber (Table 6). Yield of these species decreased 
gradually with increasing growth of the rubber. 
lewtrakul also stressed that star grass (Cynodon 
piectosfachyus) should not be intercropped with 
rubber sinee it has aggressive growth characteristics. 
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Table 6. Yield of pasture species under 2-:;-ycar-old 
rubher. 

Species 

Para 
Ruzi 
Signal 
Guinea 
Hamil 
Green panic 
Napier 
Setaria 
GuatamaJa 

Dry matter yield (kg/hu) 
Year' after rubber planting 

2 3 4 
. ... -~.~----.... 

1260 4910 130 
710 11 3i10 3710 

2200 19 il20 6540 
I 710 11494 4960 
1 1Ii10 13690 4110 

310 61150 I MO 
4 SilO 13330 2660 
20110 11 1140 2330 
1900 9260 4030 

Source: lewtrakul 19119. 

:; 

() 

1010 
2340 
1 240 

640 
440 
520 
SilO 

1310 

Buranatham et aL (1989) reported that guinea grass 
mixed with Cel1fro.~ema puhescens cannot be 
recommended for intercropping since this mixture 
restricted the growth of rubber signifieantly. 

Data on forage production under fruit trees and 
forests are scarce. Manidool (1986) reported that 
under IO-year-old tamarind trees, ruzi. hamil and 
sinuro (Macroptilium atropurpureum) produced good 
yields. In a mango orchard (8 x 8 m spacing) at 
Pakchong, 230 km northeast of Bangkok, guinea and 
ruzi grew well between the rows of mangoes when cut 
close to ground level for 2-3 years. Verano stylo 
(Sty/osanthes hamata), guinea, harnil and ruzi grass 
grew well in a two-year-old Eucalyptus plantation 
(Manidool 1985). 

While the technology for pasture species is ready 
for plantation crops such as coconut and rubber, the 
long-term effect of pasture species on plantation crops 
has not yet been determined. 

Utilisation 
The cut-and-carry system is suitable for all plantation 
crops particularly when the plantation trees are young. 
lewtrakul (1989) suggested that grazing rubber is not 
practical because of the high risk of crop damage and 
interference with latex collection cups. 

Grazing of cattle under coconut is common in 
Thailand. Boonklinkajorn et al. (1982) reported that 
1.5 headlha was an optimal stocking rate for 
signal-centro swards under mature coconuts, and was 
twice the stocking rate achieved on native pastures. 

Type of livestock 
The integration of dairy eattle with oil palm or rubber 
plantations is not practical since forage produces a 
high yield for the first few years only. Other plantation 
crops such as coconut, mango, cashew, and tamarind 
are more suitable for beef and dairy cattle. 



Marketing 
One of the most serious problems in beef production 
is marketing as there is no premium for quality. The 
marketing system favours the production of cheap 
meat from draught animals. High-grade beef fetches a 
good price only in the city. On the other hand, the 
relatively high, guaranteed price of milk represents a 
real attraction and provides considerable confidence 
to the farmers. 

Constraints and Recommendations 

One of the most important constraints is the lack of 
an adequate seed supply of promising grass and 
legume species. It is estimated that at least 1257 t of 
pasture seed are needed to meet the demand for 
sowing in 1990, and local supply can only satisfy 
40% of the demand (Manidool and Leeratanachai 
1990). 

A further factor is the attitude of farmers. The 
plantation crop is the main source of income and the 
raising of animals is secondary 10 the needs of the 
plantation. The long period before a farmer sees a 
return on his investment in animals is also a 
disincentive. On the other hand, the return of 
investment in cash crops may only take 2-3 months. 
Furthermore, the required investment in animals is 
high when compared to crops. As labour inputs are 
already high for plantation crops the husbandry of 
animals may create a labour shortage. 

Conclusions 

The integration of pasture for livestock under 
plantations has considerable prospects. However, the 
possibility of conflicting management requirements 
and especially the extra labour required needs to be 
carefully considered. 

The desired forage species must be highly shade­
tolerant and should not be excessively competitive 
with the main crop. Cut-and-carry appears to be an 
appropriate utilisation system for rubber, while 
grazing is preferable for coconuts. Little experience 
with pasture and livestock integration under oil palm 
is available. More detailed investigations of species 
adaptation and appropriate management systems are 
urgently required if successful farmers' adoption is to 
be expected. 

References 

Anon. 1988a. Agricultural Statistics of Thailand Crop Year 
1987/1988. Office of Agricultural Economics, Ministry 
of Agriculture and Cooperatives; 277 pp. (in Thai). 

Anon. 1988b. National resources and environmental profile 
ofThailand. TDR!. 11-42 (in Thai). 

150 

Boonklinkajorn, p, 1978. Herbage production of grasses 
under coconuts in Southern Thailand. Report No. ID .. 
Bangkok, ASRCT 

Boonklinkajorn. P., Duriyaprapan. S. and Pattanavibul, S. 
1982. Grazing trial on improved pasture under 
coconuts. Report No. 12. Institute for Scientific 
Research and Technology of Thailand, Bangkok, 

Buranatham, V., Kongsilp, S. and Petchying. p, 1989. 
Intercropping in rubber in the north-east of Thailand. 
Para Rubber Bulletin. Thailand, 9. 95-107, 

Egara. K., Kodpat. W. and Manidool. C. 1989. Adaptability 
of pasture species in coconuts and rubber plantations. 
In: Egara. K., ed .. Development of Technology for 
Pasture Establishment in Thailand, TRAC. Ministry of 
Agriculture. Forestry and Fisheries. Japan and 
Department of Livestock Development. Ministry of 
Agriculture and Cooperatives. Thailand. 9-20, 

Falvey, V, 1977. Ruminants in the highlands of Northern 
Thailand. Thai-Australian Highland Agronomy Project, 
Chiang Mai University, Thailand. 

Jewtrakul, P. 1989. Pasture intercropping with rubber. 
Rubber Research Institute. Ministry of Agriculture and 
Cooperatives, No. 12 (in Thai). 

Manidool, C. 1985. Sylvo-pastural systems in Thailand. 
Tropical Agricultural Research Series, 18, 187. 

Manidool, C. 1986. Forages in plantation agriculture. Paper 
presented at Forage Research Workshop. Southeast 
AsiaJPacific Forage Research and Development 
Program. Chiang Mai, Thailand. 

Manidool, C. and Leeratanachai. U. 1990. Pasture seed 
production in Thailand. Paper presented at national 
Seed Production Workshop, 1-4 May 1990, Khon 
Kaen, Thailand (in Thai). 

Panomthareerak, S. 1987. Rubber data for extension workers 
in Southem Thailand, Office of Southern Regional 
Agricultural Extension, Ministry of Agriculture and 
Cooperatives. 

Pongmanawat. D. 1989. History of oil palm cultivation in 
Thailand. Surat-thani Horticultural Research Centre. 
Ministry of Agriculture and Cooperatives, Thailand (in 
Thai) 

Rawanghet. J. 1989. Feasibility study of mango farming in 
Changwat Chachoegsao, M.Sc. thesis. Kasetsart 
University. Bangkok, Thailand. 

Terakul, A. and Ratanapruk, M. 1988. Economic trees. 
Department of Agriculture. Ministry of Agriculture and 
Cooperatives. Thailand, 68-73. 



Prospects for Improving Forage Supply in 
Coconut Plantations of the South Pacific 

H.M. Shelton* 

Ahstract 

This paper analyses the reasons for success or failure of forages and cattle under coconuts and 
discusses the future potential for improvement of forages under coconuts wlthm the physical and 
socio-economic environment of the South Pacific. 

The South Pacific Region 

THE countries and people of the South Pacific have 
many unique characteristics which separate them 
from the Asian region with which often they are 
erroneously grouped. 

South Pacific countries have small populations in 
relation to land area and are isolated geographically 
from the rest of the world and from each other. In 
many cases, populations are isolated even within a 
country due to the fragmented nature of the muIti­
island states and, in the case of the Western Pacific 
countries, due to the rugged terrain of their volcanic 
islands. These countries are highly dependent on 
agriculture but their characteristics impede agri­
cultural development because of difficulties in 
transportation, communication and marketing of 
produce. 

The South Pacific countries (Table 1) are located 
between the latitudinal range of 5°N to 23°S; they 
support a population of about 5 million, occupy 
around 545 000 km2 and are spread over approx­
imately 1200 islands (Crocombe 1987). 

This paper briefly describes the salient environmental 
features which impact on the ruminant industries of the 
region. The objective of the paper is to identify the 
present role and future potential for improvement of 
forages under coconuts within the physical and socio­
economic environment of the South Pacific. 

Geology and soils 
The South Pacific countries span the zone of 
interaction between the Indian and Pacific tectonic 
plates. Both historical and recent volcanic and 
earthquake activity have contributed to present 
landforms and geologic features from which the soils 
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of the region have been derived (Ward and Proctor 
1980). Common soils are those formed on uplifted 
coral reefs, but sometimes improved with deposits of 
volcanic ash. It is on these soils that the majority of 
coconut plantations can be found. Soils fanned on the 
older volcanic deposits are often steep and eroded or 
highly weathered, and therefore of limited fertility. 
Recent volcanic activity gives rise to very fertile soils 
such as occur on the southern Vanuatu island of 
Tanna. Fertile alluvial soils may be found on river 
deltas such as the Guadalcanal Plains in Solomon 
Islands and on Viti Levu and Vanua Levu in Fiji. 

Steep dissected mountains of volcanic, metamorphic 
and sedimentary materials form the spine of Papua 
New Guinea, Solomon Islands and most Western 
Pacific countries, and render a large proportion of the 
land mass unsuitable for agriculture (Ward and Proctor 
1980). No coconuts are grown in these areas. 

Climate 
Temperature maxima and minima at coastal stations at 
low latitudes average 32-29°C in January and 29-23° 
in July (Ward and Proctor 1980). Coconut plantations 
are generally found at or near sea-level. Pasture 
production clearly will not be limited by temperature 
in these areas, but rainfall is generally the more 
significant climatic influence due to orographic and 
rainshadow effects. Extremely high rainfalls of 4500 
mm/year occur on the southern flanks of the central 
mountains of Papua New Guinea and Solomon 
Islands. In rain shadow areas, mainly on the north­
western side of the islands, precipitation may be as 
low as 1200 mm/year, with water deficit occurring 
between the months of May and October. In wetter 
areas, heavy cloud cover significantly reduces 
radiation and pasture growth, 

Agriculture 
The countries of the South Pacific are still largely 
dependent on land and agriculture for employment, 
food supply, social cohesion and, more recently, 



export earnings. Islanders were originally subsistence 
gardeners cultivating coconut and various root crops 
which fonned their staple foods. Following European 
and Asian settlement during the 19005, there was 
alienation of significant areas of land to foreign­
controlled estates initially for copra production. These 
larger estates led the way toward commercialisation of 
agriculture and, in many cases, export of commodities 
such as copra, palm oil, sugar, cocoa, coffee and 
fruits. Traditionally, livestock production has been 
based on the subsistence husbandry of pigs and 
chickens. While there is no tradition of ruminant 
animal production (except by Fijian Indians) there are 
now substantial numbers of ruminants in Pacific 
countries (Table I). 

Ruminant production is now promoted by all 
governments of the region, with the aim of promoting 
import substitution, improving the nutritional status of 
rural populations, and providing fanners with cash 
income (Bilong 1986). 

Table 1. Ruminant livestock numbers in some countries of 
the South Pacific. 

Cattle Buffalo Goats Sheep 

Cook Islands 200 3000 
Fiji 159000 59000 
Kiribati 
Solomon Islands 23000 2000 
Tonga 8000 11000 
Vanuatu 103000 12000 
New Caledonia 122000 19000 3000 
Western Samoa 27000 900 
Papua New Guinea 123000 1500 17000 2000 

Sources: Ward and Proctor 1980, FAO Yearbook 1987. 

Forages, Cattle and Coconuts 

Cattle 
The total number of cattle in the Pacific Island 
countries is approximately 565 000 head: Fiji 
(159000), Papua New Guinea (123000) and Vanuatu 
(103 500) have the largest populations (Table I). 

The first cattle, mainly dairy breeds, were introduced 
into the South Pacific region by missionaries in the late 
19th century, Subsequently, cattle became important 
for weed control in coconut plantations managed by 
expatriates. World War II had a devastating effect on 
cattle numbers, particularly in Papua New Guinea and 
Solomon Islands, but numbers began to increase 
rapidly in these countries during the 19608 and 19708 
with promotion and funding from local governments 
and international agencies (Shelton et a1. 1986). 
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Assistance was given in two fonns, firstly by 
establishing government-controlled nucleus cattle 
ranches, and secondly by promoting the ownership of 
cattle among indigenous smallholders. Smallholders 
were assisted with cheap credit, training, subsidies for 
fencing and pasture improvement, and with 
supervision by enthusiastic expatriate cattle extension 
officers. In Vanuatu, there was al so a number of cattle 
ranches run by expatriates, while in Fiji large numbers 
of cattle were kept for draught purposes by Indian 
cane-fanners. 

Approximately one-third of the total cattle 
population in the Pacific Islands is owned by 
smallholders. Almost everywhere, actual cattle 
numbers are much fewer than the projected numbers 
which were expected to result from various 
development schemes in the 1970s. This can be 
attributed to a number of factors. 

• Indigenous smallholders had no prior experience 
with cattle, with the result that their standards of 
animal husbandry were lower than expected. 

• Smallholders were encouraged to take part in 
commercial cattle production too quickly. and on 
too large a scale. There was no opportunity for the 
industry to evolve and consolidate. 

• Many projects were located at a great distance 
from potential markets, and sometimes on islands 
remote from abattoirs. 

• It was difficult for buyers to achieve a regular 
supply of adequate numbers of cattle, since 
smallholders tended to have many small herds in 
inaccessible areas. 

• Brahman cattle obtained from government ranches 
were sometimes wild and difficult to control. 

• Social status was attached to the ownership of 
cattle, and fanners were sometimes reluctant to sell 
(i.e. they were not commercially oriented). 

• Disputes over the ownership of customary land 
interfered with management. 

• Some smallholders encountered serious soil 
nutrient deficiencies which affected both pasture 
growth and animal nutrition. 

• There was a significant slaughter, which tlnally 
had to be limited by legislation, of breeding cows. 

As a result, some smallholder projects were 
abandoned and many had loan repayment difficulties. 
Projects were poorly managed and overstocked, 
resulting in loss of improved pasture species and 
serious weed infestation (Shelton et al. 1986). 

Coconuts 
The importance of the coconut in the Pacific Islands 
can hardly be overemphasised. Its significance to 
village people, particularly in atolls and outer island 
situations, is unlikely to change rapidly. The coconuts 
provide smallholders with a regular income which, 
while not a living, is a u;.eful supplement to other 



sources of family income. However, unless 
productivity is improved on estates and plantation­
mode smallholdings, its competitiveness with other 
crops will diminish even more (Ward and Proctor 
1980). 

Many coconut plantations are now old and past 
their most productive phase with little replanting of 
higher-yielding hybrids under way. Ageing coconuts 
are, however, very suitable for interplanting either 
with other cash crops such as cocoa and coffee or with 
forages for cattle production. Supplementary 
activities such as these are important not only to 
increase family income but also to offset fluctuations 
in copra prices. For these reasons, grazing of land 
under coconuts will become an increasingly important 
activity in the South Pacific. 

Forages under coconuts 
The major grazing resource in the Pacific region is 
natural forage under the ubiquitous coconut 
plantations. Cattle ownership by smallholders is 
largely under coconuts (especially in Solomon 
Islands. Vanuatu and Western Samoa). therefore 
programs designed to assist smallholders must direct 
their attention to this sector. Special advantages of 
the coconut-<:attle system are the contribution of 
cattle to weed control, the lower pasture 
establishment costs (no land clearing) and the 
availability of cash from copra sales which offsets the 
cost of setting up a small livestock enterprise 
(Shelton et a!. 1986). 

Historically, establishment and management of 
productive improved forages under coconuts have not 
been given high priority by cattle owners in the 
region. Managers of the large plantations in Solomon 
Islands and Vanuatu viewed cattle primarily for grass 
control under coconuts. Little attention was given to 
improved methods of husbandry or pasture 
improvement. Similarly, smallholders were 
constrained by a range of economic. social, marketing 
and expertise limitations and had neither the will nor 
the resources seriously 10 consider pasture 
improvement (Shelton et al. 1986). 

Government and aid donors. on the other hand. 
gave priority to pasture improvement. and supported 
substantial research programs in Papua New Guinea. 
Solomon Islands. Fiji and Western Samoa. 
Unfortunately. adoption of pasture technology by 
primary producers has been disappointing. The 
livestock industries in many countries currently are 
being consolidated. and increasing awareness of the 
importance of improved animal management, 
feeding and marketing will mean greater interest in 
pasture improvement in future. Currently. the major 
problem in the Pacific is the low level of adoption 
rather than an inadequate research effort (Sheiton et 
al. 1986). 
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Prospects for Increased Use of Forages 
under Coconuts 

From the foregoing discussion it can be seen that, 
historically. both cattle and coconut industries in the 
South Pacific have suffered from uneven development 
with a number of constraints hindering progress. It is 
also clear that the two industries must be better 
integrated to make profitable use of their inherent 
complementarity. 

An analysis is now given of the future prospects for 
improving forages in coconut plantations using as 
examples the contrasting experiences of Solomon 
Islands and Vanuatu. Beef production is languishing 
in Solomon Islands wilh cattle numbers down from a 
high of 23000 to around 8000 currently. and abattoirs 
unable to meet local demand for meat. In contrast. 
Vanuatu cattle numbers are rising, albeit slowly. the 
number of commercial producers is increasing, a 
small export industry of 1000 t meat/year is 
flourishing and confidence is rising. 

There are similarities and differences between these 
two countries which may help explain these 
apparently opposite outcomes. These are now 
discussed in relation to the prospects for introducing 
forages into coconut plantations. 

Availability of appropriate technology 
Both countries have received assistance from the same 
Australian institution with the development of 
appropriate pasture improvement technology under 
coconuts. The University of Queensland and private 
consulting companies. with support from Australian 
aid funds. conducted research into pasture 
improvement in Solomon Islands from 1973 to 1982. 
in Vanuatu in 1985, and then from 1988 to the present 
time. The thrust of the research was similar in both 
cases as work was directed primarily to finding new 
species for shaded environments, developing methods 
of pasture establishment, understanding soil fertility 
limitations to pasture growth. the identification and 
control of weed species, and the production and 
management of grazing animals. In both cases, the 
work was well publicised in pasture handbooks (Steel 
et al.. 1980; Macfarlane and Shelton 1986). 

Both countries suffer from a small number of 
nationals adequately trained in forage improvement, 
as well as in other areas of the cattle industry. 
Scholarships for overseas study have been provided to 
address this issue but limited local expertise remains a 
problem. 

Some differences in approach and in the situation at 
the commencement of the programs can be identified. 
In Solomon Islands, pasture research staff had no 
formal extension roles and were structurally and 
physically separated from the authority responsible 
for development of the cattle industry. This meant that 



there was little interaction between research and 
extension workers and producers. In Vanuatu, 
research and extension efforts are well integrated and 
pasture agronomists have regular contact with 
producers creating a three-way flow of information 
which appears to have promoted both understanding 
of local production systems and rates of adoption of 
new technology. Both large estate managers and 
smallholders show keen interest in pasture 
improvement. 

There are other differences. Pasture research 
workers in Vanuatu benefited from and built upon 
Solomon Islands experience. They brought with them 
an understanding of humid tropical natural 
ecosystems, soil fertility constraints and weed control 
measures. They were also surprised to find that a well 
adapted and extremely robust grass was already in use 
under coconuts. Buffalo couch (Stenotaphrum 
secundatum) was first widely planted 30-50 years ago 
in both estate and smallholder plantations. Its success 
is due to shade tolerance. its wide adaptation to the 
various soil types. a prostrate habit making it suitable 
for growing under coconuts, and a vigorous 
stoloniferous growth characteristic which ensures that 
it forms a relativelv weed-free sward, even under 
heavy grazing. In vi~w of the wide variety of weeds 
(e.g. Cassia tora) found under coconuts, this last 
characteristic is of great importance. 

The productivity and quality of buffalo couch was 
originally thought to be too low to fatten animals 
(Macfarlane and Shelton 1986). However, recent 
evidence from Vanuatu indicates that when it can be 
combined with naturalised high-quality legumes such as 
Desmodium canum and Vigna hosei, excellent 
Iiveweight gains can be obtained (B. Mullen, pers. 
comm.). More work is required to test the suitability of 
alternative persistent legumes such as the tree legume 
Leucaena leucocephala, the herbaceous legume 
Desmodium heterophyllum and the stoloniferous and 
rhizomatous accessions of the Arachis genus, for 
combining with buffalo grass. Moreover, other grazing­
tolerant grasses are required to provide plantation 
managers with greater tlexibility of choice of forage 
species for planting in different situations. 

Social and cultural values of cattle owners 
Some sociologists are concerned with the principle of 
introducing ruminants into the Pacific (R. Crocombe, 
pers. com;l.). They argue that while tbere is a long 
history and tradition of pig production in the Pacific. 
there is no tradition of or familiarity with ruminants. 
This factor is given as the main reason for the failure 
of many livestock projects in the Pacific, 

Solomon Islands and Vanuatu have differing 
histories in this respect. Dairy cattle were first 
introduced into Vanuatu in 1845 to provide milk to the 
missions and since that time there have been 
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continuing introductions from Australia and France of 
a variety of dairy and beef breeds (Weightman 1989). 
The consequence was a numerous and diversified 
cattle herd and greater familiarity of the indigenous 
people with cattle management. 

Currently, in Vanuatu, there is even a partial 
replacement of pigs by cattle in rural society on those 
islands where commercial opportunities exist. 
Several advantages of cattle over pigs were 
identified. Cattle are viewed as requiring less 
management than pigs, fit readily into existing 
coconut plantations, can be converted into cash when 
desired and are a very suitable source of meat for 
feasts at traditional ceremonial and custom occasions 
(1. Kamphorst pers. comm.J. The adoption of cattle 
by rural society has not occurred to the same extent in 
Solomon Islands. 

Another difference between the two countries is in 
the attitudes of the managers of the larger foreign­
owned coconut estates. In Vanuatu, there is a greater 
consciousness of the role of cattle as a source of 
additional income while in Solomon Islands, cattle 
have been primarily used for brush control. 

The differences outlined in this section can be 
related to historical differences but also to different 
current marketing opportunities. This latter aspect is 
discussed later. 

Animal husbandry 
The ,tandards of management of cattle under 
plantations in the Pacific have been poor and 
characterised by general neglect. 

In the smallholder sector there were often no 
stockyards; no selection, castration of bulls or culling 
of unproductive animals and therefore no control of 
breeding; no separation of different classes of stock, 
and no sub-division fences; and no permanent stock 
water supply or pasture improvement. Under these 
conditions, it is impossible to have animals in good 
condition for slaughter (Weightman 1989), 

In the estate sector, although plantations were 
subdivided into a number of paddocks, the strategy 
was directed at improving coconut collection. Cattle 
were moved ahead of coconut gatherers and grazed at 
very high stocking rates to clear and trample grass and 
weeds as much as possible. 

Programs directed at improving the standards of 
animal husbandry in both Solomon Islands and 
Vanuatu have been supported by foreign aid from 
Australia and British development assistance sources, 
respectively. These programs appear to have been 
more effective in Vanuatu where the extension 
activities of the Department of Agriculture, and in 
particular its Livestock Service, have significantly 
mised the standards of cattle and pasture management 
in both smallholder and larger plantation sectors 
(Weightman 1989). 



Land tenure 
There are many diverse systems of tenure of land in 
the Pacific although most were originally devised to 
suit the needs of subsistence agriculture rather than 
those of commercial agril.:ultural production 
(Crocombe 1987). The situation was complicated 
between 1850 and 1900 when European settlement 
alienated substantial areas of land. Currently. most 
countries have introduced land refom1 measures in an 
attempt to meet the needs of modern agricultural 
production. Vanuatu. while still struggling with the 
problems of land reform. has developed a successful 
system of long-term leases for expatriates wishing to 
farm previously alienated plantations. In some cases, 
leases were granted while the issue of land ownership 
was still being investigated. 

The overall result of this enlightened approach is 
that Vanuatu has a core of innovative expatriate 
plantation and estate cattle managers who, in the past, 
have provided the majority of cattle for slaughter in 
abattoirs. This has ensured a relatively reliable supply 
of slaughter animals and ensured the early viability of 
the industry. In the meantime. Ni-Vanuatu managers 
have slowly improved their expertise and their 
contribution to the commercial viability of the 
industry. Ultimately it is expected that the majority of 
animals for slaughter will come from Ni- Vanuatu 
properties. 

Marketing 
The commercial marketing of livestock in the Pacific 
Islands is limited by a number of difficulties. Animals 
are spread in small numbers over many islands, so that 
transport to abattoirs requires a complex infrastructure 
of buyers, holding yards and inter-island barge 
transport. Effective systems are few, and usually 
depend on foreign aid. 

Most Pacific countries have abattoirs. However, 
these are necessarily near major population centres, 
and it is difficult for smallholders from outlying 
islands to gain access to them, even though prices 
offered at abattoirs are generally higher than those 
obtained locally. Consequently, abattoirs are usually 
underutilised and barely profitable while many 
animals are slaughtered using bush slaughter methods. 
Increased commercial ruminant production by 
smallholders, coupled with improved marketing 
methods, would improve the efficiency and 
profitability of abattoirs. 

Again Vanuatu has had greatest success in 
overcoming the limitations outlined above. The 
Livestock Service has worked hard and successfully 
to encourage the participation of smallholders in the 
commercial industry. This has been achieved by 
provision of animal collection points and barges to 
outlying islands and remote areas to encourage sale of 
store animals for fattening on better quality pastures 
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close to abattoirs. In this way, structural integration of 
the industry is being achieved. An integral aspect of 
this marketing strategy is a system of graded 
payments providing financial incentive for young, 
properly finished animals. 

A recent development in Vanuatu is private small­
scale cattle collection and transportation on the island 
of Santo. Small trucks and cattle-crates suppl ied by 
private entrepreneurs, but encouraged by judicious 
government assistance, ensure that smallholders get 
their animals to market. 

Conclusions and Future Directions 

Cattle numbers have increased dramatically in the 
Pacific region this century. Over the past 20 years 
indigenous smallholders have become increasingly 
involved, but with variable success. Significant pasture 
research has been carried out, but the level of 
successful adoption of pennanent improved pastures 
remains disappointingly low, although awareness of 
the importance of improved pastures to animal 
productivity is increasing. The outlook for the cattle 
industries is relatively optimistic, with the possible 
exception of Solomon Islands, and governments are 
proceeding with plans for further inputs to the industry 
10 achieve self-sufficiency and, in some cases, develop 
export markets. As the Pacific economies improve, 
demand for beef can be expected to increase. 

There is a need for assistance and progress in several 
sectors of the industry, to ensure that the incentive for 
pasture improvement is not limited by other factors. 
For instance, herd management and cattle husbandry, 
marketing infrastructure and credit facilities are often 
limiting and should receive appropriate attention. 
Without such balanced development farmers cannot be 
expected to adopt improved forages. 

It is clear from experiences to date that future 
research should aim to provide simple and robust 
systems suitable for indigenous smallholders with 
only recent experience of pasture and cattle 
management. Systems such as those developed with 
Stenotaphrum secundatum in Vanualu should be 
tested more widely in the region. There is a need to 
collate and integrate all existing, often fragmented 
information on species performance and soil fertility 
data for the benefit of all countries in the region. 
Species introduction and evaluation and soil fertility 
testing will continue to be research priorities, as 
management of poorer soils is likely to involve choice 
of adapted species rather than fertilizer addition, al 
leasl in the short term. Further investigation of the 
utilisation of naturalised legumes such as Leucaena 
leucocephala and Desmodium heterophyllum and new 
legumes such as Arachis species should be given 
priority because of their demonstrated productivity 
and persistence in shaded environments. 



The problem of poor adoption of improved pastures 
by primary producers must be faced. Research 
workers must work more closely with extension 
officers and innovative farmers to ensure that research 
emphases are realistic and that extension 
recommendations are practical and appropriate. 

The low number of nationals in pasture agronomy 
and their lack of expertise are also serious limitations 
to further development. There is clearly justification 
for direct technical assistance to meet short-term 
needs and for training assistance to increase local 
competence. This may take the form of workshops, 
study tours, regional seminars or tertiary study. In this 
way the potential for greater integration of forages and 
cattle under coconuts may be realised. 
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Forages for Plantation Crops in Sri Lanka 

L.V.K. Liyanage* 

Abstract 

The greatest potential for integration of animals and plantation crops in Sri Lanka exists in young 
rubber and mature coconut plantations. Despite experimental evidence of the suitability of improved 
pasture species for integration into these plantation areas. only a small proportion of the land 
available for forage production has so far been planted to improved species. \'fajor constraints for 
forage development are low income from dairying compared with cash crops, high initial capital 
investment, scarcity of land due to competition from other enterprises, slow rate of development of 
forage programs and seasonality of forage production in certain climatic zones. Strategies must be 
developed to improve forage-livestock production through strengthening research extension work 
and improving farmers' skills. 

SRI LANKA has a population of 16.5 million and is a 
tropical island located between latitude 5° 55' Nand 
9° 51' N. TopographicaUy, the island has a crown of 
mountains rising to 2000-2400 m in the south-central 
region which is surrounded on all sides by fairly flat 
lowlands. The three major agroclimatic zones are the 
wet zone (> 1875 mm annual rainfall with highest falls 
during May to September), the intermediate zone 
(1500-2000 mm annual rainfall) and the dry zone 
(875-1875 mm annual rainfall). Major soil types are 
alfisols, ultisols, oxisols, histosols, vertisols and 
various entisols. Soil acidity is widespread in many 
parts of the country. 

Of the total land area of 6,6 million ha, almost I 
million ha are under plantation crops. Tea plantations 
(222000 ha) are grown up to an elevation of nearly 
2300 m. Rubber plantations (200 000 ha) are situated 
mostly in the low country wet zone and are grown up 
to an elevation of 700 m. Coconut (416000 ha) is the 
most widely cultivated plantation crop and is second 
only to the paddy crop area of 865 000 ha (Anon, 
1989). Coconuts are grown up to an elevation of 
1000 m in the low-country wet and intermediate zones 
and to some extent in the dry zone wherever facilities 
for irrigation exi~t. 

Tea is the major export crop with an annual 
production of 227 million kg and export earnings of 
Rs 12 299 million (Anon. 1989). The tea industry is 
operated predominantly on an estate basis with more 
than 80% of estates more than 5 ha in size. Rubber is 
Sri Lanka's second-largest export earner with an 
annual production of 122 million kg and exports of 99 
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million t amounting to Rs 3706 million, Smallholders 
own about 70% of the rubber-growing land in the 
country. Coconut constitutes the third-largest export 
of Sri Lanka, although about 70% of the total coconut 
production is used for domestic consumption. Of the 
annual production of 1933 million nuts, only 224 
million are exported with earnings of Rs 1538 million. 
The smallholdings comprise nearly 85 ck; of the total 
coconut area. It has been estimated that nearly 70% of 
the coconut area of 200 OOOha} has the potential for 
successful intercropping. Although coconuts thrive 
well in all parts of the low country, about 70% of the 
coconut area is concentrated in the 'Coconut Triangle' 
formed by districts of Colombo, Gampaha, 
Kurunegala and Puttalam where almost 40% of the 
indigenous cattle population is located, 

Like many other developing countries, Sri Lanka is 
not self-sufficient in I ivestock production. In 1982, the 
ruminant popUlation was approximately 1.7 million 
cattle, 0.9 million buffalo, 0.5 million goats and 0.03 
million sheep (Anon, 1985). More than 70% of these 
animals are located in the lowland dry zone. National 
milk production is around 450000 L/day, which 
supplies approximately half domestic consumption 
(Rajaguru 1986), The majority of dairy farmers are 
smallholders with 1-2 milking cows kept as a 
subsidiary occupation to supplement income. Milk 
production in smallholdings is based on cut-and-carry 
systems but productivity is relatively low as a result of 
poor management. 

Natural grasslands occupy 4% of the total cultivable 
land of the island. However, other areas (e.g. coconut 
plantations) also contribute significantly to the 
available forage resources (Table I). Of the 
700 000 ha of forage resources, only 17 000 ha are 
planted to improved forage species. In fact, one of the 
main causes of low production of the local livestock 



herd is poor nutrition due to shortage of forage. If this 
shortage is to be overcome, a further 200 000 ha of 
improved forages need to be planted. Unfortunately, 
land development projects (e.g. Mahaweli Diversion 
Scheme) have removed some of the more fertile land 
previously available for forage production. In other 
instances, high-value crops with export potential have 
emerged, which has changed land-use patterns. 

Table I. Forage resources in Sri Lanka. 

Fanning system 

Non-irrigated highlands in the dry zone 
Yillu and similar lands in the dry zone 
Coconut plantations 
Marginal tea land in the mid-country 
Hill country tea estates 
Patna lands in the hill country 
Herbage from paddy fields 
Roadsides, etc. 
Other areas fonning part of mixed fanning 
homestead systems in the wet zone 

Total 

Source: Siriwardena and Clarke (1986). 

Area (ha) 

325000 
HO 000 

140000 
40000 
4500 

55000 
30000 
5500 

20000 

700000 

Forage Opportunities in Plantations 

Tea 
Opportunities for forage production in tea plantations 
are limited. Forages are used for soil amelioration 
during the replanting phase, for soil conservation 
between the tea bush rows and as shade trees for tea. It 
is established practice to rehabilitate old tea lands by 
planting either Guatemala grass (Tripsacum laxum) or 
Mana grass (Cymhopof(on confertij7orus) for a period 
of 18 months to recondition the soil before replanting 
the area to tea (Sandanam et al. (1987). While these 
grasses are well suited for soil amelioration, they are of 
poor feed quality. The practice of growing leguminous 
covers such as Crotolaria spp., Stylosanthes f(uianensis 
or Desmodium ovalifoluim in the interrow spaces is 
beneficial for conserving soil. Gliricidia sepium serves 
as a valuable shade crop and green manure as well as 
for soil conservation. Trees are lopped prior to dry 
periods and spread over the soil to conserve moisture. 
While forages are used in tea plantations, their use and 
management is primarily directed at soil ;;onservation 
and the requirements of the tea crop. 

Rubber 
It normally takes 6-7 years for new rubber plantings 
to attain the tappable girth of 50 cm. Unless 
intercropped in some manner, the land is unproductive 
and is an economic burden to the grower until tapping 
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commences. The present method of avenue planting 
of rubber with wide row spacings (lam) facilitates 
cropping of interrows until the developing rubber 
canopy at about four years of age begins seriously to 
limit production. Vacant patches in mature rubber 
plantations caused by loss of trees from White-root 
disease (Rigidoporus lignosus) constitute about 8% of 
the total land under rubber in Sri Lanka (Liyanage 
1978), and forage cultivation in these patches would 
be possible. However, the smallness of these patches 
and their wide scatter in plantations suggests that 
fodders for cut-and-carry feeding rather than for 
grazing are more appropriate. 

As much of the rubber is planted on steep slopes, 
annual cropping is often not possible. The creeping 
cover-crop legumes puero (Pueraria phaseoloides), 
centro (Centrosema puhescens), Calopogonium spp. 
and Desmodium spp. are widely used and these are 
also good forage crops. There is a need to integrate 
these with compatible grasses. Some investigations 
into the suitability of various forage grasses and 
legumes have been carried out by Waidyanatha et al. 
(1984), who reported results of a study of zero-grazed 
pasture over six years in immature rubber. The grasses 
Panium maximum (Guinea B), Brachiaria hrizantha 
and Brachiaria miliiformis were planted alone or in 
mixtures with the two legumes puero and centro. 
Yield declined sharply as light transmISSIOn 
decreased, especially after the fourth year. Guinea B 
grown alone out yielded both Brachiaria species while 
B. hrizantha yielded significantly more than B. 
miliiformis in the third and fifth years. Guinea 
B-puero was the outstanding mixture and it 
out yielded pure Guinea B as well as the Guinea 
B-centro mixture. 

In another experiment, three grasses, Guinea B, B. 
hrizantha and napier (Pennisetum pUl'pureum) were 
cultivated alone or in combination with four legumes, 
puero, centro, and stylo (Stylosanthes guianensis) cv. 
Schofield and cv. Oxley. Of the mixtures, the highest 
yields were obtained from the two napier-stylo 
associations, but no mixture significantly out yielded 
the pure grass treatments. Legume component yields 
were much higher for the stylo cultivars than for puero 
or centro. The highest legume content was in the 
Schofield stylo-Guinea B association (33%) and the 
lowest in the puero-Brachiaria mixture (4%). 

Dissanayake and Waidyanatha (1987) investigated 
the competitive effect of ten grasses and an uncut puero 
cover crop on the growth of young rubber trees. The 
average yield for all species was about 8 !/ha/year for the 
whole period, with Guinea A and Guinea B yielding the 
highest (\0 t/ha/year) and Green panic (Panicum 
maximum cv. Petrie) yielding the lowest (6 t/ha/year). 
Both height and girth of trees were reduced when crops 
were planted 1.0 m away from trees compared with 
1.5 m. With regard to tree height and girth, B. hrizantha, 



B. decumhens and Guinea B were the most competitive 
whereas Paspalum. Setaria, Green panic and B. 
miliiformis were the least competitive. Guinea A, napier 
and B. ruziziensis were moderately competitive. It 
seems unlikely that competition is a major limitation 
when considering the economic feasibility of forage 
production under young rubber. 

Coconut 
The majority of coconut lands in the wet and 
intermediate zones is suitable for forage growth and 
already there are several species of native grass 
growing under these plantations. Most are weed species 
giving a low herbage yield of poor quality which 
supports only a low carrying capacity of around 0.4 
cattle/ha. In 1955, the Coconut Research Institute of Sri 
Lanka pioneered research on improved forage 
production under coconut. Satisfactory pasture growth 
can be obtained under new plantings up to the fifth to 
eighth years and again from about 20 years onwards in 
mature stands spaced 7 m apart or more. The effect of 
the fertilised grasses Brachiaria hrizantha. B. 
miliiformis and Guinea B on coconut yield was 
investigated by Santhirasegaram (1966a). Brachiaria 
hrizantha and B. miliiformis gave a coconut yield 
increase of 235 and 545 nuts ha/year respectively, 
while Guinea B caused a reduction of 245 nuts/ha/year. 
Herbage yield of Guinea was twice as high as those of 
the two Brachiaria spp. and resulted in heavier 
competition for nutrients. In another experiment, a B. 
hrizantha pasture reduced nut yields by 13% when 
manuring was not done (Santhirasegaram I 966b). 
Because of its shade tolerance and lower 
competitiveness, B. miliiformis has been recommended 
for coconut plantations since 1967. Fertilizers 
recommended for B. miliiformis are (in kg/ha) 50 N, 25 
P and 50 K, applied in two split applications at the start 
of each monsoon (Appadurai 1969). For fodder grasses, 
half this dose has been recommended immediately after 
each cut. In addition, palms have to be manured 
separately with 3 kg of adult palm mixture fertilizer. 

A number of new forage species has been introdueed 
and Brachiaria dic(yoneura produced 40% more 
herbage than B. milii/ormis (Table 2). It also responded 
well to added nitrogen. Another desirable characteristic 
observed in B. dictyoneura was its high degree of 
drought tolerance. It was also more than 50% digestible. 
Some of the other promising species are green panic and 
Panicllm maximum cv. Hamil for cut-and-carry 
systems. Pangola grass (Digitaria decumhens) is well 
suited to areas with a light transmission of more than 
85%, particularly where sheep are reared. However, this 
grass is not very shade-tolerant and has not persisted in 
more shaded grazed pastures. 

The beneficial effects of legumes in pastures have 
been well established. The main difficulty with 
legumes is their lack of persistence. Calopo 
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Table 2. Productivity of various grasses grown for three 
years under coconuts at two levels of nitrogen. 

Yield (kg D:vt/ha/year) 
Species 26 kg/ha N 52 kg/ha N 

---

Bracliiaria mili(formi.l' 
Brachiaria hri:antlia 
Bracliiaria dictvoneura 
Braciliarill ru:i:ien.l'is 
Digitarill decumhens 
Panicum maximum cv. Petrie 
Panicum maximum cv. Guinea B 
Setaria sphacelata 
Pusa giant NB 2 I 

761 I 
8550 

10392 
7342 
6434 

655 
7119 
7407 
4705 

7920 
9397 

I1 317 
7636 
701 I 
7744 
7997 
8862 
5449 

LSD (P<O.Ol) between species = 1045; LSD (p<O.05) 
between levels of N 494. 
Source: Ibrahim and Ferdinendez (1984). 

(Calopogonium mucunoides) is sometimes used as a 
pioneer legume in mixtures with centro or puero to 
give early cover, but this legume has low palatability, 
is short-lived and has poor drought tolerance. Centro is 
deep rooted, has a high degree of drought tolerance, 
and is able to produce more than 10 t/ha/year of dry 
matter under coconuts. It also mixes well with 
Brachiaria spp. and is adapted to many soil types. It is 
readily accepted by ruminants. Puero grows on a wide 
range of soils but prefers heavy soils in the high 
rainfall areas. Apart from its forage value. it has served 
very effectively in the conservation of soil and 
moisture coconut lands with large additions of leaf 
litter amounting 10 8-10 !/ha/year. Siratro (Macro­
pi ilium atropurpureum cv. Siratro), being deep-rooted, 
has good drought tolerance and is suited particularly to 
dry areas. It has produced around 10 t/ha/year of dry 
matter with satisfactory yields of leaf litter. It has 
mixed well with Brachiaria pastures, particularly B. 
hrhantha, under coconuts. A problem with siratro is its 
low productivity and susceptibility to Rhi:oc/ol1ia leaf 
rot in the wet and intermediate wnes. The suitability of 
stylo and Desmodium spp. for coconut areas is still not 
conclusive and wider testing is needed. 

The use of nitrogen-fixing trees as mUltipurpose 
trees in coconut plantations has received increasing 
attention in recent times. Several trials have been 
conducted to study their growth and yield performance 
and their specific uses under various management 
conditions. The most widely studied tree legumes are 
gliricidia (Gliricidia sepium) and leucaena (Leucaena 
leucocephala). Gliricidia and leucaena, planted 2.0 x 
0.9 m in double rows in mature coconut plantations 
and lopped at three-monthly intervals, produced 7-10 
t/ha and 12-16 t/ha green matter and 8-15 t/ha and 
14--20 t/ha fresh firewood during the first and second 
years of planting at four sites in the Coconut Triangle 
(Liyanage and Jayasundera, 1987). 



In the intennediate zone, an integrated fanning 
system of 0.8 ha was established in a 45-year-old 
coconut stand, planted at 137 palms/ha (Liyanage et al. 
1989). The area was divided into six paddocks. One 
served as a control, while the other five were planted 
with rows of leucaena and gliricidia (2500 trees/ha) and 
a mixture of B. miliij<mnis and puero. Along the 
boundary fence, leucaena and gliricidia were planted 
alternately I m apart. Coconuts in the control plot 
received (kg/tree/year) 0.8 urea, 0.6 superphosphate 
and 1.6 muriate of potash while those in the other five 
paddocks received 0.75 muriate of potash and 0.18 
superphosphate. One year after planting, four 6-monlh­
old Jersey x local cross-bred heifers were introduced to 
the experiment. A 30-day rotational grazing system was 
used in the five paddocks. In addition to the feed from 
the pasture, cattle were fed with gliricidia and leucaena 
leaf of up to 5 kg fresh leaf/head/day. During dry 
periods, urea-treated rice straw was fed at 4 
kg/head/day (160 g urea/animal/day). Copra yields in 
the integrated system were similar to that of the control 
plot. Three years after establishment of the system there 
was no drop in critical nutrient levels in coconut leaves. 
It appeared that the total nitrogen requirement was met 
by the addition of urine and dung from the cattle. The 
actual nutrient returns from the dung and urine 
(kg/palm/year) amounted to 0.8 N, 0.1 P and 0.7 K. 

In the control plot (monoculture system), a total 
expenditure of Rs 8.10/palm/year was made for 
inorganic fertilizers. In the integrated system, the 
nitrogen was provided by dung and urine. and only Rs 
2.49/palm was spent on fertilizer. This clearly 
demonstrated that the integrated fanning system 
resulted in a saving of 69% on the cost of inorganic 
fertilizer while increasing the productivity of the 
fanning system. Average daily Iiveweight gain of the 
heifers was 306 g/head during the first year. 

In another feeding trial, gliricidia leaves were fed 
with B. miliiformis at a ratio of 50:50 to Jersey x local 
heifers and produced daily liveweight gains of 700 g 
during the wet season (Liyanage and Wijeratne, 
1987). Chadhokar and Lecamwasam (1982) also 
found that gliricidia could be used successfully as a 
high-protein supplement. 

Constraints for Forage Development 

Despite government assistance for forage development, 
only 17000 ha are planted to impro'led forages. The 
area under plantation crops (particularly coconuts) 
which could be used for forage production is not fully 
utilised. The relatively slow progress is largely due to 
the following economic, social and technical 
constraints facing the growers (Liyanage 1989). 
• Fanners produce very little of their own forage. 

They are reluctant to grow forage on their own land 
as their priority is for food and cash crops. Many 
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fanners do not have their own land for cultivation. 
• Competition from other enterprises, various land 

development projects, sudden changes in policies 
towards high-value crops with export potential 
results in the unavailability of land for forage 
production. 

• The income from dairying in tenns of land and 
capital invested is generally lower than that from 
crops. 

• The task of changing the attitude of the fanner and 
promoting better forage management is a 
fonnidable one, as animals generally are a sideline 
to fanning operations. Also. when forages are 
introduced, the paddy fanners expect the same 
growth rates obtained for paddy and when this is 
not evident, they lose interest. 

• It cannot be tried out by the fanner on a small scale 
as can other crops. 

• High initial capital investment is required (cows, 
sheds. etc.). 

• Farmers have been heavily dependent on 
concentrate feeding which, with the escalation of 
feed prices, has become uneconomical. 

• Slow progress in herbage development programs has 
resulted in the continuing use oflow-quality forages. 
Many farmers who have planted improved forage 
under assistance schemes do not show sustained 
interest, and their plots show evidence of neglect. 

• Planting materials (cuttings and seeds) are not 
readily available to the fanner. The current 
production of seeds is concentrated in the private 
sector and the level of production is largely 
detennined by advance orders. 

• Forage production is seasonal due to the bimodal 
rainfall pattern in the intennediate and dry zones. 
Forage conservation programs are insufficient. 
Silage preparation in pit silos has limitations for fann 
use. Haymaking is difficult as the time of surplus 
forage which would be available for conservation 
coincides with the period of high rainfall. 

• Lack of strategic development centres and 
extension services. The links between researchers, 
extension workers and fanners have been poor. 

• Capacity development for forage research has been 
inadequate. 

• There has been a rapid diminution in the funding for 
research with the result that there is inadequate 
maintenance of research-related supporting services. 

Future Research Priorities 

The constraints identified above call for research on 
both biological and socio-economic aspects. and the 
development of an efficient extension service in order to 
make these forage production systems more productive. 
economically adaptable and successful. The following 
priority areas are suggested for future research. 



• Improvement of pasture grasses, fodders and 
legumes through selection of varieties specifically 
adapted to the various climatic and soil conditions; 

• further study of nutrient uptake and recycling in 
forage-plantation systems (particularly coconuts); 

• further research into establishment. compatible 
mixtures and management techniques for forages; 

• the agronomic requirements of nitrogen-fixing 
tree crops when they are grown in plantation crops 
need to bc standardised, and the production of tree 
legumes in waste lands and fences should be 
promoted; 

• research is needed on concentrate mixtures to 
address and alleviate deficiencies in forage quality; 

• development of simple and economical methods of 
forage conservation is required; and 

• active research on all aspects of integration needs 
to be initiated. 

• It is of the utmost importance to realise that the 
prime objective of efforts should be to develop the 
skills of the farmer, rather than to concentrate on 
improving the farm. Concurrently, the links 
between the researcher, extension worker and the 
farmer need to be fortified. 

Agricultural development in Sri Lanka has been 
moving from predominantly rainfed extensive cropping 
to intensive irrigated cropping, from monocropping to 
multiple cropping, and from pure cropping systems to 
integrated crop-livestock production systems. The 
future of the forage- livestock industry depends to a 
large extent on how successfully this subsector will be 
able to co-exist with the changes that are taking place in 
the entire agricultural sector. 
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