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ln1proving 
the productivity 

of rubber 
agroforestry systen1s 

1 ndonesian rubber, which is primarily pro-
duced by smallholders (75% of produc-
tion) is grown on over 2.5 million 

hectares in a highly extensive manner: 
complex rubber agroforests (84% of the total 
area planted to rubber) . These rubber agro-
forests Gungle rubber) are the main source 
of incarne for more than 1.2 million small-
holders. Nowadays, this farming system is no 
longer economically viable. Under gov-
ernment projects, only 15% of these small-
holders have had access to technical 
innovations (clones, fertilization and exten-
sion) . 

It has therefore become necessary to 
improve the productivity of these agro-
forests, whilst preserving agroforestry prac-
tices. These practices need to enable: 
• diversification of incarne with revenue 

from wood, fruits and other traditional 
forest products, 

• increased rubber production by limiting 
the work time required for upkeep, 

• maintenance of a sustainable system in 
environmental terms, or even improve-
ment and rehabilitation of extremely 
degraded land, such as Jmperata grass-
lands. 

The Project 
The purpose of the study was to compare 
several rubber-based farming systems man-
aged on a more or Jess intensive basis on 
smallholdings, and to ensure the produc-
tion of selected planting material by setting 
up and supervising budwood gardens. 
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The main two partners behind this SRAP 
project (Smallholder rubber agroforestry 
project) are GAPKINDO and ICRAF. 
Moreover, the SRAP has developed co-
operation with some local projects. 
Particularly involved in these projects are 
GTZ for the SFDP (Social and forestry 
development project) in West Kalimantan, 
and the Pro-Rlk (Critical land rehabilita-
tion project) in West Sumatra, certain 
private partners (Goodyear in North 
Sumatra, PT Finantara Intiga), research 
organizations such as BPPS, IRRl's 
Sembawa rubber research station in South 
Sumatra, and CRIFC in Bogor (Foodcrops 
Research Institute of Bogor). Lastly, 
CIRAD-CP is working with CIRAD-TERA 
on farming system characterization and 
technical-economic monitoring of planta-
tions. 

Smallholder trial 
network 
The RAS (Rubber Agroforestry Systems) 
research programme is based on on-farm 
trials taking a participatory approach and 
involving several types of RAS at variable 
degrees of intensification. A network of 
trials was set up in three provinces, 
West Kalimantan, Jambi and West Sumatra 
(100 trials, a smallholding is equal to one 
replicate with several plots according to 
treatments). This network sought to test a 
certain number of technical hypotheses 
under natural conditions, based on three 
agroforestry systems (RAS 1, 2 and 3) with 
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increasing levels of intensification in terms 
of inputs and work, depending on the 
strategies of the different communities 
and ethnie groups covered by the project 
(Dayaks and Javanese transmigrants 
in West Kalimantan, Minangs in West 
Sumatra and Malayus in Jambi). 

RAS 1 type 
RAS 1 is jungle rubber, where a single 
modification is made to the system: the 
Hevea seedlings traditionally used are 
replaced with clones adapted to these 
particular growing conditions, where 
Hevea is in competition with natural for-
est regrowth (photo). This agroforestry 
system can only be practised in non-
degraded planting or replanting zones, 
with sufficient environmental biodiversity, 
such as secondary forests of the fruit and 
timber agroforest, or old jungle rubber 
type. The trees intercropped with Hevea 
are therefore derived from natural forest 
regrowth, some of which will subsequently 
be selected by the grower. In the 
provinces of West Kalimantan and Jambi, 
upkeep along the planting row is suffi-
cient to ensure normal rubber tree 
growth. Slashing and hoeing frequency 
depends on the existing vegetation, but 
upkeep limited to four rounds in the first 
year is sufficient for zones with little 
Imp erata invasion. Under such condi-
tions, rubber tree growth is comparable 
to that in a monoculture, as natural 
regrowth encourages rubber tree growth, 

Spotlight on tree crops 

by helping to contrai grasses and main-
taining soi! moisture , which promotes 
good striking of young plants. 

Likewise, the trials reveal the good 
growth of PB 260 and RRIC 100 (table l); 
BPM 1 and RRIM 600 have significantly 
slower growth. PB 260 thus confirms 
excellent growth under agroforestry con-
ditions. Clone growth is better than that 
of plants derived from seedlings. 

Lastly, in Jambi , no significant differ-
ence has been found between plots with 
fertilization and the fertilizer-free con-
trai. This indicates the good relative 
fertility of the piedmont soils in that 
province. 

RAS 2 a nd RAS 3 types 
RAS 2 and 3 are complex agroforestry sys-
tems, where the elements of the rubber 
tree and intercropped tree combination 
are chosen from the outset. There is 
therefore Jess biodiversity, which depends 
on the economic interest of the inter-
cropped trees selected by the farmer, 
comprising fruit and timber trees. 
Planting densities are 550 rubber trees/ha 
and 150 to 250 trees/ha for the inter-
cropped trees. Such a structure makes it 
possible to stagger different productions 
over time: rubber between years 5 and 35, 
wood for paper pulp between years 6 
and 10 (fast growing trees) , fruits 
between years 10 and 50, then wood 
between years 40 and 50 (slow growing 
trees). 

Photo. 
Hevea clone under 
forest regrowth 
conditions. 

For RAS 2, in transmigration zones or 
when land is extremely limited , and in 
severely degraded zones, the intercrops 
are grown for the first three or four years 
of the rubber tree immature period. The 
major challenge here is to maintain rice 
production at a level that is compatible 
with good work output and a minimum of 
inputs and risks over several years run-
ning. This is the most intensive system. In 
West Sumatra, trials have been set up 
under marginal conditions for rubber cul-
tivation (slope, height above sea level). 
Minang smallholders have grown succes-
sive annual crops surrounded by 
Flemingia hedges. They have succeeded 
in overcoming these environmental diffi-
culties and the rubber trees have shown 
remarkable growth (8 cm/year), which 
confirms the important raie of this crop 
for developing marginal zones. Phosphate 
fertilizer, or NPK compound fertilizer sig-
nificantly improves rubber tree growth by 
16% and 39% respectively, compared to 
the contrai (table 2). 

Intercropping with annual crops, espe-
cially rice, which are fertilized, improves 
rubber tree growth by 9%. This result 
clearly shows the merits of fertilization in 
correcting the severe P and N deficiencies 
in the soils of West Sumatra. PB 260 
growth is inferior to that of polyclonal 
seedlings, well-developed at the time of 
planting. Thus, seedlings can achieve good 
growth if strict culling is carried out in 
the nursery. However, for use on small-

Table 1. Circumference at 3 years depending on environmen-
tal conditions (cm). 

PB 260 
RRIC 100 

BPM1 
RRIM 600 
Seedlings 

Table 2. Effect of fertilization on 
circumference at 3 years and 2 months 
(cm). 

No fertilization 1 20.6a 
Natural phosphate 1 24.0b 
NPK 1 286c 

Jambi West Kalimantan (2 sites) 

34.6 a 26.Sa 29.0a 
31.6 a 1 25.7a 
33.9 a 1 212b 27.0a 
32.1 a 1 21 .6b 27.0a 
27.0 b 1 15 Sc 



holdings, this strict selection constraint is 
a handicap. Fruit trees planted between 
the rubber tree rows do not have any neg-
ative effect on rubber tree growth. 
Grasses are generally more effectively 
controlled by the shading effect of the 
intercropped trees. Durian is often the 
favourite choice of smallholders, but it 
grows very slowly. For rapid additional 
income, only rambutan and bread-fruit 
trees start to bear at three or four years. 
Lastly, annual crops with or without fertil-
ization do not have an effect on rubber 
tree growth, contrary to observations in 
West Sumatra. The fertility of the soils in 
Sumatra is moderate, but fertilization is 
necessary in Kalimantan to ensure satis-
factory yields. 

In RAS 3, growers do not wish to grow 
intercrops for various reasons: Jack of a 
market, an average level of intensification 
is sought, limited labour availability. In 
this case, the challenge is to set up a sys-
tem of plants that will provide good cover 
and soi! protection, with minimum upkeep 
in the first year and little or no upkeep 
thereafter. Such a combination calls 
for non-climbing, more or less self-
regulating cover crops (Flemingia 
congesta, Crotalaria, Setaria ... ), or 
even cover crops that improve the low 
initial fertility of the soi! (Chromolaena 
odorata), combined with bushy shade 
plants (Leucena leucocephala, Gliricidia, 
Calliandra ... ) or fast-growing trees 
(Acacia mangium or Gmelina arborea 
type) . RAS 3 can also be considered in a 
strategy against Imperata to rehabilitate 
Imperata grasslands. In West Kalimantan, 
Pueraria gives satisfactory results. The 
other plants, such as Crotalaria and 
Flemingia only partially control 
Imperata. Mucuna disappears too quickly 
and needs to be combined with Pueraria 
to guarantee effective weed control. 
Imperata and Chromolaena significantly 
affect rubber tree growth (- 18% compared 
to Pueraria, table 3). The results between 
plots are highly variable given the flora 
composition and weed development. 
Chromolaena plots are often mixed with 
Jmperata and the negative effect on 
rubber tree growth cornes from the 
Jmperata. 

Gliricidia helps in controlling Jmperata 
but requires frequent pruning. Fast-
growing trees effectively control Imperata . 
Acacia mangium is the most efficient from 
two to three years onwards. However, its 
vertical growth means that it has to 
be eliminated before four years, 

as it starts competing with rubber. 
Other species, Gmelina arborea and 
Paraseriantes falcataria (albizzia), give 
variable results due to modest growth and 
an insufficiently developed canopy. 

The network 
of smallholder budwood 
gardens 

The cost of planting material amounts to 
approximately a third of investment 
expenses during the RAS immature 
period. It is traditionally considered that 
planting material production should be 
specialized (projects or nurserymen). 
Methods for planting material propaga-
tion by smallholders are being tested on 
smallholdings by setting up smallholder 
budwood gardens managed by the commu-
nity, whilst nurseries remain separate. 
Budding courses and technical informa-
tion on nursery management are provided 
for growers. An attempt is being made to 
identify constraints, which are mostly 
social, that are likely to prevent the devel-
opment of this activity. The budwood gar-
dens were set up between 1995 and 1996. 

Caracterization 
of farming systems 
and technical-economic 
monitoring 
At the same time as these on-farm trials 
taking a participatory approach, the 
Project carried out surveys with CIRAD-

RUBBER 

TERA to characterize farming systems in 
the three provinces, in order to ascertain 
the constraints and opportunities for 
adoption of the technical innovations pro-
posed, and in order to identify an opera-
tional typology of situations and farming 
systems. The surveys were carried out in 
1997 and 1998. Ninety-eight farms sur-
veyed in the on-farm trial network formed 
the set of reference farms monitored each 
year. 

Conclusions 
RAS 1 enable the return of the natural 
vegetation and are particularly worth-
while, since they limit the cost of rubber 
plantation development. 

Clone growth under agroforestry condi-
tions is highly satisfactory and compara-
ble to that in a monoculture (table 4). 
High-yielding clones are therefore suited 
to environmental conditions that are Jess 
favourable than in plantations, the envi-
ronment in which they were selected. • 

Table 3. Effect of cover crops on circumference at 3 years 
(cm). 

Pueraria contrai 
Mucuna 
Crotalaria 
Flemingia 
Chromo/aena 
lmperata 

RAS 1 32.0 39 27.9 36 
RAS 2 31.0 28 26.3 38 33.4 42 
RAS 3 28.6 36 
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