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Abstract. A critical need exists throughout the humid tropics for interdisciplinary research that 
collects, evaluates, and makes available to decision makers the information contained in locally 
developed land-use systems. One such system is the forest garden developed by residents of 
several villages in the Gunung Palung region of West Kalimantan, Indonesia. The forest gardens 
are part of a broader land-use spectrum that contains farms, home gardens, forest gardens, and 
forest extraction areas in a gradient leading away from the villages to the protected forests in 
the park. Over the past several years, while conducting a multidisciplinary study of this system, 
I have come to the conclusion that the forest gardens are a variant of the traditional home garden 
that have been developed by the local communities in response to the development of new 
economic markets. In this paper, I provide a baseline description of the study region, methods 
used, and the different types of forest gardens in the study site. I then conclude with discus- 
sions of related land-use systems throughout the world, how forest gardens differ from home 
gardens, how forest gardens might be formally defined, and future work that will be necessary 
for a better understanding of these forest garden systems. 

As for those who fear their Lord, theirs shall be [fruit tree] 
gardens watered by running streams in which they will abide 
for eve ry . . .  God's reward is surely better for the righteous. 

- the Koran 3:198 

1. Introduction 

1.1. A need for research on existing land-use systems 

One of the most important challenges facing the world in this decade is 
the need to develop land-use systems that are both economically and eco- 
logically sustainable. A particularly critical situation exists in the humid 
tropics where the synergistic forces of burgeoning populations, expanding con- 
sumerism, and increasing poverty urgently demand that solutions be found 
before remaining forest and land resources are squandered and degraded. 
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Ultimately, social well-being in these newly developing countries depends 
on the ability of decision makers to find ways in which to utilize land in a 
profitable and yet renewable fashion. 

A vast quantity of information about economically and ecologically 
appropriate land-use practices is contained in the various land-use systems 
that have been developed and refined by local peoples throughout the world 
who depend on them for their survival [Alcorn, 1987; Christanty et al., 1986; 
G6mez-Pompa and Kaus, 1990; Marten, 1986; Michon, 1983]. Unfortunately, 
however, many decision makers either do not know of the existence of these 
systems, or at best regard them as backwards and primitive. A critical need 
thus exists for land-use studies in all tropical regions that describe and evaluate 
these locally developed systems, suggest potential improvements, and make 
the information accessible to land-use planners and managers so that they 
can make informed choices concerning the best uses for the land and resources 
that they control [Indonesian Institute of Sciences, 1989; Sastrapradja, 1991]. 

1.2. Research objectives 

One example of this type of local knowledge can be found in the land-use 
patterns in a group of small villages bordering Gunung Palung National 
Park in West Kalimantan, Indonesia. Residents of these villages have devel- 
oped a complex land-use system centered around the forest garden, a multi- 
species agroforest generally located away from the village proper that provides 
a variety of products for market sale. These forest gardens are themselves 
part of a larger land-use spectrum, a diverse range of managed habitats 
that includes farms, home gardens, forest gardens, and extractive areas in 
a gradient leading away from the village towards a naturally forested area 
(Figs. 1 and 2). 
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Fig. 1. The land-use spectrum in Benawai Agung, West Kalimantan, Indonesia. Derived from 
Salafsky et al. [1993a] and Miehon et al. [1986]. 
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Fig. 2. A photograph of the land-use spectrum showing farms, home gardens, forest gardens, 
and natural forest. 

Over the past several years, I have conducted a multidisciplinary study of 
the forest gardens and surrounding land-use spectrum in this region [Salafsky, 
1993@ I have been testing the overall hypothesis that this system is an eco- 
nomically viable and ecologically sustainable model for land-use planning in 
the region. In the process, I have come to the conclusion that the forest gardens 
are a variant of the traditional home garden that have been developed by the 
local communities in response to the development of new economic markets. 

In this paper, I provide a baseline description of the study region, methods 
used, and the different types of forest gardens in the study site. I then conclude 
with discussions of related land-use systems throughout the world, how forest 
gardens differ from home gardens, how forest gardens might be formally 
defined, and what future work will be necessary for a better understanding of 
these forest garden systems. 

2. Study region 

2.1. Geographical context 

This study was conducted in the township of Benawai Agung which is located 
in the Sukadana District of the Ketapang Regency of West Kalimantan 
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Province, Indonesia at lat. 1~ ' S, long. 111~ ' E (Fig. 3). The township, 
which is divided into the four villages of Munting, Sedehan, Pelerang, and 
Semanjak, is bordered by the Rantau Panjang River, the main road along 
the coast, and Gunung Palung National Park, a 90,000 ha tropical forest 
reserve established by the Dutch colonial government in the early twentieth 
century. 

2.2. Biophysical context 

2.2.1. Climate 
Climate in the region is humid with an average annual rainfall of over 4000 
ram. In general, rainfall is relatively constant throughout the year with the 
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Fig. 3. Location of the study site in Benawai Agung, West Kalimantan, Indonesia. 
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exceptions of a 6-8-week period of low rainfall between June and August and 
a shorter 2-5-week period of low rainfall between January and March. Recent 
evidence indicates that every few years, however, the region undergoes more 
extensive drought periods that appear to be linked to E1 Nifio-Southern 
Oscillation (ENSO) global climatic event [Salafsky, 1994]. Temperature is 
constant throughout the year with daily highs averaging about 31 ~ and daily 
lows averaging about 21 ~ 

2.2.2. Topography and soils 
Benawai Agung township is located about 5 km inland from the ocean along 
the Rantau Panjang River. At the town, the river is still tidally influenced 
and of mixed salinity. Most of the town is located on the flood plain of the 
river, at the base of a series of small 500 m mountains that are part of Gunung 
Palung National Park. The flood plain contains Trosaprists and Histic 
Tropaquents (Entisols) while the upland areas are primarily Tropudults and 
Paleudults (Ultisols) [Bogor Farming Institute, 1991]. 

2.2.3. Flora and Fauna 
The natural vegetation of the region is forest. Protected areas in Gunung 
Palung National Park contain a number of forest habitats including mangrove, 
freshwater, and peat swamps, alluvial (emperang bench) forests, sandstone 
and granitic hill forest, and cloud forest [MacKinnon and Warsito, 1982]. 
These forest habitats are home to hundreds of tree species, many of which 
flower and fruit only during synchronized masting periods that occur every 
few years [Ashton et al., 1988]. Protected habitats also contain a wide variety 
of animal species. 

Outside of the park, mechanized and hand logging operations and shifting 
cultivation have combined to create growing areas of secondary forest. The 
villages themselves are surrounded by rice paddies, dry farm lands, and 
managed forest gardens, which provide habitat to a range of animal species 
[Salafsky, 1993b]. 

2.3. Socioeconomic context 

2.3.1. Local land-use and population history 
Current residents of the coastal regions of western Borneo are descendants 
of the Proto-Malays who came from mainland Asia two to three thousand 
years ago [Harrisson, 1962; Windstedt, 1947]. Since the 1300s, the town of 
Sukadana has been an historically important trade center for gold, diamonds, 
rattan, gutta percha, incense, and other products. This trade has over the years 
been controlled by a succession of rulers including Hindu Rajas, Islamic 
sultans, Dutch colonialists, and Japanese soldiers, although in recent years 
Sukadana's preeminence has been eclipsed by the political capitals of 
Ketapang and Pontianak. 

Throughout this time, the hillsides slopes between Sukadana and what is 
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today Benawai Agung were most likely inhabited by Malay farmers who 
planted rice and other crops in swidden agricultural plots} In the 1950s, the 
new Indonesian government constructed the first road at the foot of the moun- 
tains and began to encourage residents to move from the hillside and to instead 
clear and plant the flood plain along the river so as to increase production 
and maintain forest cover on the watershed. 

Following World War II, the villages in Benawai Agung began to rapidly 
increase in size as many families migrated into the township. Although the 
majority of these migrants were Malay peoples from other parts of West 
Kalimantan, they also included a number of ethnic Chinese descended from 
the laborers brought to work the gold mines in the northern part of the province 
in the eighteenth and nineteenth century. In 1968, 40 Balinese families moved 
to the township from failed transmigration sites in Pontianak where they had 
been settled by the government after their native village was destroyed by a 
volcanic eruption in 1963. Throughout the 1970s and 1980s, additional people 
moved to the region from other parts of Kalimantan, including a number of 
Javanese who abandoned other failed transmigration sites. Finally, in January 
of 1992, an additional 200 families from Java and Lombok were moved into 
the village under a new type of village enhancing transmigration project. Since 
this settlement occurred after most data for this project were collected, these 
new settlers are not considered in this paper. 

2.3.2. Current population and social structure 
The population of the township has grown from an estimated 50 households 
in 1950 (based on conversations with village elders) to over 500 households 
in 1990. According to government census figures of ethnic composition, 79% 
of the households in the village are Malay, 12% are Balinese, 7% are Chinese, 
and 2% are Javanese or of other origin. Although migration has been a major 
source of population growth in the township (over 35% of interviewed house- 
hold heads were born outside the region), much of this growth has also been 
fueled by high birth rates. As a result, over 50% of the current township 
population is under 20 years old, indicating that the township is on the explo- 
sive growth curve found in many developing countries. Fortunately, however, 
most younger families are participating in a government sponsored birth 
control program and have only two or three children. One indication of the 
dramatic success of this program is that even if families who are still having 
children are excluded (those families whose youngest child is under age 7), 
interviewed household heads have significantly greater numbers of siblings 
(a mean + standard deviation of 6.12 + 2.68, n -- 129) than children (3.78 + 
2.68, n = 41), a difference that using a one sided t-test (t = 4.86) is signifi- 
cant at a probability value o fp  < 0.001. 

2.3.3. Major economic activities 
Agriculture is by far the most important sector in the local economy. Over 
95% of the interviewed households owned at least one farm plot. These plots 
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are farmed using a variety of techniques. The primary crop is rice, which is 
grown using a variety of different techniques ranging from planting two annual 
crops of improved rice varieties in irrigated paddies to planting one crop of 
local varieties on dry land. Average yields range from 2300 kg/ha-crop for 
improved varieties to 1700 kg/ha-erop for local varieties [Salafsky, 1993a]. 
Other crops planted on farm lands include soybeans, corn, and peanuts. Most 
households also have small home gardens in which they grow various crops 
for household consumption. Finally, many households raise chickens and 
ducks for household consumption and goats, cows, and (for Balinese and 
Chinese families) pigs for market sale. In addition to agricultural work, most 
households engage in some other type of economic activity to obtain cash 
money such as working on government sponsored projects, trade, and par- 
ticipation in cottage industries. 

3. Methods 

Data were collected over three field sessions: (1) a two-month pilot phase 
starting in May 1990, (2) a five-month phase beginning in September 1991, 
and (3) a three-month follow up phase commencing in September 1992. Data 
were collected using two primary methods: interviews conducted with house- 
hold members and preparation of detailed maps of individually owned gardens. 
In addition, I interviewed officials from a variety of government agencies at 
the local, district, regional, provincial, and national levels. 

3.1. Interviews 

Socioeconomic interviews were conducted with 15% of the households (n -- 
88) in the township. A sampling frame was constructed by mapping and 
numbering all houses in the township and assigning them to one of four cate- 
gories based on the materials used in their construction, a proxy measure for 
household wealth [Kalton, 1983]. Surveyed households were then randomly 
selected using proportional stratifications based on village of residence and 
type of house. 

Interview sessions, which I conducted myself in Indonesian with the help 
of a local research assistant, consisted of a series of questions about the overall 
household structure, household owned or operated farms, forest gardens, and 
home gardens, other household economic activities, and finally, household 
perception of mammals in the region (see [Salafsky, 1993a] for a translation 
of the questionnaire and details of how it was designed). Whenever possible, 
I attempted to conduct interviews with all members of the household present, 
but cultural norms dictated that in most sessions, men gave the majority of 
responses. 
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3.2. Field mapping 

Gardens to be mapped were selected from among those owned by households 
selected for household interviews. Mapping was done in conjunction with at 
least one member of the household present. Mapping sessions began by 
walking with the owner to the site, timing the distance to the location from 
the village. Upon arrival at the garden site, the owner was then asked to point 
out the boundaries of the garden. If the garden was fairly small and/or con- 
sisted only of large trees with little undergrowth, a map of the entire garden 
was made. If, however, the garden was large or dense, a 20-m wide of more 
or less randomly positioned transect was made through the length of the 
garden. 

Mapping was done by laying out a 50-m tape in approximately the 
center of the garden (or transect) and then recording the location of each 
tree on graph paper, estimating lateral distance by eye. For each tree, I also 
asked the owner to give the local name, age, and productivity in masting 
and non-masting years. In addition, we measured diameter at breast height 
(dbh) and for durian trees, the color of the fruit flesh and type of fruit were 
elicited. Once the trees in the garden were mapped, additional information 
about the garden was recorded such as the elevation and orientation of 
the garden, significant natural features, and microtopography. In addition, 
adjoining areas were described. For most plant species, representative botan- 
ical specimens were collected, pressed, and dried for later confirmation of 
scientific names. 

Upon my return to the United States, paper field maps were digitized using 
a Geographic Information System (GIS) software package (Atlas GIS). I dig- 
itized all gardens onto one large map, using arbitrary defined control points 
in each garden. Each feature of the gardens (trees, streams, owner defined 
boundaries, etc.) was then assigned to a different layer of the map. This pro- 
cedure, which preserved spatial positions within gardens, thus enabled me to 
make comparisons across different gardens without actually knowing their 
spatial position relative to one another. Finally, each tree was assigned a 
number that was linked to a corresponding attribute database. 

4. Description of the forest gardens 

4.1. Agroecological structure 

4.1.1. Forest garden types 
Perhaps the most intriguing aspect of forest gardens is their heterogeneous 
nature; each household's garden seems to differ in composition and structure 
from the next. Nonetheless, at a broad level, four different types of forest 
gardens can be identified: 
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1. Durian/mixed fruit forest gardens that consist primarily of durian trees, 
with a varying number of other trees mixed in (Fig. 4). These gardens gen- 
erally are located on the lower part of the hillside with most trees located 
on rocky ridges that run parallel to streams going down the hill. Garden 
structure varies from a monoculture of large durian trees above cleared 
undergrowth to a dense tangle of many different species (see [Salafsky, 
1993a] for a more detailed analysis of the structure of these gardens); 

2. New durian/coffee forest gardens that consist primarily of durian and other 
fruit tree saplings mixed with coffee, chilli peppers, and (in some gardens) 
forest canopy trees used to provide shade for the coffee. These gardens 
tend to be located higher up on the hillside adjacent to the forest. Although 
these gardens are an early form of the duriardmixed fruit gardens, their 
structure is very different; 

3. Rubber~sugar palm forest gardens that consist of rubber trees with sugar 
palms, durians, and other fruit trees mixed in. These gardens tend to be 
located on the lower part of the hillside and are restricted to a few areas 
near villages. The typical structure of these gardens has mature trees 
surrounded by a dense layer of rubber and sugar palm saplings. Also 
included in this category (for economic reasons to be discussed later) are 
a few gardens that contain primarily sugar palms with some other fruit 
species mixed in; 

Fig. 4. One type of durian-mixed fruit forest garden: A virtual monoculture of large durian 
trees. 



246 

. Small plantations~orchards that consist of monocrops of coffee and/or 
rubber, coconuts, pepper, mangos, or citrus fruits. These gardens are 
located on flat land near villages or farming areas. The structure consists 
of regular spaced trees with a few other species mixed in. 

Based on interview data, 40% of surveyed households own at least one durian 
garden while an additional 13% of surveyed households do not own their own 
gardens, but derive income from gardens that are owned by their parents or 
that are rented from other people (Table 1, column A). Likewise, 17% of 
households own new durian gardens or small flat land plantations, 9% of the 
households own rubber/palm sugar gardens, and 17% own small planta- 
tions/orchards. Inheritance patterns (see below) have resulted in many durian 
gardens being divided so that surveyed households on average own 1.4 plots 
(column B). 

In general, durian/mixed fruit gardens are fairly small in both area and 
number of trees compared with the other garden types (columns D and F). For 
durian gardens at least, reported average garden size was significantly higher 
than mapped garden size (independent samples t-test t -- 3.377, df = 47, p -- 
0.001). This gap between survey and map data indicates that respondents 
generally did not think of the size of their garden in spatial terms. Instead, 
they seemed to use the number of productive trees (column F), for which there 
is no significant difference between survey and map data (independent samples 
t = 0.657, df -- 90, p -- 0.513). 

4.1.2. Major crops and species composition 
Tables 2 and 3 present a summary of products and production statistics for 
the main tree species in the durian/mixed fruit gardens based on survey and 
mapping data respectively. 

The primary crop from these gardens is durian (Durio zibethinus) which 
is found in 100% of the gardens surveyed and mapped and which is present 
in the highest density (Tables 2 and 3, columns A-C). The durian fruit is 
covered with a thorny outer husk that, in conjunction with an infamous odor 
containing elements of garlic, Limburger cheese, and outhouses, give the fruit 
a formidable appearance [Burkill, 1935]. Inside, however, is a creamy aril 
with (to its devotees) a delectable taste. Durians are large canopy trees that 
reach an average diameter at breast height (dbh) of 82 cm, an average age of 
62 years, and that generally begin fruiting upon reaching a dbh of 22 cm and 
an age of 15 years (Table 3, columns E-H). Large, high quality durians are 
sold as whole fruits (Table 2, column E). Fruits of lesser quality are usually 
dehusked in the field and the arils are then sold by weight to make durian 
candy (see below). 

Other fruits that are occasionally sold as cash crop include: langsats and 
dukuh (Lansium domesticum - two closely related varieties of fruits with 
sweet, slightly spicy flesh), bedara (Baccaurea motleyana - a lychee-like 
fruit), keranji (Dialium sp. - a small black fruit with powdery dry sweet and 
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sour flesh), and cempedak (Artocarpus integer - a type of jackfruit that is 
eaten both immature as a cooked vegetable and ripe as a fruit). Two other 
non-fruit cash crops are red peppers (Capsicum frutescens) which are grown 
in clearings in the gardens and sugar which is made from a sap tapped from 
sub-canopy palm trees (Arenga pinnata). 

In addition to cash crops, the durian/mixed fruit gardens contain a number 
of products that are primarily for household consumption. These include 
pekawai (Durio sp. - a wild species of durian with small bright red flesh), 
mangosteen (Garcinia mangostana - although valuable, it is not sold only 
because it bruises easily and thus spoils during transport), various domestic 
and wild rambutan species (Nephelium spp.), various mango species 
(Mangifera spp.), and many other fruits. Households also harvest bamboo 
(both as a vegetable and as a building material) and have a number of timber 
trees. As a rule, timber trees tend to be remnant forest trees that have yet to 
be felled. In a number of gardens, however, saplings are planted or left 
standing to grow following natural regeneration. Most notable among these 
timber species is the ironwood tree (Eusideroxylon zwageri) which produces 
a very dense silica impregnated wood that is termite resistant and thus invalu- 
able for building. 

Overall, the vast majority of plants grown in the gardens are 'tried and true' 
species that produce desired products. Furthermore, these plants are gener- 
ally not wild forest species; most garden owners remove wild species from 
the productive areas of the gardens and tolerate their presence along the edges 
and in swampy or otherwise unusable areas. Many owners do seem willing, 
however, to experiment with new species and techniques. Perhaps the most 
interesting example of this type of experimentation are the several garden 
owners who had attempted to plant gaharu (trees of the genus Aquillaria 
whose diseased heartwood produces an aromatic resin), one of the most 
valuable non-timber forest products in the region [Salafsky et al., 1993a]. 

The other garden types tend to have a much less diverse mix of useful 
species. New durian/coffee gardens typically contain seedlings of durian and 
other fruit trees as well as coffee (Coffea robusta/canephora), and sometimes 
chilli peppers. Rubber/sugar palm gardens contain mostly rubber trees (Hevea 
brasiliensis) with some sugar palms, durians, and other fruits occasionally 
mixed in. Finally, small plantations/orchards generally contain a monocrop 
of the primary species with occasionally a few other fruit trees providing 
products for household consumption around the edges. 

4.1.3. Plant phenology and harvesting tempo 
The phenology or production/harvesting tempo for each crop is summarized 
in Table 2, column G. Mast refers to the synchronized fruiting events char- 
acteristic of Southeast Asian forests that occur every few years [Ashton et 
al., 1988]. At times when masting events occur in nearby forests, most if not 
all of the population of masting species in the forest gardens also produce 
large fruit crops (masting crops). Many trees in the forest garden are also 
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somewhat released, however, and will fruit at times when the forest is not 
undergoing a masting event. Output during these non-masting periods 
however, tend to be reduced owing to both fewer trees fruiting and fewer fruits 
being produced per tree (normal crops). Furthermore, in some years, most 
trees either do not fruit at all, or at best produce only a few fruits (poor crops). 

Fruiting by masting species appears to be proximally linked to climatic 
cues. Many garden owners told me that the crop size depends on having a 
period of warm dry days which triggers the flowering. If this period is less 
than 10 days long, it will be a poor year, if it is between 10 and 20 days 
long, it will be a normal year, and if it is over 20 days, it will be a masting 
year. The local knowledge dovetails nicely with recent scientific evidence 
indicating that masting years in Southeast Asian forests may be linked to 
sporadic droughts caused by ENSO events [Salafsky, 1994]. The irregular 
periodicity of these drought periods makes it extremely difficult to predict 
both how often crops will occur (some years there are two, some years one, 
and some years none) and how big the crop will be. Overall, however, garden 
owners reported that in an average decade they expect about ten crops total, 
of which three or so will be masting and six or seven will be normal. In terms 
of calendar years, however, during this decade there might also be two or three 
years in which masting and normal crops appear in the same year and two or 
three years in which there will be very poor crops or no harvest at all. 

In addition to masting fruits, there are several other types of phenological 
or harvesting patterns for garden products. Masting plus includes fruits like 
keranji that generally follow similar patterns ~to durians and other masting 
fruits but ripen a month or two later, and fruits like cempedak that are 
harvested while immature before the masting season. Seasonal includes 
species like peppers and coffee that fruit once or twice per year. Daily includes 
non-fruit products like sugar palm and rubber can be tapped on a regular 
basis (although rubber harvests are restricted to the dry season and sugar 
palms can be tapped only for a few months per tree - see below). Finally, as 
needed includes products like bamboo and timber that can be harvested on 
demand. 

4.1.4. Crop production 
Production data for different durian/mixed fruit garden species are summa- 
rized in Table 3, column J. For masting species, production data are sub- 
divided into masting, normal, and poor years. For other species, production 
data are for normal years only. In addition, in Table 4, production is given on 
a per garden and per hectare basis. 

In new durian/coffee gardens, most of the fruit trees are not yet mature so 
that production is limited to one or two annual coffee harvests. The mean 
production from these gardens is 286 _+ 385 kg dry coffee beans/garden-crop 
(an average of 0.16 kg per tree). Rubber gardens produced an average of 
5 kg dry #1 grade rubber/garden-day (an average of 0.04 kg per tree per day) 
and mature sugar palms produce over 1 kg of boiled down sugar/tree-day 



253 

~t ..,-. 

0 

.= 

.o 

0 0 

.=. 

0 0 

o ' ~  

o ~ 

e~ 

0 

s  $ 

o'3 r162 r  

.= ~ 

0 

t"q 

t--:. o. 

o,I 

o. 

-6 

8 

= E 
II 

�9 



254 

during the harvest period. Finally, rubber plantations on flat land produced 
3-5 kg dry #1 grade rubber/garden-day, coffee plantations produced 200-1000 
kg dry coffee beans/garden-crop, citrus orchards produced 50-75 fruits/tree- 
year, and mango orchards produced 10-100 fruits/tree-year. 

4.2. Socioeconomic aspects of the forest garden system 

4.2.1. History of existing forest gardens 
Currently existing forest gardens were created over the past century from home 
gardens and rice cultivation areas on the hillsides that were abandoned as 
people moved their houses and farms to the lowland alluvial plain. Although 
some of these older gardens may have been systematically planted, many other 
appear to be the result of seeds that were 'haphazardly' jettisoned from houses 
or temporary shelters in the fields. These gardens were then shaped by selec- 
tive weeding of undesired species, most likely when gardens were cleared 
prior to the fruit harvest. 

For much of this century, garden products were used almost exclusively 
for household consumption. The masting tendencies of most species limited 
local demand for products (either there were no fruits available or everyone 
had more than they could possibly eat). Likewise, outside markets either did 
not exist, or were inaccessible due to the poor transport infrastructure (other 
than for durable goods such as rubber). Accordingly, since each household 
had to have access to only a limited number of trees to satisfy its demand, 
gardens were not very valuable. 

This situation changed almost overnight, however, in the early 1970s when 
a passable road was built into the village and markets in Sukadana and 
Ketapang became accessible. Suddenly, garden products, including especially 
durian, became valuable commodities. People began to expand existing 
gardens and plant new ones. In addition, prices for forest gardens began to 
shoot upwards. For example, the ratio of the price of a durian tree to the 
price of a standard bicycle fell from 10 in 1970 to 2.9 in 1980 and 1.3 in 1990. 

4.2.2. Forest garden tenure system 
Benawai Agung has a strict although somewhat informal land-tenure system. 
In theory, land ownership must be registered with the district government. In 
practice, however, this formal registration is only obtained by wealthier 
families for their farm plots since it requires a transaction fee of several 
hundred kRp and numerous official letters. Furthermore, in the case of the 
gardens, registration is restricted not only by the high transaction costs 
involved, but also because many of the gardens are technically located within 
the borders of the national park. Accordingly, people are reluctant to admit 
officially to owning gardens there. Indeed, although on paper the park is 
supposed to include all of the upland area bordering the village, most people 
in the township told me that either a) the park begins where the gardens stop 
(an upwardly moving line), or b) the big forest trees belong to the govern- 
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ment, but that the land beneath them (on which they are planting durians and 
coffee) can be used. 

In any event, although most people ignore the government system, there 
is a customary tenure system under which garden ownership is completely 
specified. This tenure system includes both land and trees. Tenure rights accrue 
to the person who clears the land and plants the trees. Established gardens 
are then passed on from parents to their children in more or less equal shares, 
either when the children marry and leave home, or when the parent dies, or 
both. In the past, gardens have been large enough to permit easy division. 
Starting with the current generation, however, gardens have begun to reach a 
size where further division is uneconomical. Furthermore, it is not uncommon 
for one household to own two or more plots scattered across the township as 
a result of separate inheritances from the husband's and wife's families. 

Most garden owners have an amazingly precise knowledge of their house- 
hold's holdings. Furthermore, in the case of durian, this tenure extends even 
to fruits that fall from a tree owned by one person onto the land of someone 
else's garden (since each tree produces distinctive fruits, it is surprisingly easy 
to distinguish one tree's fruits from another). Overall, however, there seems 
to be a clear distinction between those products used only for household con- 
sumption and those with a cash value. In the former case, anyone who happens 
to be in a garden where a fruit is ripe is welcome to take as much as they 
would like. In the latter case, however, products an only be harvested by the 
household that owns the garden unless one asks permission first (or at a 
minimum, it is necessary to ask permission to harvest more than one or two 
fruits for immediate consumption). 

One important result of this well specified tenure system is that it enables 
households to invest time and labor in long-term improvements to their forest 
gardens. This investment is in direct contrast with the intensive product 
'mining' commonly found in open-access forest product extraction systems 
in the region [Salafsky et al., 1993a]. Perhaps the best example is the slow 
growing ironwood tree. Although ironwood trees in even the most remote and 
inaccessible parts of the national park were long ago felled, the 30 to 50 cm 
dbh trees growing in the forest gardens stand as graphic testimony to the effec- 
tiveness of the local tenure system. Furthermore, since several households 
are planting ironwood seeds, this indicates that they consider their garden an 
investment for their children or grandchildren. 

4.2.3. Creation of  new forest gardens 
Another indication of the importance of forest gardens to residents of Benawai 
Agung is that new gardens are constantly being created and old sites are, 
wherever possible, being expanded. This lengthy process begins by taking 
natural forest (primary or secondary) and selectively felling some or all of 
the forest trees depending on the crops being planned. In general, if durian 
or coffee is being planted, larger forest trees are initially left standing to 
provide some shade. If peppers are being planted, however, a large percentage 
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of the trees are cut. The owner then transplants seedlings of desired species 
which are taken from natural regeneration in existing gardens (seedlings 
are usually selected from parent trees that produce particularly desirable 
fruits). This planting and felling process then continues for many years, with 
the undergrowth being selectively cut once or twice a year as well (see 
[Salafsky, 1993a] for a detailed analysis of factors involved in garden spatial 
arrangements). 

As a rule, most established gardens do not have many trees from the 
original forest. Exceptions include a few timber species that may be toler- 
ated until they start to interfere with the durian and other planted trees, at 
which time they are girdled and felled. In the early stages of a garden, small 
saplings can be quite drought susceptible, and thus during dry periods, trees 
in hotter and drier parts of the garden may die and have to be replaced. This 
especially seemed to be a problem during the extended drought of 1991 in 
which in some gardens, almost all seedings and saplings died [Salafsky, 1994]. 

4.2.4. Inputs into durian/mixed fruit garden maintenance and harvesting 
Once established, for most of the year, durian/mixed fruit gardens require little 
or no maintenance and most owners may only visit the garden once or twice 
to keep an eye on things. Gardens also require very few inputs; none of the 
owners I talked to ever had used fertilizer or other nutrient inputs (see 
[Salafsky, 1993a] for a more detailed discussion of nutrient cycling patterns in 
the gardens). 

After the durian trees flower, the owner may make one or two visits to the 
garden to see how the harvest is progressing and to gauge the crop size. If 
the crop seems sufficiently large to justify expending effort to harvest, the 
household will start making preparations about a month before the harvest 
period. First, all undergrowth beneath durian trees is cut to about knee height 
using a parang (machete). This cutting, which takes about a week or so for 
an average-sized garden, is done to enable people to find easily fruits that 
fall from the trees. It is also, however, the primary weeding and management 
process by which undesired species are removed and desired trees are given 
space to grow. Members of the household usually also build a small pondok 
(shelter) in one part of the garden away from the durian trees. While clearing 
the garden, household members also begin watching for squirrels, monkeys, 
and other animals that can attack the crop [Salafsky, 1993b]. In addition, 
while adults are doing other work, older children may be stationed in the 
gardens armed with stones and the occasional air rifle to ward off marauding 
animals. 

Harvest season begins in earnest when the first fruits ripen and begin to 
fall from the trees. Since most fruits fall at night, part or all of the household 
will move to the garden pondok to collect the fruits. Although most respon- 
dents said that they spent nights in the gardens because they needed to chase 
animals away, it seems not unlikely that many households move to the gardens 
because (a) they are worried about other people stealing their fruits, and (b) 
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because it is a festive break from normal routine. Most trees gradually ripen 
their crop over the course of three weeks or so, dropping a few fruits each 
night. 

At dawn, fruits that fell during the night are collected. If it is not a 
masting crop, large, choice fruits are brought down from the gardens to be 
directly sold. Most fruits, however, are processed in the field which involves 
splitting open the husk with a parang, and then scraping the aril off the seeds 
into a bucket (Fig. 5). The buckets are then brought down and sold either 
to local store owners, or to store owners in Sukadana (see below). Other 
products in the gardens are harvested as available for sale or household 
consumption. 

4.2.5. Inputs into other types of  forest gardens 
In garden, coffee, rubber, and sugar palm forest gardens require similarly 
low levels of maintenance as the durian/mixed fruit gardens. The primary 
differences occur during harvesting seasons. 

Coffee is generally harvested once a year in the mountain gardens (around 
April) and twice a year on the lowland holdings (in April and September). 
Beans are harvested by hand, sun dried, boiled to remove the outer flesh, and 
then dried again. Coffee harvesting takes one to two weeks per crop depending 
on the number of productive trees. For the mountain gardens, an important 
labor input is travel time, since the gardens tend to be located 30 to 60 minutes 
away from the village at the top of a steep climb. 

Fig. 5. Processing durian fruits in the field. 
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Rubber is generally harvested only during the dry season because rain 
washes the latex away and thus makes it difficult to collect. Surveyed house- 
holds collected rubber for between 20 and 30 days a month during the dry 
season (May to September) and 0 to 10 days a month during the remainder 
of the year. Usually, one member of the household goes to the garden in the 
early morning, and cuts the trees with a special knife in a downward sloping 
spiral. The latex then runs down the bole and into a small collecting vessel. 
In the mid-morning, the latex is collected, treated with acid, and pressed. 
Wealthier families own their own presses while other families rent a press, 
paying the press owner 1 kg out of every 10 pressed. 

Sugar palms can be tapped after about eight years when the tree produces 
a large panicle of fruits. When a tapper decides to work a given tree, he first 
climbs it and pounds the panicle stem with a piece of wood twice a day for 
a month or so. He then cuts off the fruits and cuts into the panicle stem. Sap 
drips out of the stem into a long bamboo tube through a plug of special wood 
fibers that contain a substance that helps the syrup thicken when cooked. An 
active tree is generally tapped twice a day, once in the morning and once in 
the evening. Sap from the evening sits overnight and is then boiled down with 
the next morning's yield. Liquid sap is boiled from about three or four hours 
until it thickens. The syrup is then poured into small molds where it quickly 
hardens into cakes of sugar (see Fig. 6). 

Fig. 6. Making palm sugar. 
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Sugar production takes considerable labor input in pounding and cutting 
the trees, collecting the sap, boiling the sugar down, and collecting fuelwood 
and the thickening substance (obtained from certain forest trees) as well as 
specialized knowledge and skills. Accordingly, many tappers practice their 
craft full time. A given tree can only be harvested for about four months, after 
which it has to be rested for six to twelve months. As a result, most full-time 
sugar producers either own a number of trees which they rotate so that they 
always have two or three trees in production at any one time, or rent trees 
from other households, in return for a share of the output (generally 1 cake 
for every 5 produced). Another common practice is to combine sugar pro- 
duction with rubber harvesting since both products require daily labor inputs. 
The common co-occurrence of rubber and sugar palm trees thus seems to be 
a result of economic factors rather than any ecological synergy. In addition 
to sugar, palms can also be cut while still young for their hearts (a vegetable) 
or while mature to produce wood used to make sleds used to skid out logs in 
upstream hand logging operations. 

4.2.6. Markets and prices 
Table 5 lists the units, prices, and sources/markets for various forest garden 
inputs and products. 

Since the 1970s, durian gardens and even individual trees have become 
traded commodities. Prices for both land and trees depend greatly on the age 
and productivity of the trees as well as the quality of the fruits. Households 
that own more than one garden or that do not have the labor to invest in 
harvesting will also rent out the rights to a garden for a season. Rentals can 
either be for a mutually agreed upon price, or for a share of the final profits 
(generally 50% going to the laborers and 50% to the owners). 

Since most labor in forest gardens is done by the owning or renting house- 
hold, no explicit wages are paid for labor. The shadow price for labor, 
however, can be taken as the wage rate for field labor during this time of year. 
In most years, the primary durian harvest season falls in December or January, 
right before the rice harvest. Thus, although most households have other work 
to do, the durian harvest nonetheless provides a source of cash income at a 
critical time when the previous year's rice supplies have been depleted and 
township residents need money to buy additional rice. 

Choice durians are sold as whole fruits either to local people who take them 
by bicycle or motorcycle to markets in Sukadana or Ketapang, or to traders 
who come to the township or to Sukadana with trucks. Sale of whole fruits 
tends, however, to be restricted to either non-masting years, or early or late 
in the season during masting years since during peak masting periods, urban 
markets are flooded with fruits from nearby locations. The masting tendency 
of most trees means that owners of rare trees with aberrant phenology that 
fruit a week or two early, or during times when most other trees are not 
fruiting, can make a fortune owing to the great demand and thus higher prices 
for the fruits during these times. 
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Table 5. Prices and markets for forest garden inputs and outputs. Data from interview sessions 
and/or direct inquiries; All prices are for 1991 (1US$ ~- 2000 Rp = 2 kRp). 

Item Unit Price (kRp) Primary buyer 
x sd min max 

Inputs 

Forest Gardens [11 
Durian/mixed fruit garden 1344 984 250 15000 local 
New durian/coffee garden 640 412 200 1500 local 
Rubber/sugar palm garden 350 212 200 500 local 
Plantation/orchard garden 965 901 150 3000 local 
Durian trees tree 152 187 22 1000 local 

Labor 
General work day 2-4 - local 

Technology 
Rubber press per press 350 local 
Rubber press rental kg dried 1:10 local store 

Materials 
Acid (for rubber processing) liter 1.0 local store 
Thickening wood (for palm sugar) kg 0.4 local store 
Sugar (for durian candy) kg 1.4 local store 
Bedara firewood (for candy) stick 0.075 local store 

Outputs 

Durian [1 & 2] 
Fruits, masting crop fruit 0.2 - 0.1 0.2 stores/traders 
Fruits, normal crop fruit 0.4 0.1 0.2 0.5 stores/traders 
Fruits, poor crop fruit 0.7 - 0.5 0.8 stores/traders 
Aril, masting crop kg 0.9 0.2 0.5 1.5 loc & Suk stores 
Aril, normal crop kg 1.9 0.5 1.0 3.0 loc & Suk stores 
Aril, poor crop kg 3.1 0.9 1.5 5.0 loc & Suk stores 
Candy kg 4.0 - 3.0 5.0 Pontianak/export 

Other crops [2 & 31 
Langsat blek [4] 2.3 1.5 1.0 4.0 traders 
Dukuh blek [4] 0.9 0,3 0.5 1.0 traders 
Bedarah blek [4] 1.0 traders 
Keranji blek [4] 2.0 traders 
Cempodak fruit 0.1 traders 
Palm sugar 10 cakes 0.3 - 0.2 0.3 loc & Suk stores 
Coffee kg dried 2.0 0.4 1.5 2.5 loc & Suk stores 
Rubber kg dried #1 0.8 0.1 0.7 1.0 loc & T. Mel stores 
Citrus kg fruit 0.6 - 0.5 0.7 T. Melano 
Coconut fruit 0.2 local 
Mango fruit 0.7 - 0.1 0.1 T. Melano 

[1] Prices calculated from interview data. 
[2] Prices move opposite of production and are thus low for 'masting crops' and high for 'poor 
crops'. 
[3] No division is made into masting/non-masting periods; min value is price during time of 
abundance, max value is price during time of scarcity. 
[4] Standard size container that holds about 10 kg. 
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Most durian, however, are dehusked in the field and then cooked with sugar 
(4 parts durian to 1 part sugar) for three hours, until it hardens into a leathery 
candy (known locally as lempok and in the rest of Indonesia as dodol) that 
can be stored in airtight metal cans for up to two or three years. Although a 
few wealthy garden owners make their own lempok, most households sell 
durian arils by the kilogram to store owners in the township or in Sukadana 
who in turn sell the lempok to other middlemen who resell it in Pontianak or 
export it to Singapore and other Asian countries. Although the lempok making 
process has been around for years [Burkill, 1935], mass production in West 
Kalimantan seems to be restricted to the districts of Sukadana and Sintang. 
In any event, the lempok making process seems to drive the entire durian 
garden system since it enables people to use the fruits to make a product that 
does not spoil and that has a high resale value. 

Other masting fruits such as bedara or langsat are generally only marketed 
during localized fruiting seasons in which there are no trees fruiting nearer 
to urban markets. Fruits are generally sold to middlemen who bring the fruits 
from the township to urban markets. Bedara trees are also greatly valued for 
their wood which burns at a high temperature and is sold to cook lempok. 
Palm sugar is generally sold to store owners in the township or Sukadana, 
with many full-time producers entering contracts for so many cakes of sugar 
per day. Coffee is sold to store owners in Sukadana. Rubber is sold in several 
quality gardens to township store keepers who in turn sell it to buyers in Teluk 
Melano, the market for most of the rubber harvested from villages in the 
interior. 

5. Discussion 

5.1. Forest gardens and related land-use systems throughout the worm 

5.1.1. Sites in Borneo 
Part A of Table 6 lists other sites in Borneo where similar types of land-use 
systems have been described. Local environmental conditions undoubtedly 
play a major role in shaping the specific structure of the land-use system at 
each site. For example, the use of paddy rice in the farms in Benawai Agung, 
which is atypical of most of Kalimantan, is probably in part a function of the 
(relatively) good soils found along the river in the township. In addition, 
economic conditions also shape the specific land-use system. For example, 
although illipe nuts (Shorea spp.) are a primary product from gardens and 
forests in the interior, in Benawai Agung the Shorea trees were all felled 
during the 1970s when developed of a road connection to markets in Sukadana 
and Ketapang made marketing the more profitable durian aril possible. 

Nonetheless, although the ecological and economic environments have had 
great influence in shaping the systems used, cultural tradition is also an impor- 
tant determinant. For example, although the Sungai Matan site on the northern 
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border of Gunung Palung National Park is relatively close to Benawai Agung, 
the land-use spectrum there is somewhat reversed in that the Dayak residents 
plant rice in upland areas and grow rubber on the flat land near the village 
(D. Lawrence, personal commentary). At the site in Sarawak, on the other 
hand, despite the spatial (and temporal) distance, Harrisson's descriptions of 
the land-use patterns practiced by the Malay residents (including his maps of 
durian gardens) seem virtually identical to those presented in the preceding 
sections of this paper [Harrisson, 1962]. Similarly, a number of residents of 
Benawai Agung claimed that within West Kalimantan, durian production was 
concentrated in the Sukadana and Singkawang (in the northwest part of the 
province) districts because elsewhere, people did not have the tradition of 
making durian candy. 

5.1.2. Sites in other Indonesian locations 
Part B of Table 6 lists other sites in Indonesia where similar types of land- 
use system have been described. In general, although the specific species 
assemblages and structures found in Borneo are different on the other islands, 
the overall pattern is remarkably similar. Indeed, in a few locations, land-use 
spectrums centered around forest gardens that are perfectly analogous to the 
one in Benawai Agung have been described, most notably by Michon et al. 
[ 1986] whose drawing of a multi-stored agroforest centered system in Sumatra 
is virtually identical to Fig. 1 in this paper. 

5.1.3. Sites in other regions of the world 
Part C of Table 6 lists sites in other regions of the world where other 'forest 
garden' land-use systems have been described. In looking at these different 
systems, there is some confusion owing to the lack of clearly defined termi- 
nology. For example, the term 'forest garden' has been applied in some cases 
[G6mez-Pompa and Kaus, 1990] to a managed natural forest, whereas in others 
[Ewel, 1984] to a planted orchard. In contrast, there may be other systems 
that may be more similar to the forest gardens described in this paper that 
are described using different names such as some of the 'tropical mixed 
gardens' described by Price [1983] from Latin America. 

5.2. Developing a definition of forest gardens 

5.2.1. A nomenclature decision 
The first consideration in developing a formal definition of forest gardens is 
to agree on what to actually call these systems. In many ways, the terms 'agro- 
forest' or 'complex agroforest' make logical sense in that these systems truly 
are agriculturally derived forests. There are some concerns, however, that these 
terms might be confused with the word 'agroforestry' which, of course, has 
much broader connotations. 

To this end, I would propose using the term 'forest garden' to describe 
these types of systems. This term also has some baggage in that it has been 
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used to describe a few other types of land-use systems as outlined above. 
Furthermore, the dominance of the word 'forest' in the term (at least in 
English) means that its adoption could conceivably lead to forestry depart- 
ments laying claim to what is basically an agricultural system (G. Michon, 
personal communication). Nonetheless, to my mind, the term forest garden 
(a) more accurately reflects the Indonesian term 'kebun hutan,' (b) indicates 
that (as discussed below) these systems are related to, but different from the 
widely accepted 'home gardens,' and (c) is more intuitively attractive than 
the term 'agroforest.' 

5.2.2. Differences between home and forest gardens 
The second consideration is how forest gardens differ from the more widely 
documented home gardens [Christanty et al., 1986; Soemarwoto, 1987]. Since 
in Benawai Agung, the forest gardens seem to have historically developed 
from abandoned home gardens and rice cultivation areas on the hillside, it is 
very difficult to draw a solid dividing line on the gradient leading from home 
gardens to forest gardens. Nonetheless, the single factor that most seems to 
differentiate the forest garden end of this gradient from the home garden end 
is that forest gardens, although at times quite diverse, tend to focus on one 
or a few tree species that can be commercially marketed. To this end, forest 
gardens provide a relatively narrow range of tree products that are primarily 
sold for cash money. Home gardens, by contrast, provide a large number of 
different herb, shrub, tree, and animal products that are primarily used for 
household consumption. 

Other differences between forest gardens and home gardens seem to stem 
largely from this difference in economic function. For example, whereas 
home gardens (almost by definition) are located in the village where they are 
readily accessible, forest gardens tend to be located outside of the village. 
Accordingly, whereas home gardens may be visited every day, forest gardens 
may be left alone for large periods of times outside of harvest times. Similarly, 
whereas home gardens may require regular and relatively intensive levels of 
maintenance, forest gardens may require less upkeep. Likewise, whereas home 
gardens contain a range of plant types from small annuals to large trees, forest 
gardens tend to contain only canopy and perhaps sub-canopy level trees. 
Finally, since the amount of any given product that a household can consume 
is generally less than they can sell, home gardens tend to have less of any 
one species and overall tend to be smaller than forest gardens. 

5.2.3. A definition of  forest gardens 
The final step is to determine how to formally define these systems. I would 
argue that there are at least five basic characteristics that forest garden systems 
have in common: 

1. From an economic perspective, the forest garden systems are primarily 
used for growing cash crops. As outlined in the previous section, the key 
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feature of forest gardens is that they are used to provide products for 
market sale. Accordingly, these systems seem to develop only as markets 
(or at least access to markets) for the products develop; 

2. From an ecological perspective, forest garden systems are composed of  
relatively large areas dominated by only a few species of  canopy or sub- 
canopy trees. The relative ecological homogeneity (when compared with 
home gardens) is probably a function of the cash-crop role of these gardens 
as discussed above. Forest gardens still tend to be, however, much more 
species diverse and contain larger trees than plantations of crops like 
rubber, coffee, cacao, or oil/coconut palms; 

3. From a land-use history perspective, forest garden systems typically seem 
to evolve from home gardens and~or swidden agricultural plots as 
economic markets for specific products develop. Whereas managed or 
remnant forests incorporate wild trees, forest gardens generally contain 
trees that have been either planted as seedlings or saplings, or that are 
'chosen' through selective weeding processes; 

4. From a land-use perspective, forest garden systems do not occur in 
isolation, but are part of  broader spectrum or mosaic of  land uses. This 
spectrum or mosaic [Michon et al., 1986; Salafsky, 1993a; Schelhas, 1994] 
will typically contain farm areas in which annual crops are grown (pri- 
marily for subsistence), home gardens around the houses (almost exclu- 
sively for subsistence), and (in regions where deforestation is not too 
intense), secondary and/or primary forest used to obtain fuelwood, building 
materials, and non-timber forest products (see Fig. 1 in this article or 
Fig. 2 in [Michon et al., 1986]); 

5. Finally, from a socio-political perspective, forest garden systems tend to 
be ignored by government officials and other decision makers. This lack 
of recognition can stem from lack of knowledge about these systems, 
or a belief that they are 'backwards' or 'primitive' compared to more 
'modern' land-use systems. In either case, the result is that despite the 
relatively recent development of these systems, many of them are now in 
danger of becoming extinct. 

5.3. Future research needs 

There is undoubtedly a great deal of refinement required in the preliminary 
definition of the forest garden systems outlined above. For example, it will 
be necessary to more clearly delineate the differences between home gardens, 
enriched fallows, forest gardens, remnant forests, and other agroforestry 
systems. In addition, it will be necessary to identify, document, and describe 
forest garden systems throughout not only Southeast Asia, but other parts of 
the world. Undoubtedly there are many such systems throughout the world 
that have not yet been studied and may even be in danger of disappearing. 
An urgent need thus exists for research that involves describing and evalu- 
ating these locally developed systems, working with practitioners to develop 
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potential improvements, and making the information available to land-use 
planners. A vast wealth of information abut these land-use practices devel- 
oped to meet prevailing local ecological, economic, and social conditions 
remains to be tapped. 
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Note 

1. The term 'Malay' or "Melayu' refers to the coastal peoples of Indonesia and Malaysia. As 
Harrisson [1962] points out, however, it is a cultural rather than a racial identity. To this 
end, several families that I interviewed stated that although their parents or grandparents 
were Dayaks, they themselves were Malay because they have converted to Islam and settled 
in a Malay village. 
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