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Abstract

The ‘talun-kebun’ system consists of a 6-7 year management cycle in which a 4-5 year fallow period of perennial clump
bamboo is alternated with 2 years of food crop production. Clearcutting, raking the forest floor and slash into piles for
buming, and hoeing the soil to a depth of 25 cm reduces the vigour of the bamboo to the point at which it poses no
competitive threat to the first year of planted food crops. These crops are (typically) cucumber, bitter solanum and hyacinth
(pole) beans. Ash from the burned slash piles, plus some animal manure and application of NPK fertiliser (only recently),
are used to increase the production of these vegetables. In spite of these nutrient additions, the fertility of the upper soil
layers declines during the first year, and the field is planted to cassava (a less nutrient-demanding root crop) the second year
after clearcutting. After 2 years of cultivation, bamboo regrowth and declining soil fertility prevent continued food cropping.
The field is abandoned and permitted to revert to an unmanaged stand of bamboo for 4-5 years. The historical success of the
system appears to be based largely on the ‘nutrient pumping’ action of the bamboo, the slow decomposition of its silica-rich
litter, and the extremely high biomass of bamboo fine roots. Studies reported earlier and in subsequent papers support the
interpretation that the bamboo recovers much of the nutrients leached deeper into the soil profile during the 2 years of
cropping and deposits them at or near the soil surface as above-ground litter and dead fine roots. The biogeochemical role of
bamboo in sustaining the productivity of this agroforestry system reflects the rural farmer’s saying: ‘ without bamboo, the
land dies’.
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1. Introduction

It is generally agreed that the main causes of
deforestation in tropical areas are population resettle-
! ! - ment schemes, forest clearance for large-scale agri-
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Nations, Berlin, 29 May-2 June 1994. The conversion from forest to food production has
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frequently resulted in land degradation, and there is
growing interest in the use of integrated land man-
agement systems which combine agriculture and
forestry to reduce this environmental deterioration
(Bene et al., 1977). This combined system, known as
agroforestry, is a promising solution to the conflict
between food and wood production in tropical coun-
tries (Satjapradja, 1982).

Use of the term agroforestry is relatively recent,
but the practice of combining tree and food crops has
existed for many centuries. It has been the traditional
land use method of rural people in most tropical
countries (Nair, 1993), and although such traditional
crop production systems can have some short-term
adverse environmental impacts, they have generally
been practiced on a crop cycle of sufficient length to
sustain production over at least several centuries
(Christanty et al., 1986).

Much can be learned by both foresters and agri-
culturalists from the study of traditional agroforestry,
and the knowledge thus gained can be used as the
basis on which to develop improved cropping meth-
ods. Because they are traditional, agroforestry sys-
tems, or modern variants thereof, have had a high
level of social acceptance, and local farmers have
been prepared to use them (Christanty, 1989). In
many parts of the tropics, agroforestry systems are
potentially much more suitable than various alterna-
tive agricultural methods, which often experience
problems of pests, diseases, soil erosion and soil
impoverishment. Thus, from both a social and a
biophysical point of view, there is much less risk in
developing modern agroforestry based on traditional
agroforestry methods for use in tropical environ-
ments than in introducing completely new agricul-
tural strategies that are unproven for the local condi-
tions (Marten, 1986). The successful development of
the ‘taungya’ system in Burma from shifting cultiva-
tion (Grandstaff, 1980) is a good example. However,
improving the productivity of agroforestry requires a
clear understanding of how traditional agroforestry
systems function and of the extent to which they can
be altered /modified without the risk of unacceptable
damage to the site.

The objectives of this paper are to describe the
bamboo ‘talun-kebun’ system of West Java (In-
donesia), and to present a conceptual model of the
biogeochemical basis for the historical, sustained

success of this well adapted traditional agroforestry
system.

2. Description of the bamboo talun-kebun

Because of the high and growing population den-
sity in many areas of Java, most farmers are forced
to obtain their subsistence from a very limited and
diminishing area of land. Consequently, these farm-
ers have had to develop food production methods
that have a higher productivity and a greater sustain-
ability of production than traditional shifting cultiva-
tion methods. Talun-kebun is one of the systems that
has been developed from low productivity, conven-
tional shifting cultivation methods (Soemarwoto et
al., 1985; Palte, 1988). It requires much less land,
has a shorter rotation cycle, and has been practiced
on poor sites. A traditional version of this system
(described below) has been widely practiced for six
generations by upland farmers in West Java, Indone-
sia, but with increasing population pressure and aspi-
rations of a higher standard of living, the traditional
practices are now being changed. In order to identify
the extent to which this environmentally stable sys-
tem can be modified without causing site degrada-
tion and loss of production, a thorough understand-
ing is needed of the major ecological processes that
have rendered the system sustainable.

The talun-kebun is defined as an upland land use
system in which annual food or cash crops are
alternated sequentially with tree crops. Its overall
pattern is similar to that of traditional shifting culti-
vation, but the length of the fallow period is much
shorter and there is a deliberate selection of the
species used in each stage. Talun-kebun consists of
two basic stages: the ‘talun’ (perennial crop garden)
and the ‘kebun’ (annual crop garden). The talun
stage is comparable to the forest fallow period of
shifting cultivation, during which the field is domi-
nated by a mixture of perennial species. Based on its
dominant species, talun in West Java is divided into
three types: woodlot (dominated by a mixture of
fuelwood and timber species); permanent mixed talun
(dominated by a mixture of fruit trees and perennial
cash crops); and bamboo talun (dominated by bam-
boo species with scattered trees between bamboo
clumps).
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The bamboo talun constitutes the best example of
a talun-kebun rotation cycle. Since most of the mar-
ketable production in a permanent mixed talun is
derived from fruit, tree cutting is rarely done and
therefore there is no clear rotation cycle between
talun and kebun. Clearcutting is practiced in the
woodlot only if the trees are homogenous in age.
Otherwise, selective cutting is employed as the main
harvest method, and therefore the talun-kebun cycle
is again not represented. In contrast, harvesting in a
bamboo talun is usually done by clearcutting, which
leaves the rhizomes alive but reduced in vigour.
After clearcutting, the field is cultivated in prepara-
tion for a period of food crop production: the kebun
stage. Cropping is usually abandoned after two years
because of competition from the bamboo regrowth,
weed invasion, and because of the experience that
productivity declines due to lowered soil fertility if
food cropping is continued. The field is allowed to
revert to the talun stage for 4-5 years, after which
the soil fertility has been restored and the field is
ready for the next clearing and cropping. A complete
rotation cycle takes about 6-7 years, depending on
the type of plant species grown.

The development of the bamboo talun-kebun
probably occurred in response to soil and forest
deterioration following a progressive shortening of
the fallow period. Bamboo was able to invade and
increase in abundance in these degraded forests.
Farmers learned through experience that such bam-
boo-wooded forests could be managed on relatively
short cycles for both food and wood products. As the
increasing pressures of continued population growth
cause a shortening of the bamboo fallow period, the
challenge will be to design management strategies
that sustain ecosystem integrity (Kimmins, 1995) and
productivity of these mountain forest management
systems.

The bamboo talun-kebun of West Java is domi-
nated by various species, among which Gigan-
tochloa ater, Gigantochloa verticillata, Gigan-
tochloa apus, and Bambusa vulgaris are the com-
mon bamboo species. Albizia falcataria, Parkia
speciosa, Arenga pinnata (sugar palm) and some
fruit trees (mango, durian) are found scattered be-
tween the bamboo clumps. The mixture of perennial
trees and bamboo forms a multilayered canopy struc-
ture. The uppermost canopy layer is usually occupied

by Albizia, Parkia and Arenga. Mango and other
fruit trees dominate a second layer, while the lowest
layer is occupied by bamboo. Since bamboo has a
very dense canopy structure, there is practically no
undergrowth in a mature bamboo talun; however,
scattered native understory species are sometimes
found in the open spaces between clumps, where
sunlight is still able to penetrate.

Hyacinth bean ( Dolichos lablab) is the main crop
planted during the first year of the kebun stage. It is
usually intercropped with cucumber and black night-
shade (bitter solanum; Solanum nigrum). Crops are
usually grown in rows along contour lines, with
different species planted in alternate rows. Other
crops commonly planted in the kebun are: sweet
basil (Ocimum basilicum), bitter melon (Momordica
charantea), and chili pepper (Capsicum frutescens).
Maize (Zea mays) and cassava ( Manihot esculenta)
are frequently planted along the edges of the kebun.

The lowest layer of canopy stratification during
this first year of the kebun stage is occupied by
cucumbers, which creep along the ground, suppress-
ing the growth of non-crop plant species. Various
vegetables (e.g. bitter solanum, chili pepper and
sweet basil) occupy the middle layer, while the upper
layer is occupied by hyacinth beans which grow up
bamboo poles, mixed with fruit trees, young Albizia,
and other trees which were left uncut during the
clearing of the bamboo. Growth of non-crop plant
species during the first cropping period is minimised
by manual weeding before the mature bamboo talun
is cut, and regular manual weeding before the har-
vest period of each food crop species. By the end of
the first year of cropping, weeds have invaded and
occupied most of the area. These are killed during
soil hoeing before planting of the second year crop.

The second year of the kebun stage is charac-
terised by row cropping of cassava mixed with young
bamboo regrowth and some scattered trees. Three
canopy layers are formed: a scattered upper layer
occupied trees, followed by the initially small but
expanding clumps of young bamboo in the middle
layer and cassava in the lowest layer. These three
canopy layers are spatially separated, the bamboo
being limited to the area between the trees, with the
cassava between bamboo clumps and the trees. No
weeding is done, and consequently weeds quickly
occupy the spaces between the cassava rows and
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become abundant by the end of the cropping period. site, and are almost completely eliminated from the
After harvesting the cassava (about two years after site by the mature stage of the bamboo talun.

the bamboo was clearcut), there is no further cultiva- The sequence of cultural activities begins with
tion of the field, permitting the bamboo to regrow preparation for planting of food crops. This prepara-
until it is ready for the next harvest. Weeds are tion, which includes litter raking, piling and burning,
gradually shaded out as the bamboo dominates the and soil hoeing takes place in the mature bamboo

N
m fertilization
-
ash

eve— (ash + manure) 5
gasification 3
+
& 2
market
Crop
] harvest
O
clear cutting /

wd = weeding

hb = hyacinth bean

gb = grass stage bamboo
¢ = cucumber

bs = bitter solanum

w = weeds

small bamboo culms
s ¥ i \
X '
© ¥ grass stage bamboo

2-15m

crop harvest

E ¢ ca - I
- ca= casgval

output

2-12m

1.5-7m

1.5-9m

Fig. 1. Diagrammatic summary of the bamboo talun-kebun cropping cycle in Soreang, West Java, Indonesia.
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stage before the bamboo is cut (the work is more
pleasant in the cool shade of the bamboo). The
mature bamboo culms and mature Albizia are often
clearcut, but the young bamboo culms (i.e. the most
recently grown culms which are still soft and have a
high moisture content) are not cut until they have
become dry by exposure to the sun. Harvest residue
(leaves and small branches) from the clearing is
piled and burned after drying in the sun. Ash from
the burning of both litter and harvest residue is
collected and placed in a small hut, to be mixed with
livestock manure and used for fertiliser during crop-
ping.

The mature bamboo culms and the stems of Al-
bizia are removed from the field for sale (mostly as
building materials). When they have dried, the young
culms are cut and set up in rows (with a defined
spacing within and between rows) for use as support-
ing poles for hyacinth beans. Planting holes for bean
seeds are prepared at the base of the bamboo poles,
and shallow furrows are made between the rows for
cucumber and bitter solanum. These preparations for
planting take about two to three months (depending
on the size of the clearing and the availability of
labourers) at the end of the dry season (August—Oc-
tober).

The first year cropping sequence starts with the
planting of hyacinth bean seeds after the first rain
(end of October/early November). Three seeds are
planted in each hole (two holes and six seeds per
pole), and the hole is covered with a mixture of ash
and manure. Cucumber seeds are planted in the
furrows a week after planting the hyacinth bean and
also fertilised with ash and manure. Seedlings of
bitter solanum are transplanted from a nursery area
three weeks after planting the cucumber. The second
fertilisation, which consists of commercial NPK fer-
tiliser mixed with ash and manure, is applied 2 or 3
weeks after planting. The hyacinth bean receives an
additional fertilisation with urea after another 6
weeks. Weeding is done regularly (once or twice a
month) before each harvest, and the weeds are com-
posted in the field. The first product to be harvested
is cucumber, about 40 days after planting. Cucumber
harvest continues every 3—5 days for up to 2 months.
Bitter solanum can be harvested weekly, starting
about 1 month after it has been established, for a
period of 3—-4 months. Hyacinth bean is harvested

after the bean plants have senesced and the pods
have dried, about 6 or 7 months after planting.
Harvest of the hyacinth beans ends the first year
cropping sequence. The field is rested for 2 or 3
months until the dry season ends and the soil is then
hoed to remove weeds and to prepare the field for
the second year of cropping.

The main crop grown in the second year is cas-
sava. This species does not require intensive mainte-
nance, and fertilisation and weeding are rarely done.
The cassava is ready for harvest after 8 or 9 months,
depending on the variety planted. The second year
cropping ends after the cassava harvest.

The bamboo clumps start to sprout ‘grass stage’
shoots (less than 50 cm tall, slender leafy shoots)
from the underground rhizomes during the first year
of cropping, and small culms (larger, woody-
stemmed shoots with leaves borne on branches) are
produced during the second year. At the end of the
second year, the shade cast by the bamboo and other
perennials limits the further growth of food crops,
and the field is permitted to revert to the talun stage,
which will be ready for the next clearcut harvest
after 4 or 5 years (sometimes 6) of bamboo fallow.
Farmers often use the colour of the upper mineral
soil as a guide as to the timing of the next cropping:
if the colour of the mineral soil below the litter layer
is black or dark, farmers consider that the field is
ready for the next period of cropping. The complete
sequence of a bamboo talun-kebun is shown in Fig.
1.

3. The conceptual model

The overall biogeochemical characteristics of the
bamboo talun-kebun system are represented in Figs.
2 and 3 in the form of flowcharts which summarise
the four different stages of the bamboo talun-kebun:
the bamboo talun (Fig. 2(a)), the clearing of bamboo
and burning (Fig. 2(b)), first year cropping (Fig.
3(a)), and second year cropping (Fig. 3(b)). These
four stages make up a complete rotation cycle of a
bamboo talun-kebun. The system is shown as a
series of major compartments (large boxes), minor
compartments (small boxes), transfer pathways (lines
and diamonds joining boxes) and inputs/outputs
(circles). The compartments represent biomass and
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nutrients. The transfer pathways and the inputs/out-
puts may represent both biomass and nutrients or just
nutrients. The following description of the biogeo-
chemistry of the talun-kebun represents an hypothe-
sis. The field data that have been collected to test
this hypothesis (Christanty, 1989) will be presented
in subsequent papers.

There are three major compartments within the
system: vegetation, litter layer and mineral soil. Nu-
trients are transferred or exchanged between com-
partments by various processes, such as foliar leach-
ing, litterfall, and nutrient uptake. Inputs of nutrients
to the system occur in the form of precipitation,
biological nitrogen fixation, upslope runoff or ero-
sion, and soil weathering. Nutrients are removed
from the system (outputs) through vegetation har-
vesting, downslope runoff or erosion, and soil leach-
ing. Fertilisation is an additional input during the
first year of the cropping stage (Fig. 3(a)).

The diagram for the bamboo talun stage repre-

()

sents processes that are operating during the recov-
ery (fallow) phase of bamboo growth as well as
during the mature bamboo stage (Fig. 2(a)). Nutri-
ents in vegetation are returned to the soil surface
through litter fall and foliar leaching, and the decom-
position of litter results in the release of nutrients for
uptake by plants (Sanchez, 1976, Norman, 1979).
Because of the relatively slow decomposition of
bamboo leaf and sheath litter, litterfall exceeds de-
composition and therefore a litter layer accumulates.
A mat of fine roots (less than 2 mm in diameter) and
small roots (2—-5 mm) develops within this organic
layer and at the mineral soil surface, and it has been
demonstrated (Stark and Jordan, 1978) that such root
mats act as an efficient nutrient recovery mechanism
which minimises leaching losses to the subsoil in
tropical forest. Bamboo roots are also distributed to a
depth of about 75 cm in the mineral soil. Uptake of
nutrients from these deeper layers of soil is thought
to constitute a ‘nutrient pump’ which recovers nutri-
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ents from lower in the soil horizon and deposits them
in the accumulating litter layer, thereby helping to
maintain the long-term productivity of the system
(Christanty, 1989). Nutrient losses during this stage
may occur through runoff, erosion and /or soil leach-
ing, but they are thought to be balanced by gains
from precipitation, biological fixation, upslope
runoff /erosion and soil weathering.

Disturbance of the ‘tight” biogeochemical cycle of
these bamboo stands occurs during the clearing of
bamboo and the burning of litter and harvest residue
(Fig. 2(b)). Most of the nutrient losses from the
system at this stage are believed to be due to the
removal through harvest export, litter raking and
burning, with smaller losses due to soil leaching.
Approximately 19 Mg ha™' of fine and small roots
are killed by hoeing, resulting in a transfer of organic
matter from live bamboo biomass to soil organic
matter, and a major reduction in bamboo vigour
(Christanty, 1989). Because of the removal of har-

vested material and burning of litter and slash, out-
puts from the system at this stage are far greater than
inputs. The availability of soil nutrients, however, is
increased considerably following clearing and burn-
ing, and the reduction in the ‘tightness’ of the bio-
geochemical cycle is compensated by higher inputs
to the system during the subsequent cropping stage:
fertilisation and biological nitrogen fixation, mostly
by Albizia, but also by hyacinth beans.

In conventional shifting cultivation, farmers com-
monly plant the most nutrient demanding crops in
the first year of cropping, presumably to take advan-
tage of the increased nutrient availability (Sanchez,
1976, Jordan, 1985). In the kebun stage of the
bamboo talun-kebun, the first-year vegetable crops
include nitrogen fixing legumes, reflecting the farm-
ers concern over maintenance of the productivity of
the site. This stage is characterised by relatively high
inputs (fertiliser and ash/compost) and intensive
crop maintenance (e.g. weeding). As the growth of
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Fig. 3. Flowchart summary of the biogeochemistry of (a) first-year cropping, and (b) second-year cropping of the bamboo talun-kebun
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perennials (bamboo and other trees) has not yet fully
recovered from the disturbance of clearcutting, and
as most of roots of the annual crop plants only
occupy the upper part of the soil, uptake from lower
in the soil profile is less than in the mature talun
stage.

As in traditional shifting cultivation, cassava (a
much less nutrient demanding species) is chosen as
the second year crop of the kebun stage. No fertiliser
is applied and cassava is frequently left without
further maintenance. Consequently, weed invasion
becomes a problem by the end of the cropping
period, leaving farmers with no choice except to
abandon the field until the bamboo and other peren-
nials become mature and ready for the next harvest.
Without any further disturbance, the biogeochemical
cycle during the recovery stage gradually approaches
that of the mature bamboo stage.

Considering the fact that the bamboo talun-kebun
rotation cycle has sustained itself for at least six
generations with minimum external inputs of nutri-
ents (the use of NPK fertilisers and urea is relatively
recent), the traditional fallow period which has been
used by the local farmers may be the minimum
period needed for the recovery of soil fertility, al-
though it also involves other considerations such as
the optimum size of bamboo for sale as construction
material. The recent trend toward a shortening of the
fallow period raises questions as to how much shorter
the fallow period could be and yet still sustain the
production of food crops, what other species could
be used as alternatives to bamboo and Albizia, and
what are the implications of such changes for fer-
tiliser and pesticide requirements?

4. Discussion

The importance of bamboo in maintaining the
fertility and productivity of land is reflected in the
Indonesian saying: ‘ without bamboo, the land dies’.
Bamboo plays a key role in restoring soil fertility
through the accumulation of organic matter and nu-
trients during the fallow period. The slow decompo-
sition of bamboo litter produces a thick organic layer
which conserves moisture and minimises surface
runoff and erosion in addition to its nutritional con-
tributions.

Because of the increasing population and eco-
nomic pressure, farmers are shortening the fallow
period and intensifying the cropping. Consequently,
there is a decline in soil organic matter accumula-
tion, which is often associated with a decline in soil
fertility. This reduction in soil organic matter accu-
mulation can theoretically be compensated for by
higher fertiliser input to the system. However, few
farmers can afford to buy the extra fertiliser and this
leads to declining production over successive years
(Christanty, 1989). The condition becomes even
worse when short fallow period talun-kebun is prac-
ticed on nutrient poor or dry sites.

External market demand and higher prices for
cash crops provide a motivation for farmers to switch
from bamboo to more economically valuable crops
such as cloves and mandarines. However, while the
gross income may be higher, these two crops require
high fertiliser inputs, as well as intensive pest and
disease control, which often involves the use of
pesticides. As a result, farmers face higher produc-
tion costs and higher risks, particularly if the more
intensive input requirements are not met (Christanty
et al., 1986).

Increasing organic production is undoubtedly a
worthwhile objective; however, one should remem-
ber that production is not the only function of the
bamboo talun-kebun. Indonesian farmers have struc-
tured their cropping pattern in a way that fulfills
various needs: food production, efficient distribution
of labour, pest control, nutrient cycling, firewood
and building materials, and the flexibility to deal
with environmental and social fluctuations (Marten,
1986). Since most farmers gain their farming knowl-
edge from both local tradition and trial and error,
adequate extension education and training on basic
land management should be provided before or ac-
companying any attempt to improve their agricul-
tural systems or to introduce new species.

The challenge for development in the mountain-
ous areas of West Java is to improve bamboo talun-
kebun in a way that retains the benefits of its tradi-
tional practice while meeting the changing needs of
the farmers. Since all components of the system are
interconnected, the strategy for improvement should
be based on a holistic approach, striking a balance
between productivity and sustainability.
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