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INTRODUCTION: DOMESTICATING TREES OR THE FOREST?

| Large areas of the humid tropics have land-use patterns that do not fit into a simple
ulture/nature or agriculture/forest dichotomy and thus the term deforestation refers
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Complex agroforests (de Foresta and Michon, 1997, de Foresta et al., 2000) can
b* derived from forest in essentially two ways:

» By gradually modifying a forest through interplanting of desirable local (such as
cinnamon, tea, fruit trees) or introduced (such as coffee) forest species

» By modifying forest succession in the fallow vegetation after a slash-and-burn
land clearing and food-crop production episode, using local (benzoe) 9r introduced
(rubber) trees ‘

th methods can be repeated (or exchanged) in subsequent management for reju-
nation of the agroforgst, as we will see.

Agroforests represent an important stage in the domestication of forest resources
Viersum, 1997a) or an alternative pathway for domesticating the forest rather than
e trees as such (Michon and de Foresta, 1997, 1999). Domestication involves both
e biological resource (and an increasing human control over reproduction and gene
bw into subsequent generations) and the land used (with increasing private control
yer what starts of as open-access resources, Figure 5.2). Wiersum (1997a,b) iden-
fcd three thresholds in the process of domestication: controlled utilization (sepa-

ting the open access from the controlled harvesting regime), purposeful regener-
ion (separating the dependence on natural regeneration from the interventions that
Enerally require control over subsequent utilization), and domestication (into hor-
Fultural or plantation style production system). Agroforests contain trees planted,
leded, or otherwise regenerated by the farmer, as well as trees established sponta-
{ously, but tolerated. Human control over the genetic makeup of the trees, however,
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Flgure 5.2 Stages in domestication of forest resources, on the basis of the type of control
(tenure) of land and the type of control over reproduction and growth of the plants
involved. (Modified from Wiersum, 1997b.}
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While there has been a tradition of trading various types of resin and latex
collected from the forest, the introduction a century ago of Hevea brasiliensis or
“para” from the Amazone (Para) to Southeast Asia formed the basis of a large-scale
spontaneous adoption of new agroforestry practices at a scale not easily matched
elsewhere (Van Gelder, 1950; Webster and Baulkwill, 1989). An estimated 7 million
people in Sumatra and Kalimantan islands currently make their living from rubber-
based agroforests from an area of 2.5 million hectares. Smallholder rubber consti-
tutes 84% of the total Indonesian rubber area; and 76% of the total rubber production
volume (Ditjenbun, 1998). Rubber is a major export commodity supporting the
Indonesian economy. Around 70% of farmers in Jambi province are engaged in
smallholder rubber production and derive, on average, nearly 70% of household
income from rubber (Wibawa et al., 2002).

This chapter discusses the origins of the rubber agroforest, their current value
for biodiversity conservation, and the search for technological improvements that
suit farmers® priorities but also maintain the environmental service functions that
current systems provide.

RUBBER AGROFORESTS ARE HISTORICALLY DERIVED FROM
CROP-FALLOW ROTATIONS

Fallow rotation systems, in the definition of Ruthenberg (1976), are an interme-
diate stage between “shifting cultivation or long rotation fallow systems” (where
land is cropped for less than one third of the time, R <0.33) and continuous cropping
(where land is cropped more than two thirds of the time, R > 0.67). Ruthenberg’s
(1976) R value is the fraction of time (or land area) used for annual food crops as
part of the total cropping cycle (area). The equivalence of time and area only applies
in steady-state conditions of land-use intensity. Although crop yields per unit cropped
field are directly related to the soil fertility of the plot, and hence to the preceding
length of the fallow period, shortening the fallow period can generally increase total
yields per unit land. According to a simple model formulation (Trenbath, 1989; van
Noordwijk, 1999), the maximum sustainable returns to land can be expected where
soil fertility can recover during a fallow to just over half its maximum value. More
intensive land use (higher R values) are only possible if the soil restoring functions
of a fallow can be obtained in less time, by a so-called improved (more effective)
fallow, or that these functions have to be fully integrated into the cropping system.
In practice, there is a danger of overintensification leading to degradation (Trenbath,
1989; van Noordwijk et al., 1997). Imperata fallows may on the one hand prevent
complete soil degradation, but they are not productive, do little to restore soil fertility,
and may lead to land abandonment. In the lowland peneplains of Sumatra, however,
para rubber arrived in time to provide an alternative method of intensifying land use
by increasing the forest productivity of the fallow and increasing the cycle length.

Fallows in various stages of their succession to secondary forests can be used
as grazing land and for producing firewood, honey, thatching material, etc. The first
step in intensification of farmer management of fallow lands is usuaily the retention
or promotion of certain plant species that appear in the fallow and are considered
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té be of value for one of the several functions of a fallow: its role with respect to a
ture crop, or its role as a direct resource. During further intensification, however,
choices among the multiple functions may be necessary, as more effective fallows
ill tend to become shorter in duration while many elements for a more productive
fallow impose an increased duration on the system.
The transition from swidden-fallow systems into more intensive land-use systems
cpn essentially follow three routes (Cairns and Garrity, 1999; van Noprdwijk, 1999)
at focus on three elements of the system: food crops, tree crops, or fodder sup-
ply/pasture systems. Efforts to. increase the harvestable output per unit area can be
achieved in food-crop-based systems by reducing the length of the fallow period
apd the age at which s'econdary forests are reopened by slash-and-burn methods.
Agroforest development emphasizes the harvestable part of the forest fallow and
will lead to a reduction of annual crop intensity as the economic lifespan of the trees
dpminates decisions on cycle length. Specialization on fodder supply or pasture
systems is relatively unimportant in the humid forest zone of Indonesia, but it is a
dpminant pattern in Latin America. In the Indonesian context, beginning at the start
of the 20th century, the swidden lands were gradually transformed by slash-and-
bhin farmers into rubber agroforests.

A major incentive in this process was the local rule system that essentially
owed private ownership claims over formerly communal land resources to be
established by planting trees (Gouyon, de Foresta, and Levang, 1993). This owner-
ship claim strictly applies to only the trees planted, and, for example, durian fruits
i such a garden are still treated as a village-level resource. However, in practice,
planting rubber trees, even with a low rate of success in tree establishment and
rdgardless of the genetic quality, yields full control over the land, including the right
tg sell (Suyanto, Tomich, and Otsuka, 2001; Suyanto and Otsuka, 2001). In Sumatra’s
Igwland peneplains, nearly all shifting cultivation has now been replaced by rubber-
based agroforestry (van Noordwijk et al., 1995, 1998), but small reserves for bush
fdllow rotations are maintained in some villages as an option for poor farmers to
ow food crops. In addition to providing cash income for the farmer, jungle rubber
agroforests also provide a range of nonrubber products and other environmental
benefits.

JUNGLE RUBBER AGROFORESTRY SYSTEMS IN JAMBI

| At the turn of the new millennium, smallholder rubber production systems in
donesia still spanned a wide range of intensities of management. Despite decades
of government efforts, only about 15% smallholder rubber farmers have adoptéd the
improved monoculture plantation (Ditjenbun, 1998) with selected (domesticated)
tree germ plasm of higher (up to fivefold in on-station experiments) latex production
T tree. A vast majority of rubber producing areas in Indonesia, located mainly in
North Sumatra, Jambi, South Sumatra, Riau, and West, South, and Central Kaliman-
provinces, are still in the form of jungle rubber agroforests with varying levels
of dominance of native nonrubber flora. The majority of the¢ rubber area is still in
form of complex multistrata agroforests (de Foresta and Michon, 1993, 1996).
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Around 70% of farmers in Jambi province are directly involved in smallholder
rubber production and derive on average nearly 70% of household income from
rubber (Table 5.1). Rubber agroforests have been primarily established by slash-
and-burn techniques on logged-over forest land or land under some form of second-
ary forest, previously used for food crop/fallow rotations.

Mostly established in the 1940s to 1960s, the existing rubber agroforests in Jambi
are old with very low latex production potential (Hadi, Manurung, and Purnama,
1997), essentially still based on rubber germ plasm that came directly from Brazil
and became naturalized in Indonesia, spreading by seed. Latex productivity per unit
land from these jungle rubber agroforests is very low, at about 600 kg dry rub-
ber/ha/year, less than half that of estate plantations (Wibawa et al., 1998). Returns
to labor, however, are similar if land is not valued in the profitability assessment
(Tomich et al., 2001) and can only be surpassed by collection of nontimber forest
products (with low returns per hectare), illegal logging, or (at least before the
economic crisis of 1997) oil palm production. Rubber is a major livelihood provider,
but many of the rubber gardens are getting old and productivity per hectare declines.
Occasionally, trees that according to the villagers are 100 years old and that survived
from the earliest plantings, around 1920, close to the river, are still being tapped.

Many farmers rejuvenate their rubber agroforest only after production from the
old rubber becomes very low by slash-and-burn to start a new cycle of jungle rubber
system. The system is also known as cyclical rubber agroforestry system, or CRAS,
(Figure 5.3), using either locally obtained rubber seedlings or improved clonal
planting material. In the first year or two, farmers often plant upland food crops

Table 51 Housebold Aenal Inesine and Evnandilure
Flgures for Villages in the Lowiand Penoplain
ot Jambi (Gumatrs, Indonesia)

ihdonesian
Rupiah® Parcentage
SoloveiEipence in 2000 uf Total
Income Sources
Rubber 4819 69
Nonrubber farm 1424 20
Off farm 768 11
Subtotal 7011 100
Expenses
Consumption {mainly food) 4344 68
Education 46 1
Miscellaneous 2028 31
Subtotal 6418 100

Note: *1 U.S. dollar = 7500 Indonesian rupiah approximately.

Source: From Wibawa et al., ASA Proceedings, in press. With
permission.
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Thus, two methods exist for rejuvenating the stand (Figure 5.3): slash-and-burn
followed by a replant, depending on natural regeneration, or the technique of sisipan
for gap enrichment planting. The sisipan technique is emerging as an important,
farmer-developed solution to investment constraints associated with slash-and-burn.
Gap-level enrichment planting most often leads to a permanent cover rubber agro-
forestry in contrast to the (supposedly) more common cyclical system involving
slash-and-burn.

The low-input internal-rejuvenation technique deserves full evaluation of its
development prospects and environmental aspects. The sustainability of farmers’
sisipan method and its viability as an alternative to slash-and-burn in the jungle
rubber agroforestry system can be debated. These, including possible interventions
that could assist in promoting this interesting technique, are discussed in this chapter.
But first we will review data on the biodiversity of rubber agroforests as systems
intermediate between natural forest and monocultural rubber plantation.

BIODIVERSITY ASSESSMENTS: SPECIES USED,
SPECIES TOLERATED

Biodiversity in jungle rubber gardens is a result of farmers’ management deci-
sions that (implicitly) determine the structure and composition of the vegetation,
providing a habitat for birds, mammals, insects, and other organisms. Weeding is
usually restricted to the first few years after slash-and-burn when rice and annual
crops are grown with the newly planted rubber. Thereafter, the farmer relies on the
quick growth of bushy and woody vegetation to shade out harmful weeds like
Imperata cylindrica (Bagnall-Oakeley et al., 1997). Perennial species are managed
by farmers through planting and through positive and negative selection of sponta-
neous seedlings. Apart from rubber, a few other perennial species such as fruit trees
are planted, usually in small numbers and around the temporary dwelling farmers
may construct to live on site during the first year. In addition, many tree species that
establish spontaneously are allowed to grow with the rubber as far as they are
considered useful. Those tree species are mainly used for timber and fuelwood and
for constructing fences around new rubber plots. Spontaneous seedlings of desired
species, including rubber seedlings, are protected or even transplanted to a more
suitable spot in the garden. Slashing or ring barking' removes unwanted species.
Thus, the perennial framework of jungle rubber is created by steering the secondary
forest succession in addition to planting. This leads to a diversified tree stand
dominated by rubber, similar to a secondary forest in structure (Gouyon, de Foresta,
and Levang, 1993). In addition, there are numerous species, especially undergrowth
species and epiphytes, that are not of direct use to the farmer but are not considered
harmful either. They ate left to grow as most farmers find that slashing of under-
growth or removal of epiphytes does not pay in terms of higher output. Keeping
undergrowth may even be beneficial: rubber seedlings are hidden from pigs (the
main vertebrate pests); the microclimate on the ground is kept moist and cool, which
is conducive for latex flow when tapping; and (at least in the farmer’s perception)
soil moisture is kept, which allows for continued tapping during periods of drought.
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owever, benefits for the farmer result from selected species and from the vegetation
tructure as such, not from species richness.

BIODIVERSiTY CONSERVATION: RUBBER AGROFORESTS AS
LAST RESERVOIR OF LOWLAND FOREST SPECIES

Since the early 1970s, forests in the Sumatran lowlands are being rapidly trans-
rmed by large-scale logging and estate development (oil palm, trees for pulp-and-
aper factories), turning the extremely species-rich lowland rainforest into large,
onotonous monocultffe plantations. In terms of forest biodiversity, not much can

e expected from such plantations, while on the other hand strict conservation of

fficiently large areas of protected lowland rainforest has not been a realistic option
ip the process of rapid land-use change. The ongoing development is changing the
le of rubber agroforests in the landscape: from adding anthropogenic vegetation
types to the overall natural forest diversity, rubber agroforests are probably becoming

e most important forest-like vegetation that we can find covering substantially
large areas in the lowlands. It has become a major reservoir of forest species itself
d provides connectivity between forest remnants for animals that need larger

ges than the forest remnants provide.

While ecologists are aware that jungle rubber cannot replace natural forest in
erms of conservation value, the question of whether such a production system could
ontribute to the conservation of forest species in a generally impoverished landscape
5 very relevant. However, jungle rubber farmers are not interested in biodiversity
n the sense that conservationists are. They make a living by selectively using species
ichness and ecosystem functions and base their management decisions on maxi-
hizing profitability and minimizing ecological and economical risks. Michon and
e Foresta (1990) were the first to draw attention to this issue, including the need
br researchers to take both the farmer’s perspective and the ecologist’s perspective
to account. They started the discussion on complex agroforestry systems and the
nservation of biological diversity in Indonesia and pleaded for “assessment of

isting and potential capacity of agricultural ecosystems to preserve biological

O - - B U U W

As part of a research program on complex agroforestry systems, researchers
m Orstom and Biotrop started working on biodiversity in rubber systems in the
umatra lowlands (de Foresta and Michon, 1994). Vegetation profiles were drawn
f four jungle rubber plots in the Jambi province (Kheowongsti, 1990) and one in
e South Sumatra province (de Foresta, 1997), including lists of tree species and
malysis of structure. In addition, a 100-m transect line was sampled for all ‘plant
ies in a natural forest, a jungle rubber garden in Jambi, and a rubber plantation
in South Sumatra (Figure 5.4A). Bird species (Thiollay, 1995) and soil fauna were
mpared between natural forest and jungle rubber, and an inventory was done to
ocument the presence of mammal species in jungle rubber. In an overview paper
resenting the results, Michon and de Foresta (1999) conclude that different groups
e affected differently by human interference. Levels of soil fauna diversity are
Juite similar between forest and agroforest, while bird diversity in the agroforest is
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egetation structure, floristic richness, and the associated variety of food resources.
ome groups were drastically reduced while others were thriving in agroforests.

Almost all forest mammals were found to be present in the agroforest, but

pulation densities were not studied yet, and occasional recordings of rhinoceros
r elephant do not indicate that agroforests are in themselves a suitable habitat for
harismatic megafauna. For vegetation, Michon and de Foresta (1995) concluded
at overall diversity is reduced to approximately 50% in the agrofgtest and 0.5%
in plantations. These statements on relative diversity, however, apply to plot-level
sessments only and cannot be extrapolated to larger scales until we have data on
e scaling relations beyond the plot for forests as well as agroforests. Another
ultitaxa study (inclucﬁng plants, birds, mammals, canopy insects, and soil fauna)
as reported by Gillison et al. (1999) and covered a wider range of land-use types,
fom forest to Imperata grassland, with similar results for the relative diversity of
agroforest. From these studies it is clear that jungle rubber is an interesting system,
pptentially combining biodiversity conservation and sustainable production, but
some questions remain. Apart from signaling changes in overall species richness,
understanding the ecological significance of differences in species composition
tween forest, jungle rubber, and rubber plantations is necessary to be able to judge
e value of jungle rubber for the conservation of forest species. Another problem
ta be solved is the problem of scale. Results from studies based on few plots or
rellatively small plots in a limited area cannot be safely extrapolated, because some
land-use types are more repetitive in species composition than others (alpha versus
ta diversity).

Studying terrestrial pteridophytes, Beukema and van Noordwijk (in press) found
that average plot-level species richness was not significantly different among forest,
jungle rubber, and rubber plantations; however, at the landscape level, the species-
area curve for jungle rubber had a significantly higher slope parameter, indicating
a higher beta diversity. When pteridophytes were grouped according to their eco-
logical requirements, the species-area curves based on forest species alone were far
aj showing that jungle rubber supports intermediate numbers of forest species
as|compared to natural forest (much higher) and rubber plantations (much lower).

We can conclude from all these studies that jungle rubber is indeed diverse, but
also that it is different from forest both as a habitat that has more gaps and open
sp?ces, and in scaling relations. The percentages of forest species conserved in
complex agroforestry systems such as jungle rubber are not easily estimated from
the relative richness at plot level, because they depend on taxonomic or functional
group and on the scale of evaluation.

Biodiversity studies in jungle rubber have been integrated with socioeconomic
and agronomic studies from the beginning (Gouyon, de Foresta, and Levang, 1993).
Toloptimally use limited research capacity, further biodiversity studies should ideally
be fargeted at taxonomic groups that are either of direct interest to farmers, such as
timber trees and other secondary products (Hardiwinoto et al., 1999; Philippe, 2000),
or that are important to ecosystem functioning (soil fauna, pollinators, seed dispers-
ers). There is also an important role for biological research in studying effects of
the! secondary forest component such as competition for light and nutrients (Will-
ian{s, 2000) or the ecology of vertebrate consumers of rubber seeds and seedlings
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The practice of sisipan for gap rejuvenation of the jungle rubber agroforestry
Eystem is of much interest among the development professionals for the following
€asons:

» It is environmentally friendly because there is no need to slash and burn the old
kebun (garden), avoiding the smoke problems and greenhouse gas emissions of
slash-and-burn fires and maintaining a higher time-averaged carbop’ stock (esti-
mated difference around 20 Mg C/ha).

It mimics the natural continuity of forest flora and fauna (biodiversity) and, by
reducing the scale of management decisions from the field to the gap or tree level,
provides more opportunity for maintaining valuable nonrubber trees.

« It does not require large capital investment because the work can be spread over
a number of years.

 There is no break in farmer’s income because the existing production trees con-
tinue to be harvested while new trees mature.

* It is a farmer-initiated strategy that is appropriate to the farmers’ socioeconomic
and biophysical conditions.

ECONOMIC EVALUATIONS OF IRRAS VS. CRAS

Although attractive from an environmental perspective and requiring less inten-
ve management and less initial capital investment, the sisipan method has a prin-
ipal drawback: its low productivity and a long establishment period for rubber trees
compared to the slash-and-burn method. Latex production from farmers’ jungle
bber system is around 590 kg dry rubber per hectare, while for private rubber
tates it is 1065 kg/ha and for government estates it is 1310 kg/ha (Penot, 1995).
ers in general do not use the higher yielding domesticated planting material in
jungle rubber agroforests.

Economic evaluation carried out on previous survey data (Wibawa et. al., in
ss), however, indicated a higher profitability of the internal-rejuvenation system
an that of the cyclical system primarily because the former is almost free of cost,
hile the second requires a substantial financial investment for establishing new
s. Sisipan activities are carried out while the farmer is in the plot tapping trees
d are not regarded as requiring additional labor. However, both systems are
nomically feasible even at an interest rate of 20% (Wibawa et al., in press).
sumptions made for the analysis included 208 days of tapping in a year, at 4.2
ké dry rubber/ha/tapping day, or an average of 870 kg dry rubber/ha/year and the
abisence of a waiting period in the sisipan approach; planting of new seedlings can
spread over a number of years. Economic indicators such as net present value
V), internal rate of return (IRR), and cost benefit analysis (CBA) reflected the
igher profitability with the internal-rejuvenation system. Even at a lower yield of
680 kg dry rubber/ha/year, the sisipan system was still viable while CRAS became
economical.
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bro ides hiding places and nests for pigs. Annual crops, normally available in the
first{2 to 3 years after planting rubber, become attractions for wild animals. Farmers
stay on guard to scare away the animals during this crucial period for a
nable chance of successful establishment of rubber plants. The conversion of
siteg recently cleared and planted with rubber to alang-alang (Imperata cylindrica)
encfoachment is not uncommon, mostly because of high seedling morta.hty due to
age from pig and other vertebrate pests.
e of the strategies to minimize seedling damage is to use large-sized seedlings
(often over 5 cm in diameter). But this strategy has other drawbacks. Farmers are
well aware that survivgl and growth of seedlings are lower due to damage during
uprooting and preparation for transplanting. This increases transplanting stress and
decreases their chances of survival.
In the sisipan system, farmers weed around seedlings but leave the weed litter
in prder to physically hide the seedlings. In addition to physical protection of
seefllings, weed litter upon decomposition provides mulch, a source of soil nutrients
and moisture (Figure 5.7). Farmers have observed that rubber seedlings are suscep-
tible to weed competition in the first 3 years after planting, after which they are able
to outgrow weeds and their crown is dense enough to retard further weed growth.
Local knowledge reflects ecological knowledge that farmers have acquired and
puﬁto practice. However, the dilemmas that farmers often face, such as weeding

od and intensity, fertilizer application, selecting planting material, and tolerating
bber vegetation in the system, pose considerable but researchable constraints.

INTRODUCING GENETICALLY IMPROVED CLONAL RUBBER TO
THE JUNGLE RUBBER SYSTEM

| A logical approach to enhance the productivity of the jungle rubber system is

to incorporate high-yielding clonal material into the system whereby both production

environmental functions can be optimized. There is a great need to improve the
productivity of rubber agroforests, with moderate changes in management, if they
are not to disappear from the landscape under pressure from monocultural oil palm
systems that may be more risky, but that are more profitable in the short term,
especially in terms of income per unit area of land (Tomich et al., 1998). Genetically
improved planting material will contribute to improved yields per unit area and to
clpsing the technology gap (Kumar and Nair, 1997) between smallholders and
plantations.

; This gap has developed since the 1920s, due to great advances in the plantation
rubber sector, with the breeding of higher yielding, genetically improved material,
and the development of the technique of grafting buds of this onto well-developed
rdotstock stumps to produce clones. These clones are capable of yielding two to
three (or even up to five) times more than the unselected material (regenerated
s¢edlings collected from existing agroforests) being used by smallholders in the
jungle rubber system. Smallholder farmers would benefit greatly from the increased
yields possible from this improved genetic material if it could be integrated into
their agroforests (van Noordwijk et al., 1995).



Covering
seedlings with
weed/litter

—_—
visibility of

. seedling

.E | weed growth . ground

rate i ’] weediness

trees

weed/litter

vertebrate

decomposition
Digging
by pig
Lateral
root growth
|
Seedling root
[ damage
|
«; A
e (e i nutrient | Ground
weed competiion > avallabilty in sol tornperature

- I
oy, | [

SURVIVAL O

FE L e Wmﬁammmm
i E —_—
SEEDLING [ ., CGROWTHRATE | . Root adaptability

OF SEEDLING

S e i

!

pest damage

Property of object,
process or action

S

Human
action

Natural
process

Figure 5.7 Farmers’ knowledge about interaction between weed, weeding, and seedling performance in sisipan system. Arrows indicate source node

causing an effect on target node.

0St

SWI1SASOO30HHV TvIIdOHL



TECHNOLOGICAL CHANGE AND BIODIVERSITY 151

Therefore, an improved rubber agroforestry system, modeled on the traditional
jungle rubber system in its cyclical form, was designed to maximize the following:

* Productivity (by introducing new technology in the form of rubber clones, which
give higher yields per tree and require less labor for tapping)

* Biodiversity (by keeping the spontaneous secondary forest component of the
jungle rubber system —- this yields local benefits to the farmer;.in terms of
potentially harvestable products (Figure 5.1), and global benefits 1f agroforests
function as a reservoir in areas where primary forest has been lost)

* Affordability and adoptability (by keeping management and input levels to a
minimum, and se within the reach of smaltholder farmers)

The system comprises rows of clonal rubber trees, planted with a spacing of 3
m within the rows, and an interrow area, 6-m wide, where secondary forest species
are allowed to regenerate (Penot et al.,, 1994). It falls under the cyclical classification
and is established at the level of an entire field, after the slashing and burning of
secondary forest or old jungle rubber vegetation.

This system (RAS 1) is currently being tested within a network of on-farm trials
set up by the ICRAF/CIRAD/GAPKINDO Smallholder Rubber Agroforesiry Project
(SRAP) in two provinces in Indonesia (Penot, 1995). Results from the establishment
phase of one trial, in Jambi province, highlighted many issues relevant to the
introduction of high-value planting material into complex agroforestry systems.

The objective of the experiment reported here was to test a range of low-input
management practices that were designed to ensure survival and growth of the clones
in a highly competitive multispecies environment. Interactions between the effects
of secondary forest species and farmer management practices on the establishment
of clonal rubber were studied in order to do the following:

¢ Assess the effect of four weeding treatments on the growth of clonal rubber
 Identify and quantify constraints to, and factors affecting, clonal rubber growth
under on-farm conditions

The trial involved clonal rubber trees grown by farmers in a total of 20 plots, in
five replicate experimental blocks, spread across four farms (Williams et al., 2001).
The amount of labor invested in strip weeding the rubber tree rows was significantly
(p < 0.001) and positively correlated with rubber growth (Figure 5.8). However,
unexpectedly, breakage of rubber tree stems by vertebrate pests (banded leaf mon-
keys, Presbytis melalophos nobilis, and wild pigs, Sus scrofa) was the most important
influence on establishment. Pest damage was significantly (p < 0.001) but negatively
correlated with rubber tree size, explaining almost 70% of the variation in rubber
growth in the trial (Figure 5.8). In three farms, none of the trees escaped damage.
These results were confirmed in a multiple linear regression analysis, where weeding
effort and pest damage in combination explained 80% of the variation in tree
diameter in the experiment (Williams, 2000).

In one trial, farmers generally decided to completely cut back the diverse veg-
etation between rows of rubber trees, including potentially valuable trees, rather than
weeding within the rows and selectively pruning trees in the interrow. Farmers
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e two is easily disrupted. Jungle rubber is not a forest type, it is a plantation, even
ough it does not look like one. It is owned and managed by a farmer who makes
rational decisions based on socioeconomic circumstances and information available.
Jungle rubber is a fow-input, medium-output system that depends on relatively large
as of available land to make a living for a family, even though its returns to labor
attractive when compared to other types of labor available in Indonesia.

Conversion of natural forests leads to a lack of habitat for natural populations

at are probably needed to maintain the present biodiversity levels in jungle rubber
(Beukema, in prep.). The extent to which current diversity levels in agroforests are
a|transient phenomenorn, based on influx of seed and animals from surrounding
fdrests in the past, and the extent to which they form a habitat ensuring effective
reproduction and maintenance of populations, are as yet unresolved questions.

As the scaling results for ferns indicate, much of the richness of agroforests as
category is related to the diversity between plots and farms. Landscape-level
ersity of rubber agroforestry systems probably depends on the diversity in man-
agement intensity. This, again, may be a transient phenomenon reflecting a past in
which there was room for expansion into forest lands. Over time, a gradual process
of|intensification on the existing rubber land may reduce the between-farm diversity,
ssibly accelerated by the impact of extension of specific rubber-based technolo-
gies. On the other hand, diversification of the economic basis of rubber agroforests,
with value accruing from rubberwood and other timber trees (some of them high-
value but relatively slow-growing species) and fruits (with improved road access to
an markets, which would make fruits like duku [Lansium domesticum] from
Jambi marketable in Jakarta), could provide an incentive for maintaining diversity
in|farming styles.

Overall sustainability (i.e., probability for persistence as well as continued scope
fof adaptation) of complex agroforestry systems should be the focus of further
research to develop alternatives to mainstream intensification of tropical agroeco-
sybtems, based on the interaction of ecology and economy.

| It had been assumed that jungle rubber agroforestry systems are essentially
cytlical and old stands are rejuvenated through slash-and-burn methods at the start
(of end) of each cycle. Research and extension activities have been designed and
implemented accordingly. The significance of the farmer-developed sisipan or
enfichment planting method is much higher than initially perceived. An increasing
proportion of smaliholder rubber cultivators are actively adopting the sisipan method,
primarily due to prevailing financial constraints and decreasing new land availability.
is also has a positive impact on the environment and on biodiversity and carbon
stq‘cks. Preliminary economic analysis of a pilot study indicated that the sisipan
method is perhaps more rewarding than the slash-and-burn approach due to low
casital investment at a household level, although this is likely to be different when
retlirns are calculated per unit area of land.
Ongoing work on local knowledge indicates that farmers have a fairly good under-
ding of the ecology in the sisipan method. Because little is known in the scientific
unity about this approach, farmers’ knowledge can play a significant role in the
tion and type of research and development program. Local ecological knowledge
can partly fill in the large gaps that still exist in the professional understanding about

a
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the jungle rubber system, at least within the foreseeable future. Preliminary analysis
of local ecological knowledge also reveals gaps and constraints, as well as windows
for improvements.

Another improvement strategy investigated through rubber agroforestry research
under the SRAP project revealed the technical possibility for establishing rubber
plantations under less-intensive management. However, farmers’ behavior of intol-
erance of any weeds and other vegetation when clonal germ plasm is used reflects
a constraint in their knowledge system. Studies of gap manipulation, pest manage-
ment, incorporating planting material with higher latex productivity, and the eco-
nomic and environmental consequences of cultivating nonrubber species could sub-
stantially increase our understanding of this promising method.

The sisipan method offers much potential, but much more still remains to be
researched and understood despite substantial qualitative ecological knowledge
among farmers. Introduced less than a century ago, rubber is relatively new, and
rubber production systems, including jungle rubber agroforests, are constantly being
modified as economic factors, forest and land factors, as well as social environments
change. The short-term financial gain and farmers’ current perception of a need for
intensive management for high production may act against this potential method of
sisipan. Although we use the term “permanent” to describe the system, the history
of rubber is too short to actually evaluate the permanence of the system. Again, the
continued dynamism of jungle rubber system would mean that any suggestion of
permanence would remain very much in doubt.

Although very promising, the sisipan technique largely remains invisible to most
rubber research and development professionals, and many do not believe that sisipan
is a possible alternative to monocropping as a viable economic activity despite its
widespread existence. Nonetheless, farmers practicing sisipan do not speak highly
of this, perhaps a reflection of the predominance of monocropping technology in
extension messages. Research on appropriate mixtures of rubber and nonrubber for
optimum productivity and biodiversity while maintaining farmers’ affordability and
inherent flexibility needs to be initiated soon in order to enhance the knowledge
base and confidence in the sisipan strategy. Enhancing the productivity of rubber
production systems through sisipan without compromising environmental and other
socioeconomic advantages remains a challenge to the research community.
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