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GAPKINDO / CIRAD / ICRAF / IRRI / USAID 

SRAP Workshop on Rubber Agroforestry Systems 
in Indonesia 

Poso Banquet Room, Bogor Lakeside 
Jl. Perumahan Danau Bogor Raya, Bogor 

September 29 & 30, 1997 
 

Introduction paper 

The objectives of the workshop were twofold: firstly to provide an overview of 
the research and results of Rubber Agroforestry Systems (RAS) currently im-
plemented as on-farm trials in Indonesia, and secondly to create an opportunity 
for researchers, development professionals and donors to discuss the potential of 
RAS as an alternative to jungle rubber and rubber monoculture in further devel-
opment projects. 

The workshop was held in Bogor in September 1997 and included one day of 
presentations of papers and posters, and one day of brainstorming with three 
working groups who considered agronomic principles and practice in RAS, bio-
diversity in RAS and economic and policy issues for RAS development. 

More than 80 participants from research, development and donor agencies from 
Bogor, Jakarta, West-Kalimantan, South and West Sumatra as well as Singapore 
contributed to the workshop. 

This publication contains the workshop programme, the 16 papers and 3 poster 
papers and the conclusions of the 3 working groups. 

We would like to thank all participants of the workshop, and in particular the fol-
lowing key people:  
• Dr AFS Budiman (GAPKINDO) for his constant support of SRAP activities 

from the very beginning, and his clear vision of RAS as a means of providing 
a more affordable and productive system for rubber smallholders, 

• Dr Dennis Garrity, for his confidence in RAS systems from the start, and his 
contribution and analysis in terms of agronomy, and Dr Meine van Noord-
wjik for his support for students and activities in the Jambi province, as well 
as Dr Tom Tomich (ICRAF) 

• Dr Hasril Darussamin, director IRRI/Indonesian Rubber Research Institute or 
Sungei Putih and Mr Chairil Anwar, head of the Sembawa Rubber Research 
Station, who provided support to SRAP activities in the fields, in particular 
in Jambi and West Sumatra. 

• Dr Gede Wibawa and Dr Hisar Sihombing, (IRRI) who contributed directly 
to SRAP and on-farm trials implementation in the 3 provinces. 
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• Sandy Williams who made a tremendous contribution in editing this docu-
ment in English, and who has been a key team member in Jambi province, 

• The USAID office and ADP programme who fund SRAP and enable us to 
present the following outputs today, 

• The CIRAD delegation of Jakarta and in particular Mr Pierre Rondot and Mr 
Gabriel de Taffin,  

• The ICRAF/SRAP staff in the field sites: Ir Iwan Komardiwan, Ir Ratna 
Akiefnawati, Ir Gerhard Eli Sebastien Manurung in Jambi; Ir Ilahang, Ir Su-
nario, Ir Asngari, Ir Sujono and Ir Sodianto in West Kalimantan, as well as Ir 
Sofyan (pro-RLK/GTZ) and Pak Coan (Dinas Perkebunan) in West Sumatra, 

• The ICRAF staff in Bogor who supported the work in the field and the or-
ganization of this seminar with tremendous energy, and in particular Ms 
Anita Jenie, the secretary of SRAP,  

• The students who have worked very hard, with the SRAP team spirit, to pro-
vide valuable information, in particular Sandy Williams, Alexandra Kelfoun, 
Philippe Courbet, Wilfried Shueller and Quirine Keterrings,  

And very importantly, all of the 100 farmers involved in RAS experimentation, 
without whom these results and workshop would not have been possible. 
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SRAP Workshop on Rubber Agroforestry Systems 
in Indonesia 

Poso Banquet Room, Bogor Lakeside 
Jl. Perumahan Danau Bogor Raya, Bogor 

September 29 & 30, 1997 

Programme 

First Day (Monday, 29th September): Plenary Session  

Presentation of SRAP results and outputs from scientists involved in the 
Rubber Agroforestry Initiative 

08:00 Registration 

08:30 Opening Session 
 by Dr. Dennis P. Garrity, Dr. AFS. Budiman and Eric Penot 

09:00  Main introduction to SRAP methodology and concepts  
 by Eric Penot 

09:25  Main agronomic results of RAS on-farm experimentation 
network in W. Kalimantan. 

 by Eric Penot 

09:45 Main agronomic results of RAS on-farm experimentation 
network in Jambi 

 by Dr. Gede Wibawa and Ir. Gerhard 

10:00 Main agronomic results of RAS on-farm experimentation 
network in West-Sumatra  

 by Dr. Hisar Sihombing 

10:15 Questions and discussion. 

10:45 Coffee break - Posters 

11:15 Rubber Improved Genetic Planting Material (IGPM) 
availability and use by smallholders in West-Kalimantan 
Province 

 by Eric Penot and Wilfrid Schueller 

11:30  Discussion 

11:45 Farming system characterization and innovations adoption 
process in Jambi 

 by A. Kelfoun and Ir. Iwan Komardiwan 

12:00 Farming system characterization and innovations adoption 
process in W.Kalimantan 
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 by Philippe Courbet and Ir. Ilahang. 

12:15  Questions and discussions 

12:45  Lunch 

14:00 Smallholder rubber plantations viewed through the eyes of 
a forest ecologist.  An example from South Sumatra 

 by Dr. Hubert de Foresta 

14:15 Biodiversity study in jungle rubber  
 by Hendrien Beukema 

14:30  Questions and discussions 

14:45 Below-ground interactions between rubber and weeds in 
an immature RAS 1-type agroforestry system. 

 by Sandy Williams  

15:00 P fertilization in RAS 1 
 by Ir. Ratna Akiefnawati 

15:15 Slash and burn as land clearing method for rubber small-
holders in Sepunggur, Jambi province, Indonesia. 

 by Quirine Ketterings 

15:30  Questions and discussion 

15:45  Land use changes in Jambi province in Sumatra: an over-
view 

 by Fred Stolle 

16:00  Coffee break 

16:30 Plenary session: general discussion  

17:15  Presentation of discussion topics for working groups, and allo-
cation of participants to groups 

17:30  End of the session. 

Posters on Display 

1 Rubber IGPM availability and use in Jambi by Ir. Iwan K. (IGPM = Im-
proved Genetic Planting Material) 

2 RAS and Soil Fertility by Ir. Ratna A. MSc. and Ir. Gerhard 
3 RAS 1.3: Fertilization in RAS 1 by Ir. Gerhard 
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Second Day (Tuesday, 30th September): Working Groups 

The participants were divided into several groups to provide comments and con-
tribute to evaluation of the project findings and to define further research rec-
ommendations.   

09:00 to 12:00 Working Groups 

Group 1  
1.1 Topic: Agronomic issues in RAS 
 Lead 1: Dr. Gede Wibawa, Dr. Dennis P. Garrity, Eric Penot 
 Associated ICRAF scientist: Dr. Meine van Noordwijk 
1.2 Topic: RAS Modelling and GIS/regional level land-use evolution  
 Lead 2: Dr. Gregoire Vincent, Fred Stolle 

Group 2 
Topic: Policy issues - planting material, development procedures, con-
straints to adoption of innovations, institutional constraints (land and 
tree tenure)  
Lead: Eric Penot, Dr. Thomas P. Tomich, Dr. AFS. Budiman  
Associated ICRAF scientist: Dr. Chip Fay 

Group 3 
Topic: Biodiversity conservation and evolution in RAS 
Lead: Hendrien Beukema, Dr. Hubert de Foresta  
Associated ICRAF scientist: Dr. G. Michon 

12:00 to 13:30  Lunch 

13:30  Plenary Session 

 Presentation of working group outputs and conclusions: 15 
minutes for presentation + 15 minutes for discussion 

13:30 Group 1 

14:00 Group 2 

14:30  Group 3 

15:00  Coffee break 

15:30 General discussion and Conclusion  

16:30  Closing 
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Introduction to SRAP methodology and RAS concepts: 
summary of the preliminary results 
 

by Eric Penot 
 
INTRODUCTION 
Rubber as a trigger for complex agroforestry development in Indonesia 
 
Rubber was introduced to Indonesia at the turn of the century in North Sumatra, and was originally cropped in private 
estates, but was very rapidly adopted by local farmers in the central plains of Sumatra and Kalimantan through an 
extensive complex agroforestry system "jungle rubber". Local farmers, as well as spontaneous migrants, developed 
their own system according to their limited resources of cash and labour. Rubber trees were planted with rice after 
traditional slash and burn and then the rubber trees were left to grow with the regenerating secondary forest. A higher 
planting density than that of estates was used, in order to compensate for tree losses due to competition and 
depredation. The rubber tree is basically a forest species in its natural habitat in the Amazon Basin in Brazil, so rubber 
proved to be as adaptable to this “new” environment, as to monoculture planting in estates.  
 
Farmers profit from a no-input/very low labour rubber cropping system with a certain amount of income 
diversification, as jungle rubber produces also fruits, nuts, timber for housing as well as other products such as rattan 
and NTFP1. Such a system has been described and defined, from a botanical point of view, as a “complex agroforestry 
system” (H de Foresta, G Michon 1992).  Production per ha from unselected rubber seedlings is very similar in both 
monoculture and jungle rubber systems, with a yield close to 500 kg/ha/year. In the case of jungle rubber, the 
advantages are quite clear: there is no cost for establishment (unselected seeds with no value and no fertilizers are 
used), labour investment is low (only a few days for rubber planting as the land has been already cleared for upland 
rice) and there is no maintenance during the immature period. Other benefits are biodiversity conservation as 
biodiversity is close to that of primary forest or old secondary forest for old jungle rubber (de Foresta & Michon, 1992, 
1995) and environmental benefits in terms of soil conservation and water management are due to its forest-like 
structure.  
 
The constraints have also been well identified (A Gouyon, 1995): there is a delay in production as rubber trees are 
being tapped 8 to 10 years after planting2, compared to 5 or 6 years in estates,  and the productivity is relatively low 
(compared to plantations planted with clones). Rubber based farming systems have been well characterized in North 
Sumatra (Barlow et al, 1995), in South-Sumatra (A Gouyon, 1995) and partially characterized in Jambi (Levang, 1990 
and ASB: van Noordwijk et al, 1995) and West-Sumatra (M Gruninger, 1996). Therefore, it was necessary to conduct a 
complete farming system characterization in the selected areas in West Kalimantan, West Sumatra and Jambi 
(completed by PH Courbet in West-Kalimantan, Iwan K in West-Sumatra and A Kelfoun in Jambi in 1997, with the 
direct collaboration of SRAP local staff). 

 
Farmers are still relying on unselected rubber seedlings for jungle rubber, whereas estates have all now adopted 
improved planting material. Amongst these, rubber clones have proven to be the best in terms of yields and secondary 
characteristics (resistance to diseases and exploitation methods etc.).  Yields of clonal rubber in Indonesia are between 
1400 and 1800 kg/ha in estates, or with the best farmers in the SRDP rubber scheme (in South-Sumatra, Prabumulih, D 
Boutin, pers comm.). Other improved rubber planting material such as clonal seedlings (seeds from plots planted with 
one clone) and polyclonal seedlings (seeds from an isolated garden planted with several selected clones. In Indonesia, 

                         
1NTFP = Non Timber Forest Products : such as medicinal plants, gaharu, resins, 
local vegetables.... 

2 At least in Sumatra, in Kalimantan, our survey indicates more 10 to 15 years 
of immature period. 



there is only one estate (Lonsum) able to produce polyclonal seedlings (BLIG)3. Polyclonal seedlings, which were used 
in the 1950’s and 1960's in estates, have generally been abandoned in favour of clones, which are more profitable, more 
homogeneous, adapted to a high level of production and with good secondary characteristics (resistance to diseases 
etc.), in particular the third generation of clones  which have been available since the 1970's. Clonal rubber is therefore 
the first and most important innovation to be adopted by farmers (as improved varieties generally are for other 
systems). However rubber planting material can be scarce or even unavailable in some areas, of very poor quality and 
purity, and there is very little information on clones available to farmers. Many planting material programmes have 
been developed in Indonesia; most of them being unsuccessful (in particular the village budwood garden programme). 
It was necessary to study the current situation of Improved Genetic Planting material (IGPM) availability and use, and 
this was done in West Kalimantan by W Shueller/Sunario and in Jambi/West Sumatra by Iwan/E Penot.   
 
In the 1970's, the Indonesian government began to seriously consider supporting the smallholder rubber sector. It must 
be noted that the model chosen by the government for smallholders is directly derived from the estate model: rubber 
monoculture with high levels of labour and inputs and no intercropping during the immature rubber period (but use of 
cover crops). The objectives were to maximize return to capital and return to labour as well as developing a simple 
rubber monocropping system that could be extended over large areas without much adaptation to local conditions (this 
adaptation was generally limited to the choice of clone and the level of fertilization). This model has proven efficient 
but costly. So far, only 15 % of Indonesian farmers have been reached by projects and only a proportion of these 
actually developed fully productive plantations (around 10 % of the smallholding area) . 

 
In Indonesia, several partial approach projects (such as ARP4 and GCC) and full approach projects (such as NSSDP 
and WSSDP5) were initiated between 1975 and 1980. Then in 1979-80, the government decided to launch two new 
types of projects: the NES/PIR6 projects aimed for transmigration areas with the settlement of migrants in virgin areas 
(similar to FELDA and FELCRA schemes in Malaysia), and the PMU7 projects such as SRDP/TCSDP8,  for existing 
local farmers.  Previous projects, as well as SRDP-like schemes funded directly by the Indonesian government, were 
regrouped in the PRPTE (Project for Rehabilitation and Replanting of export crops). 
Table 1 displays rubber planting distribution among the various projects  (up to 1994):  
 
Table 1.  Areas of rubber planted in various projects in Indonesia 

    TCSDP SRDP NES PRPTE GCC/ 
ARP 

NSSDP 
WSSDP 

TOTAL 

Périod 1990-->98 1980–>90 1978–>90 1980–>90 1974–>80 1973–>79  

Area 69 000 101 149 168 571 15 697 112 600 20 019 487 036 

                         
3BLIG = Bah Lias Isolated Garden, London Sumatra, North Sumatra. 

4ARP = Assisted Replanting Project 
GCC = Group Coagulating Center. 

5NSSDP = North Sumatra Smallholder Development project 
WSSDP = West Sumatra Smallholder Development project 

6NES = Nucleus Estate Project (PIR in Indonesian) funded by World bank (NES) 
or directly by the Indonesian government (PIR).  

7PMU = Project Management Unit. 

8SRDP = Smallholder Rubber Development Project. From 1980 to 1990  
TCSDP : Tree Crop Smallholder Rubber Development Project : continuation of 
SRDP since 1990, funded by World Bank. A similar project TCSSP is funded by 
ADB.  



%of total  14,2 % 20,8 % 34,6 % 3,2 % 23,1 % 4,1 %  

Class  
A & B  

80 % 
estimated 

89 % 60 % 39 % < 25 % 80 %  
estimated 

 

Source AG, 1995 et Penot , 1999 
Classe 1 & B indicates that plantations are correcte and productive.  
 
All rubber development schemes have been based on rubber monoculture with high levels of inputs and labour. 
Only 15 % of the total rubber farmers’ area has been reached directly by projects. It is now necessary to review why 
the monoculture model has not been adopted on a large scale by all smallholders as is the case in Malaysia and 
Thailand, and also to see if other rubber cropping alternatives are possible. 
 
One of the main reasons why farmers did not adopt the rubber monoculture package is its cost. In Malaysia and 
Thailand, this was greatly subsidized by the government, allowing farmers to shift from extensive jungle rubber to 
intensive monoculture. The current situation in Indonesia is characterized by relatively poor farmers who cannot 
afford the cost of the monoculture technological package, farmers that are more interested in low to medium 
intensive cropping patterns (in particular for labour in immature period),  the scarcity of improved planting material 
and its poor quality, the inefficiency of extension (and the poor planting material distributed to farmers), and the 
lack of information and credit.   
 
1 Rubber Agroforestry Systems (RAS) :  research for a new alternative 
Rubber Agroforestry Systems (RAS)  take into account these constraints, and try to combine low to medium input 
requirements with agroforestry practices. These practices are a combination of endogenous and external 
innovations, and involve a lower labour requirement in the immature period, income diversification and also have 
environmental benefits. An analysis of the innovation adoption process has been done (E Penot, 1997) in the three 
following areas:  
A)   endogenous9 innovations in the jungle rubber system by non project farmers 
B) endogenous innovations in the rubber monoculture “estate-like” system by former project farmers and  
C) C) Rubber Agroforestry Systems (RAS) developed by research project farmers with a combination of 

endogenous innovations and exogenous innovations from SRAP/CIRAD/ICRAF10. 
 
Several hypotheses concerning rubber and associated trees are behind the concept of RAS, and these are discussed 
below.  
  
- 1 - " There is no significant decrease (no more than 20 %) in rubber tree yield when planted in RAS i.e. 
competition for light, water and nutrients from associated trees does not  significantly affect rubber yields". 
There is evidence for this from Dijkman (1951), where the yields of unselected seedlings averaged 500 kg/ha when 
planted either in weeded monoculture or in jungle rubber. We can assume that this is also the case with clonal 
planting material. 
This hypothesis would probably hold for RAS 2 and 3 due to the limited number of trees /ha (<250/ha) and it is 
expected that the associated trees will only compete seriously when the canopy is above or mixed with that of 
rubber, which will be between 10 and 25 years after planting, depending on the species. Overall, competition from 
other species may probably not be significant for rubber (at planting density of 550 trees/ha). It may be questionable 
for RAS 1 where associated tree density is higher (secondary forest regeneration). This can be quantified later by 
dividing the RAS 1 field into 2 plots : with and without selective cutting of non-economic trees in the inter-row in 
order to compare yields with and without canopy competition.  Of course, technically, this can only be only 
                         
9We understand by ‘‘endogenous’’: innovations that came from farmers 
themselves, not from external projects.  

10SRAP = Smallholder Rubber Agroforestry Project: a research programme based 
on farm experimentation using participatory approach with :  
 CIRAD = Centre de coopération Internationale en Recherche Agronomique 
pour le Developpement, FRANCE.  
 ICRAF = International Centre for Research in Agroforestry/ 



demonstrated after 25 years of yield recording.  However, it seems important to study above and below-ground 
competition in RAS 1. 
 
For pulp trees which are expected to be harvested 8 years after planting, and whose role is to provide shade to 
overcome Imperata, the question of competition is highly relevant, in particular for trees like Acacia mangium. In 
this case; pulp trees are not considered as permanent associated trees but as part of the temporary combination of 
cover crops/fast growing trees for shade in RAS 3. Therefore the problem of competition from pulp trees in RAS 3 
can be considered  similar to the situation with intercrops.    
 
- 2 - In RAS 2 : rubber can profit directly from associated intercrops or cover crops (and the weeding done on 
these). 
Evidence confirming this has been obtained from STDIII/EEC/CIRAD/BP Sembawa research on competition 
between rubber and annual intercrops. 
 
- 3 - In RAS 3 : a relevant combination of non-viny cover crops and fast growing pulp trees can overcome Imperata 
and significantly decrease the labour requirement for weeding during the immature period. 
This hypothesis has not previously been rigorously tested, and RAS 3 experimentation should provide much needed 
information on the effectiveness of this combination.  
 
The concepts of RAS and detailed methodologies have been defined (Penot, 1994), and a comprehensive network of 
OFT (On-farm-Trials) has been established in 1995 and 1996.  
The 4 main activities of SRAP are the following :  
 
- 1 : The implementation of a network of On-Farm-Trials in 3 provinces, covering a wide range of situations using 
different types of RAS in order to fulfill local farmers' requirements and overcome local constraints (1994-1997) 
- 2 : The development of village budwood gardens to promote high quality planting material production by the 
farmers themselves, and the study of constraints for such production (1996) 
- 3 : Farming system characterization to identify an operational typology of situations and  the study of the RAS 
innovations adoption process (1997). 
- 4 : Specific studies on RAS components such as: the biodiversity of jungle rubber and RAS 1, the above and 
below-ground competition in RAS systems, the economics of ecological components in RAS, the effect of burning 
on soils in rubber plots (1995-1998). 
 
2 Presentation of RAS trials   
SRAP OFT experimentation uses improved rubber planting material (clones)  to improve productivity of rubber 
agroforestry systems, which can be established in pioneer and buffer zones, in degraded zones such as Imperata 
grassland as well as in zones where replanting is required (old jungle rubber). The objective is to identify the 
components of RAS which will minimize inputs (capital of investment) and optimize  labour (in particular during 
immature period of rubber). SRAP is using a participatory approach to do on-farm experimentation with three main 
kinds of rubber agroforestry systems (RAS) . Each is being tested for its suitability for local agro-ecological 
conditions, for labour and cash requirements, and to determine the best level of intensification.  
 
RAS have been described (Penot, 1995b and 1996b) and some preliminary results were presented at IRRDB in 1996 
(Penot & Wibawa, 1996). A complete economic analysis was done in 1996 (Penot, 1996a) to compare the expected 
profitability of RAS with monoculture and some other rubber cropping patterns. 
 
Brief description of RAS trials      
The first trial (RAS 1) is similar to the current jungle rubber system, in which unselected rubber seedlings are 
replaced by suitable clones. The main objectives are to determine if clonal rubber germplasm can thrive in a jungle 
rubber environment, to double yields and to assess the required minimum management level . A secondary objective 
is to assess the level of biodiversity conservation in the jungle rubber system. The rubber clones must be able to 
compete with the natural secondary forest growth. Various weeding protocols are being tested. Two  planting 
density has been originally chosen for the first year of experimentation in Kalimantan : 550 and 750 rubber trees/ha.  
Finally, the selected planting density for RAS 1 (as well as RAS 2 and 3) is 550 trees/ha. 



This will identify the minimum amount of management needed for the system, a key factor for farmers whose 
strategies depend on labour and cash availability. RAS 1 requires a certain level of existing biodiversity in the 
surrounding area (old jungle rubber, Tembawang or other types of timber/fruit agroforestry systems, home gardens, 
secondary or primary forest) for establishment. In effect, RAS 1 is aimed for pioneer or  remote areas, for replanting 
in old jungle rubber or secondary forest areas as well as for poor farmers. RAS 1 is not suitable in Imperata 
grasslands (Penot, 1995a, de Foresta, 1994).   
 
The second trial, RAS 2, is a complex agroforestry system in which rubber and perennial timber and fruit trees are 
established after slashing and burning, at a density of 550 rubber trees and a range of 90-250 other perennial trees 
per hectare (with various planting densities and selected species according to a typology). It is very intensive, with 
annual crops being intercropped during the first 3-4 years, with emphasis on improved upland varieties of rice, with 
various levels of fertilization. RAS 2 aims to answer the following questions: how is total system productivity and 
income generation affected by a combination of rubber, associated trees and intercrops? What are the dynamics of 
species interactions? And what are the crop alternatives during rubber immature period ?  
Intercrops are annual (predominantly upland rice or a rotation of rice/leguminous crops such as groundnut) or 
perennial (cinnamon), during the initial years of establishment. Previous experimentation has shown the positive 
effect of annual intercropping on rubber growth (Wibawa, 1995, 1996, STD3/EEC reports). The range of trees that 
can be grown in association with rubber in agroforestry associations and the market potential of their products are 
being examined e.g. tekam, meranti and sungkai trees for timber; durian, rambutan, duku, langsat, cempedak, petai 
and jengkol for fruit; tengkawang and kemiri for nuts (see Annex 1 for Latin names). 
 
The third system, RAS 3, is also a complex agroforestry system with rubber and other trees planted at the same 
density as that in RAS 2, but with intercrops only in the first year, only. Subsequently a combination of covercrops, 
MPT’s11 and Fast Growing Pulp Trees (FGT) are planted. It is established on degraded lands covered by Imperata 
cylindrica (alang-alang grass) (Penot, 1995). The grass precludes the growth of annual crops, so selected cover 
crops (Mucuna, Flemingia congesta., Crotalaria spp, Setaria, Chromolaena odorata) or MPT’s (Calliandra, 
Wingbean, Gliricidia sepium.) and FGT ( Gmelina arborea., Paraserianthes falcataria., Acacia mangium or 
crassicarpa) are established. The objective here is to eliminate the weeding requirement by providing a favourable 
environment for rubber and the associated trees to grow and quickly establish a canopy which shades out Imperata.  
 
All these trials are documented in SRAP methodology project documents (SRAP 1995, 1996). The 3 main kinds of 
trials have been divided into several types (3 RAS 1, 3 RAS 2 and 4 RAS 3) in order to test  1 or 2 components at a 
time. 
A network of farmer-managed trials is underway in Jambi and West-Sumatra provinces in Sumatra, and in West 
Kalimantan province, Borneo. 27 trials, with an average of 3 to 5 farm/replications per trial, covering 50 hectares 
and involving 100 farmers have been established (Tables 2). Each farmer’s field is considered as a replication with 
1 or 2 simple treatments such as rubber weeding level, rubber fertilization, rice variety x fertilization, type of 
associated trees, type of covercrops/MPT/FGT combinations. These experiments take into account the limited 
resources of smallholders; labour is one the main factors being considered in assessment of a system’s suitability. 
This experimentation is well documented in SRAP progress reports for each province, and in the methodology 
documents.  
 

Table 2.  FARMERS AND AGRICULTURAL SCHOOLS INVOLVED IN RAS ON FARM EXPERIMENTATION 
Province Village Trial Farmers/experimental 

fields 
Agricultural 
schools 

West-Kalimantan 5 15 63 1 

Jambi 3 7 25 1 

West-Sumatra 1 3 8 - 

Total 9 25 96 2 

                         
11MPT’s = Multi Purpose Trees 



 
 
 
3 Farmers strategies in various environments : the necessity for an operational typology of situations 
Three provinces have been selected in Indonesia to cover a wide range of conditions in terms of  ecological and 
socio-cultural and economic factors under which farmers have developed a range of strategies for adoption of 
innovations and cropping pattern intensification. All sites are located in an equatorial climate, with rainfall 
between 2 000 and 3 000 mm/year, and are suitable for rubber production which is the main driving force of RAS 
systems.. Soils are red/yellow podzolic soils, very acid, with a low fertility status (low nutrient content and high 
Aluminium toxicity), in particular in West-Sumatra and West-Kalimantan. Continuous annual food cropping is 
generally not possible on such acid soils. Farmers recently re-oriented their strategies to tree crops : rubber and  oil 
palm being the main cash crops which are complemented by timber, fruits and NTFP (Non Timber Forest 
products).   

 
Various groups of people with different behaviour related to forest environment, cropping strategies and resource 
allocation are taken into account in order to cover a wide range of socio-economic situations. Table 3 gives a 
summary of these different situations in the selected provinces and shows some selected constraints and 
opportunities of the benchmark areas directly related to farmers strategies. 
This typology takes into account the socio-economic environment (remoteness, pioneer zones, access to credit, 
inputs, information etc) and the ethnic group (Dayak, Malayu, Javanese and Minang) which is essential for 
understanding the farmers strategies, and their ability to adopt “new” technologies according to their cash and 
labour availability, as well as their willingness to intensify or not (see table in annex 2).  
 
TABLE 3 : SITE CHARACTERIZATION 

Factors West-Kalimantan 
Forest margins with poor soils and 
transmigration areas. 

Jambi (Sumatra) 
Forest margins 

West-Sumatra 
Very degraded land 

Ethnic groups a) Dayak (Christians) 
b) Javanese transmigrant (Muslim) 

Malayu (Muslim) Minang (Muslim) 

Population density a) low with plenty of land 
b) high with limited land (2 ha) 

low with plenty of land Low with limited land (marginal 
lands) 

Ecological 
environment 

a) 2nd forest, jungle rubber and 
tembawang (*1), poor soils. 
b)degraded sheet Imperata land (*2), 
poor soils  

a) forest and jungle rubber on steep 
slopes (foothills of the Barisan 
mountains 
b)  forest and jungle rubber on flat 
areas (peneplains) 

Imperata infested land with 
steep slopes, poor soils, erosion 
and maximum altitude for 
rubber (500-600 meters  

Farmers’ behavior 
and strategies 

a) extensive systems, S&B  (*3)for local 
upland rice, willing to accept a low level 
of intensification 
 
b) intensive with sawah and rubber on 
uplands. 
Not willing to accept intensification on 
upland 

a) extensive systems, limited upland 
rice, S&B for cinnamon planting 
Reluctant to accept labour 
intensification 
b) extensive, S&B for rice and 
palawija production 
Willing to accept a certain level of 
intensification 

very intensive with continuous 
food intercropping in tree based 
systems (rubber) 
Very keen to intensify 

Main constraints a) low productivity of jungle rubber,  
Imperata 
b) very degraded land with Imperata on 
a very limited cropping area (2 ha) 
High pressure of Colletotrichum (a 
rubber leaf disease) 

a) low productivity of jungle rubber, 
vertebrate pests on new rubber 
plantations,  
b) low productivity of jungle rubber 
 
Mikania 
Pigs and Monkeys 

no sustainable continuous 
foodcrop systems, Imperata,  
erosion on very steep slopes,  
erratic rainfall,  
Remote area,  
Altitude : maximum for rubber. 
Rubber leaf disease 
Low availability of inputs. 
Pigs damage 

Opportunities a) available land 
Presence of SRDP/TCSDP (*4) 
Existing old complex agroforestry 
practices 
b) farmers motivated  

land available 
previous and existing  complex 
agroforestry practices 
very good access to markets 

very good motivation for 
intensification 

On Farm trials 
priority 

a) RAS 1 and RAS 2 
b) RAS 2 and RAS 3 

RAS 1 
RAS 2 

RAS 2 

*1 Tembawang are indigenous fruit and timber based complex agroforestry systems where the main tree is often Illipe nut tree.  
*2 S&B: slash and burn practices. 
*3 Imperata and Mikania are major weeds which limit growth of crops 
*4 SRDP and TCSDP are rubber development projects funded by World Bank based on clonal rubber monoculture. 



  
On farm experimentation was  started after a careful selection of zones representative of various constraints, both 
technical and environmental (e.g. forest vs Imperata grasslands) and socio-economic (including ethnic groups). 
Villages were selected on the following criteria: easy access for easy monitoring, no current rubber project (but old 
projects may have been implemented), and the presence of farmers motivated to adapt or change their systems. 
Meetings were organized in the selected villages to inform farmers about RAS technologies. Some RAS types 
were selected according to local constraints and suitability, such as RAS 2 and 3 for Imperata grasslands, RAS 1 in 
forest or jungle rubber environment. Farmers were selected on the following criteria: suitability of plots according 
to selected RAS type, accessibility and farmer motivation. 

 
4 The village budwood garden programme  
After one year of experimentation with RAS in selected villages, discussions with farmers revealed their interest in 
producing clonal rubber planting material themselves, because this represents more than 50 % of the total cost of 
establishment of RAS (see economical analysis of RAS, Penot, 1996a). Basic information on clones, grafting and 
nursery and budwood garden techniques was provided to farmers who were interested in this production. The main 
constraint for farmers is budwood availability and quality (clonal purity) as well as a lack of technical information 
and basic technical training in grafting techniques. The main idea was to provide farmers with the external 
components (innovations) that are out of their reach without external help: basically budwood gardens and 
training. All other components were provided by farmers themselves. 

 
Farmers organized themselves into budwood garden groups as “group of interest” (10-15 farmers) in order to 
manage the community budwood garden and share the budwood production. Nurseries were established on a 
private, individual basis. Each farmer was trained in grafting techniques. SRAP provided information, training and 
the budwood garden (generally 400 plants, which  after 3 years would theorically produce  5000 stumps per year 
i.e. enough to plant 8 hectares per year). Farmers provided the rootstock nurseries, labour, grafting and all other 
inputs (fertilizers for nursery, polybags etc). The idea was not to show that farmers are able to produce clones (this 
is already known) but to identify the constraints (generally not technical but social constraints) that prevent farmers 
from developing such activity themselves. In light of the many budwood garden projects that have been developed 
and failed, in particular in the Jambi province (for instance the Disbun Bandes programme), failure is generally due 
to social factors (poor farmers organization, cultural reasons, disagreement within the communities..). These 
factors should be explored in order to identify the conditions in which it would be best for farmers to produce their 
own rubber planting material, or where this should be produced by specialized nurseries (as is already the case in 
South and North Sumatra). Replanting is largely dependent on clonal planting material availability and cost. In 
many provinces, and in particular West -Kalimantan, West-Sumatra and Jambi, availability is very poor and 
quality is not guaranteed. 
 
In West Kalimantan, the majority of farmers wish to have community based village budwood gardens and 7 have 
been implemented. In Jambi, due to lower interest and motivation, private budwood gardens have been developed 
in 2 villages. Four budwood gardens were also established in agricultural schools or projects as collection 
budwood gardens. Preliminary studies on the establishment and use of budwood gardens and planting material 
production were done by W Shueller and Sunario in West-Kalimantan, and by Iwan Komardiwan and E Penot in 
Jambi and West Sumatra.  
 



5 From SRAP to the Rubber Agroforestry initiative. 
The implementation of the SRAP has opened a "Pandora’s box" with many research topics to be studied. The core 
team and project has focused on the OFT network, the farming system characterization, the adoption innovation 
process and the rubber planting material study. Other research topics have been covered by associated scientists 
within ICRAF, as follows:  
 
- Biophysical interactions (above and below ground) between components of rubber agroforestry systems in 
Indonesia with Sandy Williams (ICRAF/SRAP/University of Wales, Bangor, UK), from 1995 to 1997 (PhD to be 
presented in 2000). A study on rubber shoot and root growth in response to competition from secondary forest 
regrowth (RAS 1-type environment) with clones and unselected seedlings.   
- Biodiversity in rubber agroforests with Hendrien Beukema, Fred Stolle and Isron Wah Yudhi ( 
ICRAF/UNESCO/ASB) from 1995 to 1998. The biodiversity of jungle rubber is compared with existing local 
primary forests, using ferns as an indicator group.  PhD to be presented in 2000. 
- What are the direct effects of the burn on soil fertility (chemical/physical/biological properties) and what does 
slash and burn as land clearing method for establishing new rubber gardens mean to the smallholder rubber 
farmer? with Quirine Ketterings, Yakub Ambigau, Djunaedy, Titus Tri Wibowo, Meine van Noordwijk and 
Iswandi Anas (PhD for Q. Ketterings to be presented in 1999) from 1996 to 1998 (Ohio State 
University/ICRAF/ASB/SRAP). 
 
The research topics developed by students in SRAP in 1997-1998 are the following :  
 
- Farming system characterization and RAS innovations adoption process in Jambi province in Indonesia by A. 
Kelfoun, CIRAD/ICRAF-SRAP/ENSAM Rennes (France), in 1997 (MSc). 
- Farming system characterization and RAS innovations adoption process in the West-Kalimantan province in 
Indonesia by Phillipe Courbet, CIRAD/ICRAF-SRAP/CNEARC-ENGREF Montpellier (France), in 1997 (MSc). 
- IGPM (Improved Genetic Planting Material) availability and use in Rubber Agroforestry Systems : constraints of 
production in West-Kalimantan province, Indonesia  by Wilfried Shueller, CIRAD/ICRAF-SRAP/ENITA 
Bordeaux, France, (MSc)  
- The economic value of ecology in complex rubber agroforestry systems in Indonesia  : with Franz Gaeztwiller, 
(PhD), Humboldt University of Berlin/ICRAF/SRAP, from 1997 to 1999. The economical value of ecological 
components of RAS are evaluated through a matrix analysis. 
- Peasant strategy and plantation projects in Indonesia, with Benedicte Chambon, 1998-1999 
(CIRAD/SRAP/ICRAF). A study on how rubber farmers react to various types of extension systems (from NES to 
partial approach)  and what is the place and role of agroforestry in these strategies. 
 
 
6 Main results and preliminary recommendations 
 
6.1 RAS technology : preliminary results from on farm experimentation 
In terms of RAS establishment, the main factors being evaluated are rubber planting material (clonal rubber), 
weeding level, fertilization level (in particular phosphate (Penot, Fairhurst et al, 1996), the association with timber 
and fruit trees (in RAS 2&3), the association with pulp trees and covercrops (in RAS 3) and intercropping (in RAS 
2). 
The most critical period for RAS establishment during immature period is the first 2 years where competition with 
weeds (in particular Imperata) and/or secondary forest (in RAS 1) is the most  aggressive. RAS phases can be 
described as follows :  
 
- A immature phase (5 to 7 years) with:   

A1: critical establishment phase, years 1 & 2   
 A2: intermediate immature period,years 3 to 5/7 
 
- B production phase (year 5-7 to 25-35)with  
 B1: increasing yield phase from year 5-7 to 10 
 B2: stabilized yield phase from year 10 to 20-25 
 B3 : decreasing yield phase from year 25 to 35 



 
So far, trials planted in 1994-1996 being between 1.5 and 3 years old, the present analysis concerns only the A1 
phase with emphasis on rubber growth performance and survival, and intercrop performance and interactions with 
rubber.   
 
In Jambi 
Trials have been developed in 2 different situations  :  
 
- In Seppungur: representative of the central plain of Sumatra  where rubber is the main crop, on flat land with 
relatively good soils not requiring high amount of fertilizers for rubber. Emphasis is put on replanting of old jungle 
rubber. Marketing is easy due to the close proximity to the main road. RAS 1 is very successful in this area due to 
control of pigs and low monkey populations. As farmers still rely on an extensive strategy for agriculture, RAS 1 
seems to fit quite well with their preferences in terms of rubber cropping patterns. Some farmers however are 
interested in RAS 2.2, with more intensification through intercropping in the immature rubber period. Strategies 
vary from no management at all (plots invaded by Imperata which is not actually a widespread problem in this 
area) to a fully weeded field very close to monoculture. The most successful fields are those where farmers live 
close to their field and grow a wide range of palawijas and associated trees (including cinnamon and coffee), 
consequently with a good level of weeding and remarkable growth of rubber and associated trees. 
 
- In Muara Buat and Rantau Pandan : representative of hilly areas (piedmont of the Barisan mountains) with 
severe slopes. Rubber, cinnamon, timber extraction and irrigated rice (sawah) are the main activities. Farmers are 
looking for very extensive rubber systems requiring little labour. RAS 1 and RAS 2.5 (rubber + cinnamon) have 
been established in this area. Most of the farmers spent relatively little time in their rubber fields during the 
immature period and are apparently still not ready to increase the level of labour and inputs to rubber systems. 
Depredation from pigs and monkeys leads to severe rubber growth limitations in RAS 1 and 2.5. We suppose that 
we have found the limit of RAS systems in remote areas where farmers presence in their fields is very limited. In 
this case pest damage is high, and management levels very low. Some farmers have been successful, even if not 
exactly following the weeding recommendations. It seems that 3 to 4 weedings per year in RAS 1 is sufficient for 
RAS 1 establishment. Mikania sp., a very aggressive climbing weed considered dangerous for rubber, does not 
seem to be really a problem. Mikenia is relatively well controled on the rubber lines and disappears very rapidly in 
the inter-rows due to the shade provided by the vegetation regrowth.  Steep slopes can lead to landslides, a 
common feature in the landscape. It is very important that rubber rows are planted along contours, and woody 
vegetation allowed to grow in the inter-row areas. A preliminary conclusion might be that RAS 1 development in 
such areas should be limited to very motivated farmers who are fully informed about the labour and guarding 
requirements.  

 
Only three replications of RAS 2.5 have been established and all failed by lack of maintenance. Farmers do not 
seem to be very interested in combining cinnamon with rubber, as land is still plentiful for both crops, at least in 
this village.             
 
In West-Kalimantan 
In all cases, early planting of rubber stumps with 1 whorl of leaves in polybags at the very beginning of the rainy 
season in October is an absolute necessity.  This enables rubber to compete efficiently with secondary forest 
regrowth in RAS 1, profit from weeding of intercrops in RAS 2, and to compete with Imperata in RAS 3. The 
direct planting of bare rooted stumps has not been a failure (like in West Sumatra), but has led to losses and severe 
delay in growth (estimated at approximately 1 year). This was due to poor quality of planting material supplied by 
a local development project in early 1995 (though this may reflect the quality of planting material to which farmers 
would usually have access), and the fact that plants were not sufficiently developed before the onset of the dry 
season. The stumps in polybags have already developed a root system necessary for rapid growth, and can be 
sufficiently developed by the dry season (March-September in all sites). The availability of good quality stumps 
with sufficient girth is also a significant criteria. In West-Kalimantan, stumps are traditionally produced with a 
small diameter due to poor growth of rootstocks in nurseries.  Another result is that if competition with weeds is 
important, and in particular Imperata, water is probably the main constraint in the dry season (when growth may 
actually possible stop) as shown also in experimentation in South-Sumatra (Wibawa, 1995). Further 
experimentation may be necessary to gain a better understanding of water competition during the dry season 



between rubber, intercrops, covercrops and associated trees (in particular fast growing pulp trees) and its effect on 
rubber growth.   
 
It is very important to target a suitable type of RAS to specific classes of farmers.   An operational typology of 
farmers is needed, taking into account socio-economic and environmental factors, so that farmers' needs can be 
met. 
 
RAS 1 is obviously suitable for most farmers who are still relying on relatively extensive rubber cropping systems. 
It can also be considered as a transition system, enabling farmers to shift from fully extensive jungle rubber to semi 
intensive RAS, and then, later, to more intensive systems such as monoculture. Although most farmers tend to 
grow clonal rubber in monoculture due to pressure from projects or extension, they are also very interested in 
agroforestry systems. In that respect, it seems that Dayak farmers are more concerned with diversification and the 
maintaining agroforestry practices than Malayu farmers in Jambi for instance. But it is clear that RAS 1 is not a 
“backward” system as it may appear to uninformed persons, and is intended to dramatically increase labour and 
land productivity while being more suited to farmers' resources in terms of labour and capital. The main problem is 
to maintain a minimum level of weeding of the rubber row during the critical first 2 years. 4 to 6 weedings/year 
seems to be necessary, only 4 if Roundup is correctly used. The use of Roundup to control Imperata is the most 
efficient way, both technically and economically, as it saves numerous days of manual weeding. Farmers 
themselves are using increasing amounts of Roundup, even if not provided by projects, and the comparison of 
costs between manual and chemical weeding is largely in favour of the use of Roundup.    
 
RAS 2 suits some farmers who require higher productivity from their investment of labour and land during the 
immature period, or for those in transmigration schemes. This is the case in Pariban Baru/Sintang with Dayak 
farmers, but it is not the case with traditional Javanese transmigrants in Trimulia village. A priori, it was expected 
that this group (supposedly the most experienced in intensive agriculture) would have been most likely to adopt 
RAS 2 system, which is relatively labour intensive. However in reality, priority is given to irrigated rice, their 
traditional crop, and to income generating activities off farm. Rubber is considered as a way to rehabilitate the 2 ha 
of land provided to transmigrants, which is generally covered with Imperata and unsuitable for sustained foodcrop 
production. However rubber planting is only carried out if this does not require too much labour.  This explains 
why RAS 2, has not been widely adopted here. This pattern may change when the clonal rubber fields begin to 
produce, and will provide a sustainable income.  
 
RAS 2.1 aims to compare rubber growth when planted with or without associated fruit/timber trees.  It is not 
expected that there will be differences due to competition between treatments (if any) until 10 to 15  years after 
planting. It is a long-term trial.       
 
RAS 2.2 shows that growing upland rice as an intercrop is still very risky. Dayak farmers  wish to plant local rice 
(Pulut and Merunggup varieties..) to be used for rice wine production. Improved rice varieties such as Wayararem 
and Jatilihur did not prove to be very suitable. For good production they required the complete package of 
fertilizers and plant protection against insects (‘walang sangit in particular). Because of their shorter cycle (100 
days), farmers planted these improved varieties 2 months later than the local traditional varieties, so they would 
mature at the same time.  Therefore both varieties could be protected from depredation by birds and harvested 
simultaneously, which is a more efficient use of labour.  However as a result of the 2 month delay, fields were 
often invaded by Imperata that severely jeopardised the crop.  
 
It seems unrealistic to continue to grow rice the third year for the following reasons: weed pressure is too high, soil 
fertility is decreasing, soil compaction is increasing, there is an increase in pests (insects) and , finally, the shade 
from rubber tree canopies becomes too great. Intercrop diversification with groundnuts, other pulses, pineapple 
and chilli is highly recommended. Apparently cassava cropping does not increase root disease if it is harvested 
before 12 months old, but is still not recommended as it might increase root disease occurrence if it stays in the 
fields more than one year. Incidence of white root disease is mainly due to the quality of burning (the fungus in the 
soil is not destroyed if temperatures are too low), and the number of big trunks still in place after planting as these 
will rot and become a reservoir for fungus. Colletotrichum in the nursery and possibly within 6 months of planting 
as well as pink disease are the most common leaf diseases, but these can be easily treated with low cost chemicals 
(Dithane 56 and Bayfidan).    



 
For RAS 3, it is too early to produce any recommendations, as there is obviously a problem with establishment of 
covercrops. The selected covercrops are non viny species which do not require too much labour for control in the 
rubber row (Mucuna is an exception). Establishment in farmers conditions is generally not successful, as it requires 
a very specific time table to be followed between the slash of Imperata, the use of Round-up 3 weeks after slashing 
on young alang² shoots, and then the planting of covercrops 2 of 3 weeks after Round-up. Any delay between these 
phases will jeopardize covercrop establishment in favour of the return of Imperata. It is also too early to see if fast 
growing pulp trees will generate sufficient shade to overcome Imperata.  
The test field with 1 replication only, called RAS 3.1 shows that the best covercrop to overcome Imperata is 
Chromolena odorata, followed by Mucuna, but that last diseapear very soon. 5 replications of RAS 3.2, with 
covercrops and pulp trees were established in November 1996 where covercrops have been totally overcome by 
Imperata. Pulp trees are growing relatively well, in particular Acacia mangium and Gmelina arborea.  The 
difficulty in establishing Chromolena is that brown sticks should be used and planted immediately after harvest 
and this requires a certain amount of labour. Eventually, Flemingia congesta is the best alternative. RAS 3, with 
various treatments (with and without pulp trees or associated trees, different types of combination of covercrops 
and/or pulp trees), still needs 1 or 2 years of experimentation before recommendations can be released.    
 
In West Sumatra : village of Bangkok. 
RAS 2.2 with rice and palawija intercropping has been implemented in this remote village in the hills covered by 
Imperata where soils are very poor. It is very successful due to the high management intensity and good care that 
Minang farmers provide to their fields. The first planting suffered severely from drought in early 1996, but all dead 
plants have been replaced. The direct planting of bare-rooted stumps was a failure in West Sumatra due to very 
poor soils and steep slopes, but mainly due to erratic rainfall. However since then farmers have shown that good 
intercropping associated with good weeding have given both good rice yields and good growth of rubber and 
associated trees in a difficult environment. Imperata has totally disappeared from the fields. As plots are located in 
a small watershed, it is impressive to see how farmers have rehabilitated their land which was previously covered 
by Imperata. Fires and vertebrate pests (pigs) still pose a great risk, but farmers live close to their plots, and their 
constant presence limits these risks and explains the success of the trials. 
 
Originally developed in 2 villages : Bangkok and  Lubuk Gadang, the RAS methodology was explained to farmers 
in both locations, however the project was not continued in Lubuk Gadang due to limited resources and difficult 
access. Farmers here were initially provided with clonal rubber in early 1996, but no  further activity or monitoring 
was done since that time. On a visit in April 1997, we were very surprised to see that RAS has actually been 
successfully developed (and adopted) by local farmers, without any incentive or support from us. This shows the 
obvious suitability and adoptability of RAS to the local situation.  

 
Contour planting with well weeded intercrops and strips of Flemingia congesta to limit erosion seems to be very 
efficient for soil protection. In a remote area where farmers have relatively few opportunities for crops other than 
rubber (only cinnamon), the Bangkok situation is the exact opposite of the situation in the village of Muara Buat in 
Jambi, showing that a preliminary analysis and a typology of situations is definitely required before producing 
recommendations for a particular rubber system.       
 
RAS recommendation domains 
In all cases, rubber is the main economic driving force of each system. Income diversification enables farmers to 
profit from market opportunities for fruits, timber, rattan and other non-timber products. RAS 1 is designed for 
farmers in remote or pioneer areas with low cash availability, without land shortage and who are still keen on 
extensive systems. RAS 2.2 is the most intensive system aimed at farmers with severe land limitation such as 
transmigrants if indeed they still focus their activities on farming. Farmers in degraded areas with Imperata (in 
West-Kalimantan and West-Sumatra for instance where the risk is high) are targeted for RAS 3.  
 
 
 
 
 
 



 
6.2 The village budwood garden programme and the production of improved rubber planting material by 
farmers 
 
Summary of the main results from the surveys on “IGPM availability and use by smallholders in West 
Kalimantan” 
 
Introduction 
Between June and September 1997 three surveys were conducted in the West Kalimantan Province by W. 
Schueller (ENITA/SRAP student) and Ir Sunaryo (SRAP12). The aim was to identify the technical and socio 
economical constraints faced by farmers concerning IGPM13 availability and its use in rubber cropping patterns. 
The first survey addresses the technical constraints linked to IGPM production in private nurseries in the villages 
of Sukamulia, Pusat Damai, Sosok and Tanjung in the Sanggau area. The second one addresses the social and 
technical constraints faced by farmers who produce their own planting material through village budwood garden 
programmes. The third survey deals with the use of IGPM, particularly through the evolution of the SRDP-
TCSDP14 plots in the village of Sanjan (combinations of clonal rubber + associated trees), and the reasons for 
such evolution. 
 
Presentation of the main results 
Survey I - IGPM availability in private nurseries of the Sanggau area 
 
From producers to users (farmers), through official institutions (in particular Disbun), it seems that there is 
obviously insufficient care and attention given to the quality and clonal purity of rubber planting material. Some 
farmers have developed IGPM production activities in order to have additional sources of income beside farming 
activities. However, most of them still ignore the quality requirements for such production. For many farmers,  the 
important word is “unggul” which means “improved” , in that case “clonal”.  They are not sensitive to the 
importance of quality in the production process. Clones are mixed in the nurseries during the grafting period and 
there is no guarantee for the final user of the type of clone which is provided. Due to budwood shortage, some 
farmers even graft rootstocks with buds from local non clonal rubber. There is no easy way for the final user to 
recognize a clone. Clones in budwood gardens can be identified by a good specialist, but there is always still a 
certain possibility of error.  

 
There is no control and no certification of IGPM, by either private nurseries or government nurseries. Nursery 
farmers do not keep records of clonal stump production. Many sell their production to intermediates who are in 
charge of selling it outside the village. Therefore, they do not know what type of purchasers buy their production, 
and for what use (monoculture or agroforestry systems) . For nursery farmers, production/quantity is more 
important than quality. This current situation seems to be the result of a lack of technical information or quality 
policy from official institutions. The importance of clonal purity, and the differences between all these types of 
rubber planting material has never been adequately explained or stressed. It also seems that Disbun15 is not 
especially attentive to these criteria. Productivity often prevails over clonal purity. We must also admit that Disbun 
resources are very limited, and far from being able to fulfill the demand for planting material. This situation leads 
Disbun and other projects to sub-contract private nurseries to produce the required planting material without any 
quality control. On one hand, this creates a demand and an opportunity for private nurseries to develop their 
activities, and therefore decreases the shortage of improved planting material. On the other hand, as there is no 
planting material quality policy implemented by Disbun, projects and final users, this has led to the distribution of 

                         
12 SRAP = Smallholder Rubber Agroforestry Project 
13 IGPM = Improved Genetic Planting Material 
14 SRDP = Smallholder Rubber Development Project (World Bank scheme from 
1980 to 1990) 
TCSDP = Tree Crop Smallholder Development Project (from 1990 to 1998) 

15Disbun = Dinas Perkebunan = tree crop extension service. 



all kinds of planting material, from the best to the worst. Thus there will be a significant negative impact in the mid 
term on rubber production and farmers income.  
 
Survey II - Constraints  for IGPM self-production by farmers' group through the SRAP community 
budwood gardens programme in the area of Sanggau-Sintang 
Farmers of Sanjan and Sungei Kosak villages were first provided with budwood gardens by the SRAP project in 
1995, followed by Engkayu, Kopar, Embaong, Trimulia, Pariban Baru and Sukamulia villages in 1996. Due to 
social, economic, or cultural criteria, the results of adoption are quite different between villages. The objective of 
this survey is to understand the constraints that prevent farmers from producing  their own high quality IGPM at 
low cost.. 
 
Sanjan and Pariban Baru village budwood gardens may be considered a success. Farmers in Sanjan have already 
used clonal rubber for more than 15 years, and 5 farmer groups (kelompok) have been created. These groups all 
have the same opinions regarding the development of the village, and this enables a high level of adoption of 
innovations. This shows the importance of social balance between groups within a village, social equity, 
development sustainability and consensus within the community in the process of adoption of IGPM production. 
Furthermore, all the farmers in Sanjan do not want to join the oil palm projects in the surrounding area that have 
approached them. Rubber plantations have always been their top priority. Among all the SRAP budwood gardens, 
only Sanjan’s is ready for use now in 1997, because it was planted in 1995. 
 
In the village of Pariban Baru (Sintang area), a few Dayaks, among Javanese transmigrants in a foodcrop based 
transmigration scheme, joined the PKR-GK16 rubber project in 1993. There is no real communication between the 
two groups . PKR-GK Dayaks farmers live in the Dusun II village area, and joined SRAP in 1994. In 1996, they 
were provided with a budwood garden after discussions with local farmers revealed a strong demand for IGPM. 
Due to their partial isolation, the Dayak farmers of Pariban Baru have developed a strong solidarity under the 
authority of the group's leader. They therefore put great hopes in their clonal rubber plantations to improve their 
income. A group rootstock nursery has been established and grafted. In this case, the strong social  cohesion of the 
farmers group was a key factor in self-production of IGPM. 
 
In Trimulia, a Javanese transmigration village, farmers were originally reluctant to initiate IGPM production 
activities. They put emphasis and priority on sawah production (irrigated rice). But rapidly they began to 
understand the advantages they could gain from this new activity, and are about to follow the example of 
Sukamulia village in developing a trading policy for IGPM. In 1997 many farmers established their own nursery, 
and intend to increase this activity next year. However they still lack technical information. In the next few years 
this production activity should greatly increase. 

 
In Embaong, Kopar and Engkayu, traditional Dayak villages, social problems occur due to disagreements between 
farm groups (social imbalance),and  labour and organizational constraints. In Embaong, farmers also consider that 
they earn enough income from their plantations (clonal rubber /SRDP), and their strategy is to buy clonal stumps 
rather than produce them. Most of them joined oil palm projects two years ago. Labour is now the main constraint 
for the development and use of budwood gardens. However the situation seems to have recently changed. 
Considering the success of the budwood garden programme in Sanjan, farmers in Embaong are reconsidering their 
position by putting more effort into the community budwood garden. 
In Sukamulia, there is no real demand or incentive for good quality budwood for planting material from the final 
users (mainly Disbun). 

                         
16PKR-GK = GAPKINDO funded project, operated by Disbun, the objective of which 
was to supply 2000 farmers in West Kalimantan with improved planting material 
and some other inputs through a ‘partial’ approach .   



In Sungei Kosak, the project was a total failure. Indeed, they put more effort into their sawah because rice 
production is annual. Rootstocks that should have been grafted in 1996 were used to replant dead trees in the 
plantations.  
 
Conclusion 
In the case of the 2 Javanese villages, Sukamulia and Trimulia, IGPM production is oriented to trade and not to 
plantation establishment. We see here the beginning of a process of specialization (nursery activity) and it shows 
that one activity, IGPM production may lead to 2 different strategies: self-production for further planting or 
nursery specialisation  for trade. In traditional Dayak villages, the success of the village budwood garden 
programme does not depend on technical or economic constraints, but on the social cohesion in the community, in 
particular regarding equity, balance and agreements between farmer groups and consensus on the village level 
development strategy.   
 
Survey III - Evolution of SRDP-TCSDP plots in Sanjan : introduction of associated trees with clonal rubber 
in former monoculture plots. The use of IGPM. 
This survey shows that farmers still developed innovations after being forced to follow a specific technical 
package (monoculture). In Sanjan village, farmers were provided with clonal rubber plantations through the 
SRDP-TCSDP project. Many of these monoculture plots have been transformed by planting associated trees, 
despite this being forbidden by the official institutions. Farmers still consider monoculture as the best system for 
clonal rubber, but also think that it does not suit their particular conditions, and that monoculture should be 
reserved for estates only. Indeed, farmers need other sources of income and look for opportunities to diversify. 
Almost all the farmers still have experience with jungle rubber, and are familiar with this complex agroforestry 
system. They  think agroforestry practices suit their farming policy, and would like to develop a similar system in 
their clonal rubber plantations, although on a smaller scale. Therefore, most of them have already planted fruit and 
timber trees or allowed naturally regenerated trees to grow, and some are ready to grow pulp trees if this activity is 
going to be developed in the area. 
 
This agroforestry system, already developed in Sanjan and to a lesser extent, in other villages, will probably spread 
throughout the area in the next few years. To be effective and efficient, this system should be recognised and 
approved by the official institutions, which still advocate monoculture, and are still reluctant to advise the planting 
of associated trees. Although most farmers choose rubber monoculture at the beginning when they have access to 
IGPM, It is still questionable to what extent they will later move to agroforestry practices and what triggers that 
evolution.  
 
6.3 Farming system characterization In Jambi and West-Kalimantan   
6.3.1 West Kalimantan Province 
Four surveys have been conducted in the area of Sanggau and Sintang in West Kalimantan: 1- farming systems 
characterization (FSS),  2- RAS innovations adoption process,  3- IGPM use and production and  4- innovations 
of rubber cropping systems and cultural practices. The preliminary outputs are the characterization of the farming 
systems based on rubber, and the analysis of the constraints and opportunities for farmers to adopt rubber 
improved planting material in agroforestry systems, as an alternative to their rubber cropping systems (jungle 
rubber, monoculture). The main factors which influence farmer’s strategies for land use are the social dynamics in 
each village. The implementation of rubber projects (SRDP, SRAP) or oil palm projects in each village depends 
mainly on social organization and social links between each group.  

 
The first draft of an operational typology 
We can describe three types of farming system according to several criteria: 

  - ethnic group 
 - total cultivated area 

  - access to land and land-use 



 - capital 
  - access to rubber improved material rubber (budwood garden) 
  - off farm activity (oil palm) 

 
A first draft typology would be the following :  

 1)  Traditional extensive system (Dayak people) 
Traditionally, Dayak farmers practice an extensive agricultural system based on jungle rubber, due to the abundance 
of land and easy access to communal land. The traditional cropping systems are based on subsistence crops, 
irrigated and upland rice, and cash crops (jungle rubber). After harvesting rice from upland fields, 90 % of farmers 
establish jungle rubber with unselected seeds (at least on a small part of each field), as a means of land acquisition.. 
Because of a lack of communication between farmers and extension agencies on the requirements for clones, only a 
few l of them are interested in investing their labour in clonal rubber agroforestry systems and still rely on relatively 
extensive tree crop systems. 
 
2) Intensive system using clonal rubber (Dayak people)  
With the introduction of clonal rubber planting material, in combination with a very active social network in the 
village, the extensive jungle rubber is progressively being replaced by a more intensive rubber system. This 
foundations for process are already in place because farmers consider that rice is a is secondary in importance to 
rubber. Rice systems provide only 3 months of food, the rest of the year’s requirements being purchased with 
income from rubber. Farmers prefer to allocate their labour to their monoculture or agroforestry rubber plantations 
and recently to clonal stumps production. Farmers used community labour groups (‘gotong royong’) to produce rice 
and rubber. The cost of such labour is increasing due to off- farm opportunities, in particular in oil palm plantations. 
With income from rubber, an alternative to reduce the cost of ‘gotong royong’ labour for weeding in rice and rubber 
fields is to use a herbicide that is very efficient against Imperata : Round up. 
 
3) Intensive sawah and rubber system 
The Javanese transmigrants practice an intensive system due to the limited  area for cultivation (2 hectares given in 
the transmigration scheme). This constraint encourages the Javanese farmers to give priority to intensive irrigated 
rice  production on sawah, with high inputs. With the introduction of clonal rubber planting material, some Javanese 
transmigrants in Sukamulia village have developed rubber nurseries on their upland field (Lahan I) for IGPM 
production as an additional source of income, as there is a sustained demand from Disbun and rubber projects. 
Other transmigrants developed new clonal rubber plantations, as was the case in the Sintang transmigration area, 
and Trimulia (SRAP project).  

 
Adoption of improved rubber planting material: Advantages and constraints 
After the establishment of SRDP and SRAP projects, farmers now have  perceptions of the pros and cons of clonal 
rubber planting material. They also know which rubber cropping systems seem to be more adapted to their social-
economic situation and which external innovations may suit their needs. The main benefits of clonal rubber 
planting material are the better yield (50 % of farmers' answers) and a better growth (40 % of farmers). With 
clonal rubber, farmer can tap trees between 5 and 6 years after planting, compared to local rubber (13-15 years). 
However, the main problem of some clones is their susceptibility to leaf diseases (in particular Colletotrichum). 
This shows the extreme importance of good clonal recommendations at the local level to take into account the 
various risks (leaf diseases, wind damage etc) 

 
70 % of farmers prefer to use clonal rubber compared to clonal seedlings, but there is a serious lack of technical 
information on the various types of improved planting material. 45 % of farmers have difficulties in recognising a 
clonal stump from a seedling. Farmers have doubts about the competence of governmental officials, and about the 
quality of clonal stumps provided by various sources. However, only 8 % farmers consider that the quality of clonal 
rubber is an important criteria, because they are not able to recognize a clonal stump. We are here at the heart of the 
problem of IGPM certification. 



 
The main technical constraints in using clonal rubber lie in fertilization during the immature period, and more 
weeding and labour required than the local rubber. Farmers are aware that only one weeding per year in the jungle 
rubber affects rubber growth and delays production. 50 % of farmers consider that 3 or 4 weedings per year is the 
most suitable weeding frequency. Due to limited labour, other farming activities, and a strategy oriented to 
extensive agriculture, farmers can not follow the SRAP weeding programme, in particular in RAS 1. 25 % farmers 
can only carry out 2 manual weedings per year, which is obviously not sufficient when there is a high pressure of 
Imperata, which is the case in the whole province. Most of the farmers are ready to use herbicide (Round up) to 
save labour with clonal rubber. 
 
IGPM production by farmers (Improved Genetic Planting Material) 
For self-production of IGPM, the main constraints mentioned by farmers are the following: limited credit (30 % 
farmers), lack of technical information and no source of budwood (15 % farmers). The lack of  technical 
information is linked to poor extension, and little farmer to farmer communication. Many farmers do not have any 
grafting skills, and do not know how to manage a nursery or a budwood garden. However, 60 % of the farmers wish 
to have an individual nursery. Only one village (Sanjan) has actually produced their own clonal stump from their 
SRAP budwood garden (planted in 1995). For other villages, grafting will take place in the second half of 1997. In 
villages without budwood gardens, because of IGPM unavailability, farmers are obliged to buy clonal stumps at a 
higher cost than if they produced them themselves. The average price of clonal rubber estimated by the farmers is 
300-400 Rp/stump. 
 
Innovations in rubber cropping systems 
If farmers have access to land for new plantations, 95 % declare they would prefer RAS systems, compared to 
monoculture. After several years of SRAP activities in each village, farmers seem to know which rubber 
agroforestry system is more adapted to their labour and capital capacity. In Sanjan village, many farmers have 
transformed their SRDP rubber monoculture to their own type of Rubber Agroforestry System. According to the 
farmers, 90 % are interested in planting fruit trees and 70 % are interested in associating timber trees associated with 
clonal rubber. Through their indigenous knowledge of  jungle rubber, farmers have already identified the suitable 
trees to be mixed with the clonal rubber: rambutan (Nephelium lappaceum), duku (Lansium domesticum), mango 
(Mangifera indica) etc. The lack of fruit or timber seeds in jungle rubber or in home-gardens (pekarangan) force 
farmers to buy seedlings of these plants. Another opportunity of RAS (2 ) is that farmer can produce rice in the 
inter-row, and reduce the number of weedings.  
 
Adoption of rubber or oil palm projects: a choice  
The establishment of oil palm projects has led to speculation for land, and an increase in land value. Several villages 
like Engkayu or Kopar were undecided in 1997 on which cash crop they will invest their labour in17. The future 
opportunities for developing improved rubber agroforestry systems will depend on village level social dynamics, 
and community decisions.. 
 
6.3.2 JAMBI PROVINCE 
Similar surveys were conducted in four villages in Jambi province between June and September 1997. The main 
characteristics of the selected sites are the following: 
 
- Sepunggur: central peneplain area, where secondary forest is still available, old jungle rubber being the main 
cropping system. Part of the village territory is reserved as community land for annual crops (where tree crops are 
forbidden). Since 1992 there has been  no available land left for further planting, other than old jungle rubber or 
fallows.. Most of inhabitants are local Malayu farmers, including some local transmigrants (translok), and some  

                         
17 They eventually did choose in 1998 and joined oil palm projects. Most of 
them have now 2 ha of oil palm in addition to their former cropping systems. 



spontaneous migrants (Minang, Batak, Javanese ethnic groups). SRAP on-farm trials have been implemented there 
since October 1995. 
 
- Muara Buat and Rantau Pandan: hilly areas representative of the Barisan mountains piedmont, with both primary 
and secondary forests, where land is still plentiful, in particular in Muara Buat. Local farmers are in majority 
Malayu. SRAP on-farm trials have been implemented there since December 1995. 
 
- Rimbo Bujang transmigration area. Two units (unit 9 and 7) were selected: Unit 9 with recent transmigrants 
(TSM) and Unit 7 much older (INTI). Land is limited to 2.5 hectares per household, where the main cropping 
system is clonal rubber monoculture .There is no available land for further planting. There is no SRAP on-farm trial, 
but TCSDP (Unit 9) and NES (Unit 7) rubber projects have been integral to the transmigration programmes. A total 
of 68 farmers were surveyed in these places. 
:  
Farming systems characterisation 
Farming systems in Sepunggur are mainly based on rubber as the source of income, exclusively jungle rubber.. 
There is no wetland rice and hardly any upland rice production, whereas in the piedmont areas farmers  crop 
extensive wetland rice in addition to rubber (Muara Buat, Rantau Pandan). Cinnamon is a new crop opportunity, 
sustained by a growing demand and market in the neighbouring province of West-Sumatra. Most of these piedmont 
farmers still have access to secondary forest or fallow. Traditional jungle rubber is largely dominant. Some recent 
innovations appear in the cultural practices: more and more monoculture in young local rubber plantations, at least 
during the immature period; to a certain extent, clonal seedlings from surrounding estate plantations are replacing 
traditional unselected seedlings, and few farmers buy clones from private nurseries. The average jungle rubber 
production is around 600 to 650 kg dry rubber/ha/year. 
 
In transmigration areas, almost all the land is covered by clonal rubber provided by the transmigration project 
(NES), TCSDP (Ministry of Agriculture) or by estate plantations18.  
Rubber here is cultivated in monoculture. All inputs (fertilisers, pesticides and herbicides) are or were provided by 
projects (credit to be reimbursed between 5 and 13 years after planting, depending on the project). The average 
rubber production from these clonal plots is about 1600 kg/ha/year. Some farmers have a small oil palm plot in 
addition to rubber fields. Many farmers also have off-farm activities, both in the agricultural sector (share-
cropping/tapping, fishing etc.) or in other sectors such as trading or teaching. These activities can generate 
additional income to that from rubber. In Rimbo 9 village, off-farm activity is the only source of income during 
immature period. 
 
Study of the innovations adoption process  
The farmers’ knowledge about clonal rubber depends on the presence of a rubber project in the area (TCSDP, NES, 
SRAP) or surrounding estate plantations (PTP). In transmigration areas, where almost all the farmers are following 
the TCSDP/NES programmes, all surveyed people have for years been well informed about clonal rubber, its 
characteristics and requirements concerning cultural practices (in particular labour and inputs). In other villages, 
around 50 % of farmers know about clonal rubber, mainly through discussion with PTP workers.  
 
Capital and IGPM availability are the two main constraints. Most of the farmers cited the lack of capital as the main 
reason for continuing to cultivate local unimproved rubber varieties. They see monoculture as the best cropping 
system in terms of rubber growth, especially for clones. However, rubber is mixed with annual crops during the first 
two or three years for optimal land use. Rubber is often mixed with perennials too; in jungle rubber with fruit trees 
(durian, jengkol, petai etc) or coffee, and sometimes with cinnamon in the piedmont area. In transmigration areas, 

                         
18 Although most estates use clonal rubber, some of them have planted 
PCS (PBIG from Malaysia in Rimbo Bujang) 



the only perennial allowed by officials is manau rattan (Calamus manan), which is not officially considered as 
disruptive to rubber growth)19. 
Most of the farmers go on tapping jungle rubber in a ‘fishbone’ pattern (2 cuts in a ‘V’ shape, and cropping it in 
traditional way, without any protection or use of fertilizers, herbicides or pesticides. Weeding is almost non-
existent, with a maximum of one weeding per year during the immature period.  
 
Land and capital are the two main restricting factors in these systems: lack of land especially for transmigrants and 
lack of capital for most of the local farmers. So, a preliminary typology of the situations can be made according to 
these two criteria, and four classes derived. The first class has access to land but no capital (most of the local 
farmers), the second class has both access to land and to capital (some rich farmers in the non-transmigration areas), 
the third class has neither available land nor capital (young second generation transmigrants in Rimbo 9), and the 
last class has no more available land but enough capital to cope with this lack of land (older transmigrants in Rimbo 
7). 
 
Conclusions 
Farmer organization and social coherence within the village community are key factors which determine whether or 
not farmers integrate certain innovations into their systems. 
Land scarcity leads to intensification of rubber systems, and the first step is the use of IGPM (on condition that 
capital is available). Therefore, production of good quality IGPM at low cost  by farmer groups seems to be a 
priority. Technical information and practical training are also important, as lack of these has caused existing 
BANDES20 budwood gardens to be abandoned.  
A technical problem restricting clonal rubber adoption in Jambi province is the lack of grafting training (there is a 
strong demand for this training from farmers). The main economic constraint is a lack of capital, which is necessary 
to buy IGPM and required inputs. 
 
6.4 Specific studies 
 
In-depth agronomic studies on the effect of burning on soils, effects of above and below ground competition on 
rubber growth, as well as land use studies and an assessment of biodiversity have been implemented. Preliminary 
results are presented and discussed in various papers presented in this workshop. 
 
 
Final Conclusions 
 
Very promising results have been obtained with RAS experimentation both for technical and social issues. However 
the technical data were not always easy to process, due to a large variability in farmer management.. Information on 
RAS 1 and 2 may be used in releasing technical recommendations for the A1 (establishment) phase in the very near 
future, however some hypotheses, such as "no effect of associated trees on rubber yields (at planting density 
selected for current RAS)" still need to be confirmed over the next 20 years. Further monitoring is required to 
improve our knowledge about phase A1 and other future phases. RAS experimentation is a long term research 
programme.  
 
After being fully analysed, the farming system characterisation and the RAS innovation adoption process studies 
implemented in 1997 will lead to an operational typology of situations (in 1998) where specific RAS systems will 
be targeted to farmers according to their resources and strategies. We hope that this operational typology will be a 
useful tool for development agencies.  
 
The survey on "IGPM availability and use in rubber based cropping systems" has provided useful information on 
farmers' strategies with respect to indigenous knowledge on and the understanding of IGPM, about self-production 

                         
19 Rattan harvesting in trials located in North Sumatra (Sungei Putih 
Rubber Research Station), showed that, on the contrary, rattan is very 
damaging if planted before rubber reaches 25 years old. 
20 BANDES = Pembangunan Desa. Village development program. 



of IGPM by farmers and about the use of IGPM in agroforestry systems. An interesting finding was the way farmers 
have introduced fruit and timber trees to clonal rubber plots which were formerly pure monoculture. 
 
Specific studies have enabled us to gain a more in-depth agronomic understanding of RAS components. Another 
important component that has not been yet covered is biodiversity in RAS systems (in particular in RAS 1) and 
comparison with existing biodiversity in jungle rubber, expanding on the work of de  Foresta (1990).  
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Annex 1 
Local/Latin names of tree species 

 
Local name Latin name English name 
Aren Arenga pinnata Sugar palm 
Beringin Ficus parvolia Weeping fig 
Cempedak Artocarpus integer  
Cengkeh Eugenia aromatica Clove 
Coklat Theobroma cacao Cocoa 
Duku Lansium domesticum   
Durian Durio zibenthis  
Jambu air Syzigium aqueum  Watery rose apple 
Jambu bol Psidium guajava Guava 
Jengkol Pithecellobium jiringa  
Karet Hevea brasiliensis Rubber 
Kayu manis Cassia vera Cinnamon 
Kedondong Spondias mombin Hog plum 
Kelengkeng/mata kucing Dimocarpus longan Longan/cats eyes 
Kemiri Aleurites moluccana Candle nut 
Kepayang Pangium edule  
Kopi Coffea robusta Coffee 
Kwini Mangifera odorata Kurwini mango 
Langsat Lansium domesticum   
Mangga Mangifera indica Mango 
Manggis Garcinia mangostana Mangosteen 
Meranti Shorea spp.  
Nangka Artocarpus heterophyllus Jackfruit 
Pepaya Carica papaya Papaya 
Petai Parkia speciosa  
Pinang Areca catechu Areca nut  
Rambutan Nephelium lappaceum   
Salak Salacca edulis  
Sengon Paraserianthes falacataria  
Sirsak Anona muricata Soursop 
Sungkai Peronema canescens  
Tekam Shorea spp.  
Tengkawang Shorea spp. Illipe nut 
Terap Artocarpus elasticus Wild breadfruit 

 
 

 
 



Annex 2 
Specific constraints to RAS adoption 

 
Topic West Kalimantan Jambi West Sumatra 

 Previous and/or current 
 projects, 
 access to information 

SRDP/TCSDP ASB Pro-RLK 

 Indigenous knowledge 
 and agroforestry 
 practices 

+++ +++ +/- 

 Clone availability + +/- - 

 BLIG availability - - +++ 

 Fertilizer use + - - 

 Upland rice (HYV)* 
availability 

- --- -- 

 Seed quality - - - 

 Covercrop seed 
availability 

- - - 

 Pests and diseases - -- 
monkeys, pigs 

- 
pigs 

 Weeds Imperata Mikaenia Imperata 

 Rubber diseases Colletotrichum  possibly Colletotrichum 
 

 Land constraints very low fertility, 
land scarcity in 

transmigration areas 

steep slopes in pioneer 
zones 

very low fertility and 
steep slopes, 

altitude: 550 m - close 
to upper limit for rubber 

 
Upland rice production with selected local rice 

varieties : average 
potential 

may be good in 
peneplains 

excellent weeding, 
requires soil and water 

conservation 
techniques  

RAS adoptability potential 

RAS 1 +++ +++ 0 

RAS 2.2/RICE ++ + +++ 

RAS 2.5/cinnamon 0 +++ ++ 

RAS 3 +++ 0 + 

* HYV: High Yielding Varieties 
 
 
 

 
 

 



Main agronomic results of RAS on-farm 
experimentation network in West Kalimantan 
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Introduction 

The research programme is based on the 3 following major activities:  
• the implementation and monitoring of a network of on-farm trials using participatory approach to test Rubber 

Agroforestry Systems (RAS) with innovations such as the use of clonal rubber planting material in forest envi-
ronment (RAS1), food crop intercropping during the rubber immature period and combination of fruit and timber 
trees with rubber (RAS 2), and the establishment a combination of covercrops and fast growing trees (in RAS 3 
on degraded land with a frame similar to that of RAS 2); 

• the farming systems characterization surveys in order to identify a socio-agro-economical typology of situations 
(with 1 MSc students from France and 1 SRAP staff); 

• a budwood garden programme, to test whether clonal rubber can be produced by the farmers at low cost with a 
good quality (with one MSc student from France and 1 SRAP staff). 

The local partners for field implementation are the Rubber Research Institute of Indonesia: IRRI/Sembawa 
(Rubber), and a Development Projects: SFDP/GTZ (Social Forestry Development Project).  We will focus in 
this paper on the main RAS agronomic results in the province of West Kalimantan. 

The achievements in 1997 have been the following: 
• the set-up of an operational team in the province with ICRAF and IRRI scientists as well as collaborators based 

in the sites.  SRAP has developed a base for multi-disciplinary work on various other topics such as farming sys-
tem research, biodiversity study, nutrient management, below ground competition; 

• the identification of the main components of a RAS (Rubber Agroforestry Systems) methodology for on-farm 
experimentation after 1-3 years of experience in the field (the most critical phase of establishment for RAS); 

• the completion of the on-farm trials network (63 fields in West Kalimantan) and the budwood garden network 
(9). 

The RAS on-farm trials network 

The expected outputs of this programme in the mid-term are a complete set of technical recommendations for 
RAS.  In the short term the main issue is to identify the conditions under which rubber can grow optimally in 
an agroforestry environment for the critical first 2 to 3 years, in terms of cropping patterns, type of clonal 
planting material, levels of weeding and fertilization and rubber/associated tree combination.  Other aspects 
such as associated tree species combination, rice and palawija intercropping or covercrops and pulp trees/MPT 
combination are being tested.  The network may be summarized in the following table (table 1): 

Table 1: Farmers and agricultural school involved in RAS on farm experimentation 
Province Village No. of 

Trial 
RAS 
1.1 

RAS 
1.2 

RAS 
1.3 

RAS 
2.1 

RAS 
2.2 

RAS 
2.5 

RAS 3 Farmer Agricultural 
school 

West-
Kalimantan 

5 15 5 1  2 3  4 63 1 

Preliminary results of RAS on-farm experimentation 

In terms of RAS establishment, the 3 main factors being evaluated are rubber planting material (clonal rub-
ber), weeding level and fertilization amount, in particular phosphate (P) (Penot, Fairhurst et al. 1996).  The 
most critical period for RAS establishment is the first 2 years where competition with weeds (in RAS 3) 
and/or secondary forest (in particular RAS 1) is the most aggressive. 

                                                           
1 ICRAF SE Asia P O Box 161 Bogor 16001, Indonesia 
2 SFDP/SRAP, Sanggau, West Kalimantan 
3 ICRAF, field manager SRAP, Sanggau, West Kalimantan 
4 ICRAF, field manager SRAP, Muara Bungo, Jambi 
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The set up of the network has been done in 2 years between December 1994 and November 1996.  The main 
criteria to define RAS performances in such various environment is rubber growth (diameter 10 cm above 
grafting point, as well as height and number of whorls), recorded every 3 months for the first 3 years.  Rub-
ber trees diameter appears the most reliable criterion for measurement of growth and competition.  Other data 
collected concerns rice production (RAS 2) and associate trees survivability (RAS 2 & 3).  The trials proto-
cols and methodology has been discussed with farmers in a participatory approach (Penot, De Foresta et al. 
1995).  The data concerning rice intercropping are presented in the paper no.12. 

RAS 1 Trials  

*Clonal rubber vs. secondary forest regrowth in RAS 1: the weeding level 

Early planting of rubber in polybag is an essential condition for all RAS establishment, in particular for RAS 
1.  The RAS 1 trial established in late 1996, at the beginning of the rainy season, with good quality planting 
material (from Goodyear North Sumatra) is as developed 7 months after planting than that of trial planted in 
January/February 1996, late in the rainy season.  The treatment for the first year is based on 3 weeding levels 
(4x, 6x and 8x per year in West Kalimantan, compared to 3x, 6x, 9x per year in Jambi).  Protocols and in par-
ticular weeding frequency were not always followed in the first year of experimentation for the first set of 
trials.  In West Kalimantan, generally "4x" was 2 to 4 weedings per year, "6x" was 4 weeding/year and "8x" 
was 4 to 6 weeding for the year 1 (only with the first set of trials planted in 1995).  The control is 8 weeding 
per year and LCC in the inter-row (similar to monoculture cropping system).  For the other sets of trials  
(planted in 1996 or 1997), or after the first year for the first set, farmers were following recommendations as 
confidence was built between researchers and farmers.  In the year 3, the weeding frequency is reduced re-
spectively to 2, 4 and 6 + control  = 6 + LCC (monoculture) with one out of two weeding implemented with 
chemical (“Round Up” at 2 liters per ha on the rubber row only). 

The first RAS 1 trials set has been planted in January/April 1995 in West Kalimantan, with only 0, 1 and 3 
weeding/year.  Figure 1 shows clearly that weeding level was not sufficient to overcome Imperata which sys-
tematically invaded all plots.  Height and diameter of rubber trees is far below the normal growth level. 

Figure 1 

 
 

A minimum of 3 to 4 weeding/per year, regularly done due to regular pressure of Imperata cylindrica, is re-
quired as other coming figures demonstrate it.  Figure 2 shows that rubber trees diameter is very similar for 
set 1995 and set 1996 with the fact that the set 1995 is 2 years old and the set 1996 is one year old only, 
showing therefore almost one year of growth delay for the first set of trials planted in 1995.  We can see the 
same trend in figure 4 to 7, comparing 1995 and 1996 plantings.  Figure 3 shows that the 2 sets of trials 
planted early 1996 (late in the 1995/96 rainy season) and late 1996 (early in the 1996/97 rainy season which 
is recommended) are very similar in term of growth which clearly indicate that late planting in not recom-
mended and is equivalent to almost 6 months of delay in growth. 
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Figure 2 

 

Figure 3 

 
 

Figure 4 
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We must also inform that the fertilization amount was very limited for the first set of trials for the first year 
(200 grams of rock phosphate per tree at planting time only).  Than that was clearly not sufficient in these 
very poor ferralitic soils.  Looking at these results, our decision has been to provide a regular fertilization 
similar to that of TCSDP projects implemented every 3 months for all in coming trials.  In any case therefore 
it is possible to compare the first and the other sets of trial.  The first set of trials planted in 1995 should be 
considered as observations plots where both farmers and researchers were learning together from the very 
preliminary planting of RAS. 

The first results for other set sets of trials planted in 1996 and 1997 (figure 5, 6 and 7) show that the required 
weeding level during immature period in RAS 1 for clonal rubber is far higher than that of jungle rubber (0 
or 1 weeding per year): 4-6 weeding/year are required in West-Kalimantan due to Imperata pressure for the 
first year (8 weedings were never actually really applied by farmers in West Kalimantan for the first year), 
compared to 3-4 weeding/year in Jambi.  After an ANOVA analysis (R. Akiefnawati), there is no significant 
differences between the treatments showing that 4 weedings (if 2 are implemented with an adapted herbicide) 
is sufficient compared to 8 weeding (equivalent to that used in monoculture system). 

Figure 5 

 

Figure 6 
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Figure 7 

 
 

The regular number of weeding/year is relevant in West Kalimantan because Imperata cylindrica comes back 
regularly.  In Jambi, the weeds pressure is depending on the environment (no Imperata).  For the second 
year, 2 to 4 weedings/year in Jambi and 2 to 4 weedings/year in Kalimantan are sufficient. 

RAS 1.1 trial has been set up with 2 series of plots with 2 different planting density (550 and 750 trees/ha, 
the later without control with monoculture), no significant differences have been observed in the 2 series with 
3 replications each planted in 1995 and 1996 (between the planting density, not between the years) (figure 6 
to 10) except that the first set (1995) is obviously as we said before, very late in terms of rubber growth, due 
to insufficient weeding and fertilization level in the original protocol. 

Figure 8 

 
 

Figure 9 
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Figure 10 

 
 

The weeding/fertilization couple is a key component in the trade off between rubber growth/competition and in-
put/labour cost, in particular where fertilization is really required (Kalimantan).  It is clear that after a sufficient 
fertilization supply is provide to the trees (it is not the case in Jambi province where fertilization is not required 
for the total immature period), the quality of weeding is a key thing in RAS establishment.  It is also clear that 4 
weedings per year, including some of them implemented with adapted herbicide are sufficient for a good rubber 
growth.  This weeding level is half than that required by the monoculture system. 

RAS 2 trials  

*Annual intercropping in RAS 2.1 and 2.2: the most efficient alternative to favour rubber growth and 
optimize labour  

RAS 2 trials are divided into 2 different trials; RAS 2.1 focus on the effect of associated trees on rubber growth 
(in particular in the mid and long term), RAS 2.2 tests several combination of intercropping with the same frame 
of rubber and associated trees.  

RAS 2.1 

In RAS 2.1, treatments are on the type of associated trees combined with rubber.  Weeding id done every 2 
months (6x/year, for all RAS 2 trials).  The inter-row is cropped with rice and/or palawija with an average fertili-
zation.  The Figure 11 shows that there is no effect of associated trees on rubber growth during the first 2 years.  
The small differences being due to other local factors and in particular temporary presence of Imperata in be-
tween two intercrops. 

In fact, there is clearly no effect of associated trees during immature period as the selected associated trees have 
generally a slow growth (durian, rambutan) or, if fast growing, a non competitive canopy (such as Petai).  We 
expect a possible competition of the associated trees, if any, between 10 and 20 years after plantation.  Trials in 
Thailand show no such competition with similar fruit trees.  Figure 12 displays the rubber growth in a specific 
RAS 2.1 field with 7 plots, established in the agricultural school of Sekadau (SPP Karya) where intercrops 
(vegetables) are established in both rainy and dry season.  The differences between plots are explained by the 
presence or not of Imperata cylindrica, and not by the presence of a particular type of associated trees as these 
trees are too small at that stage to induce any competition. 
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Figure 11 

 

Figure 12  

 
RAS 2.1 valid the fact that a limited number of associated trees (up to 250 trees/ha) with a certain selection (a 
limitation of big trees such as 25 Durian trees per hectare) do not influence rubber growth during immature pe-
riod which is the most critical for RAS establishment.  

RAS 2.2 

By comparison with RAS 1, RAS 2.2 plots (Figure 13a and 13b) have a better growth performances close to that 
of a control, established with the average growth of 3 clones in monoculture well maintained (figure 14).  High 
labour requirements have not been well accepted by some farmers indicating that farmers should know with pre-
cision the labour requirement of intercropping in RAS 2 before adopting such system.  We arrived clearly to the 
extreme limit in term of labour that might be acceptable by Dayak farmers in West-Kalimantan for RAS 2.  

Figure 13a 
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Figure 13b 

 
 

It is also clear that the land status before RAS establishment is important in terms of land fertility and amount of 
work for weed control.  The figure 13b shows that RAS 2 established after jungle rubber shows a better growth 
than that of RAS 2 in Imperata grasslands, due to Imperata competition. 

Figure 14 

 
RAS 2.2 requires clearly a minimum weeding of intercrops  (2 weeding during the intercrop season) and a good 
chemical weeding using Glyphosate (“Round-Up”) before intercrop establishment in order to decrease the risk of 
Imperata cylindrica infestation during the crop.  A continuous intercropping with an rotation of rice/groundnut is 
probably the best solution.  But groundnut cropping requires a high amount of labour for ploughing the soil 
which seems to be acceptable by Javanese farmers in transmigration areas but not the by Dayak farmers in tradi-
tional areas.  Figure 15 shows the effect on rubber growth of a poor intercrop management. 

Figure 15 
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RAS 2.2 labour requirement is better accepted due to rice cropping and rice output in particular for the first 
year.  The different rice fertilization level ("CRIFC" = high dose, "BPS" = medium dose and 0) have so far 
no effect on rubber growth during the first 2 years (see figure 16). Rice intercropping occurs only for the first 
2 years as RAS 2.2 trials with rice up to the third year have shown that it is not economically interesting and 
very risky to grow rice during the third year (see paper n° 12 in these proceedings). Therefore the effect of 
rice fertilization on rubber growth is probably negligible as indicated by figure 16. 

Figure 16 

 
 

 

Figure 17. 

 
 

Generally 1, sometimes 2 weedings, are implemented for rice. Glyphosate herbicide (“Round Up”) was ap-
plied before rice planting. Growing rice with good local varieties (Embatu, Saim) or improved varieties (Jati-
luhur and Way Rarem) are successful with a small amount of fertilizers and crop protection against insects at 
least for the first and the second year, in particular after clearing an old jungle rubber (See figure 17).  The 
third year of cropping is generally not possible due to canopy shade or due to soil compaction (such as in 
RAS 2 fields implemented in former Imperata grassland in Kalimantan). Erratic rains, drought (like in 1994 
and 1997) and delay of rain season increase every seriously the risk of crop failure in West Kalimantan.  Rice 
experimentation in RAS 2 has shown a significant effect of N-P-K fertilization (at economic level) but not 
sufficiently, related to crop failure risk to be adopted by farmers.  However yields are often too low to off-set 
the cost of fertilization while fertility is the first constraint in particular in former Imperata grassland, other 
factors for low yields are: poor rice seed quality and availability, susceptibility of rice to insects pests and 
blast, and erratic rainfall at critical periods (in particular after flowering), traditional planting patterns, shad-
ing after the second year and insufficient weeding.  Some selected local rice (see figure 18), such as Embatu 
and Klanggau gave relatively good results with limited crop failure risks with a cycle of 3 to 4 months com-
pared to other local varieties with a 6 month cycle. 
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Figure 18 

 
 

CRIFC trial in the Jambi province shows that HYV upland rice yields may reach 2-3 tons/ha with a complete 
package using rice varieties such as Way Rarem and Jatiluhur, fertilization, 3 weedings and crop protection.  
In Imperata grassland, zero or minimum tillage is not recommended and rice/groundnut with ploughing rota-
tion is recommended. 

In West-Sumatra, the continuous upland cropping (rice/groundnut rotation and other palawijas1) is very fa-
vorable for rubber growth.  In West-Kalimantan the figures 13a and 13b show that rubber growth is signifi-
cantly affected by quality and level of weeding of rice intercropping with the example of 4 farmers having 
cropped rice but with a different level of weeding and maintenance.  However, rice fertilization does not have 
any significant impact on rubber growth during the first 2 years.  

RAS 2.2 experimentation is West Kalimantan is successfully according to farmers ability to provide a certain 
amount of labour for intercrops generally, RAS 2.2 fits well Javanese transmigrants as it is the only way to 
optimize their small allocated land (2 ha).  Some Dayak farmers are also very interested by RAS 2.2 at the 
condition that they are limited either in terms of land, or in terms of labour.  RAS 1 fit better Dayak farmers 
in terms of labour allocation and risk management as long as land is still available for traditional slash and 
burn. 

RAS 3 

*RAS 3: covercrops/MPT/FGT2 vs. Imperata at low labour cost 

The main constraint for RAS establishment continues to be Imperata cylindrica in particular during the very 
first year after planting.  The objective of RAS 3 is to find out what is the best combination with cover-
crops/MPT/FGT to overcome Imperata at a very low labour input.  

The first set of treatments with various covercrops and MPT’s has been entirely overcome by Imperata in 
1995.  Therefore, some RAS 3 trials have been transformed into RAS 1, because natural vegetation regrowth 
finally overcome Imperata after 1 year showing that a failure in establishing covercrops in RAS 3 may be re-
covered into RAS 1 according to the type of the surrounding vegetation. 

RAS 3.1 

Following that first experience, a better selection of covercrops has been made on 1 "observation field" (RAS 
3.1 see figure 19 and 20), in 1995 (the only RAS 3 field kept as RAS 3 from the first set planted in 1995).  

 

 

                                                           
1 Palawijas are secondary crops such as maize, cassava, vegetables, soybean, and groundnut. 
2 MPT = Multi Purpose Trees and FGT = Fast Growing Trees, namely pulp trees 
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Figure 19 

 
 

Figure 20. 

 
 

The best results were obtained with Mucuna and Chromolaena odorata. With Chromolaena odorata, Imper-
ata is completely overcome and no weeding is necessary in the inter-row.  One of the best result, with few 
weeding but the necessity to roll Imperata, is also reached with Mucuna.  

Preliminary observations on covercrop establishment in RAS 3 shows the following constraints: 
• covercrop seed quality is very poor and lead to low density sprouting, generally rapidly overcome by Imperata,  
• covercrops cannot grow well without a minimum supply of Phosphate (200 kg of rock phosphate per ha),  
• the non-vine covercrop species (selected for minimizing weeding compared to classical LCC used in plantation 

such as Calopogonium, Centrosema pubescens or Pueraria javanica) such as Flemingia Congesta, Crotalaria, 
Chromolaena Odorata, Wing bean and Mucuna have difficulty in competing with Imperata in the first dry season. 

RAS 3.2/timber 

Rubber growth in RAS 3/2Timber (with timber trees only as associated trees) is very low due to Imperata 
that invaded entirely all plots, compared to rubber growth in RAS 3.1 with various covercrops.  In fact, the 
very poor management of these 2 plots, completely invaded by Imperata cylindrica and the almost complete 
death of all associated trees lead to a complete failure of the 2 replications that can be considered as an Im-
perata cylindrica control. It is clear that a not controlled Imperata infestation lead to a complete stop of rub-
ber growth and a high occurrence of rubber trees death within the next 12 months (figure 21).  
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Figure 21. 

 
 

As covercrops cannot obviously overcome Imperata in current farmers 'conditions, shading seemed to be a 
low cost and efficient way to complement the role of covercrops in overcoming Imperata from the field  

Shading from MPT�s or pulp trees, planted in October with rubber and rice, may help to overcome, or limit 
Imperata in the dry season.  A combination of covercrops and MPT�s (Gliricidia) and fast growing pulp 
trees (Gmelina arborea, Paraserianthes falcataria and Acacia mangium) has been selected for experimenta-
tion in 1996 in RAS 3.2 (trials with various combination of covercrops and pulp trees), 

RAS 3.2 

Due to relatively poor management and poor Imperata control with Glyphosate at early stage of planting, 
most of the RAS 3.2 fields established in 1996 have been infested by Imperata and there is no significant ef-
fect between treatment during the first year (see figure 22). 

Figure 22. 

 
 

Note written in August 1998: in fact in 1998, some treatments have been really successful, in particular that 
with pulp trees (Acacia mangium and Gmelina arborea).  In places where Flemingia congesta couldn't take 
place, the local vegetation, in particular Melastoma, Jaracanda and some large leaves pioneer species, has 
overcome Imperata, leading to a relatively good rubber growth.  Flemingia congesta seems to be really 
adapted to the local environment but seed quality is very low leading to a high risk of covercrop failure.  

RAS 3.3 and 3.4 

in RAS 3.3 (the selected covercrop is Flemingia with various pulp tress and other associated fruit and timber 
trees) and RAS 3.4 (the covercrops is Flemingia + pulp trees at higher density with no associated trees).  
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Preliminary results still show the difficulty of establishing covercrops in farmers conditions but pulp trees, in 
particular Acacia mangium were growing well and very fast, shading the inter-row, therefore limiting Imper-
ata. It might be questionable to see if Acacia mangium will not be too competitive for rubber.  No significant 
differences have been observed between treatment for the first 18 months (Figure 23 and 24 for RAS 3.3 and 
figure 25 and 26 for RAS 3.4), but differences are expected after 2 years, in particular with Acacia mangium 
and Gmelina arborea. No differences were recorded between plots in RAS 3.3 (with 100 fruit and timber as-
sociated trees/ha, similar to RAS 2 frame, figure 23) and in RAS 3.4 (no associated trees, only pulp trees, 
figureure 25).  

One can summarize according to 2 types of soils:  
• on relatively good soils, after an old jungle rubber for example, Acacia mangium grow to fast when Gmelina a. 

and Paraserianthes Falcataria and Acacia carcicarpa are well adapted. 
• on very poor soils, Imperata grasslands or very degraded soils :  Acacia Mangium and Gmelina a. are well 

adapted when Paraserianthes f. and Acacia carcicarpa are not sufficiently developed. 

Figure 23. 

 

Figure 24 
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Figure 25. 

 

Figure 26. 

 
 

The comparison between all RAS 3 trials (see figure 27) shows clearly that all plots have a very similar trend 
except the plot in RAS 3.1 with Setaria (1 replication only).  Than that last plot has been largely manually 
weeded and might be considered as a control (Note; in fact in 1998 this particular plot is not anymore different). 

Figure 27. 
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*Rubber fertilization: P is a key component for rapid rubber growth 

The first trials in West-Kalimantan have been planted with a very low level of inputs (200 grams of Rock 
Phosphate per tree at planting time) which has proved far from sufficient for growth of clonal rubber in com-
petition with the forest regrowth in RAS 1, or with Imperata in the dry season with RAS 2.  In West-
Kalimantan, where the soils are very poor, the TCSDP fertilization programme (NPK every 3 months: 50 
grams/tree N, 50 grams P and 40 grams K every 3 months) has been adopted for the first 3 years only and 
proved to be successful with also the supply of a large amount of Rock Phosphate (500 KG/ha) at planting 
time.  In West-Sumatra, a previous demo plot (PKT/Pro-RLK/GTZ) showed the efficacy of large amount of 
rock phosphate (1 ton/ha) at planting time for rubber growth.  P is definitely a major limiting factor in all 
sites, but N-K is also necessary in West Kalimantan, at least for the first 3 years (compared to the 6 years of 
rubber fertilization in TCSDP recommendations for Kalimantan). 

*Comparison between clones: the importance of good clonal recommendations 

Comparison between clones (figure 28) shows that BPM 1 and PB 260 have the best growth performances, 
followed by RRIC 100, however BPM 1 seems to be more variable.  

Figure 28.   

 
 

The selected clones are all high yielding, fast growing, resistant to leaf diseases (in particular Colletotrichum) 
and adapted to farmers tapping (BPM 1, PB 260, RRIC 100 and RRIM 600, introduced in 1996).  In Jambi, 
GT 1 shows relatively good performance however Colletotrichum is rampant in that province (as well as in 
West-Sumatra).  It is preferable to use in RAS clones that are tolerant or resistant to that leaf disease as a for-
est environment, the combination with other trees may increase the risk.  Pigs and monkeys are the main con-
straints in forests margins in Jambi but are not a constraint on West Kalimantan. 

The above indicated the importance of establishing accurate and reliable clonal rubber recommendations 
based on field trial observations in various ecological zones.  This lead to the planting of a RAS 1.2 type trial 
with the 4 selected clones (and seedlings) in order to compare their performances in an agroforestry envi-
ronment.  These selected clones are PB 260, RRIC 100, RRIM 600 and BPM 1.   

Conclusion on RAS experimentation 

Early planting of stumps in polybag is a key in RAS establishment.  In all cases, the early planting of rubber 
stumps with 1 whorl in polybag at the very beginning of the rainy season in October is an absolute necessity 
for a good RAS establishment and ensure a good rubber growth compared to that of secondary vegetation in 
RAS 1, as well as associated trees and crops in RAS 2 and 3.  The direct planting of stumps has been partly a 
failure in West Kalimantan (and also in West-Sumatra) due to very poor soils, to erratic rainfall, and has also 
lead to high losses due to poor quality of planting material supplied by a local development project (though 
this may reflect the quality of planting material to which farmers may have access) in particular for the first 
set of trials planted in 1995 with TCSDP planting material.  The "Tapih system" which consists in using local 
material such as banana leaves or bamboo to replace the polybag, has not been successful.  
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All other trials after this first 1995 set have been planted with stumps from PT Goodyear or stumps produced 
by SRAP, both of very good quality and size with maximum clonal purity guarantee. 

Figure 29 shows clearly that the 1996 set of trials have a better rubber growth than the 1995 set for all RAS 1 
plots confounded linked with more adapted practices in terms of planting date, type of planting material, 
number of weeding and fertilization.  The 1995 set of trials can be considered as a preliminary test with 
farmers in participatory approach to clearly identify the shortcomings of the very first RAS protocols. 

Figure 29.   

 
 

The stumps in polybags have already developed in 3 to 4 months a good root system necessary for a rapid 
growth, in order to be sufficiently developed after plantation at the dry season (March-September) and to be 
able to compete with secondary forest regrowth in RAS 1 and Imperata in RAS 2 and 3.  The availability of 
good quality stumps with sufficient girth is also a significant criterion.  In West-Kalimantan, stumps are tra-
ditionally produced with a small diameter due to poor growth in nurseries and the fact that seeds for root-
stock are available only in February compared to November in North Sumatra, leading to 6 months only in 
nursery (for 1 year in North Sumatra).  This highlights the necessity to produce recommendations for build-
ing a clonal rubber planting material supply system with higher quality that may be achievable by farmers, in 
particular concerning rootstock seeds and budwood availability as well as technical information on nursery 
management 18 months instead of 6 months in West Kalimantan, in order to produce thick rubber stumps.  

As competition with weeds is important, and in particular Imperata, water is probably the main constraint in 
the dry season (with a possible stop in growth) as shown also in experimentation in South-Sumatra (Wibawa, 
1995), confirmed by RAS experimentation when a late planting in the rainy season lead to almost a 6 months 
delay in growth compared to trials planted at the beginning of the rainy season.  Another constraint in RAS 2 
is the availability of associated fruit and timber trees, the necessity for the farmers to establish their own 
nursery and the relatively high mortality of the trees in the field due to insufficient weeding of fertilization. 
Labour investment is generally low (except by the Minang farmers in West Sumatra), justifying at least on a 
farmer's point of view the low labour approach.  In West-Kalimantan, a medium level of inputs, in particular 
fertilization, is necessary for RAS establishment.  It seems also reasonable to recommend the use of poultry 
organic matter for associated trees. 

The use of Roundup to control Imperata is the best efficient way, both technically and economically speaking 
(as a labour saving technique), to control weeds and Imperata as it saves numerous days of manual weeding.  
Manual weeding can be partly or totally replaced by chemical weeding in the rubber row.  Another advantage 
of chemical weeding using a systemic product (Glyphosate) is that the effectiveness of the product is higher 
(3 to 4 months) than that of manual weeding (1 to 2 months). 

Comparison between all trials 

Globally, all plots confounded per trial (see figure 30), RAS2.2 with good management (good rice cropping 
and 6 wedding/year on the rubber row) shows the best results in terms of rubber growth, far above trees in 
RAS 1.  But the first set of RAS 1 trials (1995 set) suffers from insufficient weeding and fertilization and are 
definitely not representative. Second series of RAS 1 trials (see figureure 31 with 1996 set of trials) show far 
better results.  In fact in RAS 1 trial in Engkayu, rubber trees have a better growth than that of RAS 2 trees in 
transmigration areas (Trimulia) due to the negative effect of Imperata in these areas. 
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Figure 30. 

 
As long as Imperata is controlled, rubber growth is correct in RAS 3 but further research is necessary for RAS 3 
trials as more competition might be expected from some of the selected pulp trees through the trade-off between 
shading Imperata and competition to rubber (in particular for Acacia mangium). 

Figure 31.   

 
 

With such results, and according to RAS protocols (see in annex 1), it has been clearly demonstrated that the 
RAS 1 concept, very close to that of jungle rubber: clonal rubber + secondary forest in the inter-row, is a valid 
concept that is proven to be adapted to local smallholders conditions, in particular according to their limited 
capital and labour resources.  The use of Glyphosate is clearly also the best labour saving method that enable a 
limited number of weeding in the rubber inter-row compared to that recommended in the monoculture system. It 
has been also proven that the secondary vegetation in the inter-row is, so far, not more competitive for rubber 
than the viny covercrops traditionally used in monoculture (control plots).   

For RAS 2, the success of RAS establishment depends on the quality of management applied on intercrops 
where control of Imperata during and after the crops is essential.  There is no negative impact of associated trees, 
even at high density such as 250 associated trees/ha (for 550 rubber trees /ha).  Intercrops should be carefully 
chosen.  A rotation rice/palawija (groundnut in particular) is essential in Imperata grasslands.  

RAS 3 concept need further research but preliminary results show that the association between a simple non-
viny covercrop (Flemingia congesta or Chromolaena odorata) with pulp trees (Acacia mangium or carcicarpa, 
Gmelina arborea) seems to be very promising as well as cost and labour-effective in suppressing Imperata. 

Cost-Benefit analysis of RAS technologies compared to jungle rubber and  TCSDP rubber monoculture 
system. 

A preliminary economic analysis of 7 rubber based systems ranging from the least intensified, but the most used 
and traditional in Indonesia - jungle rubber - to the most intensified, RAS 2.2 with annual and perennial intercrop-
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ping has been done (Penot 1996) through the calculation of NPV (Net Present Value), incremental benefit (com-
pared to the jungle rubber system) and return to labour over the complete lifetime (up to 35 years), the productivity 
per type of crop, the return to labour and the incremental net benefit  for various rubber based cropping patterns 
compared to jungle rubber in order to compare economic rationale of RAS to other systems (jungle rubber and 
monoculture).  The 7 systems are described in table 2 and 3. 

Table 2 

The 7 systems are the following: 
• Traditional jungle rubber with unselected rubber seedlings (actual existing system): this system has 

no cost other than labour in term of inputs and is very extensive. 
• Jungle rubber with clonal seedlings (GT1) (existing system, in particular in areas close to estates, but 

not yet well developed): this system uses a planting material available in all zones where estates have been 
established with clones.  The cost of establishment is limited to the cost of the seeds or seedlings. 

• TCSDP like monoclonal rubber plot (existing as development schemes): this system is based on the 
traditional project technological package developed by TCSDP3 including clones and a high investment of 
weeding and maintenance.  This system requires a high level of input and labour and is, so far, considered 
the ‘modern and intensified’ rubber cropping pattern.  Costs are TCSDP estimates (TCSDP reports, DGE), 
adapted with 1996 prices.  In 1995, TCSDP has introduced upland rice intercropping in its technological 
package, so we did (for the first 3 years with improved rice and fertilization). 

• RAS 14 (experimental): this is basically a jungle rubber system using clones and a minimum of inputs 
(TCSDP like fertilization for the first 2 years) and labour (weeding is limited on the row).  The inter-row is 
not weeded and secondary forest is allowed to grow replacing the traditional LCC covercrops used in 
TCSDP system.  This system is similar to the “jungle weeding” as referred by Djikman (1951) but adapted 
to modern clones.  This is a low input/medium labour system.  The challenge here in terms of research is to 
see if clones can compete and grow well in an agroforestry environment at a given level of inputs (basic 
fertilization) and labour (minimum number of weeding per year).  Emphasis is put on return to labour opti-
mization.  Biodiversity is expected to be similar to that of jungle rubber.  The target is the farmers in pio-
neer or remote areas, as well as those with limited labour resources.  Biodiversity in RAS 1 is high, similar 
to that of jungle rubber. 

• RAS 2.2 (experimental): rubber + associated trees + rice intercropping the first 3 years.  Associated fruits 
and timber trees are planted at a density of 92 trees/ha.  Improved or 4 months local rice (with fertilization) 
is grown during the immature period.  The system is intensive with a medium level of input/labour re-
quirement.  Income is diversified with rubber, rice, fruit and timber production. 

• RAS 2.5 (experimental): rubber + cinnamon: this system is specifically developed for the Jambi province 
where cinnamon is a recent opportunity for local farmers.  A cinnamon planting density of 3 x 3 meters re-
sults in 1100 cinnamon trees/ha intercropped with rubber. 

• RAS 3.3 (experimental): rubber + associated trees + FGT (fast growing pulp trees): this system is de-
signed for degraded lands where Imperata is a major risk.  The first year is cropped with rice; immediately 
after the harvest non climbing covercrops such as Flemingia or Crotalaria are planted in order to limit the 
level of weeding.  Associated trees and FGT are planted in the inter-row.  FGT are harvested in the 5th 
year.  This system is specifically developed for West-Kalimantan (Sanggau area) where pulpwood species 
can be sold to the planned pulp factory. 
The main difference between RAS 1 and RAS 2/3 is that RAS 1 requires a specific environment to be set up 
with surrounding vegetation being forest, jungle rubber or tembawang with no Imperata.  The associated 
trees are those which naturally growing and subsequently selected by the farmer.  In RAS 2/3, associated 
trees are directly planted by the farmers who can choose the species among those which are adapted and are 
not too competitive with rubber.  In RAS 2/3, tree diversity is limited to the cropped species, however farm-
ers may select among the naturally growing species those which have an economic output.  

All systems except RAS 2.5 have rice intercropping the first year.  
 
 

                                                           
3 TCSDP = Tree Crop Smallholder Development Project/World Bank 
4 All Rubber Agroforestry Systems have the following characteristics:  
- Rubber is planted at 550 trees/ha (6 x 3 meters).  The selected clones are PB 260, RRIC 100, RRIM 600 and BPM 1.  
- Associated trees (if any) are fruits (local and improved rambutan) and local timber trees at 92 trees/ha (9 x 12 meters).  
- FGT (Fast Growing pulp Trees) are planted at 3 x 3 in between rubber and associated trees (400 trees/ha).  They are harvested the 5th year 

after planting. 
- cinnamon is planted at 3 x 3 in the inter-row and harvested the 7th year.   
- fertilization follows TCSDP recommendations for the first 2 years. 
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Table 3.  Economic analysis of rubber based cropping systems: characteristics of calculation. 

first financial analysis, there is no depreciation of initial investment during the immature period.  It is assumed 
rmers do not use credit in order to simplify the assessment of rubber systems performances.  To provide a 

of comparison for this initial investment, we present the number of days of work at local opportunity cost 
ally in an estate nearby for a daily wage of 3 500 Rp5, that is the case in West-Kalimantan) that are required to 
costs of investment.  A further analysis should include a credit scheme. A credit scheme will not significantly 

the long term financial analysis.  Costs and benefits are calculated in net present value (NPV) with value at 
d of the period (1 year) with a rate of interest at 15 %, equivalent to the current real interest rate in Indonesia 
1).  The total net benefit includes that of rubber, rice, fruits, cinnamon and timber for the overall lifetime of 
ystem, voluntary limited to 35 years (possibly more).  RAS 2.2 and 3 systems with associated trees may also 
, beyond the rubber lifespan, into fruit and timber based agroforestry systems.  Rubber wood from seedlings is 
d only as fuelwood with a limited value but may be sold later as a valuable product (for particle board or pulp 
tance).  Clonal rubber wood is expected to be sold as a valuable timber product in particular for furniture 
y.  In all case, rubber wood harvest is contracted.  

are effective costs observed in current on-farm experimentation of SRAP.  Prices are those observed in 
ry 1996.  Production and labour requirements are assumptions based on previous surveys (Gouyon, Barlow....) 

mers interviews. 

alysis is based on the situation in West-Kalimantan with no fencing cost (except for RAS 2.5 system, based on 
and cinnamon in Jambi only).  In RAS 2.2 and 3, timber trees are harvested 35 years after planting yielding a 

t benefit.  Fruit production is annual for petai and jengkol and durian, duku and rambutan are assumed to fruit 
3 years.  We also assume that yields are low and only 50 % of the production is actually sold for which gives us 
ducing trees/ha. Distribution between trees is the following: fruit trees are 75 % (70 trees/ha with 60 producing 
and timber trees 25 % (22 trees/ha). 

r for tapping is limited in RAS systems to 120 tapping days (1 tapping day is 0,5 man day) as PB 260 and other 
d clones allow a D/3 tapping system (tapping every 3 days) without any decrease in production.  Jungle rubber 
ed more frequently (200 tapping/year so 130 man days including other activities).  Labour is converted into 
an days in our calculation.  It is assumed that rubber is tapped by the owner. 

tion patterns have been carefully adjusted to account for the normal evolution of production including losses of 
In RAS 1, 2.2 and 3: rubber yield has been slightly reduced (10 %) due to possible competition with associated 
ompared to that of a TCSDP monoclonal rubber plot (this is an assumption).  RAS 2.5 rubber production is 
ed to be similar to that of TCSDP as cinnamon is harvested the 8th year with no further competition.  
tion and prices for fruit and cinnamon have been assessed from interviews with farmers and ENSO/West-

antan for pulp trees production.  TCSDP system may be adopted by farmers on their own or though projects.  A 
table 2 shows the actual cost of TCSDP system in project, including project costs (evaluated at 1,5 millions Rp 
ars). 
 

RAS recommendation domains 

In all cases, rubber is the main economic driving force of each system.  Income diversification enable farmers 
to profit from market opportunities for fruits, timber, rattan and other non-timber products.  RAS 1 and RAS 
2.5 are designed for farmers in remote or pioneer areas with low cash availability and without land shortage.  
RAS 2.5 is targeted especially for piedmont zones close to the Barisan mountains in Sumatra.  RAS 2.2 is the 
most intensive system aimed at farmers with severe land limitation such as transmigrants.  Farmers in de-
graded areas with Imperata (in West-Kalimantan for instance where the risk is high) are targeted for RAS 3. 

The economic rationale of RAS technology. 

The incremental benefit of RAS systems is in the same range as that of TCSDP for RAS 1 (see figure 32) and 
significantly superior for RAS 2.2, 2.5 and 3 due to the non-rubber components production such as fruits, 
cinnamon or pulp trees production.  The most intensive systems, TCSDP and RAS 2.2 are very sensitive to 
labour cost, in particular for RAS 2.2.  Figure 32 shows RAS incremental benefit for 3 labour costs respec-
tively: 2000 Rp/day for upland rice cultivation labour productivity, 3500 Rp/day equivalent to the real local 
opportunity cost (estate daily wage) and 5 000 Rp/day corresponding to the labour productivity of rubber 
share cropping.   

                                                           
5 However official minimum daily wage is 4600 Rp in March 1996 in Indonesia, the daily wage observed in West-Kalimantan and Jambi 

provinces is generally close to 3500 Rp. 
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RAS incremental benefit is far higher than that of jungle rubber, even using clonal seedlings, mainly due to 
the fact that the total income comes from rubber and rubber productivity with clones is multiplied by 3.  In 
addition to other sources of income.  Incremental benefit is still very attracting at high labour cost, but then 
systems are in the same range.  RAS systems are aimed to decrease labour requirement and gives a very in-
teresting output in the case of low opportunity cost, which is generally the case in most rubber producing ar-
eas except South and North-Sumatra provinces. 

Figure 32.   

 
 

Figure 33 shows that rubber contributes to around 80 % of total income and to 95 % in RAS 1, but the use of 
Net Present Value of production increase the importance of rice during the immature period and decrease the 
final value of the wood at the end of lifetime.  In fact, clonal rubber wood and timber output is expected to be 
high enough to able the farmer to further invest in whatever improved cropping system (monospecific planta-
tion of rubber or oil palm or agroforestry systems).  Jungle rubber produces not only rubber but also fruits, 
timber for local use, medicinal plants, rattan and firewood which are generally for self-consumption.  Produc-
tion for self-consumption is not taken into account in this calculation, but is considered as a general benefit 
for the farmer that is comparable for all systems except TCSDP5 which is monoculture. 

Figure 33.   

 
 

The return to labour: a sensitive argument for farmers in selecting a cropping system. 

The evolution from an input extensive system such as jungle rubber into an intensive system such as RAS 2.2 
or TCSDP is generally limited by cash availability and labour.  Two conditions must prevail for adoption of 
new technology: limited risks and high return to labour, or at least conservation of return to labour compara-
ble than that of a jungle rubber. 

                                                           
5 TCSDP like monoclonal rubber plot is the only system without non-rubber products but it is also not an agroforestry system. 
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Figure 34 shows rubber return to labour is definitely improved with TCSDP and RAS (around 50 000 
Rp/man day compared to 9 000 Rp/man day for jungle rubber at the year 15 in full potential production).  

Figure 34.   

 
 

A better estimation of the return to labour in the long term may be done using the labour cost that leads to 
Net Present Value equal to zero (figure 35). 

Figure 35. 

 
 

The interest of these intermediate systems is that they are still affordable for farmers (investment cost is lim-
ited) with limited labour requirement and a good optimization of labour. RAS 1 is typical of that situation.  A 
possible constraint is the distribution of required labour, in particular during the immature period.  TCSDP 
and RAS require labour prior to production systems (respectively 300 to 500 man days for RAS and 600 for 
TCSDP) in contrasting with jungle rubber (54 man days).  In RAS, labour required during immature period is 
less than TCSDP.  The main constraint for adoption of a clonal rubber based system is the necessary mini-
mum level of maintenance during the immature period.  

The first 2 to 3 years are critical as rubber clones require a minimum level of weeding (3 to 6 weeding/year 
compared to 12 weeding/year for monoculture). Labour requirement in RAS systems is 50 to 75% that of 
TCSDP monoculture system leading to a better adoption of clones by farmers as far as labour during imma-
ture period is concerned. 

After opening, the low tapping frequency of clones leads to a significantly improved return to labour.  For 
these reasons, the use of clonal seedlings do not yield a real significant impact on return to labour as well as 
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income.  Exploitation system and tapping frequency are key issues in improving return to labour during pro-
duction period.  

Return to labour is optimized in the RAS 1 system.  RAS 1 is aimed to decrease the labour requirements by 
30% during immature period.  For RAS 2.2, rice intercropping has significant benefits for rubber growth 
however rice production does not have a great economic value compared to that of rubber.  Nevertheless, it is 
important for some farmers to grow rice during the immature period in order to valorize labour investment, in 
particular for those with limited access to land such as transmigrants.  This extensive system fits also local 
farmers’ strategies focused on low labour investment.  For RAS 3, pulp trees are an important source of addi-
tional income.  This may help the farmer to reimburse credit.  

The initial investment is also an important component of farmers strategies.  RAS systems are low to medium 
inputs systems.  Figure 36 shows the importance of initial investment in NPV related to that of TCSDP with 
respectively 30%, 55% and 78% for RAS 1 and 2.5, RAS 3 and RAS 2.2 of that of TCSDP (if adopted by 
farmers on their own without projects cost).  If we had the TCSDP project cost, estimated at 1.5 millions RP 
rock phosphate/ha, then it is clear that RAS technology is more affordable for farmers and constitute a very 
interesting alternative to the current rubber development policy.  That is confirmed by the results of the farm-
ing systems characterization (see paper 7). 

Figure 36.   
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RAS economic analysis shows that the cost of clonal planting material is important (up to 50 % of total costs 
for RAS 1 for instance).  The production of clonal stumps by farmers themselves seemed to be a possible so-
lution in reducing that initial cost as well as developing a cooperation between farmers through the imple-
mentation of nursery activity.  That statement leads to the development of a village/community budwood 
garden and nursery programme in villages where RAS have been implemented, according to farmers de-
mand. 

The village budwood garden programme  

After 1 year of experimentation with RAS in selected villages, discussions with farmers showed their interest 
in producing themselves clonal rubber planting material which represent more than 50 % of the total cost of 
establishment for RAS (E Penot, 1996).  Preliminary information has been provided on clones, grafting, 
nursery and budwood garden techniques to farmers who show motivation for production.  The main con-
straint for farmers is the budwood availability and quality (clonal purity) as well as technical information and 
training on grafting in order to acquire the technical skill.  The main idea was to provide to farmers the exter-
nal components (innovations) that are out of reach for them without an external aid: basically budwood gar-
dens and training.  All other components are provided by farmers themselves. 
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Table 4: The village budwood garden (VBG) programme 

Provinces Community VBG Private BG BG in schools or projects 

West-Kalimantan 7  2 

Jambi 0 2 1 

West-Sumatra   1 

Total 7 2 4 

In West Kalimantan, the majority of farmers wish to have community based village budwood gardens.  In 
Jambi, in front of a lower interest and apparent motivation, private budwood gardens have been developed in 
2 villages.  

The study of the implementation and use of budwood gardens in 1997 and planting material production has 
been done by W Shueller (french MsC student) and Ir Sunario in West-Kalimantan.  The main outputs of this 
study are presented in paper 5. 

Main Conclusion 
Very promising results have been obtained with RAS experimentation both on technical point of view, how-
ever sometimes data are not al all easy to process to a large variability, and on the social point of view of in-
novations adoption.  Information on RAS 1 and 2 may be exploited for releasing technical recommendations 
for the establishment phase in the very next future, however some hypotheses, such as "no effect of associ-
ated trees on rubber yields (at planting density selected for current RAS)" still need to be confirmed within 
the next 20 years.  RAS experimentation is a long term research.  

Specific studies enable us to have a better in-depth agronomic knowledge on RAS components.  Another im-
portant component that has not been yet covered is biodiversity evolution in RAS systems, in particular in 
RAS 1 and comparison with existing biodiversity in jungle rubber. 
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Abstract: 

Introduction 

Rubber is the predominant tree crop in the area of Rantau Pandan and Senamat Districts of Muara Bungo 
region in the province of Jambi.  Most of this rubber is produced by smallholders in areas through jungle 
rubber systems.  The emergence of this complex rubber agroforest was closely related to the slash and burn 
and shifting cultivation system which has been traditionally practiced by the farmers. 

The productivity of rubber on this type of farming system is very low, around 600kg d.r ha-1 per year or 
between a half and one third of that of monoculture smallholder rubber development projects or estate 
plantations.  Various researchers (Barlow and Muharninto, 1982; Gouyon and Nancy, 1987; Hadi, 1995) 
have identified the causes of this low productivity:  
• old rubber with damaged tapping panel  
• native unselected rubber seedlings where the plant yield variability is very high  
• density of rubber ranging from very high (more than 800) to low (less than 150) trees per ha, due to the 

high risk of pests (pig, monkey, deer, tapir) and combinations of other trees. 
• longer immature period before tapping  
Besides the economic disadvantages, benefits of this complex agroforest can be considered in terms of 
conservation of a certain level of biodiversity (de Foresta, 1992) and low establish cost in term of labour 
and capital (cash demand).  For the farmers, whose average annual on farm income per household was Rp. 
1.3 millions and average total annual expenditure was around Rp 1.2 millions (Gintings et al., 1996), an 
extensive farming system is the best strategy to continue to provide land and rubber.  Average size of land 
holding for rubber per household on these areas ranged between 0.5 and 4.0 ha and average size of family 
is 4.8 persons (Gintings, et al., 1996). 

Amypalupy (1994 and 1997) showed that the growth of two year old rubber (GT1 clone) was significantly 
retarded when Imperata (alang alang) was strip weeded (2m wide) manually three times per year.  However 
when alang alang was weeded chemically, by spraying glyphosate, with the same frequency, the rubber 
growth was comparable to that where the land was totally weeded.  Application of a double dose of rec-
ommended fertilizers on chemically weeded plots did not increase the rubber growth.  Wibawa et al. 
(1997) showed the stem diameter of rubber of BPM24 clone in clean weeded plots was twice as great as 
that where the rubber interrows were invaded by a mixture of weeds (shrubs, Imperata, forest regrowth).  
The difference of stem diameter was observed as early as one year after planting and become statistically 
significant at two years after planting.  Manual strip weeding at least four times a year, in the rubber plots 
covered with a mixture of perennial shrubby weeds may be applied during the first two years; afterwards a 
higher weeding frequencies may be needed (Wibawa and al, 1997) 

Many questions appear to be very important: how can the productivity of these type of practices be in-
creased?  Can the productivity be increased by changing the unselected seedling planting materials with 
good clonal planting materials, if the same extensive maintenance is applied?  Which clones are potentially 
more adaptive to the extensive maintenance (low level of weeding)?  What are the effects of weeds or for-
est regrowth on rubber growth in RAS 1?  Can fertilization compensate for the negative effect of weeds?  
Which type of trees can be associated to rubber in RAS2? 

For RAS 1, the general objectives of the on-farm experiments are: 
• to investigate the growth of an improved rubber clone (GT1 or PB260) in conditions close to the jungle 

rubber (secondary forest regrowth is allowed to grow in inter-row), under various intensities of weed-

                                                           
1 Indonesian Rubber Research Institute, Sembawa Research Station. 
2 ICRAF SE Asia Regional program, P.O. Box 161, Bogor, Indonesia. 
3 ICRAF Field Manager Jambi Indonesia. 
4 School of Agriculture and Forest Sciences, University of Wales, Bangor, Gwynedd, UK 
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ing, with emphasis on the critical first two years of establishment, and to compare the performance of 
that clone under standard TCSDP (Tree Crop Smallholder Development Project) conditions. 

• to compare the growth of four rubber clones (RRIC 100, RRIM 600, BPM1 and PB260) with that of 
unselected seedlings, under jungle rubber conditions (two intensities of weeding). 

For RAS 2, the objectives are: 
• to identify the best combination of fruit and timber trees associated with rubber, 
• to validate the positive effect of rice or palawija intercropping during immature period of rubber. 
Several hypothesis are taken into account: 
• Increasing intensity of weeding within the rubber row will result in greater growth of rubber due to a 

decrease in intensity of competition (above and below ground) from regenerating secondary forest spe-
cies and response will be different between different clones and unselected seedlings. 

• Rubber growth response under such conditions depends on the rubber clone, especially with respect to 
disease problems.  High density of vegetation in jungle rubber-like conditions, may change the micro 
climate (air temperature, humidity, soil moisture).  High air humidity may increase the risk of disease 
(especially fungal disease) on rubber.  Each clone has a different susceptibility on diseases and adapta-
bility for specific conditions. 

Materials and methods 

The on-farm trials have been carried out in three villages of Muara Bungo region in Jambi province since 
December 1995.  RAS methodology has been presented in Penot, 1995. 

In the system called RAS 1.1, rubber was planted with 6m x 3m spacing in two phases: December 1995 to 
February 1996 with one whorl GT1 clone in polybag, and October to November 1996 with one whorl 
PB260 clone in polybag.  The first phase of planting was located at two villages: Rantau Pandan in (two 
farmers’ fields) and Muara Buat (three farmers’ fields).  The second phase of planting was located in 
Sepunggur village at six farmers’ site.  In the system called RAS 1.2, in different rubber clones were 
planted in December 1996 at location in the same villages in five farmers’ fields. 

RAS 1.1 system 

In each farmer's field, a series of treatments were applied and randomized following a standard block de-
sign.  Each farmer is considered as one replication.  The treatments consisted of three levels of strip weed-
ing, compared to one control standard plot (TCSDP): 
• Plot A (control): standard smallholder development project (TCSDP) management using leguminous 

cover crops (LCC) as an intercrop. Manual weeding is carried out nine times a year at 1m of each side 
of rubber tree rows. 

• Plots B, C and D: low, medium and high intensities of strip weeding (2m wide) are applied 3, 6 and 9 
times a year respectively. 

RAS 1.2 system  

The treatment applied consisted of two factors: frequency of strip weeding and rubber planting materials.  
The first factor has two levels which are 3 and 6 times strip weeding per year and the second factor has five 
levels: seedling as control, RRIC 100, RRIM 600, BPM 1 and PB 260 clones.  As in the RAS 1.1 system, 
all treatments were applied at each farmers’ field except for two farmers where a half of the total treat-
ments, but both with control seedling plot, were implemented: Harahap’s plot has two clones (RRIM 600 
and BPM 1) and Yusuf’s plot has the other two clones (RRIC 100 and PB 260).  The size of each plot is 
around 1000m2  or a total of 4000m2 and 10000m2 in RAS 1.1 and RAS 1.2 respectively. 

In all trials, rubber was fertilized with 115g SP36/ tree equivalent to (200g of Rock phosphate) at planting 
time and 50g of Urea /tree every three months, starting three months after planting. 

Characteristics of farmers’ land. 

The farmers’ lands in the study area are characterized by two contrasting topographies: from steep/very 
steep and flat areas.  Most of the first type were located around Rantau Pandan and Muara Buat and the flat 
lands are located in Sepunggur (except M.Lutan).  The original of vegetation was secondary forest, old jun-
gle rubber and fallow of perennial shrubs of different ages (Table 1). 
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Table 1a.  Characteristics of farmers’ land in two RAS 1 systems 
System/Farmer Date of planting Topography Original of land 
RAS 1.1 
Muara Buat 
Bustami 
Saryono 1 
Saryono 2 
 
Rantau Pandan 
Ismail 
Azahri 
 
Sepunggur 
A.Jupri 
A.Roni 
Azwar 
Eman 
Sahroni 
Zulkifli 
 
RAS 1.2 
Muara Buat 
H. Dur 
Harahap 
Yusuf 
 
Rantau Pandan 
M.Lutan 
Sepunggur 
A.Roni 
Taridi 

 
 
 
Jan. 1996 
Jan. 1996 
Jan. 1996 
 
 
Dec. 1995 
Feb. 1996 
 
 
Oct. 1996 
Oct. 1996 
Nov.1996 
Oct. 1996 
Oct. 1996 
Oct .1996 
 
 
 
Nov.1996 
Oct.1996 
Oct.1996 
 
 
Oct.1996 
 
Oct.1996 
Oct.1996 

 
 
 
Very steep 
Very steep 
Very steep 
 
 
Very steep 
Steep 
 
 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
 
 
 
Steep 
Very steep 
Very steep 
 
 
Flat 
 
Flat 
Flat 

 
 
 
Fallow, shrub, 3 years 
Secondary forest 
Secondary forest 
 
 
Old jungle rubber 
Fallow, shrub, 5 years 
 
 
Fallow, shrub, 5 years 
Old rubber 
Fallow, shrub, 3 years 
Old rubber 
Old rubber 
Old rubber 
 
 
 
Secondary forest 
Secondary forest 
Secondary forest 
 
 
Secondary forest 
 
Secondary forest 
Old rubber 

Note: Very steep: >75% slope; Steep: 50-75%; Flat: undulating up to 15% 

RAS 2 system 

Two types of RAS 2 trials have been implemented after preliminary discussions with farmers groups in 3 
selected villages: RAS 2.2 (with food intercrops such as rice and palawijas1) and RAS 2.5 where rubber is 
combined with cinnamon. 

RAS 2.2 experimentation 

Some farmers wishes to grow rice or palawijas continuously for the first 3 years after planting during im-
mature period.  Different strategies have been observed with the 7 fields (with 7 farmers).  The original 
methodology has not been adopted by farmers and we take the decision to transform the RAS 2.2 replica-
tions into an observation trials where we observe or compare different cropping patterns according to 
farmers strategies.  Plots have been reallocated with the following systems with only 2 replications per sys-
tem.  No ANOVA analysis is therefore possible but the qualitative analysis is fruitful and shows very inter-
esting results.  We must admit that RAS 2.2 is very successful for some farmers (here again the importance 
of a relevant operational typology to adapt the type of RAS to the recommendations domains) with a high 
level of adaptation according mainly to labour resources.  Originally, each field is divided with the follow-
ing plots: 
• with and without associated trees, 
• rice: with and without fertilization.  
Rice has almost failed in all plots in the first year.  Palawijas have been very successful except soybean 
(obviously planted too late) in 1 field (Yani’s field). 

The new treatments observed are the following:  

Experimental design 

Treatment: effect on various type of intercropping (with 7 levels) on rubber growth:  

1. Control/1: alang², clonal rubber = GT 1, 2 rep (Adnan1 , plots A & B) 

                                                           
1 Palawijas are secondary crops such as groundnut, pulses, vegetables, cassava, other roots and tubers basically foodcrops other than rice. 
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2. Control/2: alang², clonal rubber = PB 260, 2 rep (Adnan1, plots A & B) 

Observations: very few weeding: 4 plots completely invaded by alang² 

3. Rubber/associated trees + rice/fertilization dose 0, 2 rep (Alias A/Saer A) 

4. Rubber/associated trees + rice/dose BPS or CRIFC: 2 rep (Alias B & C) 

5. Rubber/associated trees + palawijas, 2 rep (Saer B & C) 

This 3 treatments (6 plots) are well weeded (high level of weeding). Rice has failed.  Palawijas are success-
full.  Observations: High number of associated trees in Alias's plots and very high level in Saer's plots. 

6. Rubber + Palawija, 2 rep (Sabri A & B) 

Observations: Average level of weeding. 

7. Rubber /associated trees + local rubber, 2 rep (Sabran, A & B) 

(no alang², no palawija): observations: low to average level of weeding + around 300 local rubber seedlings 
have been planted within the plot, poorly managed.  Many associate trees have died but have been replaced 
by regenerating trees such as jengkol, rambutan, durian. 

8. Rubber /associated trees+ palawija (year 1), 2 rep (Joni A, B) 

Observations: High level of weeding.  At the end of the second year: no more intercrops (many of them 
have failed or had a low yield). 

9. Rubber / no associated trees + palawija (year 1), 2 rep (Joni C & D) 

High level of weeding. At the end of the second year: no more intercrops (many of them have failed or had 
a low yield). 

Table 1b.  Plot characteristics in RAS 2 experiments 
Plot Rep As-

soc. 
trees 

Intercrops Farmers’ plot Field’s plot Treatment Clone 

1&2 1&2 no alang²/control Adnan1 all 1 GT1 
3&4 1&2 no alang²/control Adnan1 all 2 PB 260 
5 1 no Palawi-

ja1/rice/dose 0 
Saer A 3 GT1 

6 2 no rice/dose 0 Alias A 3 GT 1 
7 1 yes rice/dose BPS Alias B 4 GT1 
8 2 yes rice/dose 

CIFC 
Alias C 4 GT 1 

9 1 yes palawija 1 Saer B 5 GT 1 
10 2 yes palawija 1 Saer C 5 GT 1 
11 1 no palawija 1 Sabri A 6 GT 1 
12 2 yes Palawija 1 Sabri B 6 GT 1 
13 1 no no palawija Sabran A 7 GT 1 
14 2 yes no palawija Sabran B 7 GT 1 
15 1 no palawija 2 Joni A 8 GT 1 
16 2 no palawija 2 Joni A 8 GT 1 
17 1 yes palawija 2 Joni A 9 GT 1 
18 2 yes palawija 2 Joni A 9 GT 1 

Data collection 

Soil analysis was carried out, at two soil depths (0-5 and 5-20cm), on pH, Org. C, N, P, K, Ca, Mg, Na, 
CEC and Al. Aluminum saturation was then calculated.  Rainfall was measured manually at three loca-
tions, representing the studied areas. 

Rubber growth is measured three monthly on stem diameter at 10cm above union at the first year and at 
100cm above union thereafter, height and number of whorls.  The weeds were characterized qualitatively 
by average height and coverage. 

Rainfall and Soil analysis 

The average annual rainfall around the area of Muara Buat and Rantau Pandan was 2898 mm (six years 
data from Rantau Pandan station).  The rainfall in Rantau Pandan area was lower than that in Muara Buat.  
From January to June 1997, rainfall in Rantau Pandan was more or less comparable to that of the average 
of six years at the same period, but in Muara Buat, rainfall over the period January-August 1997 was nearly 
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double of that in Rantau Pandan.  In 1997, the period of March to May was the wettest and June to August 
was the driest (Figure 1a and 1b). 

Soils in most farmers’ lands are very poor on nutrients, low pH, CEC and high Aluminum saturation (data 
not shown). 

 

Figure 1.  Average rainfall in around and Sepunggur (a), Rantau Pandan and Muara Buat (b) 
compared to the 6 years data from the closest representative station. 
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Main agronomic results of RAS on-farm  
experimentation network in Jambi 

G. Wibawa1, E. Penot2, R. Akiefnawati3 and S. E. Williams4 

Keywords: Associated Trees, Jungle Rubber, Cinnamon, Biodiversity 

Abstract: 

Introduction 

Rubber is the predominant tree crop in the area of Rantau Pandan and Senamat Districts of Muara Bungo 
region in the province of Jambi.  Most of this rubber is produced by smallholders in areas through jungle 
rubber systems.  The emergence of this complex rubber agroforest was closely related to the slash and burn 
and shifting cultivation system which has been traditionally practiced by the farmers. 

The productivity of rubber on this type of farming system is very low, around 600kg d.r ha-1 per year or 
between a half and one third of that of monoculture smallholder rubber development projects or estate 
plantations.  Various researchers (Barlow and Muharninto, 1982; Gouyon and Nancy, 1987; Hadi, 1995) 
have identified the causes of this low productivity:  
• old rubber with damaged tapping panel  
• native unselected rubber seedlings where the plant yield variability is very high  
• density of rubber ranging from very high (more than 800) to low (less than 150) trees per ha, due to the 

high risk of pests (pig, monkey, deer, tapir) and combinations of other trees. 
• longer immature period before tapping  
Besides the economic disadvantages, benefits of this complex agroforest can be considered in terms of 
conservation of a certain level of biodiversity (de Foresta, 1992) and low establish cost in term of labour 
and capital (cash demand).  For the farmers, whose average annual on farm income per household was Rp. 
1.3 millions and average total annual expenditure was around Rp 1.2 millions (Gintings et al., 1996), an 
extensive farming system is the best strategy to continue to provide land and rubber.  Average size of land 
holding for rubber per household on these areas ranged between 0.5 and 4.0 ha and average size of family 
is 4.8 persons (Gintings, et al., 1996). 

Amypalupy (1994 and 1997) showed that the growth of two year old rubber (GT1 clone) was significantly 
retarded when Imperata (alang alang) was strip weeded (2m wide) manually three times per year.  However 
when alang alang was weeded chemically, by spraying glyphosate, with the same frequency, the rubber 
growth was comparable to that where the land was totally weeded.  Application of a double dose of rec-
ommended fertilizers on chemically weeded plots did not increase the rubber growth.  Wibawa et al. 
(1997) showed the stem diameter of rubber of BPM24 clone in clean weeded plots was twice as great as 
that where the rubber interrows were invaded by a mixture of weeds (shrubs, Imperata, forest regrowth).  
The difference of stem diameter was observed as early as one year after planting and become statistically 
significant at two years after planting.  Manual strip weeding at least four times a year, in the rubber plots 
covered with a mixture of perennial shrubby weeds may be applied during the first two years; afterwards a 
higher weeding frequencies may be needed (Wibawa and al, 1997) 

Many questions appear to be very important: how can the productivity of these type of practices be in-
creased?  Can the productivity be increased by changing the unselected seedling planting materials with 
good clonal planting materials, if the same extensive maintenance is applied?  Which clones are potentially 
more adaptive to the extensive maintenance (low level of weeding)?  What are the effects of weeds or for-
est regrowth on rubber growth in RAS 1?  Can fertilization compensate for the negative effect of weeds?  
Which type of trees can be associated to rubber in RAS2? 

For RAS 1, the general objectives of the on-farm experiments are: 
• to investigate the growth of an improved rubber clone (GT1 or PB260) in conditions close to the jungle 

rubber (secondary forest regrowth is allowed to grow in inter-row), under various intensities of weed-

                                                           
1 Indonesian Rubber Research Institute, Sembawa Research Station. 
2 ICRAF SE Asia Regional program, P.O. Box 161, Bogor, Indonesia. 
3 ICRAF Field Manager Jambi Indonesia. 
4 School of Agriculture and Forest Sciences, University of Wales, Bangor, Gwynedd, UK 
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ing, with emphasis on the critical first two years of establishment, and to compare the performance of 
that clone under standard TCSDP (Tree Crop Smallholder Development Project) conditions. 

• to compare the growth of four rubber clones (RRIC 100, RRIM 600, BPM1 and PB260) with that of 
unselected seedlings, under jungle rubber conditions (two intensities of weeding). 

For RAS 2, the objectives are: 
• to identify the best combination of fruit and timber trees associated with rubber, 
• to validate the positive effect of rice or palawija intercropping during immature period of rubber. 
Several hypothesis are taken into account: 
• Increasing intensity of weeding within the rubber row will result in greater growth of rubber due to a 

decrease in intensity of competition (above and below ground) from regenerating secondary forest spe-
cies and response will be different between different clones and unselected seedlings. 

• Rubber growth response under such conditions depends on the rubber clone, especially with respect to 
disease problems.  High density of vegetation in jungle rubber-like conditions, may change the micro 
climate (air temperature, humidity, soil moisture).  High air humidity may increase the risk of disease 
(especially fungal disease) on rubber.  Each clone has a different susceptibility on diseases and adapta-
bility for specific conditions. 

Materials and methods 

The on-farm trials have been carried out in three villages of Muara Bungo region in Jambi province since 
December 1995.  RAS methodology has been presented in Penot, 1995. 

In the system called RAS 1.1, rubber was planted with 6m x 3m spacing in two phases: December 1995 to 
February 1996 with one whorl GT1 clone in polybag, and October to November 1996 with one whorl 
PB260 clone in polybag.  The first phase of planting was located at two villages: Rantau Pandan in (two 
farmers’ fields) and Muara Buat (three farmers’ fields).  The second phase of planting was located in 
Sepunggur village at six farmers’ site.  In the system called RAS 1.2, in different rubber clones were 
planted in December 1996 at location in the same villages in five farmers’ fields. 

RAS 1.1 system 

In each farmer's field, a series of treatments were applied and randomized following a standard block de-
sign.  Each farmer is considered as one replication.  The treatments consisted of three levels of strip weed-
ing, compared to one control standard plot (TCSDP): 
• Plot A (control): standard smallholder development project (TCSDP) management using leguminous 

cover crops (LCC) as an intercrop. Manual weeding is carried out nine times a year at 1m of each side 
of rubber tree rows. 

• Plots B, C and D: low, medium and high intensities of strip weeding (2m wide) are applied 3, 6 and 9 
times a year respectively. 

RAS 1.2 system  

The treatment applied consisted of two factors: frequency of strip weeding and rubber planting materials.  
The first factor has two levels which are 3 and 6 times strip weeding per year and the second factor has five 
levels: seedling as control, RRIC 100, RRIM 600, BPM 1 and PB 260 clones.  As in the RAS 1.1 system, 
all treatments were applied at each farmers’ field except for two farmers where a half of the total treat-
ments, but both with control seedling plot, were implemented: Harahap’s plot has two clones (RRIM 600 
and BPM 1) and Yusuf’s plot has the other two clones (RRIC 100 and PB 260).  The size of each plot is 
around 1000m2  or a total of 4000m2 and 10000m2 in RAS 1.1 and RAS 1.2 respectively. 

In all trials, rubber was fertilized with 115g SP36/ tree equivalent to (200g of Rock phosphate) at planting 
time and 50g of Urea /tree every three months, starting three months after planting. 

Characteristics of farmers’ land. 

The farmers’ lands in the study area are characterized by two contrasting topographies: from steep/very 
steep and flat areas.  Most of the first type were located around Rantau Pandan and Muara Buat and the flat 
lands are located in Sepunggur (except M.Lutan).  The original of vegetation was secondary forest, old jun-
gle rubber and fallow of perennial shrubs of different ages (Table 1). 
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Table 1a.  Characteristics of farmers’ land in two RAS 1 systems 
System/Farmer Date of planting Topography Original of land 
RAS 1.1 
Muara Buat 
Bustami 
Saryono 1 
Saryono 2 
 
Rantau Pandan 
Ismail 
Azahri 
 
Sepunggur 
A.Jupri 
A.Roni 
Azwar 
Eman 
Sahroni 
Zulkifli 
 
RAS 1.2 
Muara Buat 
H. Dur 
Harahap 
Yusuf 
 
Rantau Pandan 
M.Lutan 
Sepunggur 
A.Roni 
Taridi 

 
 
 
Jan. 1996 
Jan. 1996 
Jan. 1996 
 
 
Dec. 1995 
Feb. 1996 
 
 
Oct. 1996 
Oct. 1996 
Nov.1996 
Oct. 1996 
Oct. 1996 
Oct .1996 
 
 
 
Nov.1996 
Oct.1996 
Oct.1996 
 
 
Oct.1996 
 
Oct.1996 
Oct.1996 

 
 
 
Very steep 
Very steep 
Very steep 
 
 
Very steep 
Steep 
 
 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
 
 
 
Steep 
Very steep 
Very steep 
 
 
Flat 
 
Flat 
Flat 

 
 
 
Fallow, shrub, 3 years 
Secondary forest 
Secondary forest 
 
 
Old jungle rubber 
Fallow, shrub, 5 years 
 
 
Fallow, shrub, 5 years 
Old rubber 
Fallow, shrub, 3 years 
Old rubber 
Old rubber 
Old rubber 
 
 
 
Secondary forest 
Secondary forest 
Secondary forest 
 
 
Secondary forest 
 
Secondary forest 
Old rubber 

Note: Very steep: >75% slope; Steep: 50-75%; Flat: undulating up to 15% 

RAS 2 system 

Two types of RAS 2 trials have been implemented after preliminary discussions with farmers groups in 3 
selected villages: RAS 2.2 (with food intercrops such as rice and palawijas1) and RAS 2.5 where rubber is 
combined with cinnamon. 

RAS 2.2 experimentation 

Some farmers wishes to grow rice or palawijas continuously for the first 3 years after planting during im-
mature period.  Different strategies have been observed with the 7 fields (with 7 farmers).  The original 
methodology has not been adopted by farmers and we take the decision to transform the RAS 2.2 replica-
tions into an observation trials where we observe or compare different cropping patterns according to 
farmers strategies.  Plots have been reallocated with the following systems with only 2 replications per sys-
tem.  No ANOVA analysis is therefore possible but the qualitative analysis is fruitful and shows very inter-
esting results.  We must admit that RAS 2.2 is very successful for some farmers (here again the importance 
of a relevant operational typology to adapt the type of RAS to the recommendations domains) with a high 
level of adaptation according mainly to labour resources.  Originally, each field is divided with the follow-
ing plots: 
• with and without associated trees, 
• rice: with and without fertilization.  
Rice has almost failed in all plots in the first year.  Palawijas have been very successful except soybean 
(obviously planted too late) in 1 field (Yani’s field). 

The new treatments observed are the following:  

Experimental design 

Treatment: effect on various type of intercropping (with 7 levels) on rubber growth:  

1. Control/1: alang², clonal rubber = GT 1, 2 rep (Adnan1 , plots A & B) 

                                                           
1 Palawijas are secondary crops such as groundnut, pulses, vegetables, cassava, other roots and tubers basically foodcrops other than rice. 
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2. Control/2: alang², clonal rubber = PB 260, 2 rep (Adnan1, plots A & B) 

Observations: very few weeding: 4 plots completely invaded by alang² 

3. Rubber/associated trees + rice/fertilization dose 0, 2 rep (Alias A/Saer A) 

4. Rubber/associated trees + rice/dose BPS or CRIFC: 2 rep (Alias B & C) 

5. Rubber/associated trees + palawijas, 2 rep (Saer B & C) 

This 3 treatments (6 plots) are well weeded (high level of weeding). Rice has failed.  Palawijas are success-
full.  Observations: High number of associated trees in Alias's plots and very high level in Saer's plots. 

6. Rubber + Palawija, 2 rep (Sabri A & B) 

Observations: Average level of weeding. 

7. Rubber /associated trees + local rubber, 2 rep (Sabran, A & B) 

(no alang², no palawija): observations: low to average level of weeding + around 300 local rubber seedlings 
have been planted within the plot, poorly managed.  Many associate trees have died but have been replaced 
by regenerating trees such as jengkol, rambutan, durian. 

8. Rubber /associated trees+ palawija (year 1), 2 rep (Joni A, B) 

Observations: High level of weeding.  At the end of the second year: no more intercrops (many of them 
have failed or had a low yield). 

9. Rubber / no associated trees + palawija (year 1), 2 rep (Joni C & D) 

High level of weeding. At the end of the second year: no more intercrops (many of them have failed or had 
a low yield). 

Table 1b.  Plot characteristics in RAS 2 experiments 
Plot Rep As-

soc. 
trees 

Intercrops Farmers’ plot Field’s plot Treatment Clone 

1&2 1&2 no alang²/control Adnan1 all 1 GT1 
3&4 1&2 no alang²/control Adnan1 all 2 PB 260 
5 1 no Palawi-

ja1/rice/dose 0 
Saer A 3 GT1 

6 2 no rice/dose 0 Alias A 3 GT 1 
7 1 yes rice/dose BPS Alias B 4 GT1 
8 2 yes rice/dose 

CIFC 
Alias C 4 GT 1 

9 1 yes palawija 1 Saer B 5 GT 1 
10 2 yes palawija 1 Saer C 5 GT 1 
11 1 no palawija 1 Sabri A 6 GT 1 
12 2 yes Palawija 1 Sabri B 6 GT 1 
13 1 no no palawija Sabran A 7 GT 1 
14 2 yes no palawija Sabran B 7 GT 1 
15 1 no palawija 2 Joni A 8 GT 1 
16 2 no palawija 2 Joni A 8 GT 1 
17 1 yes palawija 2 Joni A 9 GT 1 
18 2 yes palawija 2 Joni A 9 GT 1 

Data collection 

Soil analysis was carried out, at two soil depths (0-5 and 5-20cm), on pH, Org. C, N, P, K, Ca, Mg, Na, 
CEC and Al. Aluminum saturation was then calculated.  Rainfall was measured manually at three loca-
tions, representing the studied areas. 

Rubber growth is measured three monthly on stem diameter at 10cm above union at the first year and at 
100cm above union thereafter, height and number of whorls.  The weeds were characterized qualitatively 
by average height and coverage. 

Rainfall and Soil analysis 

The average annual rainfall around the area of Muara Buat and Rantau Pandan was 2898 mm (six years 
data from Rantau Pandan station).  The rainfall in Rantau Pandan area was lower than that in Muara Buat.  
From January to June 1997, rainfall in Rantau Pandan was more or less comparable to that of the average 
of six years at the same period, but in Muara Buat, rainfall over the period January-August 1997 was nearly 
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double of that in Rantau Pandan.  In 1997, the period of March to May was the wettest and June to August 
was the driest (Figure 1a and 1b). 

Soils in most farmers’ lands are very poor on nutrients, low pH, CEC and high Aluminum saturation (data 
not shown). 

 

Figure 1.  Average rainfall in around and Sepunggur (a), Rantau Pandan and Muara Buat (b) 
compared to the 6 years data from the closest representative station. 
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Main agronomic results of RAS on-farm  
experimentation network in West Sumatra 

E. Penot1 and H. Sihombing2 

Key Words: rubber clones, fertilization, Imperata cylindrica, Flemingia  
congesta 

Introduction 

West Sumatra is a relatively rich and diversified province with both fertile land-
scapes in the highlands, and very poor, degraded and hilly areas, as in the north-
ern tip of the province in the sub-district of East Pasaman (see Map 1).  Tradi-
tionally, in East-Pasaman, local Minang farmers have old jungle rubber gardens 
close to rivers.  The hills are burned every year, and are covered with Imperata 
cylindrica.  The farmers have very little "sawah" (irrigated rice fields), and still 
rely in part on shifting cultivation and rubber.  

After a discussion with staff of Pro-RLK*, a local GTZ development project, it 
became obvious that RAS systems might be a potential solution for these farm-
ers.  Preliminary discussions and a rapid survey enabled us to select the villages 
of Bangkok and Lubuk Gadang.  However due to limited funds for logistics and 
monitoring, it was impossible to implement the full project in Lubuk Gadang.  
Nevertheless, we did provide clonal planting material and information on RAS 
cropping patterns to the farmers there. 

The output of the preliminary discussions with farmers led us to select the RAS 
2.2 trial for this area.  This was suitable, as farmers have very limited capital, lit-
tle land for their upland rice, and very limited family labour.  There is virtually 
no opportunity cost for labour, as they do not have access to off-farm work in 
plantations, as is the case in the other province where the SRAP has been imple-
mented.  

Soils are heavily leached, with low nutrient availability.  The land is steeply 
sloping, and prone to erosion.  The climate is equatorial with one main rainy sea-
son from October to March.  The total annual rainfall is around 2 000 mm, but its 
distribution may be very erratic.  The average altitude of the selected small wa-
tershed in Bangkok is 500 meters.  All these factors lead to a situation which is 
very marginal in terms of suitability for rubber systems. 

Agroforestry practices, including a combination of intercrops and other perennial 
trees, and soil conservation measures were essential to preserve the sustainability 
of rubber based cropping systems in this area.  It was also important to optimize 

                                                           
1 ICRAF S.E. Asia P O Box 161 Bogor 16001, Indonesia. 
2 Indonesian Rubber Research Institute, Sembawa Research Station. 
* We would like to thank here Mr Thomas Fairhurst and Ms Hellen Kramer, from GTZ,  who supported 

right from the beginning the implementation of RAS in this area. Pro-RLK is a project aimed for reha-
bilitation of critical land. 
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the labour investment in the relatively small plots.  The RAS 2.2 trial, which in-
cluded upland rice and groundnut intercrops (with a few palawija/secondary 
crops) was chosen by farmers as this fitted their own strategy.  RAS 2.2 proto-
cols (Penot, 1995) can be found in Annex 1. 

RAS 2.2 systems in West Sumatra 

Three trials, based on the RAS 2.2 framework have been set up in order to find 
answers to 3 main questions: What type of fertilization?  What type of planting 
material?  And what type of intercrop? 

RAS 2.2a 

This is a trial which aims to identify the most effective fertilization regime for 
the local conditions.  Three levels are being tried: no fertilization, 1 ton rock 
phosphate/ha at planting time1 and complete NPK fertilization as recommended 
by TCSDP.  This gives 3 plots per replications (each farm is considered to be 
one replication).  The experiment is being conducted on 4 farms.  Rubber fertili-
zation is the only treatment.  All plots are intercropped with rice and/or palawi-
jas, with a moderate level of fertilization (the BPS regime, as it is recommended 
by B.P. Sembawa, the Rubber Research Institute of Sembawa).  

RAS 2.2b 

This trial is similar to that implemented in West Kalimantan, where the treat-
ments concern the intercrop, upland rice.  The first treatment is rice variety; local 
vs improved high yielding varieties.  The second treatment is rice fertilization 
level (no fertilizer, compared with the CRIFC2 recommendation (Center for Re-
search on Food Crops, Bogor).  This trial has four plots and four replications 
(farms).  

RAS 2.2c 

This trial compares rubber clones (PB 260) with ‘clonal seedlings (probably GT1 
seedlings but sold as BLIG planting material by a South Sumatra project), and 
polyclonal seedlings (BLIG).  BLIG (Bah Lias Isolated Garden) seedlings are 
produced by the London Sumatra Estate, which is the sole supplier of this plant-
ing material.  The Pro-RLK project, working with DISBUN3, has distributed 
BLIG planting material to local farmers for nurseries and plantations.  This trial 
aims to identify the planting material which is best adapted to local conditions.  
Each replication has 3 plots, and there are 2 replications (farms). 

                                                           
1 According to recommendations from Thomas Fairhurst, PPI (Potash and Phosphate Institute/Singapore, 

Pers Comm.) 
2 CRIFC is the Center for Research in Food Crops, Bogor.  
3 DISBUN or Dinas Perkebunan or Extension service for estate crops. 
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Figure 1.  Project Site in West Sumatra 
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Rubber clones vs BLIG for East Pasaman area: which type of 
improved planting material? 

Improved rubber planting material may be divided in two main groups, selected 
seedlings and clones.  Table 1 displays the characteristics of each type of plant-
ing material.  To summarize, clones have the highest production potential and 
some very good secondary characteristics (such as resistance to diseases).  On 
the other hand, they are more expensive, require more weeding and attention, 
good technical skills, and a framework of budwood gardens and nurseries to 
supply farmers with budded stumps.  

Seedlings have the reputation of being more adapted to agroforestry conditions 
(at least for jungle rubber), with good growth, ease of planting using seeds, and a 
low to medium cost according to the type of seedling.  However, seedlings are 
genetically very heterogeneous, leading to poor tapping management, and yields 
are low to medium.  The current results from Rubber Agroforestry Systems re-
search in Jambi and West Kalimantan suggest that in similar agroforestry condi-
tions, selected clones grow as well as seedlings when clonal stumps in polybags 
are used.     

In the following paragraphs the characteristics of 3 different types of planting 
material: unselected seedlings, polyclonal seedlings and clones are presented.  A 
summary of these characteristics is presented in Table 2. 

Unselected seedlings 

The main characteristic of unselected seedlings is the high heterogeneity of trees 
in terms of production and disease resistance, which is common to all seedlings 
when compared with clones.  Extensive surveys in the 1930's (Djikman) showed 
that 70 % of the production is given by only 30 % of the trees.  Tapping labour 
and other potential costs (fertilization, weeding) are far less cost effective for this 
other 70 % of the trees.  Heterogeneity in growth, production and susceptibility 
to diseases is a main features of all non-clonal planting material.  Table 1 shows 
the expected variability of various types of planting material.   
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Table 1.  Evolution of different types of rubber planting material; their 
performance and cost of establishment per hectare 

Year of availability 
and planting at 
commercial scale 

Yield 
Kg ha-1 year-1 

Remarks 

1910 325 Unselected seedlings 

1920 450 Selected seedlings (thinning) 

1926 725/775 Mother tree seedlings and better cultural practices 

1930 1,350-1,400 First generation of clonesTJIR 1 type 

1950-60 1,500-1,700 Second generation of clones (PR 107 type) 

1980 1,700-2,000 Third generation of clones (PB 260 type) 
Source: (Djikman 1951), (Penot and Aswar 1994) 
 

Table2.  Main characteristics of different types of rubber planting mate-
rial 
 

Planting 
material 

Advantages Disadvantages 

Unselected 
seedlings 
USS 

Good growth, low cost. 
Relatively good adaptability 
to local conditions. Good 
availability. 

Very low productivity: 350 to 500 kg/ha. 
Heterogeneity in production and resistance 
to diseases (seedling population). 

Mother tree 
seedlings 
MTS 

Good growth. 
Medium cost (selection). 
Relatively good adaptability 
to local conditions. 
No longer available.  

Medium to high productivity (according to 
level of selection): 700 to 1500 kg/ha. 
Heterogeneity (seedling population).  

Clonal seed-
lings 
ICS 

Good growth, low cost. 
Relatively good adaptability 
to local conditions. 
Good availability for ICS 
from current clones. 

Low productivity: 500 to 700 kg/ha. 
Heterogeneity (seedling population). 

Polyclonal 
seedlings 
PCS 

Good growth. 
Medium cost (BLIG), (ac-
cording to level of thinning). 
Relatively good adaptability 
to local conditions. 

Medium productivity: 1000 to 1500 kg/ha. 
No specific leaf disease resistance. 
Heterogeneity. 
Low availability (from PT LONSUM 
only). Requires high level of thinning. 
As expensive as clones if well thinned 
(high selection). 
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Planting 
material 

Advantages Disadvantages 

Clones 
(various 
types of 
clone) 

Slow to very good growth. 
Medium to high productiv-
ity: 1500-2000 kg/ha. 
Homogeneity. 
Resistance or susceptibility 
to various diseases (depend-
ing on clone). 
Labour saving for tapping. 

Possible sale of rubber wood 
as valuable timber. 

Requires grafting. 
Clonal purity must be maintained.  Re-
quires a minimum level of weeding. 
Necessary to select clones suited to the 
local environment. 
More susceptible to diseases if mono-
clonal plantation (more risks in small size 
plantations). 
Expensive if not produced by smallholders 
themselves. 

Clonal seedlings 

These seedlings are obtained through the collection of seeds from existing clonal 
plantations.  Dijkman (1951) estimated that by the 1950's, most of the farmers in 
North Sumatra were in fact using clonal seedlings collected from estates.  This 
was because many of the estate workers established their own plantations in the 
surrounding areas.  This is probably true for that particular province but not for 
other provinces where estates, and therefore sources of clonal seedlings were 
scarce.  Farmers in the other provinces thus had to rely on seeds collected from 
existing jungle rubber gardens.  However, it is clear that after a century of rubber 
seed dissemination all over Sumatra and Kalimantan, the current population of 
local seedlings is partly based on clonal seeds. 

We have no clear data on the performance of clonal seedlings planted by small-
holders, except for the SRDP project.  The only indication is that yields of 
smallholders is higher in North Sumatra than in the other provinces as suggested 
by DGE statistics (DGE 1996).  However, many farmers have also established a 
lot of clonal plantations in that province, so from current statistics it is not possi-
ble to distinguish yields of clonal seedling plantations, from jungle rubber or 
from clonal plantations. 

Studies have been conducted to compare the performance of certain clones and 
the clonal seedlings derived from these. One has to keep in mind that all these 
trials and comparison made in the 1930's and 40's were based on the first or sec-
ond generation of clones. These generally have relatively poor yields (around 1 
000 to 1 500 kg/ha/year) as shown in Table 3 (average figures for Malaysia in 
the 1930's).  
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Table 3: Yield comparison between clones and seedlings in Malaysia in 
inland estates trials (mean yield over 5 years) 
 

Type of improved planting material 
(Tapping system d/2) 

Inland Estates Coastal Estates 

Clones 1414  1220  
Clonal seedlings 1132  954  
In % of clones 80% 78% 

Source: (Burkill 1952) 
 

A study was conducted on GT1 clonal seedlings (1315 trees), at the IRRI station 
of Sembawa in South Sumatra in the 1980 s (Delabarre, 1987).  The heterogene-
ity of production of this planting material (‘GT1 ill.) is high as for all seedling 
populations. 20 % of the trees gave 44 % of total production.  The average yield 
was 1183 kg/ha for a D/2 tapping frequency (150 tappings/year, similar to farm-
ers  practices).  Such a high tapping frequency increases the risk of brown bast 
disease on the tapping panel, leading to a serious decrease in production of the 
highest yielding trees (up to 20 % of the trees).  This is equivalent to a loss of 25 
% of the potential yield without brown bast, estimated at 1577 kg/ha).  Such 
yields have been obtained with rigorous thinning and selection of seedlings at 
planting time.  We should acknowledge that in reality, farmers never practice 
such selection and usually plant every available seedling into the field.  There-
fore, it is an illusion to expect such high yields from clonal seedlings in small-
holder conditions.  The same conclusion can be drawn with polyclonal seedlings. 

Polyclonal seedlings 

Polyclonal seedlings are obtained by collecting seeds from isolated gardens plan-
ted with a selection of clones.  North Sumatra estates used to plant this type of 
planting material until the 1960's (in particular "PBIG" from the Prang Besar Es-
tate in Malaysia).  During the same period, farmers never had access to such 
planting material.  The first series of polyclonal seedlings show low yields 
(maximum of 800 kg/ha/year) compared to first generation clones such as TJIR 
1, and yields far below third generation clones such as PB 260.  The  average 
yield of  BLIG compared to other clones is shown in Figure 2 and Table 4. 

The current existing source of polyclonal seedlings in Indonesia 

The only current source of polyclonal seedlings, BLIG (Bah Lias Isolated Gar-
den), is located in North Sumatra at London Sumatra Estate.  This estate is still 
advocating the use of BLIG, however this company itself is no longer planting 
BLIG for latex production, but for rubber wood production. Ease of planting, and 
low cost (assuming no selection, and that one seed produces one satisfactory 
plant) are cited as being the main advantages of BLIG. BLIG is the only real 
polyclonal seedling type available in Indonesia.  This monopoly situation is 
therefore very dangerous for suppliers, and the supply itself is very limited in-
deed, as the area of BLIG gardens is only 5 hectares.  In reality, good yields can 
be obtained only with a rigorous thinning in both the nursery and the fields, 
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which leads to the use of more seeds than the required number of trees in the 
field. In that case, BLIG is a planting material that is as expensive (if not more), 
than clones. Yields of BLIG or PBIG recorded in estates (PT LONDON SUMA-
TRA) result from a very severe thinning regime, which is never likely to be the 
case with smallholders. 

Figure 2.  Comparison of yields of BLIG with a clone (RRIM 600) 

 
 

Table 4 Production of BLIG compared to clones at PT London Sumatra 
(North Sumatra) 
 

Year of planting  Number of trees production in kg ha-1 year-1 Location 

planting material Total producing 1990 1991 1992 1993 1994 

Cumulative 
production 

in % of 
clone 

Sei Rumbia 
(N. Sum) 

1984 BLIG 356 354 244 865 1142 1187 831   

Palang Isang 
(S.Sul) 

1985 RRIM 
600 

381 363 921 852 249 1349 1928 6299  

 1986 BLIG 391 391 286 810 952 1105 1445 4598 73% 

 1987 BLIG 401 393  241 666 932 1249  65 % 

 1987 GT1 402 389   594 1309 1957   

 1988 BLIG 409 390    465 1001   

 1989 BLIG 419 408    421 774   

 1990 BLIG 436 348     331   
 *) Data from Palang Isang estate 
**) Data obtained in December 1994 
Source: Pusat Penelitian Karet, IRRI, 1995 

Clones 

Clones are produced by grafting a bud from a clonal tree onto a well developed 
rootstock, (‘budding).  The first budding was carried out in North Sumatra in 
1916. In 1936, as many as 175 000 ha in Sumatra were planted with these first 
generation clones.  Budding does not totally suppress the genotypic variability, 
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but seriously reduces it (normally to less than 25 %).  Using homogeneous 
clones increases the cost effectiveness of any input investment, as all trees will 
profit from it.  However budding does not transfer the full performance of the 
mother tree.  That is the reason why it is necessary to test new clones for at least 
15 years to confirm their performance and stability.  The comparisons between 
clones and improved seedlings, up until the 1940s', were based on these first 
generation clones.  These clones were not as high yielding as clones now, and 
generally had quite poor secondary characteristics.  

The first properly tested clones began to be available in 1934, in North Sumatra 
and West Java.  The current clones, of the third generation, perform excellently, 
both in estates and in smallholding according to the type of clone.  Most of them 
have the following characteristics: precocity (PB 260 is tapped at 3.5 years of 
age at the Goodyear estate, in perfect conditions, but most of them can be opened 
at 5 years old), and very good vigour and growth (PB 260 and RRIC 100).  They 
are also high yielding: 1800- 2000 kg/ha for PB 260 and 1700 kg for GT 1 in 
smallholdings in South-Sumatra, (Penot, 1993); and also have good resistance to 
leaf diseases.  

The homogeneity of clones enables good tapping and good bark renewal, assur-
ing a long production potential.  Eventually, the frequency of tapping can be re-
duced to D/34 without any production loss (and without use of stimulation) for 
clones like PB 260 and RRIC 100.  This leads to significant savings in labour (33 
% in the case of D/3).  The use of stimulant can even reduce the tapping fre-
quency to D/4, if high labour costs necessitate this.  Using clones gives the farm-
ers room for further improvement in labour productivity, as well as a better final 
income from the rubber wood sales at the end of the plantation.  This is not the 
case with seedlings, due to their conical shaped trunk; the wood can only be sold 
as firewood at a much lower price.  One hectare of clonal trees may produce an 
average of 200 m3 of wood for timber or pulp. 

Productivity versus cost: improved planting material adoption 

This trade-off is quite clear: adoption of clonal rubber means high productivity, 
but also a higher cost of investment in terms of inputs and labour than jungle 
rubber, whether planted either in monoculture or in RAS systems.  

The cost of clones produced by farmers, or purchased as budded stumps from 
private nurseries (210 to 270 000 Rp), and that of BLIG (324 000 Rp assuming a 
medium level of selection) is within the same range.  On the other hand, in the 
case of polybagged clones supplied by a local private nursery (market price), the 
cost of clones is twice that of BLIG.  However, clones have major advantages.  
The cost can be lower than that of BLIG (if BLIG is selected in the nursery, and 
clones are produced by farmers themselves), the supply of clones is better in 
most locations, and adaptation to local conditions is better.  Clones also have the 
advantage of better productivity, homogeneity of production, labour saving dur-
ing tapping and better leaf disease resistance (if the clone is well selected to local 

                                                           
4 D/3 means a tapping frequency based on 3 days. 
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environment).  However, clones require more weeding, and therefore more la-
bour during immature period.  

Table 5: Cost of IGPM in a new plantation 
 

IGPM Cost per unit 
in rupiah 

Number of plants for 
1 ha of plantation 

Total cost of IGPM for 
1 ha in rupiah 

Unselected seedlings (seeds) 
Jungle rubber 

0 1000 0 

Clonal seedlings 
4 seeds per planted tree 

12.5  600 x 4 seeds 30 000 

PCS (BLIG) 
3 seeds for 1 planted tree 
no selection (transportation 
cost not included) 

90 600 x 3 seeds 162 000 

PCS (BLIG) 
6 seeds per planted tree 
Medium level of thinning 
(transportation cost not  
included) 

90 600 X 6 seeds 324 000 

Clone (budded stump pro-
duced by the farmers) 
4 GT1 seeds = 50 Rp 
Grafting = 100 Rp 
budwood = 100 Rp 
Miscellaneous = 100 Rp 

350 
in polybag 

600 210,000 

Clone (stump bought at  
private nursery and put into 
polybag) 
350 Rp/stump + 100 
Rp/Polybag 

450 
in polybag 

600 270,000 

Clone (produced by private 
nurseries, in polybag) 

1000  
in polybag 

600 600,000 

Number of rubber trees required for 1 ha = 550 + 10 % for replacement = 600. 
 

Budded stumps can be purchased by farmers and planted in polybags in their 
own small nurseries without any technical problems.  But the farmer has still to 
rely on clonal purity, which is guaranteed only by the private operator, without 
any control or official certification.  This may lead to problems, as farmers do 
not have any control over quality.  The cost effectiveness is very low if the 
farmer is paying a high price for planting material which is no better than unse-
lected seedlings.  Budded stumps do not necessarily mean they are clones (as 
sometimes stumps are budded with non clonal budwood).  Therefore a system is 
needed whereby clonal purity can be guaranteed to farmers.   

The level of production of BLIG will mainly depend on the level of selection 
through thinning.  Generally, farmers will try to plant most of the seedlings pro-
duced from purchased seeds, and in practice we may expect to have a very low 
level of thinning, leading to a lower production (probably around 1 000 kg/ha or 
less).  In that case, of course the cost of seeds is lower (3 seeds per tree planted 
only).  A better production might be expected, at least for the first 4 years (but 
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there is not sufficient information available for the period after that) with a me-
dium level of thinning (estimated with a minimum 6 seeds per planted tree).  The 
supply of BLIG is problematic; there are only two sources in North and South 
Sumatra.  Transportation and seed viability (only 3 weeks after harvest) are very 
serious limitations. 

So far, farmers' decisions about the type of planting material they use is highly 
dependent on income.  According to a survey in South Sumatra (Gouyon 1995), 
45 % of the farmers still use unselected seedlings, 22 % use GT1 seedlings for 
jungle rubber planting and 32 % use clones (60 % if income was above 5 million 
Rp/year in 1990).  It is also dependent on access to planting material and pres-
ence of estates, rubber projects or private nurseries.  In South-Sumatra in remote 
villages (still considered as pioneer zones), the percentage of farmers using 
clones is only 1.5 %.  In villages close to estates or PTP (government estates), or 
private nurseries, the rate is 32 % (A Gouyon, 1995). 

P fertilization for rubber 

The first 2 years are critical in terms of rubber growth in conditions such as those 
in East Pasaman.  It is therefore necessary to determine the best combination of 
labour and input levels for this period of time.  Fertilization seems to be the best 
choice of input that will overcome poor soil fertility and boost rubber growth, 
and that is also optimal in terms of cash and labour availability.  Among the key 
nutrients, it seems that P is the main limiting factor in these soils. 

A PKT/ProRLK/GTZ demonstration plot established in West-Sumatra in 1993 
shows evidence of a significant effect on rubber growth of 1 ton of rock phos-
phate/ha applied at planting time (see Figure 3, source: Penot, Fairhurst et al. 
1996). 

Figure 3.  Rubber growth with and without rock phosphate 
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Immature rubber period in rubber based cropping systems: a window for 
food cropping  

The secondary effect of intercrop fertilization on rubber growth has previously 
been demonstrated. Experiments are being conducted in order to identify the 
most suitable rice varieties (local and improved) and the most economic fertiliza-
tion levels. In West-Kalimantan the rice varieties were ‘Way Rarem and ‘Jatilu-
hur (High Yielding Varieties, HYV) and ‘Saim from Sembawa/South Sumatra, 
(local variety).  These were planted with two levels of fertilization; no fertilisa-
tion, and the CRIFC recommendation (150 kg urea, 250 kg of SP-36, and 100 kg 
of KCl per ha). 

Preliminary results indicate that production of rice and palawija intercrops dur-
ing the first 3 or 4 years, may be maintained only with sufficient crop fertiliza-
tion. Risk of crop failure due to blast (fungus), and insect damage is relatively 
high.  Without crop protection, rice yields are still low and may not recoup the 
cost of fertilization.  It also seems that on poor soils such as the leached yel-
low/red ferralitic soils in West-Kalimantan and West-Sumatra, the establishment 
of covercrops (in RAS 3) without P addition is not possible (current dose is 500 
kg RP/ha).  This may explain the farmers reluctance to use nitrogen fixing 
covercrops.  Fertilization at economically viable levels, such as those recom-
mended by TCSDP for the first 3 years5 only, or the supply of a high amount of 
P at planting time may be sufficient to enable rubber to grow satisfactorily in 
such competitive agroforestry environments.  

The establishment of rubber based agroforestry systems which are appropriate 
for local financial, labour, and environmental conditions must include the use of 
improved planting material6, and, at a minimum, Phosphorus fertilization. 

A participatory approach is a key tool in ensuring the adoption of innovations by 
farmers, and is part of the SRAP methodology.  Feedback from farmers is used 
in implementation of the research programme, and an understanding of the proc-
ess of innovation adoption has also been elicited.  This is necessary to ensure 
high adoption levels of the rubber systems currently being tested. 

Main Outputs 

One of the main features of RAS implementation in East Pasaman, in a relatively 
remote and marginal area, is that right from the beginning, local farmers have 
followed the system protocols, which were defined together by scientists and 
farmers.  The farmers have managed their rubber gardens particularly well.  All 
the 8 plots are located in a small watershed that was previously covered by Im-
perata grass. 

Initial planting was done in January 1996, in the middle of the rainy season.  As 
rainfall is erratic in this area, 3 weeks of drought after planting led to a high per-

                                                           
5    TCSDP = Tree Crop Smallholder Development Project recommendations are : 200 grams RP/tree 

planting time and 50 grams urea, 40 grams SP 36 and 40 grams KCl per tree every 3 months. 
6    Rubber clones have been selected for good growth, high yields and resistance to leaf diseases as well 

as farmers tapping methods. These clones are PB 260, RRIC 100, BPM 1 and RRIM 600. 
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centage of stump mortality.  Thus the "normal" replacement level (10 %) was 
obviously not sufficient.  A second planting was done in September/October 
1996 to replace the missing plants.  

Rice cropping in 1995/96 with local varieties was not successful, nor was the 
1996/1997 local rice crop.  Eventually, the farmers decided to try a more promis-
ing South Sumatra local variety ("Saim", suggested by G Wibawa from 
BPS/Sembawa), and a High Yielding Variety (HYV) ‘Jatiluhur.  As a result of 
this, in 1997, rice cropping was successful.  Farmers weeded their upland rice 
crop very well, which led to very good weed management for both, rubber and 
the associated trees.  Contrary to other zones (especially in West Kalimantan), 
very few associated trees died.  Due to the steep slopes, all plots were planted 
with protective contour lines of Flemingia congesta in order to limit erosion dur-
ing the rubber immature period.  

It should also be mentioned that local farmers are familiar with both BLIG and 
clonal planting material, as Pro-RLK/DISBUN and PKT/DISBUN respectively 
provided these through previous small scale projects.  The fact that farmers do 
know the pros and cons of clonal rubber and seedlings (as used in jungle rubber) 
is clearly an advantage for the adoption of RAS systems.  The same conclusion 
can be drawn concerning the anti-erosion contour line systems using Flemingia, 
as Pro-RLK introduced these to the area several years previously.  Therefore, lo-
cal farmers had already had the opportunity to see the potential and efficiency of 
such planting material and cultural practices, and this led to a rapid adoption and 
effective implementation of RAS in the field. 

RAS 2.2a 

There is an effect of fertilization on rubber growth (Figure 4), however this is not 
statistically significant, at least for the first 22 months. The small effect of fertili-
zation on the poor soils might be explained by the fact that a proportion of the 
fertilizers may have been lost due to run-off. This could be the result of heavy 
rainfall on the steep slopes, which occurred before the protective contour line of 
Flemingia congesta had become properly established. This confirms the fertiliza-
tion effect observed in the PKT plots (Figure 3). 
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Figure 4.  RAS 2.2a: Rubber growth in response to different rubber fer-
tilization regimes. 

 
 

RAS 2.2 b 

There is no clear effect of the combination of rice varieties/fertilization levels on 
rubber growth, and it seems that the fertilizers applied to the intercrop do not 
have a significant effect on rubber growth for the first 22 months. The same re-
sults were found for a similar type of trials in West Kalimantan (see Paper 2). 

Figure 5.  RAS 2.2b: Rubber growth in response to intercropping of dif-
ferent rice varieties, in combination with different rice fertilization re-
gimes 

 
RAS 2.2c 

In this trial, it can be clearly observed that BLIG growth is faster than clonal 
rubber (PB 260) and even clonal seedlings.  BLIG has always been acknowl-
edged as a fast growing seedling planting material.  London Sumatra Estate is 
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using BLIG as an intercrop (for wood production) between rows of clonal rubber 
(for latex production).  In this case, BLIG is used for its biomass production, ra-
ther than for its latex production, on which there is insufficient information over 
the long term. 

In RAS 2.2 with intercrops and good weed management as observed on all plots, 
this good growth of BLIG is not as much of an advantage as it would have been 
in the RAS 1 system, where rubber competes with secondary forest regrowth.  It 
is also clear than the use of BLIG in the form of seeds (compared with grafted 
stumps like clones), is easier to handle by farmers.  However, we do not have 
enough clear evidence that the production potential can be as high as that of clo-
nes. 

BLIG is also not available on the market any more, as the total production is cur-
rently being used by London Sumatra.  This very low availability, the situation 
of monopoly for production of the seeds, and the uncertainty about the future of 
BLIG leads to recommendations in favour of clones. 

In conclusion, the apparent better growth of BLIG (which is expected, as seed-
lings generally grow faster than clones), may not be considered as a major ad-
vantage, but should be noted.  Further observations, particularly with respect to 
resistance to leaf disease (especially Colletotrichum),should be continued. 

Figure 6.  RAS 2.2c: Growth of different types of rubber planting mate-
rial 

 

Conclusion 

RAS 2 implementation is undoubtedly a real success in East Pasaman, with far-
mers providing the best possible management on their rubber trial fields.  

If we look at Figure 7 which displays rubber growth for all RAS trials using 
clonal rubber, (excluding the plots with no fertilization or plots using BLIG or 
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clonal seedlings), we see there is very little variation between trials.  This 
demonstrates the similar management of the trials, with respect to intercropping 
and weeding. 

Figure 7.  Clonal rubber growth in the 3 trials 

 
There is very good evidence on the potential of adoption of such systems in this 
area from the example of Lubuk Gadang village.  In this village, SRAP supplied 
a selection of farmers with clones and information on RAS, but no further inputs 
were provided, due to logistical difficulties.  Local extension, through the Pro-
RLK/GTZ project, continues to provide only a general technical information ser-
vice.  22 months after planting, RAS plots are well maintained and are as suc-
cessful as in Bangkok.  This is obviously due to the determination of local farm-
ers to adopt a cropping system which is clearly adapted to the local conditions, in 
spite of the fact that there has been none of the intensive monitoring that was the 
case in Bangkok village.   

This observation is very promising both for further development and adoption of 
RAS 2 systems in the area, and for the successful rehabilitation of very degraded 
lands. 
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Introduction 

Rubber production in Indonesia still mainly relies on smallholders’ production, 
with 80% of the production coming from small jungle rubber systems.  For the 
last 20 years, smallholders in West Kalimantan have been given access to clonal 
rubber, essentially through projects like the SRDP (1981-88), the TCSDP (1989-
1997), the NES/PIR programme for transmigrants and some partial approach 
small scale projects such as P2WK or the PKR-GK project (from Dinas Perke-
bunan or Disbun, since 1988).  Thus rubber monoclonal plantations have been 
widely developed at the farmer level, although farmers still have no control over 
its quality and its origin and are not allowed to modify the monoclonal system. 

The SRAP project developed by CIRAD in collaboration with ICRAF (Bogor) 
aims at developing alternatives to this strict monoclonal system, by introducing 
associated trees in-between rubber trees.  In Kalimantan this should be a mean to 
use the agroforestry knowledge of Dayak people, who for many decades have 
been using jungle rubber systems. 

Three surveys were conducted between June and September 1997 in West Kali-
mantan to point at the main constraints farmers must face in order to develop 
their own selected rubber plantations, from plant production to rubber harvest-
ing.  The objective of this research is to clearly identify the main shortcomings of 
the current private nurseries (surveys 1), the constraints faced by farmers in pro-
ducing themselves their own clones though the SRAP village budwood gardens 
programme (survey 2), and the identification of the agroforestry practices rein-
troduced in former SRDP project monoculture plots (survey 3). 

Presentation of the surveys 

The three surveys tend to cover the main aspects of the rubber production, that is 
to say: 
• survey 1: clonal plant production at the nursery level, by private nurseries,  
• by farmers themselves: survey 2;  

                                                           
1 ENITA, Bordeaux, France 
2 ICRAF SE Asia 
3 SFDP/ICRAF Sanggau West Kalimantan 
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• survey 3: alternative systems that would fit farmers’ requests, especially 
agroforestry systems based on associated trees and their density. 

Survey I.  IGPM availability in private nurseries of the Sanggau area 

This survey addresses the technical constraints linked to the rubber IGPM pro-
duction. Some rubber projects, implemented by Dinas perkebunan (or DISBUN: 
tree crop extension service) developed in the area mainly rely on this private 
production.  Even the main rubber projects  (such as TCSDP or, in the past, the 
partial approach in some NES), use sometimes the production of these private 
nurseries, however they generally do have their own nurseries.  There is still no 
guarantee on the clonal purity of rubber plants produced in these private nurser-
ies.  The survey main objective is to evaluate the quality of such a material (in 
term of clonal purity essentially, but also of plant production management) to 
decide whether it could be used for further plantation or should be removed from 
any recommendation without serious changes in the production process.  The 
second objective is to have a better insight into this relatively new activity that 
seems to develop over the years, triggered by a demand by both DISBUN, pri-
vate companies or even farmers. 

A sample of 21 nurseries chosen among the biggest of the area has been sur-
veyed.  However, while this survey was carried out, many other private nurseries 
were being established, and many more will appear in the very next future, con-
sidering the growing demand for rubber IGPM.  This sample is nevertheless rep-
resentative of the current problems of this sector. 

The main output of this survey is to obtain an up-to-date picture of this booming 
sector. 

Survey II.  The SRAP village budwood garden programme: social and tech-
nical constraints faced by farmers in the Sanggau-Sintang area 

In 1994 the SRAP project initiated an on-farm experimental network in West-
Kalimantan [Penot, 1994 #188].  Clonal Rubber Agroforestry Systems (RAS) 
were proposed as an alternative to unselected rubber plantations and monoclonal 
system.  Farmers rapidly expressed a demand for rubber IGPM (Improved Ge-
netic Planting Material).  Community budwood gardens at the village level were 
established after preliminary discussions with farmers and identification of 
committed farmers’groups (kelompok petani), and grafting training provided.  A 
first set of budwood gardens initiated in 1995 in the villages of Sanjan and 
Sungei Kosak preceded a second one, launched one year after, with 6 other tar-
geted villages (Kopar, Engkayu, Embaong, Trimulia and Sukamulia for the 
Sanggau area, Pariban Baru in the Sintang area). 

This second survey addresses the social and technical constraints linked to such a 
production by local communities, provided with the right information on the ba-
sis of self-commitment.  Social aspects seem to be the main curb.  So far the 
technical aspect concerning production in itself seems to be sufficiently enlight-
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ened if properly provided.  But information on quality, i.e. clonal purity, is far 
not sufficient.  

The 8 villages where SRAP has implemented its activities were visited, and all 
the private and community budwood gardens and nurseries were surveyed, as 
well as the farmers involved in their management.  It is a little bit early in terms 
of implementation to draw definitive conclusions on most of them but at least, in 
those established in 1995, it is possible to identify the pros and cons.  

Survey III.  Use of IGPM in the SRDP-TCSDP monoculture plots in Sanjan 

Agroforestry in West-Kalimantan has been widely developed through jungle 
rubber and tembawang1 systems by Dayak people.  All rubber projects are based 
on the monoculture technological package that distribute inputs (clones, fertiliz-
ers, herbicides and credit.  So far the monoculture system is maintained during 
the whole credit reimbursement period.  Almost all farmers in the area accept 
these conditions, considering the help the credit provides.  However, some farm-
ers in Sanjan (33 %), who joined in 1982 the SRDP project (before joining later 
TSCDP in 1989), changed their former monoculture plots into agroforestry sys-
tems by introducing perennials after the reimbursement period. 

The third survey was carried out to point out the characteristics of the systems 
developed by these farmers, and should be used to make the SRAP systems stick 
to the local people’s requirements. 

All farmers in Sanjan that have developed agroforestry systems in their SRDP-
TCSDP plots were surveyed (14 out of 50 who joined the projects). 

Main results on IGPM availability and use in the province of 
West-Kalimantan 

IGPM availability in private nurseries of the Sanggau area (Survey I) 

The main private nurseries of the Sanggau area (see figure 1) are located in 
transmigration villages or small towns along the main road from Pontianak to 
Sanggau.  The sample of the survey I (chart1) consists in 22 farmers from 4 loca-
tions: 
• The well-developed transmigration village of Sukamulia. 
• The town of Pusat Damai (Bodok). 
• The Sosok and Tanjung surrounding area. 

The initiation of clonal rubber projects in West Kalimantan in 1981, with the 
SRDP, pushed on for IGPM demand, and the first nurseries appeared in 1984, al-
though on a small scale.  The real start was in 1989, when Disbun was asked to 
supply IGPM for the TCSDP.  Due to its incapability to support the demand, 

                                                           
1 Tembawang are fruit/timber based complex agroforestry systems traditionally developed , even before 
jungle rubber, by dayak communities. 
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Disbun triggered the IGPM production in Sukamulia by providing grafting train-
ing, budwood and basic technical information about clones in order for private 
nurseries to be able to provide the required planting material.  This new opportu-
nity for transmigrants (20 out of 21 farmers surveyed) to increase additional in-
come from agricultural activities on poor soils where food crops agriculture is 
not sustainable, rapidly boosted the production (from 1989 to 1991).  Many 
nurseries that had not been established with the help from Disbun were estab-
lished later in Sukamulia by farmers on their own (chart3).  Before the booming 
market, farmers from the surrounding villages in the area started also to develop 
this new production activity by themselves (from 1994), and in 1997, many 
small private nurseries for private use or for sales were being established in the 
area.  With the constant increase of the demand for clonal rubber plantations in 
the province, farmers hope a boost of sales demand. 
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Figure 1 
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A familial production system on a small area 

The sampled population of private nurseries (21 farmers, chart 1) is essentially 
composed by male farmers (20 out of 21 farmers), mostly migrants.  The average 
farmers’age is about 41 years.  The plots used for the establishing of the nurser-
ies and budwood gardens are former idle plots with low fertility, covered by Im-
perata cylindrica (chart4), closed to the house or the sawah, most of the time 
owned by the farmers (chart2).  Only 3 farmers rent plots from other farmers, but 
due to their low fertility, the annual cost remains very cheap (free for 2 farmers, 
20.000 Rupiah for the other).  One farmer use his old unselected rubber planta-
tion to plant rootstocks as an intercrop. 

Chart 1.  Number of farmers surveyed by location 

 
 

Chart 2.  Status of the land used for the nursery and the budwood  
garden 
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Chart 3.  Number of farmers initiating the IGPM production by year 

 
 

Chart 4.  Status of the land before the IGPM production installation 

 
 

The labour force is in average around 2 to 3 people (chart 5), which corresponds 
to the head of the family, his wife, and the oldest child still living in the village.  
Few farmers rely on external part time labourers (3 farmers only), essentially 
during the grafting period (average of 2 part time workers).  These casual labour-
ers are all inhabitants of the same village, generally neighbours, and work for a 
small wage including lunches (Chart 7). 

The average area devoted to the nurseries is 0.33 ha (Chart 6), and 1/3 of them is 
above the average.  There is no real big-sized nurseries specialized only in IGPM 
production and this production is always an additional source of income to the 
usual farming activities.  There is no particular relation between the size of the 
nurseries and the labour force involved, and some big nurseries have less full 
time labourers than some small ones. 
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Chart 5.  Total staff and part time staff working in the nursery 

 
 

Chart 6.  Nurseries area compared to the mean (in ares) 

 
 

Chart 7.  Full staff in relation to the nursery area 

 
 

74 % of nursery owners use their own budwood gardens for bud production 
(Chart 8).  The purity of budwood gardens in West Kalimantan remains one of 
the most important problems to develop more widely the clonal plantations.  This 
is the result of confusion made for many years and a poor management of the 
government budwood gardens that supply most of the budwood.  The budwood 
garden purity at the national and regional level is still to be enhanced 
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Chart 8.  Origin of the budwood for grafting 

 
 

The situation in IRRI/Sembawa; one of the main official source of planting mate-
rial 

The IRRI/Sembawa’s budwood garden was assessed by CIRAD-CP using its 
electrophoresis method in 1992 to check the clonal purity.  To enhance the diffi-
culty to recognize the different clones, the electrophoresis was conducted after 
the IRRI specialists had named the clones according to their knowledge. 

The report enlightened two different but important points.  The clonal purity of 
the budwood gardens, which has been widely used to provide Disbun’s own 
budwood (especially in West Kalimantan), is far from being good.  Only one 
clone is 100% pure, the others are a mix between several clones (sometimes 
from different names) and even unselected rubber, since the electrophoresis was 
unable to point out a name although its large database.  Purity rates may be be-
low 20% for certain clones. 

The rate of good recognition by specialists is very low (under 50% for some 
clones) and many confusions are made between clones.  Sometimes they are 
even unable to give a name to some of the plants. 

That enlights first the difficulty to recognize visually a clone, therefore to easily 
check its purity, and second, the fact that clonal purity is not even fully guaran-
teed at the very origin (Research Station) however all efforts are done to obtain 
the best pure planting material in these institutions.  

The situation in West Kalimantan 

From this original Sembawa’s budwood garden, Disbun established its own 
budwood garden in Sanggau.  Thus, since the beginning, all the clones issued 
from Sanggau by Disbun are “faked” clones with a poor clonal purity rate for 
most of them.  From 1989 to 1994/95, budwood and clonal plants for private 
budwood gardens establishment were mainly provided by Disbun through its 
own budwood garden.  Now, many farmers establish their budwood gardens with 
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plants from other private budwood gardens (chart 8), but to date Disbun remains 
the main supplier for private budwood garden.  In private budwood gardens, 
59% of the farmers pretend to detect differences between plants for the same 
clone but none of them pull up these plants to purify the plot, in order to main-
tain production as long as no consumer asks for quality (chart 9).  

Chart 9. Choice of the current clones 

 
 

In addition to this low original clonal purity, it seems that from producers to us-
ers (farmers), through official institutions (in particular Disbun), there is an ob-
vious insufficient care and attention given to quality of planting material and 
clonal purity of the rubber planting material.  Farmers have developed IGPM 
production activity to have additional sources of income besides other farming 
activities.  However, most of them still ignore the quality requirements for such a 
production, and neither Disbun nor the projects had sufficiently enlightened the 
need for it.  

Thus, farmers have a poor knowledge of clones and what clonal purity is.  First 
they have no knowledge of the differences between clones in term of growth and 
production characteristics, or resistance to diseases. Therefore most of them do 
not pay attention to clone diversification (chart 10 & 11 & 12).  Second they are 
not susceptible to the importance of quality in the production process.  Clones 
are mixed in the nurseries during the grafting period and there is no guarantee for 
the final users of the type of clone that is provided.  Due to budwood shortage, 
some farmers even graft rootstocks with buds from local rubber.  There is no 
easy possibility for the final user to recognize a clone.  
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Chart 10.  Detection and purification of the wrong plants 

 
 

Chart 11.  Percentage of farmers who heard about clones before they 
produce IGPM, and who know why there are so many clones 

 

Chart 12.  Interclonal differences known by farmers 

 
 

Budwood gardens and nurseries in West-Kalimantan 

A poor management resulting from a lack of acute information and incentive for 
good quality IGPM.  Clones requirements information is unknown to farmers.  
The first information farmers get about clones where provided by official institu-
tions or projects in the early 90’s (Disbun, SRDP/TCSDP, SFDP, 73%).  Only 
14% where taught by friends and/or relatives (chart 9). 



12

86% of the farmers says they have already heard about clones (chart 14). 18% af-
firm they can recognize clones by themselves, although this may be considered 
as overestimated.  Although 68% pretend to know that there are different clones 
for different situations, only 2 farmers have a real knowledge of clone’s differ-
ences in term of growth, production and resistance to disease (chart 15).  The 
others are only able to partially see some physical differences between clones.  
Few farmers know which clones are the most adapted for monoculture, although 
this system has been widely developed in the area.  Only 4% of the sampled 
farmers have an idea on the type of clone suitable for rubber agroforestry sys-
tems (chart 13).  It is important to mention that until very recently, nobody had 
any ideas about the best clones for an agroforestry environment, depending on 
the type of agroforestry (complex as in RAS 1 with secondary forest or with fruit 
and timber trees as in RAS 2 see paper 1). 

Chart 13.  Do you know which clones are the most adapted… 

 
 

Chart 14.  Where from did you heard about clones for the first time? 
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Chart 15.  How do you know your clones are those you think? 

 
 

Generally, the answers concerning the clones quote Disbun’s advises, and show 
that farmers are greatly influenced in their opinion about clones by the institu-
tions (chart 14).  Farmers are generally unable to assess the quality of informa-
tion provided. 

The private budwood garden management in the Sanggau area 

Within our sample, 77% of the farmers have their own budwood garden, and 15 
out of 21 say they personally chose the clones they wanted, but they are not able 
to justify on which criteria they did select them.  Others were advised by Disbun 
or other official institutions.  Only 5 farmers rely on external budwood (from 
Disbun or projects). 

The first statement of the first survey is that the nursery owners do not have a 
proper and good management to ensure the clonal purity of clones sold or self-
used later on. It seems they are all aware of the superiority of clones over unse-
lected seedlings, but without awareness of the real differences between clones.  
Their only immediate worry is to produce “clones” to supply the demand (chart 
16), in particular when the demand does not requires any quality specifications.  
Thus they choose the easiest way for grafting, which is to mix up the budwood 
during the transportation from budwood garden to nursery for later grafting, re-
gardless of the clonal purity.  Some farmers do not even know which type of 
clones they graft, even those having their own private budwood garden. 
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Chart 16.  Purchasers of the IGPM production in 1996 

 
 

Chart 17.  Do you intend to increase your production next year? 

 
 

The second statement is that most of the time, the actual production does not 
match the production enabled by nurseries size and clonal budwood availability 
(self-produced or bought from outside the farm).  Only one farmer agrees to rec-
ognize that he uses buds from his unselected rubber plantation.  However, the 
comparison between both actual and enabled production enlightened that 50% of 
the farmers seem to use budwood from older unselected plantations.  In other 
words, quantity overcomes quality (chart 17).  No quality requirement is de-
manded by final consumers (basically DISBUN, other projects and local farm-
ers), due to lack of technical accurate and up-to-date information.  That policy, 
where Disbun is a major clone’s distributor beside TCSDP, leads to the current 
situation:  
• plantations with mixed clones and “faked” clones,  
• decrease in production potential.  Eventually, before the low productivity of 

the so called “clones” (“faked” clones), this might lead to a disaffection from 
producers to intensification using clones.  
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Economic analysis of clonal stumps production in private nurseries. 

The use of inputs is quite important in the stump production process:  
• for the budwood gardens: 71 % of farmers use herbicides, 82 % use urea and 

41 % use KCL and SP36 (Phosphorus). 29 % only use pesticide when Colle-
totricum  (leaf disease) is a major constraint.  The average annual expenses 
for budwood gardens is Rp87,000 (Table 1).  

• for the rootstock nurseries: 57% buy budwood, 95% of farmers use herbi-
cides, 81% use urea, 48% use KCL, 52% use SP36 and 43% use pesticide 
(Table 2 and 3).  The average annual expenses for nurseries is Rp277,000 

• for the grafting: 33 % of farmers buy the budwood.  Only 14 % use extra 
staff for grafting (Table 3). 

Table 4 displays the average production costs distribution. Chart 18 shows the 
cost and benefit per product (stump and stump in polybag). The relatively low 
input use and poor quality explains the low cost of planting material compared to 
that of Jambi (350 Rp/stump and 1000 Rp/polybag). The benefit per plant is suf-
ficient to explain in itself the success of nursing activities when demand is sus-
tained, in particular for farmers with limited and very poor land  (Imperata grass-
land).  

The private budwood gardens 

Table 1.  Total investment for private budwood gardens 

Products Average cost 
(Rp) 

SD CV Number of farmers 

Herbicide 23.275  17.734 0,76 12 71 % 

Urea 32.071  32.205 1,00 14 82 % 

SP 26.786  26.643 0,99 7 41 % 

KCl 32.643  25.877 0,79 7 41 % 

Other fertilizers 4.750  2.165 0,46 4 24 % 

Pesticide 10.200  11.124 1,09 5 29 

Total  86.736  81.612 0,94 142 82 % 

 

                                                           
2 Among the 17 farmers owning a budwood garden, 3 do not  invest into any fertilizer or herbicide. 
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Table 2.  Total investment for private nurseries 

Material/products Average cost 
(Rp) 

SD CV Number of farmers 

Buying of rootstocks 89.542  60.212 0,67 12 57 % 

Herbicide 79.937  63.975 0,80 20 95 % 

Urea 82.235  66.813 0,81 17 81 % 

SP 75.341  105.483 1,40 11 52 % 

KCl 45.250  21.734 0,48 10 48 % 

Other fertilizers 15.000  11.730 0,78 5 24 % 

Pesticide 17.889  10.949 0,61 9 43 % 

Total investment 276.821  187.574 0,68 21 100% 

 

The grafting in private nurseries 

Table 3.  Total investment for grafting 

Items Average cost 
(Rp) 

SD CV Number of farmers 

Plastic 50.655  48.481 0,96 21 100 

Budwood 135.750  81.317 0,61 7 33% 

Allowance to grafters 1.129.667  733.767 0,65 3 14% 

Total input 257.285  497.467 1,93 21 100% 
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Table 4.  Production costs for grafted plants (stumps and polybags) 

Items Average cost 
(Rp) 

SD CV Number of farm-
ers 

Total investment (BG 
+ nursery + grafting) 
(in Rp) 

579.347  619.358 1,07 21 100 % 

Number of stumps 
sold 

19.307  15.171 0,79 21 100 % 

Production cost for 
stumps (in Rp) 

32  18 0,56 21 100 % 

Number of polybags 
sold 

500  0 0 2 10 % 

Buying of polybags 50.000  0 0 2 10 % 

Production cost for 
polybag (Rp) 

112  2 0 2 10 % 

Total sales (Rp) 4.293.750  3.399.595 0,79 21 100 % 

Total benefit (Rp) 3.714.402  3.010.841 0,81 21 100 % 

Price (Rp)       

of one stump (in Rp) 220  16 0,07 21 100 % 

of one polybag (in Rp) 600  100 0,17 2 10 % 

Benefit (Rp)       

per stump (in Rp) 187  18 0,10 21 100 % 

per polybag (in Rp) 487  102 0,21 2 10 % 

The current trend: an increasing demand for clonal plants 

In 1996, the main purchasers for this IGPM production were: projects (HTI = hu-
tan tanaman industri and TCSDP), a local private company for reforestation, and 
indirectly DISBUN (chart 16).  DISBUN officially provides IGPM to farmers 
but does not have sufficient means for total production.  Therefore, DISBUN of-
ficers buy IGPM to private nurseries in order to fulfil their requirements.  It is in-
teresting to see that many farmers do not even know their final purchasers, espe-
cially in Sukamulia: they directly sell to traders (other farmers from the village) 
who then sell to final purchasers.  It is the case for 55% of the people surveyed.  
None of the farmers intends to prospect new clients as traders, so far, have suc-
ceeded in selling their production. 



18

Obviously, the market for rubber clonal plants will still be growing on, although 
the demand for oil palm plantations has become stronger for the past few years.  
41% of the farmers want to increase the production for the next few years, al-
though the same percentage does not envisage any increase.  They intend to in-
crease the nursery area and the number of rootstocks.  Many new farmers plan to 
establish their own nurseries, and on a smaller scale, a private budwood garden.  
Therefore, we can expect an increasing production for the next few years without 
any control of the clonal purity.  To that respect, we can qualify the IGPM pri-
vate production system as total anarchy. 

Conclusion on survey I 

These results show that IGPM production, started 10 years ago in this part of 
West Kalimantan, was triggered by a growing demand from projects and exten-
sion institutions as well as farmers who can afford investments in improved 
planting material.  Many farmers are ready to invest in this new activity which 
seems to be highly profitable, requiring few inputs on a small area, perfectly 
suitable for spontaneous migrants with a limited land access.  The current situa-
tion, characterised by total anarchy, mix of clones, no clonal purity, lack of certi-
fication and even production of “faked” improved planting material (stumps 
grafted with unselected budwood), will lead to a serious problem in few years 
with low quality plantations, a serious decrease in production, and the distribu-
tion of plants that are not resistant to leaf diseases, in particular Colletotrichum.  
Farmers are not sufficiently aware of the technical constraints required for a 
good quality of planting material, and favour quantity rather than quality. 

Extension institutions being one of the main clients and, at least, those who trig-
gered that activity, they have a certain responsibility in this current situation.  A 
reform of the system should include the following points: 
• certification of the planting material, 
• technical support to private nurseries, 
• clonal purity control in official budwood gardens as well as private budwood 

gardens, and  
• training for grafting for new nurseries. 

In other words, in order to maintain high productivity in new plantations using 
clones, a quality based planting material policy should be adopted by all the ac-
tors of the IGPM commodity system: from the producers to the consumers. 

The SRAP budwood garden programme (Survey II):  
social and technical constraints faced by farmers in the Sanggau-Sintang 
area 

The SRAP project 

In 1994 SRAP project initiated an on farm experimentation network in West Ka-
limantan.  Clonal Rubber Agroforestry Systems (RAS) were proposed as an al-
ternative to unselected rubber plantations and clonal rubber monoculture system.  
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As a result, farmers rapidly expressed a demand for rubber IGPM, namely for 
clones as no other planting material was really known (such as polyclonal seed-
lings).  After discussion with farmers, community village budwood gardens were 
established, and grafting training provided to farmers through SRAP project.  A 
first stage was initiated in 1995 in the villages of Sanjan and Sungei Kosak, both 
in the Sanggau area.  In 1996, 6 other villages were targeted: Engkayu, Kopar, 
Embaong, Trimulia and Sukamulia for the Sanggau area, and Pariban Baru in the 
Sintang area.  The results between villages are very different due to social or 
technical constraints encountered.  Table 5 displays the potential of production 
per garden.  Table 6 shows the number of nurseries and the potential production 
per village in 1997.  Table 7 displays the number of farmers involved in farmers 
groups and those who have effectively implemented a nursery.  Table 8 shows 
the number of farmers that have eventually effectively implemented a nursery.  
Table 9 shows the percentage of farmers in the kelompok who own a private 
nursery 

Table 5.  SRAP budwood gardens composition in July 1997 

Village Year of 
planting 

PB 
260 

RRIC 
100 

RRIM 
600 

BPM 
1 

Potential pro-
duction for 
1997 ('000) 

Potential 
plant pro-
duction 
('000) 

Potential 
area (in 
ha) 

Sanjan 1995 50 50  50 300 1200 2,00 

Pariban 

Baru 

1996 148 78 44 75 345 1380 2,30 

Trimulia 1996 150   100 250 1000 1,67 

Embaong 1996 40 94 42 44 220 880 1,47 

Kopar 1996 135 43 53 69 300 1200 2,00 

Engkayu 1996 48 16 50 21 135 540 0,90 
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Table 6.  Potential production for plants ready for planting/sales per vil-
lage 

Village Nb of nurseries Potential number of 
plants 

Potential area 

to be planted (ha) 

 P* C* P C P C 

Kopar 2 - 460 - 6,67 - 

Pariban Baru 5 1 5.280 1.200 8,80 2,00 

Embaong 1 - 20 - 0,03 - 

Sanjan 6 5 1.740 1.770 2,90 2,95 

Engkayu 1 - 400 - 6,67 - 

Trimulia 5 - 10.000 - 16,67 - 

Total 20 6 17.900 2.970 29,83 4,95 
* P = private, C = common 

Table 7.  Kelompok composition in the SRAP villages 

Village Number of 
kelompok 

Number of members Number of farmers 
owning a private nursery 

Kopar 1 5 + 73 2 

Pariban Baru 1 9 5 

Embaong 1 10 1 

Sanjan 5 12, 12, 12, 11, 9 6 

Engkayu 1 15 1 

Trimulia 1 56 5 

 

                                                           
3 5 farmers previously  formed the first kelompok, then 7 others joined the kelompok. 
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Table 8.  Nurseries average area, and average number of plants per 
farmer, in nurseries and BG. 

Villages Average number of 
plants per nursery4 

Number of root-
stocks per farmer 
in the kelompok 

Actual budwood available 
per farmer in 1997 (in m) 

 P C  potential* actual** 

Kopar 1.150 -  25 150 

Pariban 
Baru 

5.280 1.200 133 38 68 

Embaong 200 -  22 220 

Sanjan 1.450 1.770 158 5 47 

Engkayu 2.000 -  9 135 

Trimulia 10.000 -  4 45 
 * compared to the total number of farmers in the kelompoks 
 ** compared to the number of farmers actually owning a private nursery 

Table 9.  Percentage of farmers in the kelompok who own a private 
nursery 

Villages Number of private 
nurseries 

Number of farmers in 
the kelompok 

% of farmers in the kelompok 
owning a nursery 

Kopar 2 12 17 % 

Pariban 
Baru 

5 9 56 % 

Embaong 1 10 10 % 

Sanjan 6 56 11 % 

Engkayu 1 15 7 % 

Trimulia 5 56 9 % 

Transmigration villages: a nursery specialisation process 

Among the 8 villages, 3 are inhabited by transmigrants (Javanese in Trimulia and 
Sukamulia; Melayu in Sungei Kosak).  The success of the SRAP project is obvi-
ous in the two Javanese villages, but lead to a complete failure in Sungei Kosak.  

Sungei Kosak: off-farm activities and short-term strategy 

Before the SRAP project, both SRDP (1981-82) and PKR-GK project (1993) 
were proposed to farmers in Sungei Kosak.  The first start with SRDP was per-
ceived by farmers as a failure, since information and skills were not sufficiently 
enlightened, and the current production of the plots is very low.  Therefore farm-

                                                           
4 plants to be planted or sold. 
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ers became reluctant to other rubber projects.  When SRAP proposed a commu-
nity budwood garden in 1995 they nevertheless accepted and 10 farmers fol-
lowed a grafting training.  SRAP has also been a failure, due to no social cohe-
sion that led trained farmers not to skill the others.  As a result, many farmers 
owned a nursery but were enable to graft it, and to date no stump has been 
grafted.  Moreover, a short-term strategy with emphasis on sawah production 
(that lead farmers to use fertilisers provided for plantations in sawah, irrigated 
rice), and off-farm activities (many farmers also work part-time as carpenters in 
Sanggau) have been factors that prevent success in using clonal rubber for their 
own plantations. 

Trimulia: on the way to success 

In Trimulia, farmers also have this short-term strategy based on sawah produc-
tion and off-farm activities.  The few land they received from the Transmigration 
Department (2.5 ha) does not permit extensive systems.  They adopted RAS tri-
als in 1996 on a relatively extensive way (rice intercropping has been a failure 
due to poor management for the first year).  However, farmers seem to realise the 
advantages they could get from IGPM production activity, which allows a high 
profitable production on a small area (as it is the case for the village of Sukamu-
lia).  Thus they are about to develop a trading policy for IGPM.  Some farmers 
established their rootstock nursery.  Many of them also intend to increase their 
production.  Trimulia seem to be on the way to success (table 10). 

Table 10.  SRAP budwood gardens composition in July 1997 

 Year of 
planting 

PB 
260 

RRIC 
100 

RRIM 
600 

BPM 
1 

Potential 
production for 
1997 (in m) 

Potential 
plant 
production 

Potential 
area (in ha) 

Sanjan 1995 50 50  50 300  1200  2,00  

Pariban 
Baru 

1996 148 78 44 75 345  1380  2,30  

Trimulia 1996 150   100 250  1000  1,67  

Embaong 1996 40 94 42 44 220  880  1,47  

Kopar 1996 135 43 53 69 300  1200  2,00  

Engkayu 1996 48 16 50 21 135  540  0,90  

Sukamulia: an example of specialisation in nursery activity 

Farmers in Sukamulia also have 2.5 ha, but they have for long developed the 
IGPM production.  First, Disbun triggered this new activity and targeted Suka-
mulia as an informal producer for its own clonal production. Gradually, beside 
Disbun and other projects (HTI), some farmers began to buy IGPM, and Suka-
mulia go on developing the activity.  When SRAP village budwood garden was 
proposed in 1996, some farmers already had their own budwood garden provided 
by Disbun on a small scale with no guarantee of clonal purity  Thus they did not 
catch the opportunity to rely on a community budwood garden with high quality 
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planting material.  To date, few farmers want to use the SRAP budwood garden 
due to the fact that there is no real demand or incentive for real good quality 
budwood for planting material from the final users (mainly Disbun). 

Traditional Dayak villages: social cohesion as a key to success 

For Dayaks, who for many decades have experienced jungle rubber systems, pri-
vate clonal rubber plantations are quite new.  Preliminary introduction has been 
made in the 1930’s with clonal seedlings (“karet lambau”) but does not lead to a 
full adoption by local farmers. 

The first large scale project started in the Sanggau area in the 80’s with SRAP, 
although some clones or selected seedlings had been introduced in the 50’s (by 
missionaries or research institutes).  However, they rapidly adopted the clonal 
monoculture system and understood its advantages, at least in term of rubber 
production (resistance to disease or rapid growth still remained partially un-
known, as well as differences between clones). 

The results of the SRADP budwood garden show great differences between the 
villages.  Sanjan and Pariban Baru are highly successful, whereas Embaong is on 
the way to succeed, and Kopar and Engkayu still face uncertainty about their 
choice between oilpalm and clonal rubber to be developed on a large scale. 

Sanjan: a very innovative village 

In Sanjan farmers have already used clonal rubber for more than 15 years 
through the SRDP project.  A very strict organisation and a strong social cohe-
sion lead to the success contrary to Sungei Kosak at the same period.  Rubber 
clonal plantations are highly productive, although the choice of GT1, very sus-
ceptible to Colletotrichum, has been a mistake5.  When the SRAP project started 
in the area in 1993, farmers were sufficiently aware of the clonal rubber planting 
requirements.  According to the fact that they already joined the SRDP project, 
there was no demand for SRAP Rubber Agroforestry Systems (RAS).  However 
they expressed their interest in budwood garden, their main constraint being ac-
cess to IGPM.  Farmers in Sanjan are the most innovative farmers of all the area.  
Thus they created 5 farm groups (kelompok) of a dozen of farmers who manage 
their own community rootstock nursery.  In 1997 the 5 farm groups still exist, 
and have obviously the same strategy for the village development.  Concurrence 
between farm groups leads to emulation and contributes to increase the level of 
adoption of innovations.  Furthermore, today farmers of Sanjan do not intend to 
follow the surrounding oil palm projects that approached them, rubber planta-
tions being their priority choice.  Among all the SRAP budwood gardens, only 
Sanjan’s one has been used since now (1997). 

                                                           
5 GT1 has an average yield of 1600 kg/ha in other provinces without Colletotrihum.  In West Kalimantan, 
GT1 yields between 1000 and 1200 kg/ha of dry rubber. 
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Pariban Baru:  

In Pariban Baru, few Dayaks, among other Javanese transmigrants in a foodcrop-
based transmigration pattern, joined the PKR-GK rubber project in 1993 (a 
GAPKINDO/DISBUN partial approach project).  The two communities seldom 
mix up.  Dayak farmers joined SRAP in 1994.  In 1996, they were provided with 
a budwood garden after discussions with farmers who expressed a strong de-
mand for IGPM due to certain remoteness (they are 14 km far from the main 
road Sanggau-Sintang).  Those farmers have developed a very strong solidarity 
under the authority of the group's leader and are not interested in the oil palm 
project.  They put therefore a lot of attention and great hopes in their clonal rub-
ber plantations to improve their income.  A group's rootstock nursery has been 
established and grafted in 1997.  In that case, the strong social climax and cohe-
sion of the farmers group was a key factor in IGPM self-production and quick 
adoption of innovations.  Similarly to Sanjan, but in a completely different envi-
ronment, these Dayak farmers are also very innovative in 1) rehabilitating Im-
perata savannah through clonal rubber plantations and 2) developing agrofor-
estry practices in rebuilding biodiversity in rubber plantations with fruit and tim-
ber trees to diversify production but also seed production and intercrops. 

Embaong: Sanjan' success triggered their interest 

The village of Embaong was originally reluctant to join SRDP in 1983 due to the 
fear to invest into new activities.  In the same time Sanjan farmers already im-
mediately joined SRDP.  This triggered those of Embaong to adopt the SRDP 
project in 1987.  In 1996 they joined the SRAP on farm experimentation net-
work.  But many farmers consider they now earn enough capital from their rub-
ber plantations and work in the oil palm projects in the area.  Thus their strategy 
is to buy clonal stumps rather than investing time and labour in producing them.  
Again, Sanjan ‘s example and their success in IGPM self-production with SRAP 
budwood garden inspired Embaong’s farmers and boosted their motivation to 
manage a community budwood garden, established in 1996.  Maintenance rely-
ing on group work, many farmers try to avoid the task.  In 1997 these cohesion 
and solidarity problems still prevented farmers to take care of the budwood gar-
den.  In August, considering the success of Sanjan, the group began to reconsider 
its policy and gave more attention to the budwood garden.  Embaong is a good 
example of a village with slow adoption of innovations as long as they have not 
yet seen the results.  

Kopar: a slow but efficient integration of new agricultural technique 

Kopar has followed a similar path as that of Embaong with the difference that 
there is no SRDP plot.  Their very strong attachment to ancient agricultural tradi-
tions has been a problem for adopting new technologies.  There is no SRDP pro-
ject in that village and local farmers have the feeling that they have missed op-
portunities in the past and do not want to miss them again, explaining their inter-
est in RAS as well as for oil palm project.  First experience with SFDP in 1992-
94 shows also a certain reluctance in modifying cultural practices that prove to 
be sustainable but an obvious interest was present in order not to miss again a 
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potential opportunity, at least by some farmers in a relatively innovative group 
compared to the rest of the village. 

Gradually, with the introduction of RAS technology in 1994-97, farmers inte-
grated slowly but surely innovations.  They recently decided to join in mass an 
oil palm project. Concerning the budwood garden, farmers keep interest in plant-
ing clonal rubber in order to diversify their cropping system but labour will 
probably be focused on oil palm. RAS requiring moderate labour will probably 
suit better their strategy.  They also have a large area of old jungle rubber to re-
plant with clones.  This should sustain intend in IGPM production in the next fu-
ture.  But is appears clearly that the lack of agreement between farmers groups 
has been a constraint in the innovation adoption process.  The social conflict on 
how to manage the future of the village and the disagreement on possible partici-
pation to any projects has been a serious hindrance, restricting the interest of 
farmers for the budwood garden experience.  

Engkayu 

Farmers of Engkayu first remained also very attached to their traditional crop-
ping systems, and were reluctant to adopt innovations brought by projects.  
However, their proximity with the town of Pusat Damai favoured exchange of 
information, access to potential markets and accelerated the process of adoption 
of some innovations such as the use of clones of Glyphosate against Imperata.  
When SRAP proposed a budwood garden to farmers 1,5 year after implemented 
off farm trials (OFT), they welcomed the programme.  But in the same time they 
accepted to join an oil palm project although land is becoming scarce as they 
have to provide 7.5 ha for the company when the company return only 2 ha with 
plantation to the farmers.  The actual loss of land is therefore of 5 ha per family.  
Actually , the current situation in Engkayu is now very confused, and two groups 
coexist.  The first one would like to go on with rubber plantations using clones 
(without losing land), the other would prefer to join oil palm project (with a loss 
of land but a full credit for the plantation).  The village leader being unable to 
choose between the two alternatives, the village community has no more social 
cohesion and social problems occur through the concurrence between farm 
groups (social unbalance).  To date, only one farmer built his own rubber root-
stock nursery.  In that case, the social conflict within the community is also 
clearly a constraint to innovation adoption. 

Conclusion on survey II 

In the case of the 2 Javanese villages, Sukamulia and Trimulia, IGPM production 
is aimed for trade and partially for plantation establishment (in Trimulia but not 
in Sukamulia).  We see here the beginning of a process of specialisation (nursery 
activity) and it shows that the same activity, IGPM production may lead to 2 dif-
ferent strategies: self-production for further planting (Trimulia) or specialisation 
in nursery for trade (Sukamulia). 

In traditional Dayak villages, the success of the village budwood garden pro-
gramme is not depending on technical constraints nor on economic ones, but on 
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the community social cohesion, in particular on equity, balance and agreements 
between farmers groups and consensus on development strategy at the village 
level. 

Off farm activities and productive sawah are restricting interest in IGPM produc-
tion.  The recent development of oil palm provides a new interesting opportunity 
for farmers as far as credit is provided in the technological package.  This new 
crop opportunity may also decrease intend in IGPM production.  However, in 
many situations, IGPM production at low cost and of high quality should provide 
the opportunity to replace old jungle rubber and rely on productive improved 
rubber systems (with RAS or monoculture) with a return to labour and income 
level very comparable to that of oil palm [Penot, 1997 #34].  

The difference between oil palm and rubber system stays in two points: 1) the 
mature period of rubber is 5/6 years in West Kalimantan (3 years for oil palm), 
2) there is no credit available for rubber system.  However, the flexibility of rub-
ber system, the long term estimated demand on rubber and its high potential in 
agroforestry systems, traditionally favoured by local Dayak farmers, are very 
strong incentive for developing rubber plantations with high quality IGPM.  Fi-
nally, clonal purity is essential to guarantee to farmers a high productivity and a 
full adaptation to local conditions (varieties that resist to Colletotrichum). 

Use of IGPM in the SRDP-TCSDP monoculture plots in Sanjan (Survey 
III) 

The SRDP project in Sanjan 

The SRDP project started in 1980-81, and a second stage was initiated in 1989-
90 with the TCSDP project (same monoculture technological package).  With 
these projects, farmers were provided with clonal rubber plants (GT 1, suscepti-
ble to Colletotrichum, and later PB 260), fertilisers, pesticides and cash money 
for some terracing.  Almost all the farmers also own plots of jungle rubber be-
sides their clonal monoculture plots (10 farmers out of 14), and this experience 
and the perception they have of agroforestry systems induced important changes 
in their strategy concerning monoculture. 

The conception of monoculture in Sanjan 

Monoculture still remains the system promoted by official institutions in Indone-
sia.  The technical monoculture package is kept on institutions’ advice, and evo-
lution to agroforestry system is forbidden, although no evidence has been made 
of the superiority of monoculture over other systems.  However, 33% of the 
farmers in Sanjan changed their SRDP plot into agroforestry systems, at different 
intensity levels.  

Farmers who think monoculture is not the most adapted system are almost three-
fold the number of those who are satisfied (11 Vs 3 who are pleased with the 
monoculture system).  One farmers considers that monoculture is not adapted to 
smallholder’s farming conditions (chart 2), and should be used for estates only.  
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Even farmers who are satisfied with the monoculture system face several prob-
lems: 
• rubber leaf diseases for 12 of them, 
• root disease and 
• weeds, in particular Imperata cylindrica (Alang-alang), increasing with the 

light from defoliation induced by Colletotrichum. 

And only 30% think that monoculture is better than agroforestry systems in term 
of production (chart1). 

Monoculture or agroforestry systems: institutions Vs tradition 

Official institutions still stick to monoculture (chart 4) for they advise that mix-
ing rubber trees with other crops may decrease the rubber yield by lack of light 
and too much root competition.  But to date, there is no evidence of such interac-
tion on rubber productivity in agroforestry systems.  Comparable yields with un-
selected seedlings in jungle rubber and in monoculture suggest the opposite.  
However, it is still questionable depending on the number and type of associated 
trees.  Disbun also evokes the risk of diseases (chart6), the SFDP the fact that 
rubber trees will be cut at the end of the rubber production (35 years) and the 
other trees will not be old enough to be a sufficient source of income, in particu-
lar for timber trees.  But with rubber agroforestry systems technology, you may 
decide to keep your plot with fruit and timber trees after rubber’s life span. 

In Sanjan, obviously, monoculture is not perceived as the best system for small-
holders, even for clonal plantations.  Globally, farmers dislike being dependent 
from rubber production only, and would like to earn income from other produc-
tions (timber and fruits essentially).  Their agroforestry systems fit their strategy 
of diversification of income sources(chart 3).  Every farmer thinks that associat-
ing trees with rubber is feasible.  Only one nevertheless chose to stick to mono-
culture. 

Fruit trees Vs timber trees: the choice of a mid-term strategy 

The agroforestry systems developed in Sanjan are mainly based on perennials 
(fruit trees and timber trees), and incomes from associated trees is the main mo-
tivation (only one farmer consider the mixing of rubber with timber trees as a 
way to prevent Imperata ).  Only one farmer out of 14 already planted annual 
crops as an intercrop in his clonal rubber plantation.  11 farmers planted fruit 
trees, and 10 timber trees (chart 7).  But fruit trees outnumber timber trees in 
term of plants effectively planted in the plots.  Farmers are far more interested in 
fruit trees than timber trees due to the shorter fruit production compared to tim-
ber output (5 to 8 years for fruit trees, 35 to 50 years after planting). 

Planting strategies differ between fruit and timber trees. Emphasis being put on 
fruit trees, farmers do not want to rely on natural regeneration (3 farmers only), 
and fruit trees are generally planted (10 farmers) (table 16 & 17).  For timber 
trees, half of the farmers (7) allows selective natural regeneration (chart 8).  
Generally, farmers who plant fruit trees also allow natural regeneration  (chart 
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10) for both kind (timber and fruit trees), but those who plant timber trees do not 
allow natural regeneration for timber trees (chart 9, table 14 & 15).  The strategy 
to plant or let grown timber trees is induced by the ban on private timber cutting 
for sales all over Indonesia.  Growing timber in the SRDP plot is perceived as a 
way to increase timber outputs besides those from tembawang (chart 11). 

The main motivation for planting or growing timber trees is to assure their chil-
dren of a valuable source of income on the long term.  All the farmers underes-
timate the time before timber production (average of 30 compared to an actual 
time of 50-80 years), and time for fruit production is more accurately known 
(chart 12). 

In term of density recommended for associated trees, farmers have very different 
views (range of density recommended from 50 to 250 trees/ha, chart 13) & table 
11.  Traditional knowledge from tembawang and jungle rubber cultivation 
pushes farmers to state an average of 150 associated trees as an optimum (table 
12).  The actual average density is relatively high (average of 200 trees/ha).  That 
weakens the Disbun’s recommendation not to mix associated trees with rubber 
trees.  Table 13 displays trees that are not recommended as intercrop with rubber. 

Table 11.  Densities recommended by farmers for associated trees 

Recommended densities (trees /ha) / Number of farmers 

30 1 100 1 

40 1 150 4 

75 1 250 2 

Table 12.  Actual densities in the SRDP plots 

Actual densities (trees /ha) / Nb of farmers 

50 > 100 1 200 > 250 1 

100 > 150 5 > 250 2 

150 > 200 5   

Table 13.  Trees whose plantation is not advised by farmers  

Trees whose plantation is not advised by farmers 

Type of tree Nb of farmers Type of tree Nb of farmers 

Tengkawang AB 8 57 % Keladan AB 1 7 % 

Mentawa AF 4 30 % Meranti AB 1 7 % 

Nyatoh AB 2 14 % Jengkol AF 1 7 % 
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Table 14.  Types of timber trees in the SRDP plots 

Type of tree Number of plots Average number of trees /plot 

Medang 11 85 %6 9 

Nyatoh 9 69 % 4 

Tengkawang 7 54 % 3 

Keladan 3 23 % 2 

Omang 3 23 % 1 

Table 15.  Timber trees whose plantation is advised by farmers 

Type of tree Number of farmers 

Keladan 9 64 % 

Belian 8 57 % 

Meranti 7 50 % 

Tekam 4 29 % 

Nyatoh 1 7 % 

Tengkawang 1 7 % 

 

                                                           
6 % calculated with the actual number of farmers having timber trees (13 farmers). 
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Table 16.  Types of fruit trees in the SRDP plots 

Type of tree Number of plots Average number of trees/plot 

Pekawai 14 100 % 13 

Durian 14 100 % 9 

Rambutan 14 100 % 5 

Cempedah 9 64 % 4 

Mentawa 9 64 % 4 

Petai 8 57 % 4 

Langsat 5 36 % 2 

Jengkol 4 29 % 7 

Mangousteen 4 29 % 3 

Jambu 3 21 % 2 

Cocoa 2 14 % 32 

Blimbing 2 14 % 2 

Rambai 1 7 % 3 

Coffee 1 7 % 3 

Mango 1 7 % 1 

Table 17.  Fruit trees whose plantation is advised by farmers 

Type of tree Number of farmers 

Durian 9 64 % 

Petai 9 64 % 

Langsat 9 64 % 

Rambutan 4 29 % 

Jengkol 4 29 % 

Coffee 1 7 % 

The future: to develop the agroforestry systems based on fruit trees 

The actual tendency will be going on in the next few years, since farmers are all 
pleased with the actual agroforestry systems.  Farmers who already transformed 
their monoculture plot intend to plant more trees than currently done, in particu-
lar fruit trees.  Timber trees will be planted by 50% of the farmers only, and are 
those who generally have some in their plots.  Besides these farmers, 50% of the 
others, who since now have still maintained the monoculture, intend to transform 
their plot in the next 2 years (chart 14).  That shows that agroforestry practices 
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where perennials are combined with rubber are a main feature of rubber farming 
practices in that village. 

Pulp trees: no incentive and no market 

Currently, farmer's knowledge about pulp trees is very thin. Only 4 farmers 
know that they have the right to sell pulp trees (chart 15 & 16 & 17).  To date 
none has planted pulp trees, and only three farmers are ready to grow such trees.  
Projects about pulp trees are relatively new in this part of Kalimantan.  There is 
still no factory in the area.  For this reason, few farmers intend to invest in this 
activity which is not yet developed and does not provide a guarantee of market-
ing.  Pulp trees are more perceived as a way to prevent Imperata growth than a 
source of income, since they would not be planted with a high density in SRDP 
plots.  In 1997, a factory shall be built before 2001, but the economic slowdown 
that struck Indonesia in 1998 will delay this project for some long time. 

Conclusion on survey 3 

Farmers of Sanjan are the most innovative of the area.  They joined in mass the 
SRDP project in 1981.  After few years, due to the perception they have of rub-
ber plantations, they transformed their rubber monoculture plantations by associ-
ating fruit and/or timber trees, although it has always been prohibited by SRDP.  
They clearly have a short term strategy and planted more fruit trees than timber 
trees.  Some farmers allow the regeneration for timber trees.  Products of these 
associated trees are essentially for self-consumption or local sales (fruits).  No 
farmer already plant pulp trees and few of them have knowledge about pulp trees 
production and marketing.  Their planting strategy still remains based on clonal 
rubber plantations, and no farmer would like to join oil palm projects (survey II).  
Few of them is ready to try pulp trees, but they are still waiting for this activity 
to be developed. 

Final Conclusion 

The current improved rubber planting material commodity system is suffering 
from 2 major constraints: the inertia of extension services in developing, with the 
private sector, a network of nurseries and the global very bad quality (in term of 
clonal purity) of the planting material, provided at each level (except notably for 
SRDP and TCSDP). 

The improvement of the situation is based on the following topics:  
• the certification of the planting material production for all operators 
• the verification and rehabilitation of all existing budwood gardens and nurs-

eries in order to improve immediately the network   
• the creation of “genuine” farmers association in order to improve access to 

information, to guarantee the certification process and provide a better ser-
vices to farmers through links with the private sector of nurseries. 

• a better technical information on clones use, clonal recommendations and 
cultural practices  for monoculture and RAS. 
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• There is a real farmers’ demand for good quality clonal planting material.  

It seems clear also that the extension message, currently focused on pure mono-
culture, should be changed and opened to RAS or other agroforestry practices in 
order to follow the farmers’ endogenous trend to plant associated trees with 
clones. 
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Associated tree distribution per plot (Sanjan, village), Re introduction of associated trees in former rubber  
monoculture plots 
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Rubber trees/total Number ratio 

Number of rubber trees/ha 
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  5,3 
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94 

3,5 
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142 

1.7 
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1.7 
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3.1 
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161 

4 
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3.2 
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1 
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4.9 
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4 
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2.1 

500  

238 

3 

500 

167 

3,4 

500 

167 
 

Source: Economic plants of Indonesia, ORSTOM, 1991 AF = f = FRUIT TREES 
 AB = b = TIMBER 
This table has been revised by J.M. Bombard. Thanks to him. m = médicinal PLANTS 
 r = résins 
The name of the trees might be Malayu, Javanese or local (Dayak). h = oil 
Use = main use of the tree (according to H de Foresta and P Levang, ORSTOM). 
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Introduction 

In this study rubber based farming systems were characterised, and surveys con-
ducted to investigate the processes by which farmers adopt innovations such as 
clonal rubber.  The study area was in the west of Jambi Province, Sumatra.  Pre-
vious studies in the area included a partial characterisation through surveys con-
ducted by the ICRAF ASB project in 1995 (ICRAF/CASER, 1995; Hadi et al, 
1996), and surveys for the World Bank recently conducted in Kabupaten Bungo 
Tebo (Gouyon, 1997).  Results from the characterization of jungle rubber based 
farming systems in South Sumatra (Gouyon, 1995) are also generally applicable 
to the province of Jambi.  

Methodology 

Two surveys were conducted.  The objective of the farming system survey (FSS) 
was the characterization of farmers participating in the SRAP network of on-
farm trials, and also to compare these with non-SRAP farmers.  The main con-
straints in the farming systems were identified.  The second survey was based on 
an analysis of the innovation adoption process and identification of farmers' 
strategies with respect to existing opportunities in the area.   

Sampling scheme for sites and farmers 

The benchmark areas of SRAP were selected to cover a wide range of situations.  
A number of ethnic groups were included, namely Melayu, Minang, Javanese 
transmigrants and other spontaneous transmigrants.  Agro-ecological zones were 
chosen to include traditional jungle rubber farmers in forest environments on flat 
land with either good or poor soils; hilly areas in the forest margins with low 
population density, and also transmigration areas.  Other economic factors con-
sidered were remoteness, access to markets and other off-farm or cropping op-
portunities.  Table 1 summarizes these benchmark areas that are representative of 
almost all rubber growing areas in Indonesia, and include a wide range of con-
straints. 
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3 Field Assistant SRAP, Muara Bungo, Jambi, Indonesia 
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Figure 1.  SRAP sites in Jambi 

 
 

The selected transects ranged from hilly forest margins to the traditional for-
est/jungle rubber environment in the central plains of Sumatra, where soils were 
relatively good for rubber growth. 
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Table 1.  Site characterization in Jambi 

Factors Central peneplain: 
flat areas 

Forest margins: hilly 
areas 

Transmigration areas 

Villages Sepunggur Muara Buat 
Rantau Pandan 

Rimbo Bujang 

Unit 9 (Sukadamai): trans-
migration TSM 

Unit 7 (Saptamulia): trans-
migration INTI 

Type of  
population 

Melayu (Muslim) 
Local farmers or 

Spontaneous migrants 

Javanese transmigrants 
(Muslim) 

Population  
density 

Medium Low High 

Land  
availability 

No available land 
left (since 1992) 

Plenty of land Limited land 

2 ha/household TSM 

5 ha INTI 

Ecological  
environment 

Secondary forest 

Old jungle rubber on 
flat areas (pene-
plains) 

Secondary and primary 
forest 

Old jungle rubber on 
steep slopes (piedmont 
of the Barisan moun-
tains) 

Old secondary forest before 
implementation of 
NES/TCSDP projects. 

Clonal rubber plantations 

Farmers’  
behaviour and 
strategies 

Extensive 
 
S&B for rice and 
palawija production 

 
Accept a certain 
level of intensifica-
tion 

Extensive 
 
Irrigated rice, no upland 
rice, S&B for cinnamon 
planting 

Reluctant to intensify 
labour use 

Intensive but destructive 
 
Improved rubber in mono-
culture. 

Main con-
straints 

Low productivity of 
jungle rubber 

Low productivity of 
jungle rubber 

Pig and monkey dam-
age in new rubber 
plantations, 

Mikania sp. (weed) 

No land title given if credit 
is not repaid 

Land tenure not secure 

Opportunities Close to the main 
road and to Muara 
Bungo 

Land is available, Exist-
ing complex agrofor-
estry practices 

Good access to markets 

Sawah and livestock 

IGPM & inputs supplied by 
transmigration project 

On Farm trial 
priorities 

RAS 1, RAS 2.2, RAS 2.5 (Cinnamon) No RAS 

NES/TCSDP only 
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The primary objective of SRAP is to develop a complete set of on-farm trials us-
ing a participatory approach, in order to release technical recommendations on 
RAS technologies.  The criteria for the initial selection of farmers to implement 
on-farm trials (‘SRAP farmers’) were the following: motivation, mutual interest 
in participatory research, willingness to retain agroforestry practices, adoption of 
improved planting material, and mutual agreement on a trial protocol. 

The selection of villages within the benchmark areas was based on the previous 
criteria, through preliminary discussions with existing farmers groups, plus the 
following:  
• if possible an initial FSS survey to obtain baseline information and to be able 

to compare farming systems evolution,  
• the presence of existing and effective farmer groups to address the methodol-

ogy,  
• Assessment of how representative the village was of the locality.  

Here, two main ecosystems were studied: central flat plains, and piedmont of the 
Barisan mountains. 

The surveys were conducted with two types of farmers: ‘SRAP’ and ‘non-SRAP’ 
farmers who had no access to inputs or information through the SRAP project.  
For the selection of non-SRAP farmers (the "control" population), a list of farm-
ers having farming as their main activity, and living permanently in the village 
was compiled in each village, then a random sample taken from the list.  For 
each village, approximately the same number of SRAP and non-SRAP farmers 
has been taken.  The total numbers of respondents per village can be seen in Ta-
ble 2. 
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Table 2.  Number of survey respondents 

Village SRAP/ 
OFT 
Farmers 

Type of SRAP 
activity 

Date OFT planted Non SRAP 
Farmers 

Total Per 
village 

Sepunggur 12 OFT 
RAS 1.1 
RAS 1.2 
RAS 2.2 
RAS 2.5 

 
Oct/Nov 95 
Oct 96 
Dec 95 – Feb 96 
Oct 96 

17 29 

Muara Buat 5 OFT 
RAS 1.1 
RAS 1.2 
RAS 2.5 

 
Dec 95 
Oct 96 
Dec 95 – Feb 96 

4 9 

Rantau 
Pandan 

7 OFT 
RAS 1.1 
RAS 1.2 
RAS 1.3 
RAS 2.2 

 
Dec 95 
Oct 96 
Oct 96 
Dec 95 – Feb 96 

6 13 

Rimbo 
Bujang 
Unit 9 
Unit 7 

0 None -  
10 
7 

 
17 

Total  24  SRAP   44  non 
SRAP 

68 

Type of surveys 

3 types of surveys with 4 questionnaires were implemented:   
• FSS questionnaire: Farming system characterization has been implemented 

for all farmers through a formal and relatively detailed questionnaire (called 
FSS); 

• SRAP Innovations questionnaire: concerning all aspects of various innova-
tions and cultural practices on SRAP trial plots (called inno_A);  

• Other innovations in general concerning rubber agroforestry systems: the in-
novation adoption process for non-SRAP farmers.  A complete set of ques-
tions with emphasis on improved planting material, cultural practices, use of 
herbicide and fertilization (called inno_B & C).  

All questionnaires are summarised in Tables 4 & 5 in annex.  These question-
naires were tested on a small scale then reviewed and finalized.  Data was col-
lected between June and September 1997. 

Data processing 

The software used for data processing was WINSTAT, developed by CIRAD.  
WINSTAT is a survey oriented data management package, which includes full 
statistical analysis tools and a good graphics module.  The database enables the 
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selection of populations and various types of variables as well as multivariate 
factorial analysis (AFC).  A preliminary analysis with simple statistics is pre-
sented in this paper.  

Main outputs from the FSS in Jambi 

Surveyed farmers 

Number of respondents 

In total, 68 farmers were surveyed.  The distribution between villages and be-
tween SRAP and non-SRAP farmers can be found in the following:  

Sepunggur : 29 

Muara Buat : 9 

Rantau Pandan : 13 

Rimbo Bujang, unit 9 : 10 

Rimbo Bujang, unit 7 : 7 

Total : 68 respondents 

Ethnic group 

Original inhabitants in Jambi province are Melayu.  They are in the majority in 
the non-transmigration area.  In Rimbo Bujang, all the farmers are Javanese 
(most of them from central Java).  The Melayu are the original inhabitants of 
Sumatra with the Kubu (‘Orang Asli’), a very small group of 3,000 people who 
still live in the primary forests.  The Melayu have been partly mixed with spon-
taneous Javanese migrants as well as Minangkabau migrants from W.Sumatra 
province, in particular in the piedmont of the Barisan mountains.  
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Figure 2.  Ethnic Group Distribution 

 
 

Origin of the families 

In the piedmont area (Muara Buat and Rantau Pandan), there is a large majority 
of local farmers, with some spontaneous migrants from North- and West-
Sumatra.  There has never been any transmigration program here. 

In Sepunggur, except for 5 spontaneous external migrants, all farmers are native 
to the province.  However, there are two types of inhabitants: ‘real’ local farm-
ers, and local transmigrants (a translokal transmigration program was imple-
mented in Sepunggur between 1977 and 1979 for 144 households).  In Rimbo 
Bujang, all farmers are Javanese, either official transmigrants (TSM and INTI) or 
spontaneous migrants (Merantau). 

Farm resources 

Household 

Household size: 

Considered here are all the people who live permanently in the house, and are 
dependent on the head of household. 

Village Average Size Standard Deviation Minimum Maximum 

Sepunggur 5.52 1.96 2 10 

Muara Buat 5.33 1.63 3 9 

Rantau Pandan 4.92 1.90 3 10 

Rimbo 9 4.40 1.56 3 8 

Rimbo 7 6.00 2.88 2 11 

Total sample 5.26 2.03 2 11 
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These values are similar in all sites.  For most of the households, it includes the 
head, his wife and their children (average of 3 children at home), with sometimes 
a grandfather/ grandmother, a grandchild or daughter/ son-in-law. 

Age of the head of household 

The population in the transmigration area is more homogeneous than in other vil-
lages in terms of age range.  Most of the farmers applied for transmigration be-
tween 20 and 30 years old: in Rimbo 9, where the TSM program (Transmigrasi 
Suakarsa Mandiri) was implemented 5 to 10 years ago, the average is about 36, 
whereas in Rimbo 7 (INTI program 15-20 years ago), it is 48.  In other villages, 
all age classes are represented, with the youngest sample in Sepunggur and the 
oldest in Muara Buat.  However this difference may be due to sampling. 

Figure 3.  Age of the respondents per village 

 
 

Education level of the head of household 

According to this sample, farmers from Muara Buat & Rantau Pandan seem to 
have a higher education level than other places.  However we cannot conclude 
that this is true for the whole population.  There is a bias from the 'SRAP' farm-
ers who are not only farmers but have off-farm jobs as their main activity, among 
them many teachers.  They are not representative of the whole population.  How-
ever, with their strategy based on adoption of innovations, they play an important 
leading role in the community as 'progressive' farmers. 

Labour units (LU) 

For most of the households, only the head and his wife work in the fields. Chil-
dren who stay at home are usually still at school and can't help. 
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Village Average LU Standard deviation Minimum Maximum 

Sepunggur 1.94 0.49 1.00 3.13 

Muara Buat 1.95 0.81 0.48 3.06 

Rantau Pandan 1.83 0.64 1.00 3.00 

Rimbo 9 1.77 0.54 1.00 2.67 

Rimbo 7 1.93 0.77 1.00 3.00 

Total 1.89 0.62 0.48 3.13 
 

Note:  

Definition of labour units (LU), based on BAPPEDA, BPS and Departemen 
Tenaga Kerja: 
• 0-9 years old : 0  LU 
• 10-14 years old : 0.14 LU 
• 15-19 years old : 0.53 LU 
• 20-54 years old : 1.00 LU 
• 55-64 years old : 0.93 LU 
• > 64 years old : 0.48 LU 

Land resources by type of land use 

The main trends in each village are the following: 
Village Sawah Ladang Rubber Non rubber tree 

crop 
Private 
fallow 

Sepunggur  Only 3 farmers: 
approx. I ha 

2-7 ha Only 2 farmers: 
immature oilpalm 

1-7 ha 

Muara Buat 0.5-1.5 ha < 1.5 ha 14 ha Approx. I ha (cin-
namon) 

1-3 ha 

Rantau  
Pandan  

0.5-1 < 1.5 ha 1-10 ha < I ha (cinnamon) 1-5 ha 

Rimbo 9 Only 3 farm-
ers: 0.2-0.7 ha 

- Approx 2ha - - 

Rimbo 7 - - 4-6 ha 1-2 ha (oilpalm) - 

A complete statistical description of the area for each type of land use is pre-
sented in Table 3. 
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Figure 4.  Average land resources per village 

 

Table 3.  Area per type of land use and per village 

Sepunggur 

 Average area Standard deviation Minimum Maximum 

Total area 7.03 5.40 2.50 26.50 

Irrigated rice 0 0 0 0 

Upland rice 0.04 0.19 0 1.00 

Rubber 4.25 3.77 1.00 20.00 

Home-garden 0.28 0.38 0 1.50 

Non rubber tree 
crop 

0.27 0.98 0 5.00 

Bush/fallow 2.13 2.20 0 8.00 

Muara Buat 

 Average area Standard deviation Minimum Maximum 

Total area 7.00 4.94 1.50 18.00 

Irrigated rice 0.66 0.33 0 1.00 

Upland rice 0.44 0.58 0 1.50 

Rubber 2.56 2.13 1.00 8.00 

Home-garden 0 0.01 0 0.02 

Non rubber tree 
crop 

0.59 0.47 0 1.00 

Bush/fallow 2.75 3.96 0 13.00 
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Rantau Pandan 

 Average area Standard deviation Minimum Maximum 

Total area 9.84 9.88 1.00 32.50 

Irrigated rice 0.75 1.29 0 5.00 

Upland rice 0.23 0.46 0 1.50 

Rubber 5.00 5.53 1.00 21.00 

Home-garden 0.21 0.52 0 2.00 

Non rubber tree 
crop 

0.56 0.78 0 3.00 

Bush/fallow 3.46 4.25 0 14.00 

Rimbo 9 

 Average area Standard deviation Minimum Maximum 

Total area 2.57 1.05 1.50 5.00 

Irrigated rice 0.14 0.27 0 0.75 

Upland rice 0.11 0.31 0 1.00 

Rubber 1.64 0.95 0.50 4.00 

Home-garden 0.37 0.25 0.12 1.00 

Non rubber tree 
crop 

0 0 0 0 

Bush/fallow 0.11 0.21 0 0.50 

Rimbo 7 

 Average area Standard deviation Minimum Maximum 

Total area 6.51 3.35 2.00 13.00 

Irrigated rice 0 0 0 0 

Upland rice 0 0 0 0 

Rubber 4.19 1.61 1.25 6.10 

Home-garden 0.14 0.08 0 0.25 

Non rubber tree 
crop 

0.68 0.66 0 2.00 

Bush/fallow 1.30 2.42 0 7.00 

Land availability and land tenure 

In the piedmont area (Muara Buat and Rantau Pandan), land is apparently still 
plentiful with both primary and secondary forests.  The village is located close to 
the boundary of the Kerinci-Seblat National Park.  Traditionally, customary land 



12 

belongs to families/clans in the village community and the members cultivate it 
in turn. Some farmers try to buy land: this is considered private property, but has 
no official land certificate.  The land market is developing, but further informa-
tion needs to be collected.  Land availability is expected to be dramatically re-
duced in the near future and land use potentially severely affected by new planta-
tions (mainly oil palm) on land re-appropriated by the government1. 

In Sepunggur, although some secondary forest still remains, there has not been 
any free land available since 1992.  There is no 'lineage land' like in the pied-
mont area, however there is a kind of community land along the river which can 
be farmed in turn by the farmers in specific years (annual crops only).  Only lo-
cal transmigrants from the "Lokal Transmigrasi Proyek" have got an official land 
certificate. 

In Rimbo Bujang, another official transmigration area, there is no forest, and 
hardly any old jungle rubber left amongst the monoculture plots.  The land is 
limited to 2.5 hectares per household.  Every transmigrant received a land cer-
tificate some years after settlement.  This certificate is used as collateral if the 
fanner joins a development project such as TCSDP or NES, and returned to the 
farmer when he has repaid the credit loaned by the project 

Main farming activities 

Rubber 

Rubber cropping systems 

In Sepunggur, Muara Buat and Rantau Pandan, the traditional jungle rubber sys-
tem is largely dominant.  Some recent innovations appear in the cultural prac-
tices: more and more young local rubber plantations have been planted as mono-
culture plots; and clonal seedlings from surrounding estate plantations are replac-
ing traditional unselected seedlings to a certain extent.  Apart from clonal. plant-
ing material provided by the SRAP project, only three farmers in our sample 
owned clonal rubber; these had lucrative off-farm activities, and so maybe could 
not be considered 'true' farmers. 

In the transmigration area, all farmers own clonal rubber in monoculture from 
the plantation project (NES or TCSDP).  In addition, some farmers had bought 
clonal rubber themselves from private nurseries, and planted it on land they had 
purchased or rehabilitated.  Clonal stumps were sold for around 300 Rp each.  In 
Rimbo Bujang (Unit 7) a farmer from Medan is trading in PB 260 stumps; these 
were bought at private nurseries in Medan and sold to other farmers in Rimbo 
Bujang. 

Rubber tapping 

Rubber is traditionally tapped in a fishbone ('V'-shaped) pattern in jungle rubber, 
at 1 to 3 different places on the same tree.  The first tapping usually occurs 

                                                           
1 Officially, 74 % of the total land in Indonesia is supposed to be "forest" and belongs to the state. 
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around 8 years after planting. Since the yield per tree drops during the period of 
leaf fall in the dry season ('wintering effect'), some farmers stop tapping at this 
time (for approximately two months), but only if they can afford it.  When there 
is no source of income other than rubber sales, trees are tapped throughout the 
year.  Due to the higher rainfall in Jambi, the "wintering" period, is not as pro-
nounced as it is in South Sumatra, and the trees can survive without cessation of 
tapping at this time. 

Clonal rubber is tapped in a spiral pattern (half the circumference of the tree), 
from the left to the right.  Although there are some farms (3) with clonal. rubber 
in Sepunggur, Muara Buat and Rantau Pandan, these trees are still immature, 
which shows that the introduction of clonal rubber to these villages was very re-
cent.  Farmers who already have experience in tapping clonal rubber are all from 
Rimbo Bujang, and they learned this way of tapping from project officials (NES) 
or by having worked as wage-tapper in clonal estate plantations.  The first tap-
ping usually occurs around 5 years after planting.  Some PB260 trees have been 
opened at 3 1/2 years, however the trees had a very low girth at opening.  In 
practice, trees are often opened before they have reached the technically recom-
mended girth of 50 cm. 

Weeding 

Weeding is very infrequent in jungle rubber with one or two weedings per year 
during the immature period. Farmers do not use herbicide, but simply hoe the 
main weeds.  After an average of 5 years, jungle rubber fields are not weeded at 
all, however farmers may periodically clear the rubber rows to make tapping eas-
ier. 

In clonal monoculture, fields are usually weeded three to four times a year, al-
ways using herbicides, mainly ‘Round Up’. In transmigration areas, 'Polaris' and 
'Bimastar' are used (similar chemicals to ‘Round Up’ but at different concentra-
tions). 

Other inputs 

In Rimbo Bujang, all inputs (fertilisers, pesticides and herbicides) are or were 
provided by projects (credit to be repaid between 5 and 13 years after planting).  
For NES farmers in Rimbo 7, farmers have already repaid the credit, and they 
now have enough income from rubber sales to buy their own inputs. 

In all other locations, farmers don’t use any inputs for local rubber.  The main 
reason given for this was lack of money to buy inputs.  Another reason was that 
they don’t really need inputs and have never used them in the traditional jungle 
rubber system.  For those growing clonal rubber, inputs were either given by the 
SRAP project (for SRAP trials) or bought by farmers themselves (for other 
fields).  There was a clear preference for ‘Round Up’ as the main herbicide used. 
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Rubber production 

Farmers from Sepunggur, Muara Buat and Rantau Pandan all use formic acid 
(cuka) to coagulate latex and they sell slabs, whereas farmers from Rimbo Bu-
jang use TSP (triple super-phosphate) and directly sell cup-lumps.  Although 
these farmers are aware that using TSP lowers rubber quality, they still prefer it 
because latex coagulation is faster.  Farmers are paid by traders according to 
rubber weight only, so it is common practice to add wood shavings to the latex in 
the collecting cup, or to coagulate it with TSP, without any consideration for 
rubber quality.  In fact, there is no financial incentive for production of high 
quality rubber. 

Average production of rubber fields: 

 Jungle rubber Clonal monoculture 

 Sepunggur Muara 
Buat 

Rantau 
Pandan 

Rimbo 9  
GT 1. AVROS, 
PR 261, BPM 1 

Rimbo 7 
GT1,AVROS, PR 
261, PB260 

Slabs/cup-
lumps 50 % 
D.R.C. 
(kg/ha/year) 

1341 1279 1144 3080 3393 

Dry rubber 
production 
(kg/ha/year) 

670 640 572 1540 1696 

Here we found confirmation of the potential production of jungle rubber: around 
600 kg/ha/year.  The use of clonal rubber (clone GT1) increases the production 
per hectare by a factor of three.  The production potential is higher with clone PB 
260 (between 1800 and 2000 kg/ha/year as observed in SRDP-Prabumulih plots 
in South Sumatra). 

Estimation of the Value of the Land 

Cost of land for 1 hectare in 1996 (Rp/ha) 

Village Sepunggur Muara Buat Rantau Pandan Rimbo Bujang 
Transmigration 

Bushland 320000 120000  750000 

Jungle rubber 780000 315000  900000 

Clonal rubber 
plantation 

   10000000 (credit 
included) 

Source: From interviews with local farmers. 

We assume that the majority of farmers will not buy land in traditional areas.  
This is the opposite in transmigration areas. 
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Irrigated rice production  

Almost all households surveyed in the piedmont area have a plot of, cropped 
once a year, whereas rice plots are very rare on the central plain (like Sepunggur) 
because of unsuitable soils.  According to farmers, some swampy soils in Rimbo 
Bujang 9 could be used for irrigated rice production, but in reality they are rarely 
cultivated as such. 

Farmers from Muara Buat only use local varieties.  Some improved varieties 
from the BIMAS program are used in Rantau Pandan, however, there is no sig-
nificant yield difference in production, between these and the local varieties, 
probably because of the lack of fertilizers on improved varieties.  Average pro-
duction is around 950-1000 kg/ha.  There is very little upland rice production in 
the area. 

Non rubber tree crops 

Cinnamon is cultivated in piedmont areas, either in monoculture or mixed with 
rubber.  Bark is usually harvested at about 7 years, after felling the whole tree.  
Traditionally, cinnamon is cropped in a different way in the Kerinci area with 
partial removal of the bark, and no destruction of the trees at the 7th year.  There 
is no information about the quality of cinnamon produced under the altitude of 
600 meters asl. 

In addition to rubber and cinnamon, most of the farmers in Rimbo 7 and two 
farmers in Sepunggur also cultivate oil palm on their own initiative (maximum 
one hectare).  This seems to be a very recent trend, since all these plots are still 
young (less than 2 years old).  The area of oil palm plantations is expected to in-
crease greatly in the coming years, due to the many projects planned for the area. 

Coffee is also frequently cultivated in Sepunggur, usually left to grow in jungle 
rubber or fallow, and is usually grown for self consumption.  Many kinds of fruit 
trees are also grown. 

Off-farm activities 

Related to agricultural sector  

Wage labour 

Three main types of off-farm activity can be observed 
• Rubber tapping in other farmer's fields.  Share-tapping occurs both in trans-

migration and non-transmigration villages, although division of the harvest is 
slightly different in these areas.  The most common division is a three-way 
split (bagi 3).  In Sepunggur, Muara Buat and Rantau Pandan, 1 part goes to 
the owner of the field and 2 parts to the tapper, whereas in Rimbo Bujang 2 
parts go to the owner (who has to pay for all inputs) and I to the tapper.  The 
divisions differ according to labour demand, rubber prices and other existing 
opportunity costs.  The "bagi" may vary from 2 to 5. 



16 

• Rubber tapping in estate plantations.  This is based on wage-tapping.  An ad-
vantage of working in these plantations, farmers learn about clonal rubber 
and improved tapping practices. 

• Other wage labour.  This includes any kind of agricultural work in other 
farmer's fields (e.g. planting, weeding, harvesting) and timber harvesting in 
the secondary forest. 

Fishing 

Many farmers, especially in Sepunggur, fish in the river for self-consumption or 
to sell. Only one farmer (in Rantau Pandan) owns a fish pond. 

Rubber trade 

Two farmers in Muara Buat & Rantau Pandan buy rubber in the village and sell 
it in Muara Bungo. 

Non-agricultural sector  

Trade 

There is one big trader in Rantau Pandan, who owns a grocery shop, leases mini-
buses and sells rubber. Most commonly, some farmers have small shops (wa-
rung) near the house, where they sell food and cigarettes. 

Government officers 

Our sample includes 9 teachers, especially among SRAP farmers, as well as a 
policeman and a soldier in Rantau Pandan.  It seems clear that our sample in 
Muara Buat and Rantau Pandan is biased.  Most of the "SRAP farmers" do not in 
fact have farming as their main activity. 

Other 
• 1 village head (Kepala desa) in Muara Buat 
• 1 customary head (Kepala adat) in Sepunggur 
• 2 group heads (Kepala kelompok) in Rimbo 9.  These types of activities are 

usually not waged, but give these people an important institutional and social 
status compared to other farmers. 

Farmers' current knowledge about some innovations 

About clonal and local rubber 

Farmers' knowledge about clonal rubber is clearly dependent on the presence of 
a rubber project (TCSDP, NES, SRAP) or clonal rubber estate plantations in the 
area (e.g. those only few km from Muara Bungo). 

In the transmigration area, where almost all the farmers are participating in a 
TCSDP/NES project, all people surveyed have been well informed about clonal 
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rubber, its characteristics and the cultural practices required for a number of 
years.  In other villages, about 50 % of the farmers already had information on 
clonal rubber before SRAP came into the region, and most through discussion 
with PTP (estate) workers.  Consequently, the best known clones are those pro-
vided by these projects or growing in the PT? (especially GT1) but also PB260, 
which is said to be resistant to wind damage, high yielding and a fast starter.  
Many farmers in Rimbo Bujang bought PB260 stumps from another fanner who 
trades in clonal stumps from Medan. 

According to the surveyed farmers, the main advantage of clonal rubber is 
clearly its higher yield compared to local rubber, and sometimes its faster growth 
too.  Its main drawbacks are the shorter productive life and its supposedly higher 
susceptibility to wind damage (many farmers in Rimbo Bujang added this weak-
ness was due to the fact that clonal rubber's tap root had been cut).  PB260 is not 
particularly sensitive to wind damage.  Of the clones selected by SRAP, only 
RRIM 600 is susceptible. It seems that wind damage is a constraint in Rimbo 
Bujang. 

About rubber cropping systems 

Most farmers put forward the lack of money as the main reason for continuing 
with the local rubber system.  Some farmers recently improved their productivity 
by using clonal seedlings from seeds collected in the PTP.  However we will see 
that capital is probably not the main constraint to adoption of clonal rubber. 

Regarding specific features of the different cropping systems, most farmers are 
aware that weeding and fencing (protection) can improve rubber growth even for 
local rubber.  However many of them still continue with jungle rubber system 
due to the following advantages: lower risks, no capital needed, low labour re-
quirement and income diversification through fruit and wood production.  Rub-
ber seedlings which do not grow or are eaten by wild pigs are easily replaced 
with no cost in jungle rubber.  In the case of clonal rubber, farmers feel they can't 
take the risk of poor management regarding their investment of capital. 

Most farmers see monoculture as the best cropping system in terms of rubber 
growth, especially for clones.  It is clear that, except for the RAS experiments, 
they do not have any knowledge or experience of agroforestry systems using 
clones.  Monoculture is clearly the dominant model, as projects have promoted 
this, with no possible alternatives suggested. 

However, rubber is often mixed with annual crops e.g. upland rice and vegeta-
bles during the first two years after planting to optimise land use.  This provides 
food crops during the immature period of rubber and reduces weeding at the 
same time.  After three years, shading from rubber trees makes further intercrop-
ping almost impossible, except for shade tolerant species, for instance ginger.  In 
jungle rubber, rubber is mixed with fruit trees (durian, jengkol, petai etc) with 
coffee, and sometimes associated with cinnamon in the piedmont area.  In the 
transmigration area, clones are never mixed with perennials because it is prohib-
ited by the project until credit is repaid in full.  According to farmers, only rattan 
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can grow with rubber without disturbing it.  This perception reflects the strong 
influence of extension on farmers in the NES project. 

Economic Analysis of Cropping Systems 

Net Income for cropping systems per year and per ha 

Rubber 

The net income per year and per ha for rubber is the following 

Rubber cropping system 

 Rubber system No. of 
farmers 

Net income 
(.000 Rp/ha/year) 

Sepunggur Jungle rubber 24 1480 

Muara Buat Old Jungle rubber 6 1078 

Rantau Pandan Old Jungle rubber 9 1146 

Sukadamai Clonal rubber monoculture 2 2552 

Saptamulia Clonal rubber monoculture 7 3046 

Average net income from rubber plots per hectare and per year 
• Jungle rubber : 1341000 Rp/ha/year 
• Clonal monoculture : 2 937 000 Rp/ha/year rubber  

These tables show clearly the advantages of clonal rubber, compared with jungle 
rubber based on unselected seedlings, in terms of net annual income.  The figures 
for clonal rubber production are based on clone GT1, although the production of 
clones like PB 260 and RRIC 100 are expected to be superior to GT 1.  One hec-
tare of rubber in production should enable farmers to repay a small amount of 
credit (e.g. 250 000 or 500 000 Rp) on an annual basis.  The problem is more one 
of cash flow availability at a particular time (planting) rather than the total cost. 

Farmers with more than 1 hectare of clonal rubber definitely have the capacity to 
repay credit which would cover the cost of establishment of a small plot (1/2 
hectare) of clonal rubber, for example 250 000-500 000 Rp every 2 years. 

The following figure shows the distribution of the net revenue/ha of rubber crop-
ping systems in different villages. 
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Figure 5.  Distribution of net revenue/ha rubber. 
Survey. 1997, A Kelfoun 

 
 

Rice cropping systems 

Sawah/irrigated rice 

 Type of seeds No. of farmers Net income 
(.000 Rp/ha/year) 

Muara Buat Local varieties 
Improved varieties 

6 
1 

756 
1094 

Rantau Pandan Local varieties 
Improved varieties 

1 
4 

345 
1126 

Average net income from sawah rice plots per hectare and per year 
• Local varieties :  697 000 Rp/ha/year 
• Improved varieties : 1120 000 Rp/ha/year 

Price of rice: 1200 Rp/kg 

Ladang 

Average from 5 farmers with local varieties 

 Number of 
farmers 

Yield in kg/ha Net income 
(.000 Rp/ha/year) 

Sepunggur 1 480 346 

Muara Buat 2 908 654 

Rantau Pandan 1 1080 777 

Sukadamai 1 300 216 

Average net income from upland rice/ladang plots per hectare and per year: 529 
000 Rp/ha/year 
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Income from rice production, either from sawah or ladang, does not seem to be 
sufficient to enable repayment of credit or investment in the establishment of 
new plantations.  Rice is cropped mainly for subsistence and family food secu-
rity. 

Cinnamon 

Harvested at the 7th year 

Average net income from cinnamon plots per hectare: 2 000 000 Rp/ha/year 

Income from cinnamon might enable a farmer to establish I to 2 hectares of clo-
nal rubber (2 ha of RAS 1 or 1 hectare of RAS 2 or monoculture) 

Conclusions regarding incomes from various cropping systems 

Comparison of systems: 

Cropping systems Net income (.000 Rp/ha/year) 

Rubber  jungle rubber 
             clonal monoculture 

1341 
2937 

Sawah  local varieties 
             improved varieties 

697 
1 120 

Ladang (upland rice) 529 

Cinnamon 2000 

Jungle rubber still provides most of the farm income in these areas.  Cinnamon 
appears to be a good opportunity, but production only starts after a 7 year imma-
ture period. 

Labour Requirements and Return to Labour for Different Cropping Systems 

Labour Requirements Per Cropping System in man-days (man-day is 
equivalent to 8 hours of work/day) 

This data will be used for the calculations of return to labour.  This is presented 
for the following cropping systems: Rubber, Rice/sawah, Rice/ladang, cinnamon 
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Rubber already in Production: labour requirement in man-days 

 Weeding Tapping Latex collection Total 

Sepunggur 3 60 9 72 

Muara Buat 2 53 9 64 

Rantau Pandan 2 69 7 78 

Sukadamai 5 43 8 56 

Saptamulia 7 38 8 53 
 

Jungle rubber 2 61 8 71 

Clonal Monoculture 7 40 8 55 

 

Rice/Sawah: Annual labour requirement per year, transport not included. 

 Type of seeds No. of 
farmers 

Ploughing Sowing Weeding Harvest Total 

Local 6 54 33 45 57 189 Muara 
Buat 

Improved 1 80 20 42 40 182 

Local 1 60 30 60 80 230 Rantau 
Pandan 

Improved 4 41 37 71 39 188 

 

7 55 33 47 60 195 Average for local 
varieties 

      

5 49 34 65 39 187 Average for 
Improved varieties 

      

Rice/Ladang: labour requirement in man-days 

 Number of 
farmers 

Ploughing Sowing Weeding Harvest Total 

Sepunggur 1 24 6 10 12 52 

Muara Buat 2 8 13 8 29 58 

Rantau Pandan 1 40 30 40 60 170 

Sukadamai 1 60 30 30 10 130 

Average 5 28 19 19  94 
Note: On average, these figures are slightly lower than those obtained by P Levang in 1989 (110 to 120 
man-days/ha). 
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Return to Labour for Various Cropping Systems 

These data are presented per type of cropping systems: Rubber, Rice/sawah, 
Rice/ladang, cinnamon. 

Rubber 
 Rubber system Number of farmers Return to labour (.000 

Rp/manday) 

Sepunggur Jungle rubber 24 25.3 

Muara Buat Old Jungle rubber 6 18.8 

Rantau Pandan Old Jungle rubber 9 16.5 

Sukadamai Clonal rubber 
monoculture 
Young plantations 

2 27.4 

Saptamulia Clonal rubber 
monoculture 
Mature plantation 

7 61.8 

Average return to labour for various rubber cropping systems: 
• Jungle rubber : 22 300 Rp/man-day 
• Clonal rubber monoculture : 54 200 Rp/man-day 

Sawah 

 Type of seeds Number of 
farmers 

Return to labour (.000 
Rp/man-day) 

Local varieties 6 5,4 Muara Buat 

Improved varieties 1 6,0 

Local varierties 1 1,5 Rantau Pandan 

Improved varieties 4 8,7 

Average return to labour for various sawah cropping systems: 
• Local varieties : 4 800 Rp/man-day 
• Improved varieties : 8 200 Rp/man-day 

Ladang: 8 000 Rp/manday. 
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Comparison between different cropping systems in terms of return to labour 

Cropping Systems Net income (.000 Rp/manday) 

Rubber   Jungle rubber 
Clonal monoculture 

22300 
54200 

Sawah   Local varieties  
Improved varieties 

4800 
8200 

Ladang 8000 

The return to labour of clonal rubber system is far more attractive than the re-
turns from other cropping systems, and this confirms the high interest of farmers 
in clonal rubber.  These figures are very similar to the values used in the pro-
spective economic analysis of RAS (Penot, 1996). 

Economic Analysis at tbe Farming System Level 

These calculations take into account the average area per cropping system per 
farm as observed in the surveys. 

Rubber 

Area and Average Production Per Farm 

Jungle rubber Clonal Monoculture  

Sepunggur  Muara Buat  Rantau 
Pandan 

Sukadamai  Saptamulia 

Average area 
of rubber per 
farm (ha) 

4,02 2,72 5,00 1,72 4,19 

Productive 
area per farm 
(ha) 

2,76 1,47 1,62 0,31 2,54 

% of total area 68,6% 54,0% 32,4% 18,0% 60,6% 

Average pro-
duction of 
slabs/cup-lump 
(kg/ha/year) 

1341 1144 1279 2960 3393 
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Rubber Yields 

 Sepunggur Muara 
Buat 

Rantau 
Pandan 

Sukadamai Saptamulia Local Clones 

Rubber 
yield (kg/ha/ 
year) 

670 640 572 1480 1696 648 1649 

N.B. A slab contains 40-60 % (average 50 %) DRC (Dry Rubber Content). 

Average price of rubber in July 1997: Sepunggur village- 1150 Rp/kg of slab, 
therefore 2300 Rp/kg of dry rubber (100 % DRC).  Transmigration area (Rimbo 
Bujang)- 950 Rp/kg of slab, therefore 1900 Rp/kg of dry rubber (100 % DRC).  
The price had increased to 4 000 Rp/kg of dry rubber (100 % DRC) in March 
1998. 

Net Income from Rubber Per Farm Per Village 

 Sepunggur Muara Buat Rantau Pandan Sukadamai Saptamulia 

Average Pro-
duction per farm 
(kg/year) 

3651 2140 2206 2920 8824 

Value of the 
production (.000 
Rp/year) 

3459 2033 2041 2392 8383 

Net income 
from hevea2  

3411 2015 2003 2283 7951 

 

                                                           
2 NB: Income is calculated with production value minus inputs costs (labour not included) 
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Production and inputs cost, net revenue for rubber.  Distribution, sur-
vey 1997 

 
Valeurprod = total value of the rubber production 
Inputs_rub = costs of all inputs 
Revnet = total net income from rubber 
 

Distribution of revenue from rubber per village 

Income in x1000 rupiah 
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Rice/Sawah 

Yield of sawah 

 Type of seeds Number of farmers Yield In kg/ha/year 

Local varieties 6 1118 Muara Buat 

Improved varieties 1 1800 

Local varieties 1 480 Rantau Pandan 

Improved varieties 4 1565 

Average yields from sawah: 
• Local varieties : 1027 kg/ha/yr 
• Improved varieties : 1612 kg/ha/yr 

Income from Sawah Per Farm Per Village 

 Sepunggur Muara Buat Rantau  
Pandan 

Sukadamai Saptamulia 

Average produc-
tion of rice in 
kg/year 

0 1085 1132 0 0 

Value of the pro-
duction (.000 
Rp/year 

0 782 815 0 0 

Net income (.000 
Rp/year) 

0 730 803 0  

Only some villages have sawah plots 

Rice/Ladang 

• Average Yield : 735 kg/ha/year 
• Average production of paddy per farm : 938 kg/year 
• Net income per farm  : 675 000 Rp/year 

NB: data from 5 farmers only. 

Ladang income cannot be considered as a source of cash for credit repayment 
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Average Farm Income from Farming and Off-Farm Activities 

Farming Activities 

 Sepunggur Muara 
Buat 

Rantau 
Pandan 

Sukadamai Saptamulia 

Net farm income 
(.000 Rp/year) 
from farming ac-
tivities 

3321 2285 1704 688 8271 

Off-Farm Activities: from rubber share-tapping: system bagi tiga (2/3 for the 
tapper) 

 Value of the  
production 
(.000 Rp/ha/year) 

Input costs 
(.000 Rp/ha/year) 

Share to 
the tapper 

Net income 
for the  
tapper 

Net income 
for the 
owner 

Sepunggur 1496 16 2/3 996 483 

Muara Buat 932 8 2/3 621 303 

Rantau 
Pandan 

1164 18 2/3 775 370 

Rimbo Bujang 
(clonal planta-
tion) 

3099 162 1/3 1023 1904 

Average income from off-farm activities 

 Sepunggur Muara Buat Rantau Pandan Sukadamai Saptamulia 

Number of farm-
ers with non-
farming source 
of income 

10/29 5/9 12/13 9/10 3/7 

Type of work Timber 
Trade 
Fishing 
Warung 
Civil servant 

Timber 
Trade 
Fishing 
Civil servant 

Trade 
Civil servant (9 
out of 12) 

Labourer Trade 
Warung 
Nursery 

Non fuming net 
income per farm 
(.000 Rp) 

2712 4224 5369 1101 3640 

The village of Rantau Pandan with 9 out 12 "farmers" being civil servants cannot 
be considered representative.  Off farm activities are relatively important, and 
could be used to repay loans. 

Total Farm Income 

Total farm income includes incomes from agricultural activities (Type A) as well 
as incomes from off-farm activities (Type B). 
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 Type No. of 
farms 

Incomes from 
% of Agricul-
ture total 
(.000Rp/year) 

% of 
total 

Income from % off 
farm activities 
(.000 Rp/year) 

% of 
total 

Total income 
(.000 Rp/year) 

A 19 3,546 100% 0  3546 Sepunggur 

B 10 2,938 52.0% 2,712 48.0% 5650 

A 4 3,184 100% 0  3 184 Muara Buat 

B 5 1,745 29.2% 4,224 70.8% 5969 

A 1 979 100% 0  979 Rantau 
Pandan 

B 12 1,764 24.7% 5,369 75.3% 7 133 

A 1 1,660 100% 0  1660 Sukadamai 

B 9 366 24.9% 1,101 75.1 
% 

1467 

A 4 6,954 100% 0  6954 Saptamulia 

B 3 10,026 73.4% 3,640 26.6% 13666 

 

Total average farm income per village 

 Sepunggur Muara Buat Rantau Pan-
dan 

Sukadamai Saptamulia 

Total average farm 
income (.000 
Rp/yr 

4325 4925 6660 non 

representa-
tive sample 

1679 young 
plantation 

9831 mature 
plantation 

These figures for annual income show that capital might not be the first problem 
for rubber farmers, at least in this representative sample of 68 farmers in Kabu-
paten Bungo Tebo even for farmers still relying on jungle rubber.  However cash 
availability at one specific time in a lump sum (for instance for setting up a poly-
bag nursery, planting and fertilizing) might be the real constraint. 
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Distribution of Farm Total Revenue Per Village, survey 1997 A Kelfoun 

 
 

Capital accumulation at the farm level 

Average per farm Sepunggur Muara 
Buat 

Rantau Pandan 
Non-representative 
sample 

Suka-
damai 

Saptamulia 

Value of land 3701 2052 4391 12305 35131 

Value of animals 626 125 1054 487 551 

Value of tools 280 198 171 62 141 

Value of the house 3309 5262 12193 2461 9429 

Total accumulated 
Capital 

7916 7637 17809 14115 45252 

Farmers' strategies 

The Opportunities 

The following external factors have to be taken into account in the definition of 
farmers strategies: 
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The Presence of neighbouring rubber estate plantations (PTP) 

Information about clones (yield, advantages and constraints...) is available for all 
farmers of the area from PTP workers or officials.  In addition, some farmers 
have also worked in PT?  And could learn tapping practices, as well as about the 
use of inputs. 

The Plantation projects : 

NES in Rimbo 7 and TCSDP in Rimbo 9 have allowed all transmigrants to have 
access to clonal rubber, with provision of stumps, all necessary inputs (with 
credit), technical advice and sometimes practical training (tapping, grafting...). 2 
out of 17 farmers in the area chose not to join these programmes in order to 
avoid dependence on a project.  Clone availability is not a constraint in Rimbo 
Bujang, allowing farmers to have access to IGPM outside official projects. 

The SRAP project: 

When the SRAP project came to the 3 villages of Sepunggur, Muara Buat and 
Rantau Pandan, only some farmers showed their interest for RAS technology.  
There might have been some misunderstanding from some farmers about owner-
ship and the rights to future rubber production.  Now that the project is well es-
tablished and its aims quite clear to farmers, there is a real demand from other 
farmers.  Since clones are not available, and economically out of reach for most 
farmers, sometimes feelings of frustration and jealousy have been directed to-
ward farmers who had access to improved planting material through SRAP.  This 
is already a source of social rivalry between project and non-project farmers, re-
flecting the importance of social factors, especially equity in adoption of innova-
tions. 

Overcoming the constraints 

In the transmigration area, the main constraint is the lack of land, so that farmers 
have to optimize their land use, firstly through intensification of the rubber crop-
ping system (clonal rubber in monoculture with large use of chemical inputs), 
secondly by intercropping with food crops in their rubber plots.  An important 
step has been made by the TCSDP project in allowing farmers to cultivate annual 
crops during the first few years, however cropping perennials on these plots is 
still forbidden. 

In all other villages, the main constraint is the lack of capital.  Since most of the 
farmers are not limited by land, they rely on extensive farming systems without 
any inputs.  In the piedmont area, in order to optimize labour productivity and 
reduce risks, farmers also rely on crops other than rubber, such as cinnamon or 
irrigated rice production. 

In view of the need and demand for clones to improve productivity, a first step 
towards rubber yield improvement could be the use of clonal seedlings (from 
clonal estate plantations) in extensive systems.  However, yield improvement 
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would be very limited. Indeed, this is a step that many farmers are already tak-
ing. 

Preliminary classification of situations 

According to these preliminary outputs from the farming system survey, some 
important variables can be set out to identify an operational typology.  Two main 
criteria are used: 
• Access to land 
• Access to capital 

A four-class typology can be identified: 

 No capital Capital 

Access to land Class 1 Class 2 

No access to land Class 3 Class 4 

Class 1: Access to Land/ no capital 

This is the case of most of the farmers in the non-transmigration areas.  They still 
have access to land which is not cultivated yet, either customary land in the 
piedmont area, or farmers' private fallows in the peneplain area. Incomes, mainly 
coming from rubber sales, are usually sufficient for the household subsistence, 
but don't allow farmers to generate capital.  Extensive systems with low produc-
tivity have reached their limit: income cannot generate sufficient capital to invest 
in the improvement of the system.  As off-farm opportunities and the necessity 
of improving income increase, farmers are beginning to look for alternative fan-
ning systems which combine high productivity and low cost with labour optimi-
zation. 

Class 2: Access to land and capital 

Only a few farmers (from Rantau Pandan and Muara Buat) belong to this second 
class.  They are usually the richest farmers in the villages, with lucrative off-farm 
activities and a high standard of living.  They can give priority either to these 
off-farm activities (usually trading) or to improving their cropping systems.  
Some of them have already invested in clones and inputs as a result of their 
off-farm incomes.  They still have access to land, and an important constraint for 
them is a lack of technical information about clonal rubber requirements. 

Class 3: No access to land/no capital 

This is the situation for most of the young TSM transmigrants in Rimbo 9.  They 
are limited to a maximum of 2 ha of land per household and own clonal rubber 
from TCSDP which was still immature in 1997.  They do not yet get any income 
from rubber, so depend on temporary jobs such as share-tapping, labouring or 
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house building.  The main constraint for these farmers is their dependence on the 
project for 10-15 years.  Land certificates are given to farmers after repayment of 
credit. 

Class 4 No access to land/ capital 

This is the situation of the older transmigrants in Rimbo 7, and which is expected 
to be the situation for farmers in Rimbo 9 in about ten years.  It appears that most 
farmers have successfully repaid their credit, and they already benefit from in-
comes from high yielding rubber plantations.  They now have sufficient capital 
to buy all necessary inputs without credit.  Their cropping pattern is largely 
based on clonal monoculture, with the recent trend of planting oil palm as well as 
rubber.  The main constraint for them is obviously the lack of land: most of the 
farmers got 5 ha from transmigration when they arrived.  Some of them bought 
more land later.  Currently, there is no more available land.  Their average stan-
dard of living is quite high, far higher than most of the local farmers in non-
transmigration areas. 

Conclusions 

The innovation adoption process can be considered as a social process.  Farmer 
organisation and social coherence within the village community are key factors 
which enable farmers to integrate innovations into their farming systems. 

Factors which facilitate adoption of innovations are the presence of projects 
(NES, TCSDP, SRAP), presence of neighbouring clonal plantations and devel-
opment of oil palm projects in the area.  We observed that the influence of Dis-
bun (government extension service) is extremely limited for rubber smallholders.  
The main constraints are obviously the lack of land, especially in transmigration 
areas, and/or the lack of capital. 

According to these two constraints, a four-class typology was identified: farmers 
with or without capital, in or out of transmigration areas.  RAS adoption is 
clearly possible in nontransmigration areas with traditional extensive systems.  
RAS I seems to be suitable both for piedmont and peneplain areas due to its low 
to medium labour requirement.  Many farmers already crop upland rice or 
palawija in the interrow in the first year of rubber growth, sometimes during the 
second, but never during the third year.  Cinnamon grows well in hilly areas 
(Muara Buat, Rantau Pandan), allowing further extension of RAS 2.5 in these ar-
eas. 

Farmers in transmigration areas now crop clonal rubber in monoculture.  Appar-
ently, they want to continue with such a system and dont seem to be interested in 
any kind of RAS. 

The objective of these two surveys was to identify an operational classification 
of farmers linked with recommendation domains for RAS systems.  It is obvi-
ously a difficult task to assign the relevance of a RAS type to a particular target 
group of farmers.  The most difficult feature will be to obtain from farmers a 



33 

good understanding of the advantages and disadvantages from their perspective, 
as well as the technical requirements for each RAS system. 

Land scarcity leads to intensification of rubber systems, firstly with the use of 
IGPM (on condition that capital is available).  Therefore, good quality IGPM at 
low cost through production by fanner groups, with the parallel development of 
private nurseries, seems to be a priority.  However, a lack of technical informa-
tion and practical training has led to abandonment of existing BANDES3 bud-
wood gardens and limits the use and dissemination of clones.  Thus these issues 
must be specifically addressed. 

Clonal rubber adoption in the Jambi province is not only a technical problem 
(lack of grafting training) but also an economic problem, especially the lack of 
capital necessary to buy IGPM and required inputs, as well as the lack of avail-
able credit. 
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Table 4. Main Features of the Farming Systems Survey Questionnaire 

Section Number of 
variables 

Unit of analysis Type of information 

Identification 5 Village/person  

Household 
members 

16 Person number, status, ethnic origin 

Household 
assets 

9 Household houses, tools, animals, farming 
area 

Gotong-
royong sys-
tem 

9 Village description and cost 

Sawah 6 Cropping system number, inputs 

Sawah is Plot practices 

Ladang 18 Cropping system number, inputs 

Ladang 27 Plot practices 

Rubber 21 Cropping pattern number, inputs 

Rubber 20 Plot practices 

Rubber 5 farm level: total 
production 

production 

Herbicide 7 Cropping system inputs 

Fertilization 3 Cropping system inputs 

Pekarangan 
(home garden) 

18 Plot practices 

Non rubber 
tree crop 

20 Plot practices and production 

Fallow 3 Plot practices and production 

Grazing land 2 Farm practices and production 

Fish pond 5 Farm practices and production 

Access to for-
est reserve 
and timber 
use 

22 Farm practices and production 
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Table 5.  Main features of the questionnaire on the innovation adoption 
process 
inno-A: RAS innovations 
SRAP farmers 

inno-B: improved planting material 
all farmers 

inno-C: practices, innovations, 
all farmers 

Section  Number  
of variables 

Section RAS  
innovations  

Number  
of variables 

Section RAS  
innovations  

Number  
of variables 

Identification 5 identification 5 identification 5 

Weeding I I IGPM; clones 22 practices 7 

Herbicides 5 clonal seedlings 5 Associated trees 27 

RAS 5 Polyclonal  
seedlings 

4 weeding 9 

Intercrops 6 budwood garden 22 fertilization 4 

Fertilization 
of intercrops 

9 next rubber plant-
ing 

9 covercrops 2 

Rice 4 clonal rubber 
polybag nursery 

17 annual crops 5 

Pest and 
diseases 

6   timber trees 6 

Associated 
trees 

15   fruit trees 6 

Cover-crops I   pulp trees 8 

Fast growing 
pulp trees 

9     

Nursery: 
pests 

7     

Pest in  
rubber fields 

11     
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Introduction 

Smallholder rubber plantations of 1 to 4 ha per farm produce 73% of Indonesia’s 
natural rubber production, and approximately 1.3 million farm households rely 
on rubber production for their income (DGE 1996).  More than two-thirds of 
these households still grow unselected rubber seedlings in an extensive complex 
agroforestry system called jungle rubber or ‘hutan karet’, which covers more 
than 2.5 million hectares (Gouyon 1995; Michon and de Foresta 1992).  The ad-
vantages of jungle rubber are now quite clear: no cost, no labour required for 
maintenance during the immature period and income diversification with fruits, 
rattan, timber and other NTFPs (non-timber forest products) harvested from the 
agroforest.  There are also indirect environmental benefits, such as soil conserva-
tion and rehabilitation of degraded lands (Penot 1997).  

Originally, the adoption of this system did not require a large change in farmers 
practices (Dove 1993; Penot 1995) as they continued to slash-and-burn new plots 
every year for ‘ladang’ cultivation.  At that stage, one can still consider jungle 
rubber as an "enriched fallow with rubber".  However, the productivity of this 
jungle rubber system is low (500 kg/ha/year of rubber) compared to that of estate 
clonal plantations (1200 to 1800 kg/ha/year).  The 35-year lifespan of rubber is 
the same as the traditional fallow period necessary to restore soil fertility and to 
eliminate problem weeds.  The ‘Kantu’ Dayaks considered rubber gardens as 
‘managed swidden fallows’ (Cromb 1988 in (Dove 1993a)).  "Swidden cultiva-
tors use simple land and labour resources within the swidden system to cultivate 
rubber" as clearly explained by Dove (1993).  Jungle rubber and shifting cultiva-
tion are complementary, as the two systems can easily be combined in local 
farming systems.  The concept of a "composite system" has been developed by 
Dove (1993) who states that "there has been little analysis of the relationship be-
tween the two systems (rubber and swidden agriculture with rice) and thus little 
understanding of why this combination historically proved to be so successful". 

                                                           
1 CNEARC/ENGREF student, France 
2 ICRAF Southeast Asia P.O. Box 161 Bogor 16001, Indonesia 
3 ICRAF, field manager SRAP, Sanggau, West Kalimantan 
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Different projects have been implemented to increase rubber productivity at the 
beginning of the 1970s, with a partial approach (ARP1) or a full-package ap-
proach based on monoculture (SRDP, TCSDP2).  The results of these different 
projects have been highly variable, except for the SRDP/TCSDP projects which 
implemented more than 75,000 ha of monocultural clonal rubber plantations, and 
also introduced external technical innovations (grafting, fertilization, etc) to the 
smallholder sector.  

In this context, the Smallholder Rubber Agroforestry Project (SRAP) was devel-
oped by ICRAF, CIRAD-CP and GAPKINDO, using a participatory approach 
for on-farm experimentation with three main types of Rubber Agroforestry Sys-
tems (RAS).  The main objective of this project is to minimize the amounts of 
inputs and labour to levels that are acceptable to farmers, but still allow clonal 
rubber to grow in a forest-like environment (Penot 1996).  Research in agrofor-
estry has recently focused on how to integrate farmers knowledge of jungle rub-
ber with external innovations in order to raise productivity, while conserving the 
advantages of agroforestry practices in terms of environmental benefits and bio-
diversity (Penot 1997). 

Objectives of the Rubber Agroforestry Systems (RAS) pro-
gramme 

So far, all rubber development schemes have been based on rubber monoculture 
with high levels of inputs and labour force.  The current situation in Indonesia is 
characterized by relatively poor farmers who cannot afford the cost of the com-
plete monoculture technological package (Penot 1997).  However, the farmers 
are more interested in low to medium intensity cropping patterns (in particular 
for labour in immature period).  The constraints to smallholders improving their 
local rubber agroforestry systems are the scarcity of improved planting material 
and its poor quality, the inefficiency of extension (and the poor planting material 
distributed to farmers), and the lack of information.  

To address this, several clonal Rubber Agroforestry Systems have been estab-
lished in pioneer and buffer zones, in degraded zones such as Imperata savan-
nah, as well as in zones where replanting is required (old jungle rubber).  The 
SRAP project is using a participatory approach to implement on-farm trials with 
three main types of rubber agroforestry systems (RAS).  These aim to combine 
low to medium input requirements with agroforestry practices in order to deter-
mine the best level of intensification.  One of the main objectives of RAS is to 
provide a low labour requirement during immature period, income diversifica-
tion and environmental benefits through the combination of endogenous and ex-
ternal innovations.  The adoption of technical innovations (especially improved 
rubber planting material) is easier when RAS do not require a radical change in 
the current cultural practices.  

                                                           
1 ARP : Assisted Replanting Programme 
2 SRDP : Smallholder Rubber Development Project 
 TCSDP : Tree Crop Smallholder Development Project 
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The main technical innovations in RAS are:  
• The use of improved rubber planting material, such as the clone PB 260, 

BPM1, RRIC 100, RRIM 600.  These clones are adapted to the local agro-
ecological conditions and they have proven to be the best in terms of yields 
and secondary characteristics (resistance to leaf diseases and exploitation 
methods). 

• The combination of rubber with annual crops during the first three to four 
years, and also with perennial crops. 

• The introduction of different levels of manual and/or chemical weedings, 
lower than that of monoculture. 

• The use of fertilizers during the first three years to improve rubber growth 
and maintain the yield of annual intercrops. 

Budwood gardens and nurseries managed by farmer groups have been set up in 
the villages to help farmers to produce clonal rubber planting material them-
selves, as this represents more than 50% of the total cost of establishment of 
RAS (Penot 1996).  The main constraints for farmers are budwood availability 
and quality (clonal purity) as well as a lack of technical information and grafting 
training. 

Brief description of RAS trials  

The first trial (RAS 1) is similar to the current jungle rubber system, in which 
unselected rubber seedlings are replaced by adapted clones.  The main objectives 
are to determine if clonal rubber germplasm can thrive in a jungle rubber envi-
ronment, to double yields, and to assess the required minimum management 
level.  A secondary objective is to assess the level of biodiversity conservation in 
the jungle rubber system.  In effect, RAS 1 is aimed for planting in pioneer or 
very remote areas or replanting in old jungle rubber or secondary forest areas.  
RAS 1 is not suitable in Imperata grasslands (Penot 1995; de Foresta 1997). 

The second trial (RAS 2) is a complex agroforestry system in which rubber and 
perennial timber and fruit trees are established after slashing and burning, at a 
density of 550 rubber trees and a range of 90 to 250 other perennial trees per 
hectare (with various planting densities and species combinations). It is very in-
tensive with annual crops being intercropped during the first three to four years, 
with emphasis on improved upland varieties of rice with various levels of fertili-
zation. 

The third system (RAS 3) is also a complex agroforestry system with rubber and 
other trees planted at the same density as that of RAS 2, but with intercrops only 
in the first year.  These are followed by a combination of covercrops, Multi-
Purpose Trees (MPT) and Fast Growing Pulp Trees (FGT).  RAS 3 is established 
on degraded lands covered by Imperata cylindrica (alang-alang grass) (Penot 
1994). 

This network of farmer-managed trials is underway in West Kalimantan, Jambi 
and West-Sumatra provinces.  These experiments take into account the limited 
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resources of smallholders; labour is one the main factors being considered in as-
sessment of a system’s suitability. 

Methodology: 

Type of surveys 

Four surveys have been conducted in eight villages (Sanjan, Embaong, Trimulia, 
Sukamulia, Pariban Baru, Kopar, Engkayu and Bali) in the subdistricts (kabu-
paten) of Sanggau and Sintang in West Kalimantan.  Respondents were from 
Dayak and Javanese transmigrant populations.  The four surveys were as fol-
lows: 
• Farming systems characterization survey (FSS) (Survey 1),  
• RAS innovation adoption process (Survey 2),  
• Improved Genetic Planting Material (IGPM) use and production (Survey 3),  
• Innovations in rubber cropping systems and cultural practices (Survey 4).  

The main outputs are the characterization of the farming systems based on rub-
ber and a constraints/opportunities analysis on innovations in RAS systems as an 
alternative to existing rubber cropping systems (jungle rubber, monoculture).  To 
take into account the expansion of oil palm plantations in the Sanggau area, the 
village of Bali and other non-SRAP villages were chosen to investigate the ad-
vantages and the constraints of adopting oil palm compared to rubber agrofor-
estry systems.  

There are a number of objectives of these surveys as follows: 
• characterize the advantages and disadvantages of adoption of improved rub-

ber planting material in Rubber Agroforestry Systems; 
• identify which rubber cropping system based on clonal rubber seems the 

most adapted for the farmers in terms of labour requirements and productiv-
ity, in addition to providing income diversification and environmental bene-
fits; 

• understand the reasons why clonal rubber can not grow in the traditional rub-
ber agroforestry system, called jungle rubber or ‘hutan karet; 

• identify the main constraints for the farmers to produce rubber planting mate-
rial themselves; 

• identify the socio-economic constraints (capital, lack of communication, etc) 
to the adoption of external innovations (clonal rubber). 

The objective of the farming system characterization survey (Survey 1) was to 
characterize farms involved in the SRAP network of on-farm trials and to com-
pare them with non-SRAP farmers, based on identification of the main con-
straints.  

The RAS innovation adoption process survey (Survey 2) aimed to test the hy-
pothesis that farmer organization, according to traditional customary laws 
(‘adat’) and social coherence in the village community, is the key factor contrib-
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uting to the successful integration of external innovations.  Surveys 3 and 4  fo-
cused on innovation adoption processes and the identification of farmers’ strate-
gies according to existing opportunities in the selected areas. 

In West Kalimantan province, several governmental and private oil palm pro-
jects are currently being developed and will transform the traditional landscape 
(jungle rubber) into monoculture plantations.  The implementation of either a 
rubber project (SRDP, SRAP) or an oil palm project in a specific village appears 
to depend on social organization in the village and social links between groups. 

The area of West Kalimantan has been partially documented through surveys 
conducted by SFDP/GTZ in the Sanggau area by Clauss (1991), Momberg 
(1993), Jong (1994), Sundawati (1993), and Werner (1993).  The local Dayak 
agroforestry systems have been well characterized with emphasis on tembawang 
(a fruit/timber-based agroforestry system).  Village monographs have been pre-
pared in transmigration areas (Sanggau/Trimulia and Sintang/Pariban Baru) by 
the transmigration department.  Dayak farming systems have been characterized 
by Dove (1993) for the Kantu Dayaks in the eastern part of the province, for the 
Maloh Dayaks in the same area by V King in the 1980s’ and by Salafsky (1994) 
for the Gunung Palu area (Ketapang district). 

Two types of surveys involving four questionnaires were implemented: 
• FSS questionnaire: for characterizing farming systems of all farmers through 

a formal and relatively detailed questionnaire; 
• Inno A & B questionnaire: for reviewing the innovation adoption process for 

SRAP farmers with questions on various innovations of RAS; 
• IGPM questionnaire: for assessing IGPM use and production; 
• Inno-C questionnaire: for assessing other innovations concerning RAS, such 

as the innovation adoption process for non-SRAP farmers.  This is a limited 
version of the IGPM questionnaire with emphasis on improved planting ma-
terial, use of herbicide, and fertilization. 

Data were collected between June and November 1997.  The software selected 
for data processing was WINSTAT, which was developed by Centre de Coop-
eration Internationale en Recherche Agronomique pour le Developpement (CI-
RAD-TERA). 

Sampling scheme for sites and farmers 

The benchmark areas of SRAP were selected to cover a wide range of situations 
in terms of: 

• ethnic groups (Dayak, Melayu, Minang, Javanese transmigrants, other 
spontaneous transmigrants);  

• agro-ecological zones (traditional jungle rubber, farmers in forest environ-
ment on flat land with good or poor soils, hilly areas in forest margins with 
low population density, remote hilly areas with poor soils and Imperata, Im-
perata savannah and transmigration areas); and  
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• socio-economic environment (remoteness, access to market, other off-farm 
or crop opportunities).   

Table 1 summarizes the benchmark areas that are representative of almost all 
rubber growing areas in Indonesia. 

Table 1.  Benchmark site characterization in West Kalimantan 
Factors Forest margins with 

poor soils: traditionaI 
jungle rubber 

Forest margins with poor 
soils: jungle rubber + SRDP 

West-Kalimantan 
transmigration areas. 

Villages Kopar, Engkayu Embaong, Sanjan a) Pariban Baru (Sin-
tang) 

b) Trimulia 
c) Sukamulia 

Type of 
population 

Dayak (Christians) Dayak (Christians) a) Dayak (Christians) 
b) Javanese 
    transmigrant (muslim) 

Population 
density 

Low with plenty of 
land 

Medium: land is becoming 
scarce 

High with limited land 
(2.5 ha/household) 

Ecological en-
vironment  

Secondary forest, jun-
gle rubber and tem-
bawang3, poor soils 

Secondary forest, jungle rub-
ber and tembawang, poor 
soils 

Degraded sheet Imper-
ata land, poor soils risk 
of fire 

Farmers' 
behaviour and 
strategies 

Extensive systems, 
S&B for local upland 
rice for wine rice only. 
Accept a low level of 
intensification. 

Extensive and intensive sys-
tems (rubber monoculture), 
S&B for local upland rice  
Accept a medium level of 
intensification. 

Intensive on sawah; ex-
tensive on rubber on 
uplands. 
Do not accept intensifi-
cation on upland. 

Main 
constraints 

Low productivity of 
jungle rubber 

Low productivity of jungle 
rubber. Wrong choice of rub-
ber clone in SRDP: leaf dis-
ease limiting the production. 

Very degraded land with 
Imperata on a very lim-
ited cropping area (2 
ha). Risk of fire. 
Remoteness. 

Opportunities Land is plentiful. 
Oil palm & pulp. 
Existing old complex 
agroforestry practices. 

Presence of SRDP/TCSDP 
project: rubber monoculture 
in the 1980's. Oil palm & 
pulp. Existing old complex 
agroforestry practices. 

Sawah off-farm activi-
ties. 

On-farm 
trials priority 

RAS I and 2 RAS I and 2 RAS 2 and RAS 3 

 

                                                           
3 Tembawang are indigenous fruit and timber-based complex agroforestry systems where the main tree 
may be illipe nut tree. 
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The selected transects ranged from the traditional forest/jungle rubber environ-
ment to severally degraded transmigration areas covered by sheet Imperata 
grassland. Imperata and Mikania are major weeds that limit the growth of crops. 

SRAP used a participatory approach in the identification and implementation of 
on-farm trials.  The criteria for farmer selection for on-farm experimentation 
(‘SRAP farmers’) were as follows:  

• motivation;  

• mutual interest in participatory research;  

• willingness to retain agroforestry practices;  

• adoption of improved planting material; and  

mutual agreement on a trial protocol to be followed for the duration of the ex-
perimentation (five years for immature period). 

The selection of villages within the benchmark areas was based on the previous 
criteria through preliminary discussions with existing farmer groups plus the fol-
lowing: 
• when possible, an initial FSS survey was conducted in order to obtain base-

line information and to be able to compare the evolution of farming systems , 
• the presence of existing farmer groups to address the methodology, and 
• representativeness of the site. 

FSS was conducted with two populations: SRAP farmers and non-SRAP farm-
ers.  For the selection of non-SRAP farmers (the control population), a list of 
farmers having farming as their main activity and living permanently in the vil-
lage was made, then a random sample taken from these.  For each village, the 
same number of SRAP and non-SRAP farmers was taken. 

In villages where no on-farm trials were implemented, but where SRAP had 
some activities (budwood gardens and rootstock nurseries), farmers were se-
lected from those belonging to a SRAP budwood garden group (village of San-
jan) or those having nursery activities (Sukamulia).  

As emphasis is put not only on characterization, but also on the innovation adop-
tion process, the farmers’ sampling method is based on an initially selected 
population (SRAP farmers) with additional non-SRAP farmers (with no access 
through SRAP to inputs or information) as a control. 

It is hypothesised that the characterization of farming systems will improve un-
derstanding of the farmers’ strategies regarding either the adoption of external 
innovations or the maintenance of traditional cropping systems for each village. 
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Farming systems characterization (Survey 1) 

The survey of the farming systems practised by Dayak farmers and Javanese 
transmigrants aimed to identify the different resources used by the farmers (land, 
labour force, capital) in order to compare the different cropping systems (rubber 
and rice) in terms of labour and land productivity (See Figures 1 and 2).  This 
was used to develop a classification of village situations.  The characteristics of 
the farming systems are based on rubber and on subsistence cultivation in low-
land (sawah), upland (ladang), tembawang (associated fruit and timber trees) and 
home garden (pekarangan).  
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Figure 1.  Ethnic group 

 

Figure 2.  Origin of the family 

 
The main factors which influence farmers’ strategies for land use are social in-
teractions in the village, availability of inputs, and the presence of clonal rubber 
projects in the area.  The main criteria which explain the farming practices are: 
1) ethnic group, 2) total area of cultivable land, 3) access to customary land, 4) 
lack of capital, 5) lack of technical information on IGPM production, and 6) off-
farm activities. 
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Traditionally, Dayak farmers practice an extensive system due to the abundance 
of land, whereas Javanese transmigrants practice an intensive system, especially 
on sawah, due to the scarcity of land (only two hectares are provided to transmi-
grants).  The Javanese also compensate for this with off-farm employment. 

In Sanjan village, one farmer said, “The last time I used my plots of sawah and 
ladang was three years ago.  Now, working in sawah and ladang is considered a 
minor farming activity”.  The farmers here prefer to use their labour for tapping 
clonal rubber, which generates a far higher return to labour (Penot 1996).  This 
evolution has a constraint: farmers now have to buy rice. 

Rubber cropping systems 

Traditional jungle rubber is dominant in Dayak villages: 90% of the rubber area 
in Engkayu and 65% in Sanjan.  The average area is two ha per farmer (Table 2).  
At the present time, many farmers think that they have a sufficient area of jungle 
rubber for their available labour.  Embaong and Sanjan villages have clonal rub-
ber from SRDP/TCSDP monoculture projects, with clones GT1, PR261 and 
AVROS 2037.  The main problem is that clone GT1 is susceptible to the leaf 
disease Colletotrichum.  This causes leaf fall, which reduces the tree’s latex 
yield.  In addition, the amount of shade cast by the tree is reduced, so weeds such 
as Imperata cylindrica can become a serious problem.  The average yield of GT1 
in SRDP/TCSDP plots is around 1200 kg/ha compared to that of jungle rubber 
(500 kg/ha) (see Table 3). 

Table 2.  Average area of rubber cropping systems per village 
Average 
area/farmer 
per village 
(ha) 

Engkayu Suka-
mulia 

Pariban 
Baru 

Sanjan Embaong Kopar Trimulia Bali 

Local 
rubber 

3.96 1.83 1.62 3.02 0.69 2.58 0.85 3.35 

Clonal 
rubber 

0.5 - 1.64 2.43 2.12 0.5 0.5 - 

Productive 
area (%) 

40 27 36 42 53 49 25 47 

 

Table 3.  Average latex yield (kg/ha) per cropping system 
Village Engkayu Sukamulia Pariban 

Baru 
Sanjan Embaong Kopar Trimulia Bali 

Local 
rubber 

485 444 452 534 567 465 420 479 

Clonal 
rubber 

   1160 1128    
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The choice of RAS trial by farmers differed between villages according to farm-
ers’ available labour and farming strategies.  In Embaong village, all SRAP 
farmers have chosen the RAS 1 system, which is similar to jungle rubber with 
limited inputs and labour, but where the unselected rubber seedlings are replaced 
by adapted clones.  On the other hand, in Engkayu, the RAS 1 system is most 
popular, but some farmers have chosen the other systems RAS 2 and RAS 3.  
RAS 2 is largely dominant in the Javanese transmigrant villages, because it is 
based on annual intercropping during the first two to three years and also offers 
income production during the immature rubber period.  RAS 3 has no intercrops 
except during the first year, during which time a combination of covercrops and 
pulp trees are used. 

No inputs are used in the jungle rubber system. Fertilizers (Urea, KCL, TSP 36, 
Dolomite), herbicides (Round Up) and pesticides are provided by projects.  With 
income from rubber, farmers invest in herbicides (Round Up).  Fertilizers are 
usually reserved for the immature period. 

Sixty-five percent of the farmers tap on average one hectare of rubber per day.  
The fishbone (‘V’-shaped) tapping system is the most commonly used in the 
jungle rubber; the 1/2 S is used for clonal rubber.  Most of the farmers tap 200 to 
300 rubber trees per day (Figure 3).  Share-tapping is not popular as these work-
ers generally do not use very sustainable tapping practices.  In general, tapping 
quality is rather low in jungle rubber, partly explained by: 1) lack of information 
on suitable tapping systems, and 2) large variation in yield per tree due to the 
characteristics of the seedling population.  The requirement for resting the trees 
results in farmers adopting the tapping system of D2/6/7 (Figure 4). 

Figure 3.  Number of rubber trees tapped per worker per day 
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Figure 4.  Frequency of tapping (days per week) 

 
 

The annual cropping system in Dayak and Javanese villages: Sawah and 
Ladang 

Dayak farmers traditionally produce rice on both sawah and ladang, whereas 
Javanese farmers prefer to concentrate their labour on sawah.  Upland rice is 
generally considered by Javanese farmers to be too risky.  If we compare the 
cropping calendar of sawah and ladang, Dayak farmers had to manage their time 
and their labour force to produce rice in both systems.  The tradition of using 
‘gotong royong’ (communal labour groups) allows farmers to manage both sa-
wah and ladang labour requirements. 

 
Average rice yield in sawah Average rice yield in ladang 

Local varieties: 756 kg/ha/yr 
Improved varieties: 1560 kg/ha/yr 

Local varieties: 396 kg/ha/yr 

If we compare sawah rice yields in a Javanese transmigrant village to those in a 
traditional Dayak village, the average yield for Javanese is about twice that of 
the Dayak farmers (Figure 5).  Dayak farmers do not use any inputs in sawah and 
use a limited number of local irrigated rice varieties.  They say the input costs 
are too high and are not compensated by a sufficient rice yield.  For Javanese 
farmers, their first priority is to produce rice in sawah.  The high yields however 
do not seem to offset the investment in labour, fertilisers, chemical treatments, 
and hiring draught power for ploughing (Rp 7000/day).  
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Figure 5.  Average area and yield of rice fields in sawah and ladang 

 
 

The rice yield in ladang is low because of the presence of insects ‘walang sangit’ 
(Leptocorisa acusa), ‘ulat grayak’ (Spodoptera letera), and rodents.  The pro-
duction of rice in ladang by the Dayak farmers is essentially reserved for the 
production of local wine (‘tuak’). 

In 1997, the main constraint in ladang was the severe dry season because farmers 
usually plant rice at the beginning of September.  The erratic rainfall is a major 
constraint and there was shortage of rice.  Meanwhile, rubber production was 
also low due to the drought, which led to a dramatically reduced income for that 
year. 

Outside transmigration areas, lack of land does not seem to be a constraint, espe-
cially for Dayak farmers.  However, the current implementation of oil palm pro-
jects will reduce the total cultivable area in the very near future. 

The cropping system after rice harvest in ladang 

After harvesting rice in ladang, 85% of Dayak farmers generally plant unselected 
rubber seedlings as a means of land appropriation.  Only 12% continue to grow 
rice in ladang in the second year (Figure 6).  Continued upland rice production is 
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not favourable in terms of return to labour, especially taking into account the risk 
of crop failure, compared to jungle rubber establishment.  Jungle rubber requires 
no establishment cost (unselected seeds with no value and no fertilizers used), a 
low labour investment, and low maintenance during the immature period (Penot 
1997). 

Figure 6.  The cropping system after harvesting paddy in ladang 

 
 

“Round Up”: an alternative to reduce weeding on sawah and ladang and the 
constraints of gotong royong and ‘bakti’ systems 

Dayak farmers use the gotong royong or bakti system to prepare or weed a plot 
of sawah or ladang.  These systems involve communal labour for farming activi-
ties.  Gotong royong is flexible but expensive.  For one group, the number of 
members is not fixed.  The price of gotong royong depends on the number of 
persons and might take into account farmers cash flow at a particular moment.  
The bakti system is not flexible and is more expensive. There is a fixed number 
of members and farmers have to work a specific number of days.  If one member 
can not work one day, he must pay for a replacement or send a member of his 
family.  The price of one day in this work group depends on the price of rice and 
rice wine (tuak) on which basis people are paid.  In 1997, the average price was 
around Rp 5000/man-day, whereas five and ten years ago, the average price was 
Rp 2500 and Rp 1000/man-day respectively.  The opportunity cost for labour has 
increased, and in the future, with increased opportunities for off-farm work in oil 
palm plantations, the price of gotong royong is likely to increase further. 

With the income from rubber, a farmer can buy herbicide (Round Up, Spark) and 
pesticide (Dharmabas).  The weeding cost is lower using Round Up than using 
communal labour.  For one hectare of sawah, a farmer uses four liters of Round 
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Up and needs two days.  The total cost is around (Rp 90,000).  If a farmer uses 
the gotong royong group for weeding one hectare of sawah, he needs to employ 
20 men over three days.  The total cost is around Rp  120,000 (Kopar village).  
By using herbicide, there is a greater return to labour and also the treatment is 
more effective against weeds than manual weeding. 

Return to labour and productivity 

Now that the main cropping systems have been described, the next step is to 
compare these cropping systems in terms of return to labour and productivity per 
unit area of land.  This analysis will allow us to understand the different crop-
ping strategies adopted by different farmers. 

With the development of oil palm projects in Kalimantan province, a new oppor-
tunity for income diversification has arisen with the added benefit of credit pro-
vision for this new technical package.  Oil palm is becoming a significant com-
petitor with rubber.  That is why an oil palm village was included as part of the 
survey to compare the incomes of oil palm smallholders with rubber small-
holders. 

Land resource management  

The average total land area cultivated by Dayak farmers is around 14 to 18 ha 
(including fallow) compared with Javanese farmers who have only two hectares.  
The strategy of land resource management is therefore very different for Dayak 
and Javanese farmers.  In Javanese villages, the limited land encourages Java-
nese farmers to concentrate their labour to rice production in sawah (2 
crops/year).  Usually, the ‘lahan satu’ and ‘lahan dua’ are used for rubber nurse-
ries and for producing vegetables for their own consumption and for sale.  The 
Javanese farmers do not cultivate rice on their upland fields.  

The survey of the Dayak villages shows different management of land resources.  
For example, Engkayu village is a traditional Dayak village where farmers do 
not concentrate their labour force on one cropping system.  There it is a custom 
to plant rice every year in the ladang.  On average, farmers own 2.5 ha of sawah, 
3 ha of ladang, and 4.5 ha of rubber, mainly jungle rubber.  Farmers have owned 
a small area of clonal rubber (0.5 ha) as part of the SRAP project since 1995. 

In contrast, Sanjan village is a progressive Dayak village, where farmers concen-
trate their labour force on one cropping system: rubber plantation (monoculture 
and RAS).  This village shows the evolution of the traditional farming system af-
ter the adoption of clonal rubber.  The average area of rubber plantations is 4.5 
hectares, including both monoculture plantation and jungle rubber.  In this case, 
the income from rubber allows farmers to reduce the area of ladang and sawah, 
because they can buy rice.  Since 1982, the SRDP project has planted 20 hectares 
with GT1 clone.  The success of the rubber project is due to social factors.  The 
village leader had enough influence to promote rubber planting instead of oil 
palm.  The leader of Sanjan village explained that the motivation for choosing 
rubber instead of oil palm was that farmers will lack land for their annual crops 
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with the oil palm plantation.  In addition, farmers who mix trees with rubber will 
also benefit from fruit and seed production (Table 4).  

Table 4.  Average area per cropping system per village 
Village/ 
Cropping 
system 

Eng-
kayu 

Sanjan Pariban-
Baru 

Suka-
mulia 

Kopar Trimulia Embaong Bali 

Sawah 3.02 0.75 0.92 0.96 2.9 0.72 0.57 0.7 

Ladang 3.47 0.75 1.66 0.75 2.46 0.29 0.83 0.85 

Clonal 
rubber 

0.5 2 1 0 0.52 0.31 2.12 0 

Jungle 
rubber 

4.71 3.45 2.32 1.49 3.96 0.85 0.69 3.35 

Tem-
bawang 

1.2 2.37 1.05 0 0.53 0 0.74 0.92 

Fallow 4.08 4.6 1.41 0 1.53 1.31 3.15 9.7 

Home 
garden 

0.01 0.01 0.48 0.25 0.12 0.2 0.1 0.27 

Oil palm 0 0 0 0 0 0 0.38 2 

Total 16.99 13.93 8.84 3.45 12.02 3.68 8.58 17.79 

Land tenure and rights  

All Dayak households have equal rights and access to communal land.  Forest 
and communal land belong to the community.  Farmers can borrow communal 
land for making ladang.  The Dayak people have no problem in accessing com-
munal land.  However, the Javanese people are limited to only 2 ha of cultivable 
land, this given as part of the transmigration programme (0.25 ha pekarangan, 
0.75 ha lahan satu, 1 ha lahan dua).  Not all Javanese farmers received the lahan 
dua and in exchange received a cow.  

Each Dayak child usually inherits equal amounts of land from his parents, Usual-
ly, the child who will care for the parents when they retire will receive a little 
more land, often the tembawang.  The Dayak farmer may borrow land from the 
community or from the family.  A farmer who wants to cultivate a piece of 
communal land only has to ask for permission from the village head or the ow-
ner.  Farmers may borrow communal land if they do not possess enough land to 
complete the duration of fallow on the ladang.  The average duration of fallow is 
6 years in Engkayu, 4.5 years in Sanjan and 5 years in Pariban Baru.  Someti-
mes, the village head has difficulty in allocating land because fruit trees or rub-
ber may have been planted by some families on the communal land.  Planting 
trees around or inside a plot is a land acquisition process for the farmer.  If a 
farmer of Engkayu village clears a piece of communal land without permission, 
he must pay a fine of 2 pigs, 25 kg rice and 96 pieces of china crockery.  The 
standard ‘fee’ for using communal land depends on the community.  The system 
is often based on a sharing of the harvest (‘bagi hasil’), where for every 10 jarai 
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of rice harvested, 1 jarai is given to the community.  Profit from the sale of this 
rice is used for the maintenance of communal equipment.  Farmers can also bor-
row land from other farmers and will share the rice production with the owner 
(30% for the owner).  

Price of land 

The price of land depends on the type of land and its location, but also on the 
availability of land in the area.  It is difficult for farmers to evaluate the price of 
land on a per hectare basis as they consider each plot individually.  They assess 
land value in terms of ecological characteistics.  Two types of land are usually 
bought by farmers: sawah and upland fields for rubber planting.  Farmers buy 
land to increase their production of rice and their income from latex production, 
but also as an investment for their children.  In Engkayu, farmers prefer the ac-
quisition of sawah, while in other villages farmers buy both sawah and land for 
rubber planting.  With the arrival of oil palm plantations in the Sanggau area, the 
land price has increased.  For 7.5 ha of land given to the oil palm project, farm-
ers receive only two hectares of oil palm.  With the establishment of an oil palm 
plantation, shortage of land will be a problem in the next few years because 
farmers will not have enough land to pass on to their children.  This could lead to 
some children being forced to leave the village.  

The investment cost for an oil palm plantation is higher than for a rubber planta-
tion (SRDP 1982) as one hectare of rubber costs Rp 1.4 million compared to Rp 
4.5 million for 2 ha of oil palm, plus the ‘loss’ of 5 ha of land which has to be 
given to the project (Table 5). 

Table 5.  Price of land 
Ethnic group Village Cropping system Area Price (Rp) + year 

Dayak Engkayu Jungle rubber im-
mature 

1 ha 170,000 

Dayak Engkayu Jungle rubber 1 ha 250,000 
Dayak Engkayu Fallow 1.5 ha 25,000 
Dayak Lape Sawah 0.25 ha 300,000 
Dayak Bali Jungle rubber 2 ha 300,000 (1976) 
Dayak Bali Oil palm 2 ha 12,000,000 (1992) 
Javanese Trimulia Ladang 1 ha 800,000 
Javanese Trimulia Jungle rubber 1 ha 400,000 
Javanese Trimulia Sawah 1 ha 950,000 
Javanese Trimulia Sawah 1 ha 2,000,000 (1990) 
Javanese Pariban baru Jungle rubber 1 ha 500,000 (70 trees) 
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Annual income from land  

In the village of Kopar where there is a lack of land due to an oil palm planta-
tion, farmers’ perception of the value of land has increased.  Land is now consid-
ered a very precious resource. 

In terms of the income per unit area of land, the clonal rubber plantation yields 
more than the jungle rubber system (Table 6).  Differences in latex yield in jun-
gle rubber depend on the age of the plot, the tapping method used, and the latex 
price.  In Engkayu village, the latex price is Rp 1200 per kilo compared with Rp 
1900 per kilo in Embaong village.  The higher price is due to farmers belonging 
to a cooperative and selling their production directly to the factory in Pontianak.  
The revenue from monoculture rubber plantations is limited due to the suscepti-
bility of GT1 clone to leaf disease (Colletotrichum).  Average annual yield of 
GT1 in SRDP/TCSDP plots is around 1200 kg/ha compared to that of jungle 
rubber (500 kg/ha).  When comparing revenue from monocultural rubber planta-
tions in Embaong village (Rp 2,285,000)  and clonal rubber agroforestry systems 
in Sanjan village (Rp 2,021,000), there is only a very small difference between 
the two systems.  The agroforestry system is almost as profitable as monoculture 
and has the added advantage of production of fruit and timber, which can pro-
vide extra income. 

Table 6.  Comparison of different cropping systems in terms of income 
per unit area 

Cropping system Net income (Rp/ha/year) 

Jungle rubber 820,000 

Agroforestry and Monocultural Clonal rubber 
plantation 

2,124,000 

Sawah: improved varieties 460,000 

Sawah: local varieties 248,000 

Ladang 289,000 

The comparison of income between ladang and sawah (with improved varieties) 
is clearly in favour of the later. However, the amount of labour and inputs is 
much higher in sawah than ladang. In both cases, jungle rubber’s income is 
higher than rice cropping? It seems, therefore, more profitable for the farmer to 
invest his labour in tapping mature jungle rubber than in cropping rice which is 
far more risky dur to climatic events.  It also shows that the improved techno-
logical package for sawah does not work, or is not adapted, or is misused by 
farmers.  

The land remuneration in ladang is low due to the low yield because farmers use 
only local rice varieties and no inputs.  Rice cultivation in ladang is expensive 
due to the traditional custom of work groups (gotong royong: Rp 100 to 300,000) 
and its cost (in particular the cost of an important component: rice wine or 
‘tuak’). 



19 

Annual labour requirement per cropping system 

Rubber cropping systems 

In general, farmers who own clonal rubber plantations invest three times more 
work in weeding than those having jungle rubber (six man-days/year against 
two).  The immature period for clonal rubber is around five years, compared 
with around 10 to 12 years for jungle rubber. In clonal monoculture, pernicious 
weeds like Imperata are more likely to become a problem than in jungle rubber, 
especially if the clones suffer from leaf disease and leaf fall.  Communal work 
groups can be used for the annual weeding programme for the rubber plantation.  

Time spent tapping is reduced in the monocultural system (58 man-days/year) 
compared to jungle rubber (man-days/year).  As rubber is planted in lines in the 
monocultural system, tapping and weeding are easier.  If the rubber plantation is 
far from the house, it can be difficult to carry the rubber sheets and also to in-
crease the frequency of tapping.  Around 70% of the farmers tap their rubber 
plantation the whole year.  The tapping systems most commonly used are D2 
(tapping every two days), or D2 6D/7 (tapping every two days with a Sunday 
rest) (Table 7). 

Table 7.  Comparison of annual labour requirements in rubber cropping 
systems 

Cropping system Weeding Tapping Collecting latex Total (man-
days/year) 

Jungle rubber 2 72 8 82 

Monoculture 6 58 6 71 

Sawah  

The annual labour requirements are higher in sawah with improved rice varieties 
because farmers spend more time weeding (Table 8).  This ensures an efficient 
use of inputs and increases the potential yield.  In some villages, herbicides are 
used (Round Up) for weeding sawah in order to save labour and also to avoid 
use of community work groups which are considered to be too expensive.  
Dayak farmers take longer to harvest the rice as they harvest it stem by stem 
with an ‘ani-ani’ tool (razor blade), whereas Javanese farmers use a sickle. 

Table 8.  Comparison of annual labour in sawah for different rice varie-
ties (man-days) 

Type of rice varieties Ploughing Transplanting Weeding Harvest Total 

Improved 28 27 69 27 151 

Local 22 26 50 36 134 



20 

Ladang 

The annual labour requirements of ladang are higher than those of sawah with 
improved rice varieties (Table 9).  This is because in sawah the farmer has only 
to weed and burn, compared with ladang where he has to cut trees and slash 
weeds before burning.  It seems more efficient for the farmer to invest his labour 
in sawah as there is a greater income per unit land and also a higher rice yield 
(1560 kg/ha/year compared to 396 kg/ha/year in ladang) due to use of local va-
rieties and no use of inputs.  However, sowing rice in ladang is a tradition for 
Dayak farmers because they can use it to produce the local alcohol (tuak).  Sev-
eral factors affect the annual labour requirements for ladang: the fallow age 
(28% between two and five years) and the use of community groups or family 
labour.  Risks of crop failure are high due to erratic rainfall, and the low soil fer-
tility leads to low yields.  The main reason that Javanese farmers do not want to 
grow upland rice is the risk involved. 

Table 9.  Annual labour requirements for activities in ladang (man-
days) 

Cropping 
system 

Land  
preparation 

Sowing Weeding Harvesting Total 

Ladang 39 26 59 29 153 

Returns to labour for different cropping systems 

Productivity per unit of labour is very important to farmers.  In areas where land 
is abundant, extensive cropping systems are used as a source of “income from 
forest products” and are synonymous with “low risk” of crop failure.  Analysis 
of returns to labour for different cropping systems will allow us to understand 
the farmers’ land use strategies. 

Table 10.  Comparison of returns to labour for different cropping sys-
tems 

Cropping system Revenue per man-day (Rp) 

Jungle rubber 9600 

Clonal rubber 27200 

Sawah: improved rice varieties 8100 

Sawah: local rice varieties 4000 

Ladang 2100 

The labour investment (for tapping) in mature clonal rubber is less than that for 
jungle rubber and returns to labour are Rp 27,000/day and Rp 9,600/day respec-
tively (Table 10).  Thus once the trees are mature, the advantages of clonal rub-
ber in terms of return to labour are clear.  However, the main constraints of clo-
nal rubber are the high level of maintenance in the immature period, the cost of 
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of improved rubber planting material and inputs, and lack of income during the 
first five years.  In contrast, the jungle rubber system is a low-input agroforestry 
system that requires little investment and little labour during the immature pe-
riod, and also provides diverse products, such as fruit, timber and NTFPs.  

The surveys in Sanjan and Embaong villages showed that with the adoption of 
improved planting material, trees could be tapped at five to six years of age  
compared to 13 to 15 years for jungle rubber.  With more weeding (e.g., once per 
year) in jungle rubber, farmers could tap rubber at around 10 years of age.  A lo-
cal seedling rubber plantation with high maintenance like that of clonal rubber, 
could be tapped at around six to seven years of age, however, the labour invest-
ment would not be recovered as latex yields are very low (500 kg/ha/yr.). 

Javanese farmers have chosen the RAS 2 because they can grow rice during the 
first two to three years of the immature period as an intercrop.  They focus on the 
maximization of land use due to the fact that their land area is very limited. An-
other strategy is to choose RAS 3 for the farmers who do not want to invest a lot 
of labour in the rubber plot during the immature period and who want to grow 
only one crop of rice, considering that the risk of crop failure is too high for the 
second or the third year.  

The return to labour in sawah with improved rice varieties is twice that if local 
rice varieties are used, mainly due to the rice yield.  However, to make up for the 
extra cost of improved rice varieties, inputs and labour, the rice yield would have 
to be at least two to three times higher than the yield of local rice. 

The low return to labour in ladang is mainly due to low yields caused by natural 
risks like rodents, insects, diseases, erratic rainfall and weeds. These low yields 
do not offset the time spent in cutting trees and the expense of group weeding. 

The difference in returns to labour for different cropping systems explains the 
progressive decrease of upland rice cultivation in favour of rubber plantations.  
Farmers reason in economic terms, especially with respect to labour, and they 
have prioritised investment in perennial crops (in particular rubber) because they 
get more income with less work and the risk of crop failure is lower, especially 
compared to upland rice.  The income from latex allows the farmer to buy rice to 
meet his farmily’s annual requirement.  But this expense limits the farmer from 
investing in inputs during the immature rubber period or for food crops. 

The superiority of rubber cropping systems in terms of income generated 

In Indonesia, the farm gate prices are not based on latex quality.  The price of 
rubber sheet is based only on the weight.  Forty-four percent of farmers sell 
sheets in the village and 56% sell outside the village.  There is no contract with 
the trader.  Farmers can sell their production to whoever offers the best price.  
However, selling sheets in the village allows farmers to negotiate credit during 
the period that they need to buy rice.  The price of one kilogram of sheet goes 
down during this period (October to December).  Selling their production in the 
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village can provide farmers an income every day, whereas sale in the town in-
volves waiting until the end of week, and also the additional cost of transport.  
The average price in the Sanggau district was around Rp 1100/kg (1997).  The 
cost of inputs is low in jungle rubber, comprising only acid for coagulation (Rp 
25,000 to Rp 30,000/year).  The cost of inputs in clonal rubber plantations is 
higher because of purchase of herbicide for Imperata and due to the leaf disease 
of GT1 clone.  However, this cost is largely recovered from the high income 
generated by clonal rubber plantation. 

The analysis of income from the different rubber cropping systems shows the 
superiority of clonal rubber cropping systems from the perspective of maximisa-
tion of land productivity and return to labour. 

For the rubber cropping systems, we can describe two types of situations: 

• Villages where income generated by the jungle rubber system is low and ac-
tually lower than the income generated by oil palm plantations (Kopar, Eng-
kayu and Bali) (Table 11).  This fact shows that for rubber to compete, farm-
ers have to improve their rubber cropping system by adopting technical inno-
vations (improved planting material).  The adoption of rubber agroforestry 
systems (RAS) is an opportunity for farmers to improve their income.  The 
length of the immature period depends on the quantity and quality of work 
invested by the farmer to maintain their RAS.  Despite the small area of RAS 
(0.5 ha), these trial plots should be the first step in helping the farmer to 
change from jungle rubber to clonal rubber agroforestry. 

• Villages where the income generated by clonal rubber is 2.5 times higher 
than jungle rubber.  This income can be further improved by 30% if farmer 
uses the D/3 tapping system.  Also, the new clonal rubber agroforestry sys-
tems will produce more latex due to the use of new clones which have a 
faster growth and better leaf disease resistance than GT1 (e.g. PB260, RRIM 
600, BPM1, RRIC 100).  This situation show the relative difficulty for farm-
ers to change their rubber cropping systems from a very extensive to a semi- 
intensive cropping system due to labour investment requirements during the 
immature period. 

Table 11.  Comparison of income generated by different cropping sys-
tems (Rp/year) 
Village/ 
Cropping 
system 

Engkayu Suka- 
mulia 

Pariban 
Baru 

Sanjan Embaong Kopar Trimulia Bali 

Rubber 837,000 596,000 807,000 2,263,000 2 ,177,000 574,000 750,000 990,000 

Sawah 387,000 437,000 489,000 302,000 278,000 272,000 332,000 212,000 

Ladang 146,000 206,000 367,000 272,000 129,000 283,000 112,000 396,000 

 

The integration of some improved rubber (‘karet lambau’) to the Sejiram area  
(Sintang area) by a priest (from the order of Capuchins) in the 1920s greatly 
changed the local farming systems.  Appreciation of the income generated from 
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latex and the high risks of annual crop failure in upland fields have progressively 
modified farmers’ strategies.  For the majority of the farmers in 1997, the in-
come from rubber constituted between 70% and 100% of farming incomes and 
more than 50% of the total annual income.  However, an evolution of this farm-
ing system is now necessary.  The income provided by clonal rubber shows that 
the rubber income can be increased by a factor of 2.5, however, this evolution 
includes three constraints: need for capital, use of improved technology, and a lot 
of work during the immature period.  The implementation of RAS can be limited 
by two constraints: capital and labour. 

Analysis of total annual revenue per village 

The total annual income includes both farming and non-farming income (Table 
12).  Non-farming income is more important in the transmigration villages like 
Sukamulia or Trimulia, where 80% of farmers are involved in this type of activ-
ity.  The off-farm income can be as much as 75% of total annual income.  For 
the SRAP farmers of Sukamulia, when the clonal rubber agroforestry will begin 
to produce latex, farmers will be able to compare the regular income provided by 
latex to the irregular income from outside work.  Some farmers in Trimulia have 
understood the advantages in investing their capital in clonal rubber agroforestry 
systems by establishing these on their upland fields.  The development of clonal 
rubber agroforestry systems is an opportunity for the young people to get an in-
come and to stay in the village.  The establishment of a clonal rubber plantation 
does not require a prohibitive amount of capital.  Although farmers have to in-
vest in inputs and work during the immature period, the establishment cost of 
one hectare in RAS 1 is around Rp 500,000 and the future income generated 
constitutes a sufficient asset. 

Table 12.  Total annual revenue per village 
Village Bali 

without 
oil palm 
credit 

Bali 
with oil 
palm 
credit 
repaid 

Embaong Engkayu Kopar Pariban 
Baru 

Sanjan Suka-
mulia 

Trimulia 

Annual 
income 
(,000 
Rp/year) 

4405 1714 2007 1173 1079 2147 1954 2783 1345 

Main 
source of 
income 

Oil palm Oil 
palm 

Clonal 
rubber 

Jungle 
rubber 

Jungle 
rubber 

Jungle 
rubber + 
off-farm 

Clonal 
rubber 

Off-
farm + 
clonal 
stumps 
pur-
chase 

Off-farm 
+ rice 
sawah 

 

The annual income for Bali farmers is twice that of Embaong farmers because of 
income from two main sources: oil palm in its high production phase (planted in 
1983) and jungle rubber.  However, when the oil palm credit installments for the 
Bali farmers are annually taken into account, (for a total credit of Rp 11.5 mil-
lion to be repaid in seven years), the net annual income is lower than the income 
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from clonal rubber plantation.  This shows that oil palm credit seems to be diffi-
cult to repay during the first years of production (year 3 to 7), due to the fixed 
rate (30% of the monthly production) taking into account the fact that farmers 
expectations are rather high.  However, oil palm income per hectare is far more 
attractive that that of jungle rubber.  Although their income can be high, oil palm 
smallholders are obliged to sell their production to a specific factory and cannot 
negotiate the price.  A major drawback for oil palm smallholders is their lack of 
independence and freedom.  Another problem for farmers in oil palm schemes is 
the need to replant oil palm after 20 or 25 years of production. 

For the local Dayak farmers, who do not have a rubber project like TCSDP or 
SRDP, the annual income is modest due to the low latex production in old jungle 
rubber.  For the progressive villages, like Sanjan or Embaong, farmers have un-
derstood the advantages of clonal rubber compared to local rubber (better yield), 
although the choice of clone (GT1) was not the best.  With the development of 
budwood gardens, choice of clones more resistant to leaf disease (e.g., PB260), 
and social cohesion, the establishment of new clonal rubber agroforestry systems 
in ladang began in Sanjan village. 

For the transmigrant villages, off-farm employment constitutes a short-term 
strategy, as in Sukamulia.  These farmers have chosen to invest in production of 
clonal stumps for sale, which requires an annual investment of Rp 579,347, simi-
lar to RAS 1.  The profit from the sale of stumps is higher than the annual in-
come from clonal rubber plantations in Sanjan or Embaong village (Rp 
3,714,402) (Schueller 1997).  However, this short-term strategy does not allow 
the farmer to invest in land for his children. 

A typology of Dayak and Javanese farming systems (see Table 13) 

We can describe three types of farming system according to the following crite-
ria: 
• Ethnic group: adoption of innovations will not be for the same reasons for 

Dayak and Javanese transmigrant farmers. 
• Total cultivable area of land: a strategy of Javanese transmigrants is investing 

capital in land purchase as a way to increase their incomes and also for their 
children. 

• Access to customary land. 
• The lack of capital: the difficulty of obtaining credit at low interest rates. 

Dayak societies traditionally distribute capital amongst members by organi-
zing feasts. 

• The lack of  technical information on IGPM production: access to technical 
information, lack of communication between farmers. 

• Off-farm activity (oil palm). 



Table 13.  Classification of farming systems in Sanggau and Sintang area 
Farming Sys-
tems 

Ethnic 
group 

Population 
density 

Ecological  Access to 
communal land 

Cropping systems Off-farm Constraints Innovations 

Intensive sys-
tem on sawah 

Javanese High Low land de-
graded, poor 
soils 

Difficult Sawah (0.75 ha): 2 crops 
paddy/year+fertilizer+herbicide 
Yield=1.5t/ha 
 
Lahan satu + dua (1 ha):  
Vegetables + rubber nursery 
 
Pekarangan (0.25 ha): high 
density fruit trees (>70) + 
budwood garden 

Oil farm Limited land area 
(2 ha) 
 
Problem of Imperata 
cylindrica 

Rent draught 
labour for sawah 
 
IGPM produc-
tion for sales 

Extensive 
system tradi-
tional 

Dayak Low Upland, 
secondary for-
est, poor soils 

Easy Sawah (3 ha)+ 1 crop paddy per 
year, no fertilizer+herbicide 
Yield = 0.95t/ha 
 
Ladang (3ha): 1 crop paddy per  
year (rice wine) no fertilizer +  
herbicide 
Yield = 0.5 t/ha 
 
Jungle rubber (4.7ha): 
yield = 0.5t/ha 
fallow (4 ha) 
tembawang customary land or 
private: (1 ha) 
access to wood and timber 

Oil palm 
 
Cut wood 
and limited 
harvest 

Social: lack of com-
munication 
 
3 social groups: 
- RAS adoption  
- kelapa sawit adop 
  tion 
- traditional 
 
Absence of fertilizer 
in sawah and ladang 
 
Gotong royong 
 
Lack of capital for 

Jungle rubber to 
RAS 1/2/3 
 
Oil palm 
private planta-
tion 
 
Production of 
vegetables with 
chicken 
fertiliser 
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Farming Sys-
tems 

Ethnic 
group 

Population 
density 

Ecological  Access to 
communal land 

Cropping systems Off-farm Constraints Innovations 

buying clonal stump 
+ fertilizer 
 
No prod budwood 

Extensive 
 
Intensive 
system based 
on rubber 

Dayak low Upland, secon-
dary forest, 
poor soils 
(sandy) 

easy Sawah (0.75 ha): 1 crop per year + 
herbicide 
Yield=0.75t/ha 
 
Ladang (1.5 ha): 1 crop per year 
Yield = 0.8 t/ha 
 
Jungle nibber (3.5 ha 
Yield = 0.5 Out 
 
Monoculture (SRDP) (2 ha) 
Yield= 1.6 t/ha 
 
Tembawang (2.4 ha) 
 
Fallow (4 ha) 

Trading 
wood and 
timber 
harvest 

Lack of capital to 
buy fertiliser 
 
Leaf disease (colle-
totrichum) limiting 
production rubber 
on GTI clone 

Monoculture to 
RAS (no oil 
palm project) 
 
Herbicide to 
sawah and 
ladang 
 
Diminution 
area+sawah: 
concentration 
labour force on 
tapping rubber 
(mono culture) 
 
IGPM prod in 
private and col-
lective nursery 
for replanting 
 
Several mutual 
group (bud-
wood gardcn) 



Traditional Dayak extensive system (villages of Kopar and Engkayu) 

Traditionally, Dayak farmers practice an extensive agricultural system based on 
rubber, due to the abundance of land and easy access to customary land.  The 
traditional cropping systems are based on cash crops (jungle rubber) and subsistence 
crops (rice) in sawah and ladang.  After harvesting rice in ladang, 90% of farmers 
establish jungle rubber with unselected seeds as a means of land acquisition.  
Despite this, farmers still have a limited area of jungle rubber, generally 
corresponding to an area that can be tapped by the available labour of the 
household. 

Because of a lack of communication between farmers and the social pressure for 
equity, only a small proportion of farmers are interested in investing their labour in 
different types of rubber agroforestry systems.  The other farmers are either still 
undecided on whether to invest in RAS or oil palm projects or to keep their 
traditional jungle rubber. Risk avoidance is also a major component of their 
strategy.  Although they know that they have to adopt some innovations to increase 
their overall productivity, any introduction of innovations potentially increases 
risks.  A general observation on farmers’ attitudes in these villages is that farmers 
are not thinking of the future and are not investing in the next generation.  The 
situation in Bali village is typical of traditional Dayak farmers who have adopted oil 
palm, and where the system of group labour has become a social constraint, 
compared with rubber smallholders who can manage their time freely. 

Intensive system using clonal rubber: Dayak people (villages of Embaong, 
Paribanbaru and Sanjan)  

The villages of Embaong, Paribanbaru, and Sanjan have successfully adopted in-
novations.  The introduction of clonal rubber planting material in combination 
with the progressive attitudes of the farmers has led to a replacement of the ex-
tensive agricultural system with an intensive system based on clonal rubber.  In 
Sanjan village, this process has been in operation for 15 years.  Farmers consider 
ladang and sawah cultivation as secondary farm activities.  Farmers prefer to 
concentrate their labour force on their rubber monoculture, an agroforestry clo-
nal rubber plantation.  Clonal rubber stump production is seen as a means to in-
crease clonal rubber area.  Farmers use community group labour (gotong royong) 
to produce rice and rubber.  The cost is increasing due to increasing off-farm op-
portunities (oil palm plantations). With the income from rubber, the use of herbi-
cide (Round Up) is becoming an alternative to reduce costs for gotong royong 
weeding in sawah, ladang, and rubber. 

Intensive Javanese system based on sawah and IGPM production (Sukamu-
lia and Trimulia) 

The Javanese transmigrants practice an intensive system for sawah due to their 
limited cultivable area (two hectares from transmigration scheme).  This land 
constraint encourages the Javanese farmers to intensify their rice production in 
sawah by using improved seeds, natural and chemical fertilizers, and herbicides.  
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With the introduction of clonal rubber planting material, Javanese transmigrants 
have developed rubber rootstock nurseries on their upland fields as a source of 
income.  Upland cropping systems are generally not intensive due to higher risk 
of crop failure.  The village of Sukamulia is typically representative of such sys-
tem.  In Trimulia, farmers were primarily interested in land rehabilitation with 
clonal rubber. IGPM production is seen as an opportunity but not yet really deve-
loped, however, there is obviously a great interest in that activity. 

Conclusion on farming systems characterization 

The adoption of innovations is essentially due to social processes.  The classifi-
cation of farming systems shows that with different agroecological situations 
(forest area and Imperata cylindrica area), the strategies for improving returns to 
labour are different between villages. 

The Dayak farmers complain about too many farm activities because they do not 
concentrate their labour on intensive farming systems, which give a high return 
to labour.  In contrast, Javanese transmigrants have developed an intensive strat-
egy to compensate for their lack of land.  This is based on rice crops with im-
proved varieties and on rubber rootstock nurseries in upland fields. 

Regarding the main constraints (i.e., lack of capital, lack of social cohesion), one 
could question if capital is a real constraint, especially if one compares the cost of 
the investment in one plot of a clonal rubber agroforestry like RAS 1 (Rp 500,000) 
with the credit needed to buy a « parabola ».  In fact, it is possible for many farmers 
to invest in a rubber agroforestry system, step by step (half hectare every 3 or 4 
years for instance).  But on the other hand , there is an immediate and legitimate 
demand for consumer goods.  The trade-off is invest now or profit now! 

Most farmers do not know which clones are adapted to the agroecological situations 
in West Kalimantan.  The lack of information is essentially due to the lack of com-
munication between farmers and also the lack of information from official planta-
tion service authorities (Dinas Perkebunan or DISBUN).  Also, the lack of techni-
cal information constitutes a constraint to the production of improved rubber plan-
ting material.  The establishment of budwood gardens by the SRAP project is a 
good opportunity for the farmers to learn how to produce improved rubber planting 
material.  However the choice of rubber cropping system essentially is the 
farmer’s own decision and depends on his perceptions of the advantages and dis-
advantages of monocultural or agroforestry systems. 

For most of the farmers with little capital, their strategies are oriented to exten-
sive cultural practices as long as land is abundant.  This situation will change 
with the establishment of oil palm plantations in Sanggau and Sintang areas.  If 
farmers have not achieved their perceived minimum standard of living (e.g., with 
respect to their children’s education, housing and health), then they are likely to 
favour opportunities which will let them attain that standard of living as quickly 
as possible.  These opportunities may be off-farm work or planting oil palm. The 
interest of many farmers in adopting oil palm is explained by the fact that credit 
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is included in an oil palm project.  These projects are an opportunity for farmers 
without capital or with a short-term strategy (i.e., salaried employee). 

With the adoption of innovations, social differentiation between villages and 
farmers is likely to occur.  Access to land, which was the main criteria of social 
differentiation, will be replaced by another factor: access to innovations and de-
velopment of innovations by the farmers themselves.  Therefore, it will be inter-
esting to analyse the constraints and the perceptions of innovations in relation to 
the adoption of improved rubber planting material by farmers. 

Innovation Adoption Process (Survey 2) 

Adoption of improved rubber planting material: Advantages and constraints 

Before SRDP or SRAP projects were implemented in the provinces, farmers 
already knew about clonal rubber.  Generally, this knowledge was limited to its 
high yielding characteristics.  Requirements of clonal rubber in terms of labour 
for weeding, fertilization, and exploitation systems were not well known.  There-
fore, most farmers were not able to assess the labour and cost requirement, the 
consequences of shifting from jungle rubber to clonal rubber, or the necessary 
changes in management of resources at the farm level.  The main objective of the 
SRAP project was to introduce systems that required as little management as 
possible, while still ensuring a good growth of clonal rubber. 

There is a real demand from the farmers to transform their local rubber agrofo-
restry systems by including external innovations, such as clones, fertilization, 
and good tapping systems.  However, innovation can be considered as a risk, 
particularly in terms of capital and labour investment.  The adoption of innova-
tions by a village depends on the social structure, as can be seen by the success 
in Sanjan and failure in Kopar. 

Some farmers in Sanjan who had access to clonal rubber in monoculture also be-
gan to develop innovations, such as intercropping during the immature period 
and planting fruit and timber trees (or selecting these from the natural regenera-
tion).  They therefore created a complex agroforestry system based on improved 
rubber, where the original aim of improving the fallow has been replaced by the 
establishment of a more intensive cropping system.  These practices were for-
bidden in rubber development projects until as recently as five years ago.  Popu-
lation increase, land scarcity in some areas and other more productive crop op-
portunities have forced farmers to move to a more productive rubber agrofor-
estry system. Farmers now want to improve their income by increasing latex pro-
duction (Gouyon 1993). 

Fifteen years after the SRDP project and two to three years into the SRAP pro-
ject, what are the farmers’ perceptions of the clonal rubber compared to the local 
seedlings?  What are the contraints for clonal rubber adoption compared to local 
seedlings?  Which rubber cropping systems would farmers favour using clonal 
rubber? These questions are addressed below. 
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‘Karet Lambau’: a first experience with improved rubber 

The introduction of rubber by private Dutch estates in the 1910s triggered a radi-
cal change in the landscape, but not in farmers’ practices, at least in the begin-
ning. In 1920 in the Semitau district, a Dutch priest imported an improved rubber 
variety from Medan, Sumatra, called ‘karet lambau’.  Lambau in the Dayak lan-
guage means “something new which came from outside”, a definition of an ex-
ternal innovation.  The rubber tree had a straight trunk, rough bark, long leaves 
and produced a yellow concentrated latex (productivity similar to AVROS 
2037). After five to six years, the rubber started to produce latex and continued 
for 25 years.  This rubber was very susceptible to disease (root, bark and leaf di-
sease) and not robust in withstanding tapping by inexperienced farmers.  The 
average yield per tree per tapping was superior to that of jungle rubber.  Despite 
being forbidden by the Dutch authorities to plant karet lambau in fallows, far-
mers stole seeds to develop the jungle rubber system.  In fact, rubber plantations 
were established widely during the Japanese occupation. 

Characteristics of improved rubber planting material: high yield, better 
growth and good secondary characteristics. 

The farmers’ perceptions of clonal rubber are that the main qualities are a high 
yield (50 %) and a better growth (40 %) (Figure 7).  

Figure 7.  Advantages of clones compared to seedlings 

 
Only two villages (Sanjan, Embaong) have clonal rubber trees (GT1) actually in 
production, these being from the SRDP and TCSDP projects.  Farmers can com-
pare the age of opening between the clonal and local rubber.  The farmer begins 
to tap the clonal rubber after six to seven years, whereas the average age of ope-
ning local rubber is 13 to 15 years.  So the first advantage of using clonal rubber 
is the early opening for production.  In Sanjan, when the same number of rubber 
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trees are tapped (200 to 300), the production of clonal and local rubber is 15 kg 
and 5 kg per day respectively.  The average yield of GT1 in SRDP or TCSDP 
plots is 1200 kg/ha (TCSDP, pers. comm.) compared to 500 to 600 kg/ha for 
jungle rubber.  

Farmers believe that the lifetime of local rubber (40 years) is longer than clonal 
rubber (only 25 years).  However, the economic lifetime of clonal rubber is 
about 30 to 35 years; it is poor tapping practices by the farmer that reduce the li-
fetime to 20 years.  However, the shorter productive life is compensated for by 
the early start of tapping. 

Production of GT1 is limited due to the attacks of leaf disease.  Therefore, re-
commendations for specific clones that are suitable for the agroecological condi-
tions are very important.  In this area, clones such as PB 260, RRIC 100, BPM 1 
and RRIM 600 are the most suitable.  PB 260 is more resistant to disease than 
RRIC 100 and BPM 1 (and incidentally is also relatively high yielding, produ-
cing on average 1600 to 1800 kg/ha/yr in South Sumatra in similar conditions).  
The main problem of some clones such as GT1 is suceptibility to disease (Colle-
teotrichum, root disease).  Because this is the only clone they know, only 3% of 
farmers interviewed believe that clonal rubber is more resistant to disease than 
local rubber.  As there is a lack of information about the price of the treatments 
for these diseases, farmers assume the prices are high and this could be a disad-
vantage of clonal rubber.  

Disadvantages of clonal rubber compared to local seedlings? 

Farmers believe that the main constraints to adoption are that clonal rubber re-
quires more fertilization (20%) and more weeding (20%) than local ruber (Figure 
8).  Farmers fertilize their clonal rubber plantation only when projects provide 
inputs, because farmers lack the capital to invest in fertilizers. Fifty percent of 
the farmers believe that the most suitable number of weedings for the growth of 
clonal rubber is three to four times per year.  However, the constraints for the 
farmers are the lack of time and the lack of labour force to carry out this wee-
ding. Twenty-five percent of the farmers can carry out only two weedings per 
year due to other farming activities (gotong royong) or off-farm activities (oil 
palm).  This reflects the fact that most farmers are still following an extensive 
strategy and do not currently assess the gains in labour and land productivity of 
clonal rubber. 
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Figure 8.  Disadvantages of clones compared to seedlings 

 
 

Before the SRAP project, 65 % of the farmers were aware that clonal rubber re-
quired more weeding than local rubber, due to root competition with the weeds.  
For 45 % of farmers, the main weed is Imperata cylindrica, especially during the 
five years of the immature period (Figure 9).  Without weeding, Imperata cylin-
drica retards the growth of clonal rubber.  Local rubber can grow without wee-
ding compared to clonal rubber which requires a minimum of four weedings per 
year during the first two to three years.  One of the reasons why some farmers 
have chosen the improved agroforestry system RAS 2.2 (in participatory Re-
search with SRAP project) is to address the weed problem. Intercropping with 
rice requires weeding of the intercrop; this directly benefits the trees and the 
farmer gets a higher return to his labour in the form of the rice crop.  
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Figure 9.  The main weed in clonal rubber field 

 
 

The use of herbicide (Round Up) is more efficient than manual weeding.  Far-
mers save labour and money because one day is sufficient for weeding one hec-
tare with herbicide, whereas nine man-days are necessary with a machete (this 
method is also less effective).  RAS 1, the system similar to the current jungle 
rubber system, seems a suitable alternative as the regenerating secondary forest 
(belukar) shades out the weeds at least in the inter-row.  One farmer in Engkayu 
said, “If I have no money to buy herbicides, I will go back to the jungle rubber 
system”.   

Twenty percent (or two) of the farmers stated that another constraint of clonal 
rubber is the cost.  The farmer has to obtain a credit for the adoption of the im-
proved planting material, especially with the SRDP projects.  The average price 
of a clonal stump is between Rp 250 to Rp 400.  The investment for one hectare 
of clonal stumps (500 stumps) is estimated to be between Rp 125,000 and Rp 
200,000.  In Sanjan, 20 farmers who had obtained credit for the project in 1980-
83, repaid it after five or six years of production.  For one hectare, the credit 
amounted to Rp 1.450 million in total, with a contract of 13 years duration.  
Three types of clonal stumps were planted: GT1, AVROS 2037 and PR 261.  In 
Sanjan, a farmer said that before buying clonal rubber, one must first know the 
yield of each type of clone. 

Only 8 % of the farmers consider that the quality/purity of the clone is important 
for rubber growth (Figure 10).  A farmer in Sanjan said, “When I grow rice in 
ladang, if rainfall is normal, I know approximately what the yield will be. But 
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with the different rubber clones, I do not know what the difference in yields will 
be.” 

Figure 10.  The most important criteria for ensuring good rubber 
growth 

 
 

One reason for this statement could be that only Sanjan farmers actually have 
experience with different clones. They know that different plots of rubber mono-
culture planted at the same period do not produce the same amount of latex. Ho-
wever, clonal rubber production is very homogenous (all rubber trees produce 
more or less the same quantity of latex) this reflects different type of soils, ex-
ploitation systems and different effects of leaf disease on production. Good tech-
nical information on clones is demanded by farmers, as well as adapted and re-
liable clonal recommendations. Recognition of different clones by farmers is a 
problem. 

The preference for improved rubber planting material  

Generally, farmers have a preference for grafted clones (70%) over clonal see-
dlings (20%) (Figure 11).  Clonal seedlings are grown from seeds collected from 
plantations of grafted clones.  They have a slightly better yield than unsellected 
seedlings, but this is still much lower than grafted clones.  In the study area, far-
mers will choose improved planting material that they know.  Farmers who pre-
fer to plant clonal seedlings believe that clonal seedling growth is faster than 
grafted clones and production of planting material is easier (no grafting).  
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Figure 11.  Preference of planting material 

 
 

Recognition of clonal rubber 

Forty-five percent of the farmers are not able to recognize a clonal stump from a 
local rubber stump, reflecting the lack of information on grafting (Figure 12).  
Each village has a budwood garden with different clones.  In Sanjan, four types 
of clonal stumps have been introduced (PB 260, RRIM 600, RRIC 100, PBM 1) 
by the SRAP project.  Many farmers (25%) can not distinguish between these 
four clones, but they can see differences between clones and local seedlings, es-
pecially through observation of leaves, roots and trunk.  A clone has thick leaves 
and a smooth trunk compared to the local seedling, which has thin leaves and a 
rough trunk (local criterias of identification).  Some farmers (15%) can recognize 
only one clonal stump, RRIC100 with large leaves, or PB 260 with round leaves.  
Ten percent of farmers believe what government officials (DISBUN) say about 
clonal rubber.  
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Figure 12.  Recognition of clonal rubber 

 
 

Regarding the characteristics of improved rubber planting material, farmers 
know only general information (better yield, better growth).  In 1989, govern-
ment officials introduced the concept of clonal rubber to the farmers.  While 
farmers have understood the difference between clonal and local rubber in terms 
of yield, the difference between clones in terms of yield, growth or susceptibility 
to disease is not known. 

IGPM Production (Survey 3) 

Some farmers have developed IGPM production activities to obtain additional 
sources of income besides farming.  The main constraints to producing clonal 
planting planting material are limited credit (30% farmers), lack of technical in-
formation and no source of budwood (15% farmers) (Figure 13). 
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Figure 13.  The constraints of producing clonal rubber planting mate-
rial 

 
 

The lack of technical information comes from the lack of communication bet-
ween farmers.  Several farmers do not know anything about the grafting process, 
rootstock nursery, and the use of a budwood garden.  

Ninety-seven to sixty percent of the farmers wish to have a budwood garden and 
an individual nursery, respectively.  With a collective rootstock nursery, the pro-
blem is cooperation within the group of farmers. Only one village (Sanjan) has 
already started producing their own clonal stump from their SRAP budwood 
garden.  Because of the lack of access to budwood gardens, farmers are obliged 
to buy clonal stumps.  The average price of clonal rubber estimated by the far-
mers is Rp 300 to Rp 400.  However, the lack of communication between far-
mers can be considered a major constraint because farmers do not know the 
correct price of a clonal stump, a polybag or one metre of clonal budwood.  Fif-
ty-two percent of the farmers believe that stumps with two whorls of leaves in 
polybags are necessary to plant in the field.  

In light of a real demand for improved rubber planting material by farmers, and 
also the generally low quality of planting material, the establishment of a bud-
wood garden in the village would allow farmers to produce good quality material 
themselves.  Farmers are aware that it would be better if producers could guaran-
tee the quality of improved rubber planting material they sell. 

Innovations in rubber cropping systems (Survey 4) 

Which rubber cropping system is the most suitable and efficient for clonal 
rubber? 

For future planting, fifty-two percent of the farmers stated that they would 
choose a RAS with clones, while less than 10% would prefer the monoculture 
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cropping system with clonal rubber (Figure 14). Only 3% of farmers would 
choose jungle rubber with clonal seedlings. 

Figure 14.  Farmers’ current preferences for rubber cropping systems 

 
 

Reasons why clonal rubber can not replace local rubber in the traditional 
jungle rubber system 

The first reason given was that without fertilizers and sufficient weeding the clo-
nal rubber cannot survive in a jungle rubber environment.  The regenerating se-
condary forest grows faster than rubber without weeding.  The root competition 
between natural trees and clonal rubber is too strong.  Soil fertility is a major 
problem for rubber growth. If a farmer wants to use clonal rubber in the jungle 
rubber system, he should plant it in a row and weed it well.  The concept of 
RAS1 was based on remarks like these by farmers. 

What are the advantages and disadvantages of planting clonal rubber or lo-
cal rubber in RAS? 

Farmers had some difficulty in answering this question as they only had expe-
rience with one or two cropping systems (especially farmers who did not have 
RAS trials).  This fact reflects the lack of communication between farmers and 
the difficulties in introducing innovations when farmers have a long tradition of 
jungle rubber, which they still consider as a reliable and sustainable source of in-
come.  In theory, farmers prefer RAS over monoculture because annual or pe-
rennial crops in inter-rows provide income diversification. 

Farmers’ perceptions of RAS 

Several criteria seems to be relevant: 
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a) the potential production of clones: 1500 to 1800 kg/ha ; 

b) income diversification (associated fruit and timber as well as potential an-
nual intercropping); 

c) adapted cultural practices on the rubber line. 

The reduction of the immature period from eight to fifteen years (with jungle 
rubber) to five to six years (with clones) is also an important objective.  By using 
fertilizers, clonal rubber growth is boosted.  Farmers believe that clonal rubber 
requires a large amount of fertilisation, whereas local rubber does not require 
any.  If they do not follow the RAS recommendations (fertilizers + weedings), 
farmers believe that local rubber has better growth than clonal rubber.  This fact 
confirms that the main constraints of using clonal rubber planting material are 
the labour for weeding and fertilization.  Farmers are aware that some clones are 
susceptible to disease and are looking for resistant planting material.  The advan-
tage of RAS lies in the combination of crops: mixing annual (rice) and perennial 
crops (fruit and timber) with rubber.  According to farmers in RAS 2, intercrop-
ping is limited to the first two years.  In the fourth year, farmers would like to 
plant pineapple or another intercrop as the weeding of these crops would reduce 
Imperata cylindrica. 

RAS: Advantages of associated trees and cover crops with clonal rubber  

According to farmers, 90% are interested in planting fruit trees and 70% are inte-
rested in planting timber trees with clonal rubber.  However, farmers think that it 
is better to plant trees three years after planting clonal rubber because of compe-
tition for nutrients and light.  The distance between trees and rubber for suitable 
rubber growth is three metres.  However, for durian trees farmers believe that a 
wider inter–row of ten metres is better because of light competition.  According 
to some farmers, it is difficult for them to estimate the potential decrease in rub-
ber growth that may result from mixing other trees with rubber. The results of 
the RAS trials should provide information on this and be a means of comparing 
farms.  Competition from associated trees has not been a problem so far during 
the immature period.  

Farmers believe that fruit trees offer more advantages than timber trees as the 
former have quicker production (five years for locust bean (petai) and ten years 
for stink bean (jengkol)) and there is also the opportunity to sell fruit for which 
there is a more important market than timber (especially for durian fruit).  

In theory, planting associated trees and covercrops was a means to reduce the 
number of weedings per year.  Covercrops, particularly Chromolaena odorata 
which can grow in sandy soils, are a good alternative to herbicides. Covercrops 
can also improve soil fertility and reduce soil erosion.  However, for farmers co-
vercrops require a lot of work for no useful, harvestable production.  This is the 
main reason why farmers do not want to plant covercrops. 

The perception of the rubber monoculture system differs between farmers.  The 
lack of complementary production (fruits, timber, etc) is the main constraint 
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when compared to the traditional agroforestry practices.  Farmers believe that the 
monoculture system is more suitable for estate plantations than for smallholders 
(Schueller 1997).  An interesting case is found in Sanjan village where 30% of 
farmers have planted between 90 to 300 fruit and timber trees into their mono-
culture clonal rubber plots.  Also, despite the presence of community forest 
(tembawang) which contains fruit and timber trees, there is a lack of accessible 
fruit trees in the village. 

Between Embaong and Sanjan villages, the perception of monocultural rubber 
plantations is different. Sanjan farmers want to develop rubber agroforestry sys-
tems, while Embaong farmers prefer to maintain their monoculture rubber plan-
tations and also develop an alternative: oil palm plantations. 

Conclusion 

In West Kalimantan, the adoption of improved planting material in each village  
depends mainly on village organization, social interactions between groups, 
IGPM availability and cost of planting material.  Before the adoption of impro-
ved rubber planting material, the farmers income was provided mainly by jungle 
rubber with a low productivity (500 kg/ha).  At present, most farmers have opi-
nions about the advantages and disadvantages of adopting improved planting 
material in agroforestry systems as an alternative to their current rubber cropping 
systems (jungle rubber, monoculture).  The main qualities of clonal rubber are a 
better yield (1.5-1.8 t/ha), better growth, and a reduced immature period, al-
though there is some susceptibility to disease (leaf disease).  For good growth, 
clonal rubber requires fertilizers (Urea, KCL, TSP, Dolomite) and weeding (in 
particular for Imperata cylindrica).  These conditions require farmers to invest 
more in labour.  However, farmers can not always follow the suggested weeding 
programme for RAS because they have other farm activities (e.g., annual crops, 
gotong royong work groups).  Only two villages decided to invest their labour in 
rubber plantation as a first priority (Sanjan, Pariban Baru). 

The main constraints to IGPM production are the input costs required, the lack of 
capital, technical information and grafting training.  The cost of one clonal stump 
is still high.  Only one village (Sanjan) is currently  (1997) producing their own 
clonal stumps from their SRAP budwood garden, but the other SRAP villages 
will be ready to produce in the very next future.  However, more than 50% of the 
farmers do not have grafting skills or know about rootstock nursery or budwood 
garden management.  The lack of communication between farmers is one of the 
constraints to producing improved rubber planting material.  There is a real de-
mand for training, however, farmers themselves do not ask other experienced 
farmers to teach them how to graft. 

With the improved rubber planting material, farmers generally prefer RAS over 
monoculture as long as they know that they can choose their system.  The main 
reasons are that farmers can mix rubber with fruit and timber trees and RAS re-
quires less inputs and labour.  In Sanjan village, farmers are changing their mo-
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noculture to RAS by allowing regeneration natural vegetation and by planting 
fruit trees.  

Currently, oil palm plantation projects are developping in the Sanggau and Sin-
tang area.  The adoption of oil palm in a village depends on the level of social 
organization and coherence in farming strategies.  The great opportunity with oil 
palm is that credit is provided, however, each farmer loses 5.5 ha of land to the 
project.  For some traditional Dayak villages, like Kopar and Engkayu, moving 
to oil palm represents a great change in both farming and social activities, but al-
so reflects the confusion of farmers or the community when faced with a choice 
of various systems and the lack of credit. 

In Sanjan, there is a strong community with a solid experience of both mono-
culture rubber and agroforestry (jungle rubber and tembawang) and good land 
use management.  The community refuses oil palm projects and is orienting fur-
ther rubber plantations to  more agroforestry cropping patterns.   

In Pariban Baru, Dayak farmers in a transmigration area are rebuilding agrofo-
restry systems and RAS fits their strategies perfectly.  Trimulia village is repre-
sentative of Javanese transmigrants who put emphasis on sawah and consider 
annual cropping on upland fields to be too risky and, therefore, are slowly plan-
ting clonal rubber.  The labour requirement for weeding is the main constraint as 
off-farm employment is quite important.  

Finally, the village of Sukamulia represents another situation where IGPM pro-
duction for sale has been taken up as a very interesting crop opportunity with 
almost no risk of crop failure.  However, no quality control and no demand for 
quality by the final users has led to production of very low quality IGPM.  Al-
though IGPM production as an innovation in itself has been adopted, quality re-
quirements and clonal purity still need to be improved.  This illustrates the need 
for a well defined IGPM quality policy. 

While some farmers favour oil palm plantations, others prefer clonal rubber 
plantations. This presents a good opportunity to observe the socio-economic evo-
lution and the dynamic of strategies in West Kalimantan province over the next 
few years to identify a typology of situations.  However, local people have al-
ways used agroforestry practices and some communities, like Sanjan, are refu-
sing to develop oil palm on their land.  There may be room for a compromise 
between the adoption of new perennial cropping systems (oil palm) and the inte-
gration or maintenance of some agroforestry practices in improved rubber agro-
forestry systems.  The main constraint to technical improvement of cropping sys-
tems is information.  Without sufficient information on risks (crop failure) and 
technical aspects (monoculture, RAS, other types), the receptivity of local popu-
lations to external innovations will be limited. 
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Biodiversity in rubber agroforests 

H. Beukema, M. Van Noordwijk, F. Stolle, H. De Foresta1 
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Introduction 

The current smoke problems in Jambi province caused by land clearing are get-
ting ample media attention as an air pollution and traffic control problem.  It is 
striking that hardly any attention is paid to the fact that the present forest conver-
sion, mainly for oil palm estates, industrial timber plantations and transmigration 
sites, causes the largest and probably most rapid destruction of Jambi lowland 
forest biodiversity in the history of land use change in Jambi.  

We can distinguish two major waves of recent land use change in the lowlands 
of Jambi: 
• late 1970s to mid 1990s: logging of primary forests (see maps of the major 

land use types in the Jambi lowlands of the early 1980s based on RePPProT 
map, and the early 1990s based on BIOTROP map, below). 

• early 1990s to present: conversion of primary and logged-over forests to 
large-scale plantations, mainly oil palm (reconnaissance survey H. Beukema, 
June/July 1997). 

The extent of smallholder rubber has increased gradually over this whole period. 
 

                                                           
1 ICRAF-SE Asia, PO Box 161, Bogor 16001, Indonesia 
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Figure 1. 

 

Figure 2. 
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Logging of primary forests has changed forest structure and composition and has 
affected those lowland forest species populations that are most sensitive to dis-
turbance.  However, those logged-over forests still contained many forest spe-
cies.  Preliminary results by ICRAF‘s Alternatives to Slash-and-Burn (ASB) In-
donesia Phase Two Summary Report (ICRAF 1997) show that primary forests 
and logged-over forests have the highest plant richness in standardized sample 
plots of 40 x 5 m, while values for smallholder rubber were intermediate. 

We can expect biodiversity values for large-scale plantations to be minimal due 
to the land clearing method of slashing and burning, their monotony in structure 
and uniformity of management including the extensive use of chemicals.  Table 
1 summarizes the major trends in land use intensification and biodiversity loss 
and shows that the only major land use that will remain to conserve some of the 
originally very rich tropical rainforest biodiversity are smallholder rubber agro-
forests.  

Table 1.  Land use intensification causes biodiversity loss in Jambi low-
lands 

Year Land use type Biodiversity Extent  value 

Early 80s Primary forest 
Logged-over forest 
Smallholder rubber 
Large-scale plantations 

BBB 
BB 
B 
- 

+++++ 
++ 
++ 
- 

Early 90s Primary forest 
Logged-over forest 
Smallholder rubber 
Large-scale plantations 

BBB 
BB 
B 
- 

++ 
++++ 
+++ 

+ 

2000 Primary forest 
Logged-over forest 
Smallholder rubber 
Large-scale plantations 

BBB 
BB 
B 
- 

0 
- 

++++ 
++++++ 

This implies a dramatically different view on biodiversity conservation as the fo-
cus moves away from large, continuous, remote and sparsely populated forest 
areas to the more densely populated landscape along roads and rivers consisting 
of a mosaic of small rubber plots of different age and intensity of management, 
where so far production has been the only concern. 

Segregation or integration of agricultural productivity and biodi-
versity conservation 

The importance of biodiversity is now widely recognized at the policy level, but 
decisions on ‘conservation’ often do not take all land into consideration.  ‘Pro-
duction’ areas outside national parks (e.g., 94% of the lowlands of Sumatra) are 
generally excluded because of a lack of models for evaluating biodiversity and 
production values together. 
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We propose here a model based on a novel analysis of the conservation-
production conflict that offers wide applicability, but remains to be tested. 

Two main options can be considered for conservation of biodiversity values in 
the ongoing process of tropical rainforest conversion and land use intensification 
(van Noordwijk et al. 1997): 
• segregation of biodiversity conservation: intensification of the production on 

agricultural land is stimulated while other areas are set aside for biodiversity 
conservation in (regenerating) forests, 

• integration of biodiversity conservation: intensification of the production on 
agricultural land is kept to a minimum, so as to optimize the biodiversity 
value of all land. 

Choices for these strategies should be based on both biological and socio-
economic considerations.  Biological criteria to decide which option is best for a 
given ecosystem and agricultural production system can be based on the effect of 
management (and the ecological disturbance which results from this) on relative 
biodiversity and productivity values: 
• a biodiversity value B relative to the potential biodiversity as obtained by a 

'conservation strategy' for the same unit of land, 
• a productivity value P relative to the potential productivity as obtained by a 

full 'production' strategy for the same unit of land. 

For systems with B > P at intermediate productivity (see Figure 3), the 'integra-
tion' pathway is worth investigating on its social and economic merits.  Great 
expectations exist that 'agroforests' are an intermediate-intensity land use form in 
the tropics that can help to conserve biodiversity while allowing sufficient pro-
duction of economically attractive crops, such as rubber.  

Figure 3. 

 
The current research seeks to operationalize the above model for species-rich 
tropical lowland rainforest and rubber agroforest in the Jambi lowlands by as-
sessing biodiversity and production values under different management regimes 
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and in different landscape ecological units.  For biodiversity (B) values, data on 
Pteridophyta are being collected, while for production (P) values, data on aver-
age latex production per hectare per year will be collected, as well as data on 
other forest products.  The focus of the current research is on the trade-off be-
tween production values and biodiversity conservation values in smallholder 
rubber. 

A case study in Southeast Sumatra (Gouyon et al. 1993) has shown that in 
smallholder rubber a low management level allows for regeneration of forest-like 
conditions and conservation of an important part of α-biodiversity as found in 
nearby species-rich primary forest.  While this case study was comparing biodi-
versity values on a sample plot level (comparing a rubber agroforest plot with a 
primary forest plot nearby), the present research will go beyond this α-diversity 
level to assess the complementarity (the distinctness or dissimilarity) between 
vegetation units at the landscape level (β-diversity).  If at sample plot level rub-
ber agroforests represent approximately 60 % of the species richness of a natural 
forest, we cannot say what the relative value is of 1 Mha of agroforest compared 
to 1 Mha of natural forest unless we can extrapolate from α to β diversity.  To do 
this, we need the degree of species overlap between samples.  Taxonomic identi-
fication is needed as the use of functional groups only would not (at this stage) 
allow us to make such comparisons. 

By quantifying biodiversity and production values at the landscape scale for a 
range of existing management intensities, we can use the data for direct evalua-
tion of policy options.  The current research is part of a broader research pro-
gramme evaluating the agronomic merits of management options and the socio-
economic context (ASB reports).  

Hypotheses 

The following hypotheses will be tested: 
1) Pteridophyta diversity decreases gradually in a ‘management intensity’ con-

tinuum from neglected low-production rubber agroforests to intensive plan-
tations. 

2) The trade-off function between productivity P and biodiversity B is convex, 
which means that the relative B value exceeds the relative P value at inter-
mediate management intensities. 

3) Pteridophyta diversity responds to diversity in forest tree structure and can, 
therefore, be taken as an indicator of biodiversity of other taxa depending on 
forest structure. 

4) Relative Pteridophyta diversity is independent of scale: high α diversity as 
found in case studies is a reflection of high β diversity found on a landscape 
scale. 

5) An ‘integration’ pathway for rubber agroforests will conserve a larger share 
of the current biodiversity values than a ‘segregation’ pathway for the same 
total rubber production. 
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Research methodology 

Problems of scale (Hypothesis 4) are addressed by stratified sampling of a repre-
sentative and rather homogeneous area (the Jambi peneplain, of which 0.65 mil-
lion ha is under rubber) for which a Geographic Information System is being de-
veloped at ICRAF. 

Biodiversity values 

For B values, Pteridophyta is chosen as an 'indicator' taxon.  Terrestrial Pterido-
phyta are expected to respond to weeding, slashing and fertilizing practices, 
while epiphytic Pteridophyta are expected to respond to the proportion of other 
tree species that are allowed to mix in with the rubber and to age of the trees.  
Both will respond to changes in microclimate resulting from management prac-
tices (cover and height of other vegetation layers).  In terms of species diversity 
and occupation of terrestrial and epiphytic niches, Pteridophyta form an impor-
tant component of the plant biodiversity (Gentry and Dodson 1987). 

Species will be grouped according to their niche requirements and ecological be-
havior, using both the natural situation of an undisturbed lowland rainforest as 
well as very disturbed situations like monoculture plantations as a reference.  It 
is clearly an advantage of the Pteridophyta that species are present at both ex-
treme ends of the ‘disturbance’ scale and can thus be objectively grouped. 

Subjective assignment of conservation values to different species will be based 
on those groups and on (trends in) distribution and abundance data related to 
management practices in several land use types.  The research will also make use 
of the results of autecological studies on Pteridophyta in Jambi by Gardette, E 
1997 to characterize and group species in terms of ecological behavior and niche 
requirements.  Different methods of assigning values will be developed and ap-
plied to the model to test the influence of those subjective values on the segre-
gate/integrate trade-off as presented by the model. 

Sampling methodology for terrestrial Pteridophyta  

Plot sampling in 40 by 40 m plots subdivided into 16 subplots of 10 x 10 m for 
presence / absence in each subplot yields frequency values between 1 and 16 for 
each species in each plot.  Total Pteridophyta density (number of individuals per 
0.16 ha plot) is obtained either directly by counting of individuals where densi-
ties are low, or indirectly by estimation using point-centered-quarter (PCQ) sam-
pling of 100 individuals where densities are high but numbers are dominated by 
a few common species. 
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Sampling methodology for epiphytic Pteridophyta 

Different niches for epiphytic ferns are distinguished on the phorophyte accord-
ing to Johansson (1974): 

I. the basal parts of the trunk (0 - 3 m) 
II. the trunk from 3 m up to the first ramification 

III. the basal part of the large branches (1/3 of the total length of the branch) 
IV. the middle part of the large branches (1/3 of the total length of the branch) 
V. the outer part of the large branches (1/3 of the total length of the branch). 

Presence / absence data is collected for each species in each of these zones.  All 
trees in the 40 x 40m plots are checked for epiphytic ferns using binoculars and a 
telescope.  Collection of the epiphytic ferns and a second check from the crown 
level are done by climbing trees using safety equipment. 

Forest structure and other descriptive data 

The tree population for each plot is described by counting rubber and non-rubber 
trees in diameter at breast height (dbh) classes: 10-20 cm, 20-40 cm and > 40 cm 
dbh.  Indonesian names of trees are noted by the same person for each plot.  
Trees are numbered so that tree data and epiphyte data are linked.  Forest struc-
ture is further described by estimating cover percentages of vegetation layers: 
<1m, 1-4m, 4-20m, >20m and total cover of vegetation > 1m in each subplot.  
The layer of <1m is the domain of the terrestrial Pteridophyta, while the 1-4m 
vegetation consists of shrubs, palms and small trees directly shadowing these.  
The 20m boundary for trees was chosen as this is the common height of a mature 
rubber tree.  Furthermore, the general canopy height and the height of emergents 
are noted for each plot.  

Litter cover percentages are estimated for each subplot.  The thickness of the lit-
ter layer is measured in each subplot, both directly and pressed down, as well as 
the thickness of the root/humus layer, using a small ruler.  For decaying logs, an 
index is used: the number of logs crossing each subplot is counted.  A forest den-
siometer is used to estimate light at about 1.5 m above the ground in each sub-
plot.  For each plot, soil color, slope, aspect and plot position (top, shoulder, 
midslope, foot, valley) are noted, as well as a global positioning system (GPS) 
measurement of location.  Plot altitudes are all in the range of 0 - 300 m. 

Production values 

Data on management practices and production (latex and other products) of rub-
ber plots will be collected through interviews with owners and tappers, and by 
measuring the actual size and counting the number of rubber trees of the rubber 
agroforests in which plots are located. 
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Preliminary results 

So far the research has focused on the most extensively managed rubber agrofor-
ests, the so called ‘jungle rubber’.  In Figure, 4 the dbh distribution of primary 
forest (7 plots of 40 x 40 m, or 1.12 ha) and jungle rubber (10 plots, or 1.6 ha) is 
compared.  The structure of jungle rubber is forest-like, though not as tall as 
primary forest.  On average, only 21 % of the trees are rubber trees. 

Figure 4.  The structure of rubber agroforest compared to primary for-
est 

 
In primary forest, an average of 17 % of the trees have epiphytic ferns, in exten-
sively managed rubber agroforests this average is still as high as 12 % of the 
trees. 

Further research over the next two years will include the more intensively man-
aged smallholder rubber and will analyze species composition and production 
data. 

Discussion 

The indicator value of Pteridophyta for forest species biodiversity 

Hypothesis 3 proposes that Pteridophyta diversity responds to diversity in forest 
tree structure and can, therefore, be taken as an indicator of biodiversity of other 
taxa depending on forest structure.  Our Pteridophyta data will be compared with 
information on other taxa by sampling at the same locations as the CIFOR biodi-
versity research (Plant Functional Attributes, A. Gillison, and a number of taxa, 
CIFOR Forest Management Programme) and the ASB below-ground biodiver-
sity research. 
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An indication that Pteridophyta diversity can probably play a role in representing 
tree diversity was found by Tuomisto et al (1995) for the Amazonian rainforest, 
where the correlation between similarity matrices based on Pteridophyta and Me-
lastomataceae on the one hand, and on trees on the other, was 0.91. 

For Pteridophyta as a group, there will more likely be a shift in species composi-
tion rather than any kind of overall loss of diversity with disturbance.  At a range 
of management levels, a shift in species composition will occur and will not nec-
essarily cause a very different level of diversity.  However, we are not interested 
in diversity as such, but in biodiversity and its conservation.  Here we would like 
to refer to an article by Pielou (1995) on the difference between the concepts of 
'diversity' and 'biodiversity'.  According to Pielou, diversity is value neutral, 
whereas biodiversity weights (or values) different items according to their rarity.  
She writes that mMany possible weighting schemes can be devised and the 
whole topic deserves the attention of research workers.' 

Weighting is particularly relevant in a rapidly changing landscape due to mas-
sive logging, where major shifts in rareness can be expected as some species 
profit from disturbance while others cannot survive.  The pteridophyte abun-
dance will increase with disturbance, but some species of the original rainforest 
will become increasingly rare and others increasingly common.  These groups 
could be described as 'shade-loving' versus 'shade-enduring' species (Richards, 
1952).  Richards mentions that 'most of the herbaceous species abundant in 
openings can usually also be found in smaller numbers in the shade, except in 
the darkest parts of the forest, but some of the species living in the shade (e.g., 
Trichomanes spp. and some other ferns) never grow in openings.' 

The study of pteridophyte ecology and the reaction of species to different and 
quantified levels of disturbance, from undisturbed rainforest to 'clean' planta-
tions, and probably some other land uses, will provide the data to group and to 
weight species and thus to weight the importance for biodiversity conservation 
of rubber gardens under low and intermediate management levels. 
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Below-ground interactions between rubber and 
weeds in an immature RAS 1-type agroforestry 
system 
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Abstract  

The RAS 1 rubber agroforestry system involves planting high yielding clonal 
rubber in an intensified form of the traditional ‘jungle rubber’ system, where 
weeds and secondary forest species are allowed to regenerate.  Clonal rubber va-
rieties were developed and selected under plantation conditions where there is 
little competition from weeds, so in the case of RAS 1, competition is a key is-
sue.  

An experiment was set up to investigate the effects of below-ground competition 
from weeds on rubber growth by manipulating amounts of below-ground re-
sources and weed levels.  Trenches were dug around groups of trees to create 
three different sized volumes of soil, corresponding to 0.5, 1.0 and 1.5 times the 
amount of below-ground resources theoretically available to a tree in a standard 
planting arrangement.  Root barriers were installed to restrict root development 
and uptake of water and nutrients to within these soil volumes.  Rubber growth 
was monitored in replicates of each soil volume, comparing replicates that were 
clean-weeded with those where weeds were allowed to compete with rubber. 

After 14 months growth, significant effects of weeding level were seen, how-
ever, soil volume and interactions between these factors were not significant.  An 
additional treatment where fertiliser was added to some small soil volume/high 
weed competition plots resulted in tree growth 44% higher than the correspond-
ing unfertilised plots, and comparable with the corresponding clean weeded 
plots.  This indicates that competition for nutrients may be a dominant factor in 
the interaction between weeds and rubber in this system. 

Introduction 

The RAS 1 trial is a low input rubber agroforestry system where secondary for-
est species are allowed to regenerate naturally in the area between rows of 
planted rubber trees.  These species are perceived as useful by farmers who plant 
rubber in the traditional ‘jungle rubber’ system.  Trees thus regenerated can pro-
vide fruits and timber, while the presence of such a vegetative cover is advanta-
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geous in deterring herbivory by pests, such as pigs and monkeys, and also in 
providing a tree cover to protect the soil from sun and erosion, especially on 
sloping land. 

Under intensive plantation conditions, these ‘weeds’ are perceived as competing 
with rubber, and are removed and replaced with a uniform legume cover crop.  
However, in the case of jungle rubber, or RAS 1, these ‘weeds’ are an integral 
part of the system.  How much competition are they actually exerting, and what 
are the interactions involved? 

There is evidence that competition from weed and crop species affects the be-
low-ground environment of rubber trees in terms of root density, biomass and 
distribution (Watson et al 1964; Soong 1976; Samarappuli et al 1996).  A recent 
study to investigate effects of below-ground competition on rubber tree roots in 
an intercropping system showed that with increasing levels of competition, rub-
ber shoot: root ratio decreased (relatively more resources were allocated to root 
than shoot growth), and within the root system there was more allocation to roots 
exploiting lower rather than upper soil layers (Williams et al 1997).  These re-
sults have direct relevance to the understanding of the mechanisms involved in 
interactions in rubber agroforestry systems, and this type of understanding is 
necessary to enable a wider applicability of results from field trials (Anderson 
and Sinclair 1993). 

Therefore, in order to complement the smallholder rubber agroforestry project 
(SRAP) research on the RAS 1 system, a controlled researcher-managed experi-
ment was designed to investigate the effects of below-ground competition on 
rubber growth.   

Trenching Experiment 

Rationale 

Plant-plant interactions are not direct effects of plants on each other, but effects 
on the environment, which acts as an intermediary (the ‘response and effect’ 
principle) (Goldberg and Werner 1983).  The nature of the interactions concern 
the ways in which a plant can influence its neighbours by changing their envi-
ronment, either directly, by addition or subtraction (e.g., of nutrients) or indi-
rectly (e.g., by reducing the incidence of herbivory) (Harper 1977). 

This experiment aimed to change the plants’ environment directly in order to ex-
aggerate the interactions usually found between rubber trees and weeds.  The be-
low-ground environment, and thus the amount of below-ground resources avail-
able (nutrients, water), was altered by partitioning different volumes of soil 
around the rubber trees using trenches.  Root barriers were also installed to re-
strict the foraging of roots to these specific soil volumes.   

The direct effect of weeds on the environment was also manipulated by weeding 
treatments, which were imposed on replicates of each soil volume.  Thus compe-
tition effects could be studied by comparing rubber tree growth in small, medium 



3 

and large soil volumes, with and without the presence of weeds and regenerating 
secondary forest species.  Rubber tree growth above-ground was monitored as 
this was expected to be depressed under the conditions of nutrient limitation 
which could potentially be induced by weed competition (less photosynthate 
produced, and proportionately less allocated to stem growth than root growth) 
(Tilman 1988).  

The above-ground environment/resources were not altered, however, competi-
tion for light was negligible due to the absence of tall woody species which re-
generated in the plot over the course of the experiment.  A number of additional 
studies was implemented within this experiment to investigate rubber-weed in-
teractions in greater depth although results from these are not presented here. 

Root ingrowth core study 

Which nutrient(s) are most limiting to rubber growth in the RAS 1 type envi-
ronment where there is high competition with weeds? A mesh bag technique was 
used to create cores of soil, which were dosed with different nutrients and placed 
in the soil around each tree.  The cores that contain the nutrient for which there is 
the greatest demand will contain the greatest number of foraging roots at the end 
of the study. 

Mini rhizotron study 

Mini rhizotron systems were installed in the soil to photograph roots to investi-
gate how rubber fine root turnover responds to the presence or absence of weed 
competition. 

Materials and methods 

Site 

Location: Rantau Pandan village, Bungo Tebo district, Jambi province, Sumatra, 
Indonesia.  Grid reference 1o 38’ 999” S, 101o 56’ 026” E.  Farmer’s field, flat 
land. 

Soil characteristics   

Sampled in June 1996, depth 0-15 cm.  Means for the whole plot (26 samples) 
are shown here.  
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Table 1.  Soil chemical and physical properties 

 Units Mean SD 

PH  5.11 0.67 

C Org % 2.16 0.76 

N Tot % 0.08 0.02 

P Bray ppm 8.70 2.91 

K me/100g 0.31 0.29 

Na me/100g 0.06 0.07 

Ca me/100g 2.36 1.92 

Mg me/100g 0.49 0.25 

CEC me/100g 3.47 0.98 

Al me/100g 0.44 0.33 

H me/100g 0.16 0.12 

Trenching Experiment 

The rubber trees (clone GT1) were planted from polybags in January 1996 at a 
standard planting density of 550 trees/ha, at a spacing of 6 x 3 m (3 m between 
trees in the rubber row).  A basic P fertilisation of 113g SP36 was added to the 
hole at planting and no further fertiliser was added. 

Treatments 

The experimental treatments were started in April 1996.  Trenches were dug to 
60 cm depth, lined with plastic and metal sheet, and backfilled with earth.  
Trenches of different lengths created three soil volumes as described below. 

Soil volume:  

Surface areas of the available soil volume are quoted here, as trench depth is 
constant for each treatment.  ‘Normal’ is defined as the area which in theory 
would be available for exploitation per tree in the standard plantation 6 m x 3 m 
planting arrangement.  ‘Small’ is half of the above area; ‘large’ is one and a half 
times the small area.  

For practical purposes, trenches were dug around groups of three trees.  There-
fore, ‘area per tree’ (Table 2) describes the average area available to each tree, 
and ‘area per plot’ describes the actual plot size. 

 
 
 

Texture 

Sand 75% 

Clay 13% 

Silt 12% 
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Figure 1.  Design of trenching experiment 
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Table 2.  Area per Tree/Plot   
Area per tree Area per plot Treatment 

Length 
(m) 

Breadth 
(m) 

Surface area 
(m2) 

Length 
(m) 

Breadth 
(m) 

Surface 
area (m2) 

BG Resources 

‘Normal’ 6 3 18 6 9 54 1 

‘Small’ 3 3 9 3 9 27 0.5 

‘Large’  9 3 27 9 9 81 1.5 

Weeding Treatments 

Two levels of weeding: 

‘high’- clean weeding, nine times per year 

‘low’- initially 1m either side of rubber trees, every 3 months 

However, weeding has not been implemented in the ‘low’ plots as regeneration 
of weeds was very slow due to previous land management.  

Fertilisation treatment 

An additional treatment was created: small soil volume, low weeding plus N fer-
tiliser, in order to separate the effects of nutrients and water. 

The experimental design is a randomised block with two replications as illus-
trated in Figure 1.  Subsequently, six more replications of this experiment have 
been implemented in different locations in April 1997, and as yet show no sig-
nificant effects.  

Measurements 

Rubber tree growth was monitored every three months, for height, number of 
whorls and diameter (at 10 cm above the graft).  Diameter was calculated as an 
average of two measurements per stem.  Weed growth was assessed every four 
months, just before weeding (i.e., at the incidence of highest weed biomass).  
Weeds were recorded as growth forms: trees, shrubs, herbs, grasses, ferns, and 
climbers.  A one metre square quadrat was used to record the percentage cover 
and average height of these growth forms, with three samples per plot.  The 
quadrat was then harvested according to growth form, fresh weights taken in the 
field, the samples air dried then oven dried to obtain dry weight of biomass. 

Analysis 

Height and diameter were combined into one variable (height multiplied by the 
square of the stem diameter) to give an indicator of total tree size (R. Coe, per-
sonal communication).  Growth increments (April 1996 to July 1997) were also 
calculated for each growth parameter.  Statistical analysis was with Genstat 5.32 
for Windows: a two-way ANOVA with randomised block design. Relative re-
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sponse curves for rubber growth were constructed for the treatments, the shapes 
of which indicated the effect and magnitude of rubber-weed  interactions. 

Results and discussion 

Trenching Experiment 

The growth increment of the rubber trees over the period of the experiment is 
presented in Figure 2 as height x diameter square (HDsq): the synthesis of tree 
height multiplied by the square of the tree diameter. 

Figure 2.  Growth increment for HDsq: tree height x diameter squared. 
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There is a clear effect of weeding on tree growth and a very slight trend of in-
creasing growth as below-ground resources are increased with larger soil vol-
umes. 

A very interesting result is that in the treatment with added fertiliser (small soil 
volume, low weeding), tree growth is 44 % higher than growth of trees in the 
corresponding plots with no added fertiliser.  This high growth is even compara-
ble with the high weeding plots, where there is minimal competition from weeds.  
This seems to indicate that it is competition for nutrients which dominates the in-
teractions between rubber and weeds at this site.   

From these results, it appears that addition of nutrients in the form of fertiliser 
may offset the competition resulting from a high weed density.  If further studies 
at a larger scale and a range of sites could confirm this, then the practical impli-
cations would be a reduction in labour necessary for weeding a RAS 1 type sys-
tem, and a greater potential for regeneration of secondary vegetation (with the 
benefits associated with this as perceived by the farmers and also a higher level 
of biodiversity). 

Results of statistical analyses are shown below in Tables 3 and 4. 

Table 3.  Rubber tree size 15 months after trenching (July 1997): 
Treatment means and F. probabilities. 

Weeding Soil Volume W*SV Interaction  

High Low F.pr F.pr F.pr 

Diameter (mm) 61.6 53.2 0.037 NS NS 

Height (cm) 603 547 0.242 NS NS 

Height x Diameter sq 
1000 

2,335 1,620 0.049 NS NS 

 

Table 4.  Rubber growth increment April 1996 to July 1997 (15 months): 
Treatment means and F. probabilities. 

Weeding Soil Volume W*SV Interaction  

High Low F.pr F.pr F.pr 

Diameter Increment 
(mm) 

47.3 42.4 0.010 NS NS 

Height Increment 

(cm) 

461 396 0.136 NS NS 

Height x Diameter sq 
1000 

2,031 1,580 0.045 NS NS 
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It can be seen for both current size and growth increment that diameter and 
HDsq are significantly affected (P<0.05) by weeding.  The response of the height 
variable to weeding was not statistically significant, however, this is in accor-
dance with the rubber literature, where diameter is usually used as the most reli-
able growth parameter. 

The soil volume treatment did not show any statistically significant effects on 
rubber growth.  At this point in time, there are a number of possible explana-
tions.  The first is that roots may have penetrated the root barriers and thus were 
not confined to each soil volume treatment.  This can be checked by excavation 
of the barriers in the field.  However, if roots were foraging freely, for example 
in neighbouring clean weeded plots, it may be expected that differences between 
the weeding treatments would not be as clear cut as they are reported here.  

It is also possible that the soil volumes have not yet been fully exploited by the 
developing root systems and so below-ground resources in the plots are still 
available (i.e., up until now, the soil volume treatment is not sufficiently limiting 
to affect growth). 

The clear effect of weeding may be due to interactions at the level of the indi-
vidual roots, as in the low weeding plots. Weed roots are intimately associated 
with rubber roots (evidence from root cores and mini rhizotron photographs).  
Thus uptake of nutrients/water in the micro-environment around each rubber root 
is likely to be affected by the competitive presence of roots of other species well 
before total below-ground resources are fully exploited and become limiting. 

Future Studies 

The differences in root allocation of trees in high and low weeded plots will be 
assessed in October 1997 by excavation and application of the model of fractal 
branching properties of roots (van Noordwijk and Purnomosidhi, 1995).  The 
root barriers will be excavated to confirm that the roots have been contained 
throughout the experiment, and measurements of root length density of rubber 
and weed species made for application in the WANULCAS (water, nutrient and 
light capture in agroforestry systems) model (van Noordwijk and Luisana, 1997). 
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Effects of P and N nutrition and weeding  
frequency on early growth of selected germplasm 
for rubber agroforestry in Jambi, Sumatra 

Ratna Akiefnawati and Meine van Noordwijk 1 

Key Words: fertilizer, soil fertility, weed biomass, clone, seedling 

Introduction 

A major aim of the smallholder rubber agroforestry project (SRAP) is to deter-
mine the minimally required management level for selected clonal rubber germ-
plasm to thrive in a jungle rubber environment.  Such clones should allow for a 
doubling of latex yield, whereas the minimum management intensity may allow 
the jungle rubber systems to approximately maintain their current value for bio-
diversity conservation. 

The three main factors being evaluated are rubber planting material (clonal rub-
ber), weeding regime and fertilization level, in particular nitrogen and phosphate.  
Conventional plantation technology suggests that ‘improved’ planting material 
requires a high management intensity and is less tolerant to competition by natu-
ral forest species (‘weeds’ from an agronomic perspective, ‘biodiversity’ from an 
environmental point of view).  Once the farmer has weeded out the first waves of 
regenerating forest species, the vegetation will be dominated by true ‘weeds’ and 
a continued effort is needed to keep these weeds (including Imperata) under con-
trol.  Tolerance by the rubber planting material of low initial weeding efforts is 
thus needed to obtain a cost-effective and ecologically attractive establishment 
phase. 

Competition for water in dry periods and for nutrients (especially N and P) dur-
ing the main growing season between the young rubber and the natural regrowth 
is probably a key factor in this interaction.  Increased soil fertility levels, espe-
cially of P, may reduce the negative effects of this competition and thus reduce 
the need for weeding.  Although fertilizer is generally expected to increase rather 
than decrease ‘weediness’, this may refer to N rather than P fertilizers.  We 
therefore set out to test the following: 

Hypothesis 

Moderate amounts of N and P fertilizer applied at planting time can increase the 
growth of rubber trees under situations of high competition in young rubber 
agroforests and reduce the need for weeding; this may allow a higher biodiver-
sity to be maintained during the establishment of rubber agroforests with se-
lected rubber germplasm. 

                                                           
1 ICRAF Southeast Asia, PO Box 161, Bogor 16001, Indonesia 
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Material and methods 

As part of a broad project on improving smallholder rubber agroforestry (SRAP), 
a field experiment was initiated in Simpang Babeko km 20 (Kabupaten Bungo 
Tebo, Jambi, Sumatra).  Two types of rubber trees were planted on December 
23, 1995: budded stumps of clone PB 260 and seedlings from GT plantation.  
The plot, on a typical acid lowland peneplain soil with a pH (KCl) of 3.9, was 
cleared by slash-and-burn from old jungle rubber vegetation and showed consid-
erable spatial variability in available P directly after the burn (P-Bray II in the 
topsoil varied from 8-32, with a mean of 20 mg kg-1). 

The experiment consisted of 24 plots of 25 x 30m, each containing 5 * 10 trees.  
Four fertilizer levels were tested: N0P0, N1P1, N1P2 and N6P2.  All rubber trees 
of the N1P1, N1P2 and N6P2 treatment were given approximately 113 g soluble 
P (SP-36, 36% P2O5) and 50 g of urea fertilizer in the planting hole.  A second P 
application at three months after planting consisted of again 113 g SP-36 per tree 
for the N1P2 and N6P2 treatment; the N6P2 treatment also received 50 g urea 
per tree at three-monthly intervals.  Two weeding regimes were used, with a 
Low (4 time per years) and High (9 time per years) weeding frequency in the 
tree rows of 1 m either way of the tree line.  The interrow zones were not sup-
posed to be weeded, but were cleared in December 1996.  At three-monthly in-
tervals, the diameters and heights of the central 18 trees of each plot were re-
corded.  Data on tree growth were analyzed as time series for repeated measures. 

Results and Discussion 

Soil profile 

A clear increase in clay content and Al saturation and decrease in pH and P 
availability was found below the top soil (about 15 cm) (Figure 1).  The silt con-
tent is about 10% at all soil depths, the clay content increased from 30 to 50% 
and the sand content decreased from 60 to 40% from the topsoil downwards.  PH 
in 1 M KCl was less than 4 in all layers, pH H2O was 4.5 in the topsoil and 
about 4.1 in the subsoil.  Al saturation was 40% on average in the top 15cm and 
about 75% below that depth.  Available P (P-Bray II) was about 20 mg kg-1 in 
the topsoil and about 7 in deeper layers. 
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Figure 1.  Soil texture and chemical properties as function of soil depth 
for two blocks in the experiment 

 
 

Table 1.  Results of soil analysis for topsoil (0-15 cm) of 24 plots (com-
posites of 6 samples per plot) 

Parameter Minimum Mean Maximum (Max-Min)/Mean 
PH-CaCl2 3.7 4.05 4.5 0.20 
pH-H2O 4.0 4.46 4.9 0.20 
pH-KCl 3.6 3.90 4.4 0.20 
C% 1.4 1.89 2.51 0.59 
N% 0.14 0.176 0.23 0.51 
C: N ratio 9.0 10.7 12.0 0.28 
P-Bray II, mg kg-1 7.9 19.7 38.5 1.56 
Exchangeable cations, cmole kg-1 
Ca 0.51 1.12 2.18 1.49 
Mg 0.34 0.535 0.94 1.12 
K 0.10 0.123 0.16 0.50 
Na 0.00 0.031 0.08 2.59 
Al 0.58 1.12 1.86 1.14 
H 0.11 0.201 0.51 1.99 
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Figure 2.  Histograms of organic C, available P and total N content and 
Al saturation in the topsoil of 24 plots 

 
 

Figure 3.  Rainfall data for the period September 1996 - August 1997 
(station SRAP/ICRAF in Simpang Babeko and Sepungur) 
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Rubber growth 

The rubber was successfully established on all plots and initial differences in di-
ameter between the two types of planting material were maintained.  Results for 
the 2.8 year showed a statistically significant effect of fertilizer application at 
planting time (N0P0 versus all other treatments), but no effects of further N and 
P application.  There was no statistically significant interaction of the fertilizer, 
planting material and weeding treatment factors on rubber growth.  The trees 
were not affected by the frequency of weeding, irrespective of fertilizer level 

Figure 4. (left) Development of rubber tree diameter (measured at two 
levels above the ground) for the two types of planting material; (right) 
Effect of fertilizer treatment on diameter development, averaged over 
the two types of planting material 

 

 

Weed regrowth 

Weed biomass differed among the times of sampling (weeding).  Cumulative 
biomass, however, did not apparently differ between the two weeding frequen-
cies used (Figure 5).  The species composition of the weed biomass was also re-
markably similar between the two frequencies of weeding (Figure 6) and was not 
affected by fertilizer or rubber planting material.  Overall, shrubs and trees be-
came less prominent with time, whereas grasses and herbs increased.  After the 
clearing of interrow zones in December 1996 by misunderstanding between the 
plot owner and his labour crew, Imperata entered the plots.  The growth rate of 
weed biomass was reduced in the dry season. 
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Figure 5.  Cumulative fresh and dry weight of weed biomass for low and 
high weeding treatments 

 
 

Figure 6.  Relative composition of weed biomass as a function of time 

 
 

Effects of fertilizer on weed growth 

The highest rates of fertilizer application, N1P2 and especially N6P2, resulted in 
a statistically significant increase of weed biomass, but no differences were 
found between N0P0 and N1P1.  The effect is probably due to both nitrogen and 
phosphorus fertilizer (Table 2, Figure 5).  Statistically significant interactions 
were found between clone and fertilizer on weed biomass.  The increase of 
weeds with fertilizer was clearest where GT seedlings were used rather than 
PB200 clones. 
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Table 2.  F probability of ‘main effects’ and ‘interactions’ of fresh (FW) 
and dry (DW) weight of weed biomass; the first two columns refer to the 
sampling dates at which both low and high weeding treatments were 
sampled; the last two columns include the additional samplings for the 
high weeding treatment only 

Main effect    Low + High WeedingHigh Weeding only 
 FW DW FW DW 

Main effects 
time  <.001** <.001** 0.01** <.001** 
weed <.001** 0.263 
clone (planting material) 0.559 0.026* 0.509 0.259 
fertilizer 0.113 <.001** 0.008** 0.04* 

Interactions 
time.weed <.001** 0.046*  
time.clone 0.011* <.001** 0.161 0.052 
weed.clone 0.286 0.175 
time.fert 0.949 0.481 0.031* 0.625 
weed.fert 0.364 0.901  
clone.fert 0.085 0.002** 0.124 0.264 
time.weed.clone 0.120 0.123 
time.weed.fert 0.660 0.251 
time.clone.fert 0.939 0.166 0.248 0.335 
weed.clone.fert 0.209 0.123 

 

Figure 7.  Weed biomass as affected by fertilizer treatment 
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Conclusion 

The rubber trees responded positively to fertilizer in the planting hole but we 
could not confirm the hypothesis that fertilizer reduces the need for weeding, as 
the trees did not respond to weeding frequency in the ‘control’ plots.  Weed 
biomass was increased by the use of N as well as P fertilizer.  Vigorous initial 
growth of the selected planting material appears to be possible when replanting 
old jungle rubber at low management intensity (some N+P fertilizer in planting 
hole only and low weeding frequency).  Further trials should include more ex-
treme treatments of a low weeding intensity. 



Slash-and-burn as land clearing method for rubber 
smallholders: results of a social economic agro-
nomic survey* 

Q. M. Ketterings1, T. T. Wibowo2, E. Penot3, M. van Noordwijk3 

Key Words: fire, wood prices, ashes, soil fertility, Hevea brasiliensis 

Abstract 
The search for alternatives to slash-and-burn agriculture and slash-and-burn as a 
land clearing method requires in-depth knowledge and diagnosis of the problems 
that arise from the present management system.  A social/economic/agronomic 
survey of slash-and-burn (S&B Survey) as a land clearing method  was con-
ducted among 30 rubber smallholders in the Sepunggur area, Jambi Province, 
Sumatra, Indonesia. This paper presents the results of this survey.  

The objectives of this survey were to:  
• characterize slash-and-burn techniques,  
• characterize farmers’ perspectives on the land clearing methods related to ag-

ronomic aspects (soil fertility, plant growth, production), and  
• evaluate the present and future importance of slash-and-burn (and alterna-

tives to slash-and-burn) as a land clearing system at both the smallholder and 
community levels.  

Introduction 

On September 10, 1997, Indonesian President Soeharto banned the practice of 
burning forests to clear land.  Severe land clearing related forest fires in Kali-
mantan and Sumatra caused a thick haze not only on both islands but also in 
neighboring Malaysia, Singapore, Brunei, the Philippines, and Thailand.  These 
land clearing related fires in Indonesia have been described as the worst in 
Southeast Asian history. In some regions, the Air Pollutant Index (API) ex-
ceeded the 600 level (101-200 is considered unhealthy, 201 up to 300 very un-
healthy, and 301 to 500 hazardous).  In Indonesia, the provinces worst affected 
by the haze were West, Central, South, and East Kalimantan, Riau, Jambi, and 
South Sumatra. Reduced visibility, down to 30 meters in Jambi, closed down 
airports.  The Indonesian Minister of the Environment estimated that more than 
300,000 hectares of forest were destroyed by fire in these provinces in 1997.  Al-

                                                           
* This manuscript was reworked and appeared in Forest Ecology and Management under the following 
reference: Q. M. Ketterings, T. T. Wibowo, M. van Noordwijk, E. Penot (1999).  Farmers’perspectives on 
slash-and-burn as a land clearing method for small-scale rubber producers in Sepunggur, Jambi Province, 
Sumatra, Indonesia.  Forest Ecology and Management 120: 157-169 
1 Ohio State University, Columbus, Ohio, USA 
2 Institut Pertanian Bogor, Bogor, Indonesia 
3 International Center for Research in Agroforestry Southeast Asia Regional Program, Bogor, Indonesia 
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though large logging companies as well as small slash-and-burn farmers have 
been blamed for starting some of the fires, the government lays most of the re-
sponsibility on the shoulders of  plantation and forestry companies. 

The haze caused by these fires is a visible problem.  A less visible aspect of fire- 
induced pollution is the release of greenhouse gasses and the loss of biodiversity.  
Together haze formation, greenhouse gas emission, and loss of  biodiversity call 
for the development of alternatives to slash-and-burn agriculture.  

Fire has traditionally been used as a means to clear land for agricultural produc-
tion.  As such it is part of the slash-and-burn agricultural system in which forest 
is converted for agricultural use for a few years and then left in favor of a newly 
opened plot (shifting cultivation agriculture).  Slash-and-burn agriculture as a 
land use system is disappearing in Sumatra, but slash-and-burn as a technique of 
converting forested land to rubber gardens, rejuvenating old rubber gardens, and 
converting either forested land or existing rubber gardens to oil palm gardens is 
still widely used, both by large plantation holders and by smallholders.  

Small slash-and-burn farmers are only considered a minor subgroup of those re-
sponsible for the forest fires and the haze that threatened millions of people in 
six different countries and that in September 1997, had already inflicted over 
30,000 people with severe respiratory problems in Indonesia alone.  However, a 
total ban on using fire as a land clearing method would severely affect them.  
Slash-and-burn as a land clearing method is still the cheapest way of converting 
one land use system into another.  Fire eliminates field debris, reduces regrowth 
of weeds and trees, adds fertilizer in the form of ash, loosens the soil making 
planting easier, and reduces chances of diseases and pests.  

Alternatives to slash-and-burn for these smallholders should address these bene-
fits of using fire.  One alternative would be a replacement of slash-and-burn by 
slash-sell-and-burn.  Removal of the largest pieces of wood from the field prior 
to burning would reduce the smoke development while still maintaining the 
benefits of fire and in addition providing an extra source of income for the farm-
ers.  However, before such alternatives can be suggested, in-depth knowledge  
and diagnosis of the problems that arise from the present management system 
and the alternatives that could alleviate these problems are required.  This will 
entail research on a combination of social, economic, agronomic, biological and 
environmental aspects at the farm household level.  

A social/economic/agronomic survey  (S&B Survey) was conducted among 30 
rubber smallholders in the Sepunggur area, Jambi Province, Sumatra, Indonesia.  
This survey aimed to characterize slash-and-burn techniques, farmers’ perspec-
tives on the land clearing methods related to agronomic aspects (soil fertility, 
plant growth, production), and to evaluate the present and future importance of  
alternatives to slash-and-burn as a land clearing system at both the smallholder 
and community level.  Rubber smallholders were selected since rubber gardens 
form the mayor land use type in this area and most of the forest and bush fallow 
that is presently converted (slashed-and-burned) for agricultural use is being 
planted with rubber seedlings.  
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Objectives 

The objectives of this study are:  
• to characterize slash-and-burn practices as exercised by farmers in the 

Sepunggur area;  
• to characterize reasons behind farmer’s management decisions related to es-

tablishing new fields for agricultural production; and  
• to establish the importance of slash-and-burn as land clearing method for 

rubber smallholders in this area now and in the near future. 
 
With the results of this survey, we will be able to answer questions, such as:  

a) What do farmers do? 

b) Why do they do it? 

c) What are the alternatives? and  

d) What do these alternatives mean for the farmers’ economic status? 

Characterization of the study area 

The S&B-Survey was conducted in the Sepunggur administrative area (Figure 
1).  The administrative area of Sepunggur is located 31km southeast of Muara 
Bungo, the capital of subdistrict Muara Bungo, district Bungo Tebo, Jambi Prov-
ince, Sumatra.  This area includes five regions: Kampung Baru, Kampung 
Sepunggur, Kampung Simpang Tiga, Kampung Gedang and  Kampung Kemini.  
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Figure 1.  The administrative area of Sepunggur  

 
 

The present-day Sepunggur administrative area was officially established in 
1989 when two independent units, Kampung Sepunggur and Kampung Baru, 
merged into one administrative unit with one village head (kepala desa) who at 
present resides in Kampung Baru.  In addition, the Sepunggur administrative 
area now comprises Kampung Simpang Tiga, Kampung Gedang, and Kampung 
Kemini, all three regions surrounding Kampung Baru and Kampung Sepunggur.  
In 1975, PT Gaya Wahana Timber logged large parts of the surrounding primary 
forest.  This event initiated a local transmigration program that same year.  A to-
tal of 144 families moved from Kampung Sepunggur and Kampung Baru to the 
areas surrounding the two Kampungs.  Thus, Kampung Simpang Tiga, Kampung 
Gedang and Kampung Kemini were established.  
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The total population of Sepunggur is 3,038 (1,539 male and 1,499 female) with 
632 family heads (Sepunggur Profile, 1997), which brings the average family 
size to 4.8 people per family.  In 1995, a total of 42% of the population was 
younger than fourteen years old  (Figure 2).  The Sepunggur administrative units 
comprises 158.39 km2 (BPS, 1995), which brings the population density to 19.2 
people/km2 and the average farm size to 5.2 ha/family.  

Figure 2.  Population distribution in the Sepunggur administrative area 
(Source: BPS, 1995). 

 
 

Figure 3: Farm size distribution in the Sepunggur administrative area 
(Source: Sepunggur Profile, 1997). 

 
Of the total area in the Sepunggur administrative area, 0.27 km2 is used for wet 
rice production, 47.87 km2 for garden (rubber, fruit trees, oil palm, etc.), 1.5 km2 
for homegarden, 64.98 km2 is forest, while a total of 43.77km2 is used for other 
purposes (houses, roads, rivers etc.) (BPS, 1995).  Figure 3 shows the distribu-
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tion of land (farm size) among the 632 families in the area.  There are 522 build-
ings in Sepunggur of which approximately eight percent are permanent.  Only 
ten buildings have electricity.  The main water supply is the river (Bungo Tebo) 
which supplies 396 houses with water whereas in the rainy season 242 house-
holds have access to well-water. 

Materials and Methods 

A total of 30 farmers was interviewed: nine farmers in Kampung Baru, six farm-
ers in Kampung Sepunggur, nine farmers in Kampung Simpang Tiga, two farm-
ers in Kampung Gedang, and four farmers in Kampung Kemini.  

All respondents have in common farming as their main occupation and all own 
at least one rubber garden that is less than five years old.  Of these selection cri-
teria, the later criteria was added so that detailed questions could be asked about 
the land clearing method of the most recently opened field.  Furthermore, since 
the Sepunggur administrative area includes five regions (kampungs), the number 
of respondents per region was chosen  to reflect the distribution of households in 
the area. 

The S&B-Survey contains questions that can be grouped into six main catego-
ries: 
• farm characterization including information on total area and age of rubber 

gardens and fallow vegetation/secondary forest that could in the future be 
converted to new rubber garden; 

• characterization of the slash phase (including land selection) in the slash-and-
burn land clearing method (in general); 

• characterization of the burn phase in the slash-and-burn land clearing method 
(in general); 

• characterization of the slash-and-burn methods of the last opened field; 
• farmers’ perspectives on the importance of slash-and-burn as a land clearing 

method; 
• farmers’ perspectives on the importance and future of slash-and-burn in the 

Sepunggur administrative unit. 

All interviews were conducted on an individual basis (no group interviews, 
household interviews only).  Respondents can be grouped in three groups: local 
farmers, local transmigrants (transmigration program), and spontaneous transmi-
grants.  External transmigrants all spontaneously migrated either from Java or 
from North or West Sumatra.  Table 1 shows the survey respondents by site and 
stratum. 
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Table 1: S&B Survey respondents by site and stratum 
Local 

Farmers 
Local  

Subsidized 
Transmigrants 

Local  
Spontaneous 

Transmigrants 

External Spontaneous Transmigrants Region 

Number % Number % Number % Number % 

Kampung 
Baru 

5 16.7 2 6.7 - 0.0 2 6.7 

Kampung 
Simpang 
Tiga 

5 16.7 3 10.0 1 3.3 - 0.0 

Kampung 
Sepunggur 

4 13.3 - 0.0 - 0.0 2 6.7 

Kampung 
Kemini 

3 10.0 1 3.3 - 0.0 - 0.0 

Kampung 
Gedang 

- 0.0 1 3.3 - 0.0 1 3.3 

Total 17 56.7 7 23.3 1 3.3 5 16.7 

Results 

Slashing 

Most farmers start slashing the vegetation in March, the first month of the dry 
season, and continue until the month of August.  The majority of the farmers 
stated that time and labor constraints determine the length of the slashing period 
once the dry season has started.  Slashing activities take place after other work 
(e.g., rubber tapping and working in rubber gardens) is finished.  This way slash-
ing one hectare of secondary forest may take up to one month when slashing is 
done manually using a machete.  When slashing is done with a chainsaw, it takes 
one person one full day to slash one hectare of secondary forest.  The cost of 
renting the chainsaw (Rp 35,000/day) generally prevents farmers with less than 
20-year old forest from renting a chainsaw.  Ten of the thirty farmers inter-
viewed indicated that they had cleared their most recently opened field with a 
chainsaw.  Each of them indicated that the vegetation of their last opened field 
was more than 40-year old jungle rubber or more than 20-year old secondary 
forest.  Prior to cutting the big trees, all farmers in the area cut the underscore of 
shrubs and bushes using a machete and ‘beliung’ (an axe-like hand tool).  Cut-
ting one hectare of secondary forest undergrowth generally takes three to five 
days for one person.  The daily income of a laborer for this type of work is Rp 
5000/day (male) and Rp 3000/day (female).  Hence, to cut one hectare of secon-
dary forest in the Sepunggur area by renting a chainsaw and labor to cut the un-
derscore will cost a farmer approximately Rp 60,000.  Most farmers cut the en-
tire field, not sparing any trees.  Only one farmer did spare fruit trees, such as 
petai (locust bean), jengkol (stink bean), and rambutan.  The same respondent 
also spared rubber trees that were less than 20-years old.  All trees did survive 
the burn.  
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Wood use 

In the past five years, the price of wood and rice have doubled in Sepunggur (see 
Table 2). All but two farmers indicated that this doubling in price is due to wood 
scarcity. 

Table 2: Wood species and local prices when sold/bought by farmers in 
the Sepunggur area. 

Wood Species 
(Local Name) 

Wood species  
(Scientific Name) 

Price per m3 

(1997) in Rupiah 
Price per m3 

(1992) in Rupiah 

Rubber Hevea brasiliensis 12,500 12,500 

Kulim Scorodocarpus borneensis, 
Olacaceae 

180,000 80,000 

Tembesu Fagraea spp., Logani-
aceae 

300,000 150,000 

Mersawa Anisoptera spp.,  
Dipterocarpaceae 

150,000 80,000 

Meranti Shorea spp.,  
Dipterocarpaceaea 

140,000 75,000 

Kempas Koompassia malaccensis, 
Caesalpiniaceae 

90,000 40,000 

Jelutung Dyera costulata,  
Apocynaceae 

60,000 30,000 

Medang many species from  
different families 

100,000 60,000 

Sepat Vatica maingayi,  
Dipterocarpaceae 

125,000 60,000 

Only five respondents sold wood from their most recently burned field. Species 
sold were Hevea brasiliensis, Shorea spp., Koompassia malaccensis and 
medang, which can contain species of one or more out of 36 families.  Total in-
come from selling wood for these five farmers ranged from Rp 200,000 to Rp 
1,050,000 per cleared field.  The trees were cut and converted to planks by the 
farmer prior to burning.  When asked why more wood was not sold, farmers in-
dicated that there was no more wood to sell (20), and that the investment in sell-
ing wood (hiring a chainsaw and labor and transporting the wood to the market) 
was too high (4).  All investment in selling trees (cutting, sawing, transportation) 
is done by the farmer.  Five farmers indicated that if they lived closer to the main 
road or market, they would be able to sell more wood due to a reduction in oper-
ating costs. 

Wood for uses other than selling is generally removed from the field after burn-
ing.  Wood is collected for use as a fuel for cooking and as material to build a 
field house or a fence to protect the new garden from invasions by pigs and goats 
(fence) and monkeys (field house). 
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Although pigs and monkeys form a big threat to the successful establishment of 
a new rubber garden, only 30 % of the farmers built a fence around their fields.  
The majority (26 farmers) indicated that they built a field house in the newly 
opened field and used that location as a watchtower for pigs, goats and monkeys.  
At present, farmers that do not have enough wood to build a fence yet would like 
to do so, can, when available, use wood from secondary forest or jungle rubber 
fields of neighbors with permission but without payment.  Those that did pay for 
building a fence on average spent Rp 120,000 per ha of fenced land.  

Burning 

Slashed fields are generally burned in the months of May to September with 
most fields being burned in the month of August.  Burning takes place in two 
steps: a broadcast burn followed by pile-and-burn of the remaining wood.  The 
second step is occasionally omitted if after the broadcast burn the field was con-
sidered clean enough for planting.  When a second burn is conducted (generally 
within one week after the first burn), farmers collect wood in heaps of 200-400 
kg and stack it on a space of 3 to 4 meters diameter.  This second burn leaves a 
field with clearly recognizable circle-shaped charcoal and ash spots over often 
red-turned topsoil.  Depending on how effective the first burn was in removing 
wood from the field, second burn spots can amount to 40 locations per hectare.  

The actual time of burning depends on the state of dryness of the slashed vegeta-
tion.  Farmers estimate that one month is enough to dry a forest that is less than 
tens year old.  To dry a forest that is between ten and thirty years old takes on 
average a minimum of two months whereas for older forest this period of drying 
can be extended to three months. The average period of drying for the most re-
cently opened fields was considerably longer than what farmers consider neces-
sary, averaging three months for all vegetation types.  Fires that are too hot and 
turn the soil red are not feared.  

Fields are generally burned in the afternoon when the wind is not too strong to 
enable control of the fire yet strong enough to let the fire continue on its own.  
Burning a field is a group activity in which the neighboring farmers generally 
participate.  Occasionally, the borders of the newly opened field are cut clean to 
act as a fire break.  Mostly, no precautions are taken apart from selecting the 
right time to burn.  

When a fire does enter a neighboring rubber garden and no prior agreement with 
the neighbors was obtained, the farmer who burned the field has to pay for the 
damage.  Generally, the payment amounts to Rp 1,000/seedling for one-year old 
rubber, Rp 2,000/seedling for two-year old rubber, etc., reaching a maximum of 
Rp 5,000rp/tree for five-year old or older rubber trees. Rubber older than ten 
years generally survives wild fires with a delay of a few months in production. 
With a rubber planting distance of 3 x 6 m per hectare, one hectare of an one-
year old rubber garden that was destroyed by fire would require compensation 
for damages totaling Rp 560,000.  
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Why do farmers use fire as land clearing method? 

Farmers were asked which crops they presently cultivate and with which crops 
they have had experience.  For each crop mentioned, the farmer was asked if not 
burning would result in a delay until (first) production and/or a decrease in pro-
duction.  When the respondent indicated that there would be a difference either 
in production or in time until first production, he was asked the main reasons for 
this expected difference.  Table 3 shows the responses of the farmers.  The rea-
sons for differences in time until production and/or yield per crop are mentioned 
in order of importance to the farmers that cultivate or previously cultivated that 
particular crop. 

Table 3.  Reasons why farmers in the Sepunggur area use fire as a 
means to clear land 

Crop Number of 
Respondents 

Advantages of Burning 

Rubber 30 ash acts as fertilizer (15) 
weed and tree competition is reduced due to the burn (9) 
burning creates space to plant and walk (5) 
burning reduces occurrence of pests and diseases (5) 
burning loosens the soil resulting in faster establishment 
in loose soil (2) 

Upland Rice 26 ash acts as fertilizer (21) 
weed and tree competition is reduced due to the burn (8) 
burning creates space to plant and walk (5) 
burning reduces occurrence of pests and diseases (2) 
burning loosens the soil resulting in faster establishment 
in loose soil (2) 

Annual Crops 
(Not Upland 
Rice) 

23 ash acts as fertilizer (18) 
weed and tree competition is reduced due to the burn (5) 
burning creates space to plant and walk (3) 
burning reduces occurrence of pests and diseases (3) 
burning loosens the soil resulting in faster establishment 
in loose soil (2) 

Fruit trees 12 ash acts as fertilizer (7) 
weed and tree competition is reduced due to the burn (4) 
burning creates space to plant and walk (2) 
burning reduces occurrence of pests and diseases (2) 
burning loosens the soil resulting in faster establishment 
in loose soil (0) 

Banana 2 ash acts as fertilizer (1) 
burning loosens the soil resulting in faster establishment 
in loose soil (1) 
burning creates space to plant and walk (0) 
weed and tree competition is reduced due to the burn (0) 
burning reduces occurrence of pests and diseases (0) 

Cinnamon 14 ash acts as fertilizer (8) 
d d t titi i d d d t th b (4)



 11

Crop Number of 
Respondents 

Advantages of Burning 

weed and tree competition is reduced due to the burn (4) 
burning creates space to plant and walk (3) 
burning reduces occurrence of pests and diseases (2) 
burning loosens the soil resulting in faster establishment 
in loose soil (0) 

Cassava 16 ash acts as fertilizer (11) 
burning creates space to plant and walk (2) 
weed and tree competition is reduced due to the burn (2) 
burning loosens the soil resulting in faster establishment 
in loose soil (2) 
burning reduces occurrence of pests and diseases (1)  

Coffee 3 burning reduces occurrence of pests and diseases (1) 
ash acts as fertilizer (1) 
burning loosens the soil resulting in faster establishment 
in loose soil (1) 
burning creates space to plant and walk (0) 
weed and tree competition is reduced due to the burn (0) 

Oil palm 1 burning creates space to plant and walk (1) 
weed and tree competition is reduced due to the burn (0) 
burning reduces occurrence of pests and diseases (0) 
ash acts as fertilizer (0) 
burning loosens the soil resulting in faster establishment 
in loose soil (0) 

Chilies 9 ash acts as fertilizer (9) 
weed and tree competition is reduced due to the burn (2) 
burning creates space to plant and walk (1) 
burning reduces occurrence of pests and diseases (0) 
burning loosens the soil resulting in faster establishment 
in loose soil (0) 

Crop selection and planting 

A field can be planted within one week after burning.  Soil temperatures are es-
timated to be back to prior-to-burn conditions two to three days after the burn.  
Fields are on average ideally planted one month after the start of the rainy season 
for two reasons:  
• after one month the soil is really moist to guarantee quick establishment of 

the rubber seedlings, and  
• the rains will move the ash left on the soil after burning into the soil thus in-

creasing the soil fertility status. 

All of the most recently opened fields (within the past five years) were planted 
with local rubber seedlings and at fixed planting distances (3 x 6 m).  Only one 
farmer planted his field (one hectare) with clonal rubber.  Costs of planting mate-
rial prohibits all but one farmer from planting improved clonal rubber seedlings 
although farmers recognize that clonal rubber can produce up to three times as 
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much latex.  Annual crops are planted within the young rubber trees by fifteen of 
the thirty respondents in the first two years.  In 1997, six of the thirty farmers in-
terviewed opened new fields.  All six plan to plant local rubber seedlings and 
intercrop in the first two years with upland rice and vegetables.  Cultivating an-
nual crops any longer than two to three years is considered uneconomical since 
by then rubber trees cause too much shade for successful cultivation of annual 
crops (14), the soil is not fertile anymore (9), there are too many problems with 
pigs and monkeys (7), and there is too much weed competition requiring inten-
sive weeding (6).  

Off all the new plots established by the respondents in the past five years, Table 
4 shows the initial suitability for five indicator crops: corn (Zea mais), rice 
(Oryza sativa), groundnut (Arachis hypogea), cassava (Manihot esculenta), cin-
namon (Cinnamomum zeylanicum), and vegetables.  In addition, this table shows 
the main reasons for considering specific plots as unsuitable for one or more of 
the indicator crops at the moment of land clearing.  

Table 4: Initial suitability assessment for crop cultivation of the 70 oper-
ated plots by the 30 respondents in the Sepunggur area 
Reason Why a 
Certain Plot is 
Not Suitable for 
Cultivation 

# of Plots (out of 70) Not Suitable for Cultivation of the Following Crops 

 Corn Upland 
Rice 

Groundnut Cassava Cinnamon Vegetables 

The Soil is Not 
Fertile Enough 

3 1 9 0 33 2 

The Soil is Too 
Dry 

6 0 0 0 0 0 

Crop Needs  
Intensive  
Cultivation  

0 6 3 0 6 1 

Problems with 
Pests (Pigs,  
Monkeys) 

40 8 28 28 0 2 

Cinnamon is described by farmers as the soil fertility indicator.  According to 
most respondents, if cinnamon can grow, the soil is fertile enough to grow any of 
the other crops.  The cultivation of groundnut and cassava is restricted due to 
damage by pigs, whereas cultivation of corn requires more regular rainfall in ad-
dition to protection from pigs and monkeys.  Upland rice cultivation suffers from 
attacks by pigs in addition to requiring intensive weeding.  Most plots (65 out of 
the 70) are considered suitable for cultivation of vegetables although on average 
only for a period of one to three seasons. 

Of the 70 plots owned and operated by the respondents, 33 were classified as not 
fertile enough for cinnamon cultivation.  Of those 33 plots, 18 were converted to 
rubber gardens from more than 30-year-old forest.  Of the 37 plots that were 
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considered fertile enough for cinnamon cultivation, only 19 were slashed that 
had 30-year old or older vegetation.  Twenty-five farmers indicated that if they 
had a choice, they would select jungle rubber or primary or logged over forest 
that was older than 30 years old for conversion to new rubber gardens, since the 
soils supporting these vegetation types are the most fertile.  Hence, although cin-
namon is considered a crop that requires fertile soils, and soil under primary for-
est is generally considered to be more fertile, soil fertility does not seem to be 
correlated with the age of the original forest vegetation. 

Farmer’s perceptions on the effects of burning on soil fertility and plant re-
sponses 

Fields are rarely homogeneously burned.  Slash-and-burn generally leaves a 
patchy pattern of unburned litter and biomass, ash, charcoal, and red (com-
busted) soil.  Tables 5 and 6 show farmers’ perceptions of soil fertility status of 
these patches on upland rice and rubber. 

For an annual crops like upland rice, almost all respondents indicated that black 
soil covered with ash is more fertile and results in faster growth and higher pro-
duction.  For rubber trees, a delay in yields is mentioned by more farmers than a 
reduction in yield.  

Table 5: Comparison of farmers’ perspectives on Oryza sativa response 
to differences in burning intensity: unburned soil, once burned soil 
(black with ash), and soil exposed to high temperatures in a second burn 
(red soil deprived of organic matter). 

Time until First 
Production 

Yield 

Unburned Soil Black/
Ash 
Soil 

Red Soil Unburned 
Soil 

Black/
Ash 
Soil 

Red Soil 

longer (28) 

same (2) 

shorter (0) 

don’t know (0) 

control longer (25) 

same (4) 

shorter 

don’t know 
(1) 

higher (0) 

same (1) 

lower (29) 

don’t know 

control higher (0) 

same (4) 

lower (25) 

don’t know 
(1) 
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Table 6: Comparison of farmers’ perspectives on Hevea brasiliensis re-
sponse to differences in burning intensity: unburned soil, once burned 
soil (black and with ash), and soil exposed to high temperatures in a 
second burn (red soil deprived of organic matter). 

Time until First 
Production 

Yield 

Unburned Soil Black / 
Ash Soil 

Red Soil Unburned 
Soil 

Black / 
Ash Soil 

Red Soil 

longer 25 

same 5 

shorter 0 

don’t know 0 

control longer 20 

same 9 

shorter 0 

don’t know 1 

Higher 0 

same 12 

lower 18 

don’t know 0 

control higher 0 

same 13 

lower 16 

don’t know 1 

Reasons for the delay in production and yield reduction in non-burned soil as 
compared to burned soil (black soil) are the observations that ash acts as a fertil-
izer (28) and that burning reduces problems with regrowth of trees and weeds 
(21).  Red soil is considered less fertile (24) and described as not being able to 
contain water (16).  For these reasons, several farmers indicated that it was less 
desirable to burn a second time (pile-and-burn methods).  Still, 14 of the 30 re-
spondents indicated that they piled and burned wood after the first burn, while 16 
farmers only burned once (broadcast burn).  Temperatures measured during a 
burn in second burn locations in agronomic experiments in the same area 
reached over 6000 C and these temperatures can be maintained for up to thirty 
minutes resulting in combustion of the soil.  Still, the benefits of burning all 
wood from the field (easier planting and management of the newly planted trees) 
outweigh the expected decrease in soil fertility and water containing capacity of 
the soil.  

Table 7 shows farmers’ expectations towards growth and yield of the most im-
portant crops in the Sepunggur area as influenced by using fire as a land clearing 
method.  Two of the respondents indicated that they expected a one or two year 
delay in the first production of latex.  All other respondents that expected a delay 
could not indicate how long that delay might be. 
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Table 7.  Effect of using fire as land clearing method on time until (first) 
production and yield of the most important crops in the Sepunggur area 

Not Burning Results in 
Yield Delay 

Not Burning Results in 
Yield Reduction 

Crop Number of 
Respondents 

Yes No Yes No 

Rubber 30 25 5 18 12 

Upland Rice 26 25 1 25 1 

Annual Crops 
(not upland rice) 

23 22 1 22 1 

Fruit trees 12 11 1 10 2 

Banana 2 2 0 2 0 

Cinnamon 14 13 1 11 3 

Cassava 16 14 2 11 5 

Coffee 3 3 0 3 0 

Oil palm 1 1 0 1 0 

Chilies 9 9 0 9 0 

Although farmers recognize these microscale differences in soil fertility after 
burning, the advantages of planting at fixed planting distances as mentioned by 
the respondents (faster growth, easier to tap and to keep clean, less root competi-
tion and hence stronger roots resulting in less problems with wind) outweigh the 
advantages of the expected shorter time until production and higher yields when 
rubber seedlings are planted in locations with black soil and ash (as compared to 
unburned and/or red soil). 

Future field selection 

All fields in the Sepunggur area have been assigned.  There has been no commu-
nity forest left since 1987.  Those farmers that still own secondary forest or bush 
fallow (21 farmers) intend to slash-and-burn the remaining areas (on average 
three hectares per household) within the next five years.  

As mentioned above, twenty-five farmers indicated that if they had a choice, 
they would select jungle rubber of primary forest that was older than 40 years 
since the soils supporting these vegetation types are most fertile.  Five farmers 
prefer secondary forest that is less than 10 years old since slashing is easier. In 
addition, farmers prefer flat fields over sloped fields (easier to tap and keep 
clean) and dry fields over fields that are waterlogged for one week to one month 
(establishment of rubber is restricted in a waterlogged field). 

Farmers can no longer select which field they will open since on average they 
own only one field that can yet be converted to rubber garden.  Most forest still 
left in Sepunggur is less than ten years old.  Only two farmer indicated owning 
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old jungle rubber (more than 40 years old) while one farmers owned 20-30 year 
old secondary forest.  There is no primary forest, no secondary forest older than 
30 years old and only a small area of old jungle rubber left.  Farmers indicated 
that five years ago, there was still primary forest/logged over forest and old 
(more than 30 years old) secondary forest.  All remaining secondary forest and 
old jungle rubber is expected to disappear within the next 5 to 10 years.  

As indicated before, all newly opened fields in the past five years have been 
planted with rubber seedlings.  Farmers expect the total area of rubber garden to 
increase in the coming five years due to conversion of the remaining bush fallow 
and secondary forest to new rubber gardens.  After this conversion, there will be 
no more forest left and slash-and-burn will only take place to rejuvenate or con-
vert rubber gardens.  

Although presently farmers converted all newly opened plots to rubber gardens 
and plan to do so with the remaining bush fallow and forest, a majority expects a 
reduction in the total area of rubber garden.  The main reason for this expected 
decrease in total area of rubber garden in Sepunggur is that oil palm companies 
have shown interest in the area.  None of the farmers would like to convert rub-
ber gardens to oil palm, but seventeen of the thirty farmers indicated that they 
expect the total area under oil palm to increase in the next five years due to the 
buying power of the big oil palm companies.  When asked if they would con-
sider converting their rubber plantations to oil palm plantations in an agreement 
with an oil palm company, only three farmers replied they would join the oil 
palm project.  All three own an above average size of land (9, 10 and 15 hectares 
total area and 6.5, 5, and 9 hectares bush-fallow/secondary forest, respectively). 
For two out these three farmers, converting this land to oil palm would still mean 
that they own an above average size farm (with crops other than oil palm) in the 
Sepunggur area.  All other farmers said they would refuse to convert their rubber 
plots.  

Rubber cultivation was introduced into the area early in the twentieth century 
and has been part of farmers’ lives ever since, while oil palm is a new crop. Most 
farmers who expect rubber to remain the most important crop in the Sepunggur 
area in the next fifteen years indicated that this is due to the fact that farmers 
know how to cultivate rubber and can do so relatively independently.  Establish-
ing rubber gardens involves little cost whereas establishing an oil palm garden 
requires a large investment in the planting material.  Not being able to use fire as 
a land clearing method would force them to slash-and-mulch. Only one of the 27 
farmers that stated his refusal  to join an oil palm project indicated that he would 
join an oil palm project if burning a field was no longer an option.   Seven farm-
ers would slash and remove the wood from the field if slash-and-burn was no 
longer permitted anymore.  

Discussion and Conclusions 

At present, rubber is the most important crop in the Sepunggur area.  According 
to the farmers interviewed in this survey, rubber cultivation will still be the main 
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source of income in the next five years, while oil palm cultivation is likely to 
take off and consume some of the area presently under rubber cultivation after 
all land has been converted for agricultural use.  No new land is available for 
conversion so changes will have to take place within the existing area.  Although 
an increase in oil palm cultivation is expected, only two respondents believe that 
in ten years time oil palm will be more important than rubber.  Seventeen re-
spondents predict that rubber will still be more important whereas eleven re-
spondents expect oil palm and rubber to be of equal importance ten years from 
now.  

What would be the effect on smallholders of a ban on burning as a land clearing 
method?  

Seven out of 30 farmers indicated that if slash-and-burn was no longer permitted 
as a land clearing method to establish new or to rejuvenate old rubber gardens, 
they would slash-and-remove-wood.  Eighteen farmers would slash-and-mulch.  
Only one farmer would sell his forest if burning for conversion to rubber garden 
was no longer permitted. 

Farmers mentioned five advantages of slash-and-burn as a land clearing method: 
1) ash acts as a fertilizer;  
2) weed and tree competition is reduced due to the burn; 
3) burning creates space to plant and walk; 
4) burning reduces occurrence of pests and diseases; and 
5) burning loosens/crumbles the soil, resulting in faster establishment of the  
     seedlings.  

Mulching does not address any of these five benefits of burning.  Slash-and-
remove-wood addresses only the third advantage and requires a tremendous ef-
fort in labor.  Mulching and slash-and-remove-wood does not contribute to air 
pollution, however, farmers expect a reduction in income due to difficulties in 
establishing new rubber gardens (increased occurrence of pests and diseases), 
and/or a reduction in yield (lower soil fertility status due to absence of ash addi-
tion), and an increase in labor costs (more time needed for removing the wood, 
planting and weeding).  An increase in poverty is expected if burning is banned.  
The following response from two of the farmers is characteristic: “If the gov-
ernment does not permit using fire as a land clearing method anymore, it would 
kill us”. 

The respondents of this survey indicated that all forest will be converted to rub-
ber gardens with or without intercropping with other crops.  After all forested 
land has been converted, the total area under cultivation will not increase any-
more.  Some form of land clearing will, however, remain necessary to rejuvenate 
those rubber gardens or to convert them into other land use systems.  Selling 
wood to reduce the fuel loads and increase farmers’ incomes is no longer an al-
ternative unless rubber trees could be sold.  Slash-sell-and-burn would then be an 
alternative that could to a large extent maintain the advantages of using fire 
(even reduce the occurrence of topsoil completely deprived of organic matter 
due to extremely high temperatures during the burn), while supplying the farmer 
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with an extra source of income and the initiative to remove and not to burn the 
trees.  By selling rubber wood, farmers can cover costs of land clearing and earn 
enough to be able to cover some of the costs of buying higher-yielding clones for 
rubber replanting (ICRAF Alternatives to Slash-and-Burn Summary Report 
1995).  This alternative does require a change in local trade regulations and 
taxes.  At present, the high export levy for rubber wood and local trade regula-
tions and taxes severely restrict the sale of rubber wood by smallholders.  

In the second week of September (NEED YEAR), a bulldozer entered the 
Sepunggur area.  The sand roads to Kampung Sepunggur and to Kampung Baru 
are expected to be converted into asphalt roads before the end of the year.  A re-
cent map from the forestry department shows that the entire Sepunggur area has 
been assigned to PT Kharisma, an oil palm company that is likely to start drasti-
cally changing the situation for farmers in Sepunggur in the very near future.  Of 
the total area of 180 hectares owned collectively by the 30 farmers interviewed, 
only 19 hectares are owned with an official land title.   

If and when oil palm cultivation absorbs rubber cultivation, large areas of rubber 
gardens will need to be converted to oil palm.  The problems of land clearing 
remain but is expected to shift from smallholders to large-scale plantation own-
ers.  Without development of alternatives, situations like the present day envi-
ronmental disaster caused by the land-clearing operations of big plantation own-
ers in Sumatra and Kalimantan are likely to reoccur.  Whether we should focus 
on smallholders or large plantation owners depends on Indonesian development 
plans. 
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Rubber Agroforestry System (RAS) on-farm 
experimentation in West Kalimantan: Preliminary 
results of on-farm rice trials in cropping seasons 
1994/95, 1995/96 and 1996/97 

E. Penot1 and Sunario2 

Key Words: upland rice, fertilization, Imperata cylindrica, pests, herbicide 

Introduction 

Intercropping with rubber 

In West Kalimantan, on the island of Borneo, rubber planting has been integrated 
into the traditional shifting cultivation cycle for the last 70 years (Dove 1993).  
The vegetation in the field is slashed, allowed to dry, then burned.  This releases 
a flush of nutrients that are available to the crop of upland rice, which is then 
planted at the beginning of the rainy season.  Rubber trees are also planted at this 
time and these benefit from the labour invested in weeding the rice crop.  Tim-
ber, fruit trees and other perennial crops may also be planted. 

Effects of previous land use 

The type of vegetation which previously covered the plot has an effect on soil 
structure and fertility and this, in turn, affects the yields of the rice crop.  In the 
case where secondary forest or old jungle rubber was the previous land use type, 
the soil has a good structure and physical properties due to the deep rooted woo-
dy species present and high organic matter content due to litter fall.  These ef-
fects are built up over the long fallow period.  In addition, there is a high bio-
mass of vegetation, which when burned releases a considerable amount of nu-
trients.   

In the case where Imperata cylindrica was the previous vegetation, the soil struc-
ture is not well developed and soil organic matter content is much lower.  The to-
tal biomass of vegetation is also considerably lower, which results in lower nu-
trient additions to the soil when burned.  An additional problem is that Imperata 
regenerates quickly after burning and can quickly re-infest the field.  This weed 
competes severely with rubber and if the plot is invaded, rubber growth can be 
seriously retarded (Wibawa 1997) and there is a high risk of fire.  One method of 
controlling Imperata is tillage, which breaks up the rhizomes in the soil (and as a 
result, also improves soil physical properties). However this is very labour inten-
sive.  Increasingly more popular with farmers is the use of glyphosate herbicide 
("Round-Up"), which can be very effective, labour-saving, but also requires a 
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capital input.  Imperata is not shade-tolerant, so when the rubber canopy is deve-
loped, it is effectively shaded out. 

In Imperata dominated areas of West Kalimantan, intercropping rice with rubber 
provides the farmer with crops from the land during the immature rubber period, 
and also can prevent weeds from invading the field.  Therefore, labour invested 
in the rice crop in weeding operations also ensures good rubber growth, and the 
quicker the canopy closes, the quicker the weeds can be overcome. 

Upland rice trials 

A series of trials was designed to produce recommendations for intercropping 
rice with rubber in terms of suitable varieties and fertilisation levels.  The effect 
of rice intercropping on rubber growth was also investigated.  Results from these 
trials are presented and discussed in the following sections. 

Performance of local varieties of upland rice in Sanggau and 
Sintang areas  

Introduction 

In RAS systems, the first year is always cropped with local rice varieties (as im-
proved rice varieties are not yet widely available), except for RAS 2.2 which fo-
cuses on trials of both improved and local varieties.  A characteristic of farmers 
of the Dayak ethnic group is the use of certain varieties for making rice wine, 
which is an important social feature of the Dayak society.  Thus, in the future, 
even if Dayak farmers want to rely on rubber or other income generating activi-
ties (a common trend), they will always crop a small area of upland rice with 
these specific varieties.   

Three sets of RAS trials have been established in 1994/95, in 1995/96 and in 
1996, and planted with rice after clearing fields with the traditional slash-and-
burnpractices.  Old jungle rubber was the previous vegetation type in the villages 
of Kopar, Engkayu, Embaong, whereas Imperata dominated the transmigration 
villages of Trimulia and Pariban Baru.  Soils are poor, heavily leached, 
red/yellow ferralitic, with low CEC. 

Characteristics of the trial locations are summarized below.  Rice yields are pre-
sented in Table 1 (for 1994/95), Table 2 (1995/96) and Table 3 (191996 in Em-
baong and Kopar) with graphs. 
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Characteristics of trial locations 

Location Characteristics Observations 

KOPAR 
Trial 1 

Traditional secondary forest en-
vironment with high occurrence 
of Imperata. 
RAS 1, 2 and 3. 

Very poor sandy soils. 
Young secondary forest with very 
poor vegetation. 
Recent development of oil palm on 
this type of land. 
Dayak people. 

ENGKAYU 
Trial 1 

Traditional secondary forest en-
vironment with medium to high 
occurrence of Imperata. 
RAS 1, 2 and 3.  

Poor soils.  Forest/old jungle rubber 
environment.  Priority given to rub-
ber cropping systems. 
Dayak people. 

EMBAONG 
Rice in RAS 
1 first year 
only  

Traditional secondary forest en-
vironment with medium occur-
rence of Imperata. 
RAS 1.  

SRDP1 since 1987 (clonal rubber 
monoculture) with very old jungle 
rubber converted into RAS.  Forest 
environment. 
Dayak people. 

TRIMULIA 
Trial 3 

Transmigration area (formerly 
for foodcrops). 
Local strategy: priority to irri-
gated rice cultivation. 
RAS 2 and 3. 

Imperata grasslands. 
Extensive upland cropping system. 
Javanese people. 

PARIBAN 
BARU/ SIN-
TANG 
Trial 2 

Transmigration area (formerly 
for foodcrops). 
Imperata savannah. 

Local strategy: priority given to 
improved rubber. 
RAS 2. 

Imperata grasslands. 
Extensive upland cropping system. 
Javanese people. 

 

Performance of local rice varieties  

Cropping season 1994/1995:Table 1 and Figure 1 

Local rice varieties have an average yield of around 600 kg/ha in a range of 250 
to 1250 kg/ha (445 kg/ha for Kopar, 702 kg/ha for Engkayu).  Rice was cultiva-
ted after slash-and-burn of old jungle rubber, with chemical fertilization, and 
sometimes in Imperata infested land (Pariban Baru).  Most of these local varie-
ties may be used for rice wine production.  

The lower yields were due to depredation by insects and birds, a low planting 
density and generally low weeding level, with high occurrence of Imperata.  

                                                           
1 SRDP: Smallholder Rubber Development Project 
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Table 1.  Upland rice yield observed in RAS plot local varieties first 
planting after slash-and-burn, West Kalimantan 

Village Farmer Variety 
1994/1995 

Cycle 
in month  

Yield 
in kg/ha 

Kopar 
local varieties for 
rice wine 
no fertilization 
 
 
 
Average 
Standard 
CV 

Sudin 
Indi 
Muksin 
Stepanus 
Abui 
Kai 
Jampi 

mix up 
mix up 
pulut 
pulut 
nunggu 
pulut 
pulut 

6 
6 
6 
6 
6 
6 
6 
AVG 
STD 
CV 

479 
418 
486 
668 
360 
460 
246 
445 
120 
27% 

Engkayu I 
local varieties for 
rice wine 
no fertilization 
 
 
 
Average 
Standard 
CV 

Francisco 
Gabriel 1 
Gabriel 2 
Bakun 
Christianus  
Andreas 
Gamin 

banjar kuning 
pulut 
mix up 
mamu 
mix up 
pulut 
nunggu 

6 
6 
6 
6 
6 
6 
6 
AVG 
STD 
CV 

 
1,274 
897 
729 
340 
674 
299 
702 
332 
47% 

Pariban Baru 
Sintang 
Local variety for 
consumption 
Transmigration 
area 
Sheet Imperata 
Cylindrica  
Savannah 
No fertilization 
Average 
Standard 
CV 

Sadang 
Sudin 
Anat 
Sanggang 
Amas 
Haruk 
Atat 
Apin 

Klanggau 
Klanggau 
Klanggau 
Klanggau 
Klanggau 
Klanggau 
Klanggau 
Klanggau 

4 
4 
4 
4 
4 
4 
4 
4 
 
AVG 
STD 
CV 

1,029 
714 
533 
625 
878 
725 
580 
403 
686 
185 
27% 



 5 

 

Village Farmer Variety 
1995/1996 

Cycle Yield 

Trimulia 
Transmigration area 
Sheet Imperata Cyl-
indrica  
Savannah 
All plots with BPS 
fertilization dosis 
 
Average 
Standard 
CV 

 
Pryo Aryono 
Poniman 
Yasdi 
Sodianto 

 
Embatu 
Embatu 
Embatu 
Embatu 

 
4 
4 
4 
4 
 
 

AVG 
STD 
CV 

 
29 
117 
150 
39 
 
 

84 
51 
61% 

Figure 1. Comparison of Local Rice Yields 

 
 

 



 6 

 
Source: SRAP/GAPKINDO/ICRAF 1996 
 

Cropping season 1995/1996:Table 2 and Figure 2 

Local rice gave an average yield of around 500/600 kg/ha after slash-and-burnof 
old jungle rubber (for Kopar and Engkayu) without any chemical fertilization.  
Most of these local varieties may be used for rice wine production.  Yields range 
from 160 to 800 kg/ha.  Yields in Imperata infested land (village of Trimulia) 
are very low, between 29 and 150 kg/ha, due to poor management and infesta-
tion with Imperata.  Lack of weeding and severe competition from Imperata al-
most led to crop failure despite the plots receiving fertilization (BPS2 recom-
mendations).  

In Engkayu, the average yield of rice with BPS level fertilization (451 kg/ha) is 
inferior to that without fertilization (521 kg/ha) in the same type of environment 
(after slash-and-burn of old jungle rubber).  One explanation might be that these 
local varieties (especially those for rice wine) may not respond well to fertiliza-
tion.  Another explanation may be that without insect pest control, yields are 
dramatically affected by rice planthopper (‘walang sangit’) and lead to severe 
crop losses. 

 

                                                           
2 BPS: Sembawa Research Station 
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Table 2.  Upland rice yield observed in RAS plot in the 1995/96 planting 
season, West Kalimantan 
 

Village Farmer Type of RAS No. of years 
of planting 
after S & B 

Variety 
1994/1995 

Area in 
m2 

Fertili-
zation 

Cycle in 
month 

days 

Yield in 
kg/ha 

Engkayu I Gabriel/1 RAS/3 
clones  
control 

2 Pulut 
Semanu 

5,000 no 179 615 

Engkayu I 
 

Kopar 
 
 

Trimulia 
 

Trimulia 

Trimulia 

Trimulia 

close to 
Otol 

Close to 
Indi 
 

Pryo  
Aryono 

Poniman 

Yasdi 

Sodianto 

Vegetables 
 

Young  
jungle 
rubber 

2.1 
 

2.1 

2.1 

2.1 

1 
 

1 
 
 

1 
 

1  

1  

1 

Pulut 
Bagus 

Semanu 
Serunglup 
 

Way Rarem 
 

Way Rarem 

Way Rarem 

Way Rarem 

9,000 
 

1 ha 
 
 

5,000 

 

no 
 

no 
 
 

BPS 
 

BPS 

BPS 

BPS 

170 
 

170 
 
 

164 
 

172 

161 

147 

657 
 

420 
 
 

29 
 

117 

150 

29 

Engkayu II 
 

Engkayu II 
 

Engkayu II 
 

Engkayu II  

Engkayu II 
 
Engkayu II 

LC 
Lahong 

Sik 
 

Tinus 
 

Goling 

Otol 
 
Apan 

1.1/DP550 
 

1.1/DP550 
 

1.1/DP550 
 

1.1/DP750 

1.1/DP750 
 
1.1/DP750 

1 
 

1 
 

1 
 

1  

1 
 
1 

Rupo 
 

Demam 
Pulut 

Bagus 
Nyerungcup 

Terjak 

Bagus 
Pulut 
Pulut 

 no 
 

no 
 

no 
 

no 

no 
 
no 

152 
 

167 
 

167 
 

173 

169 
 
155 

462 
 

274 
 

754 
 

814 

656 
 
163 

Engkayu II 

Engkayu II 

Engkayu II 

Engkayu II 

Angkong 

Noh 

Bansa 

Joni 

3.3/orok2 

3.3/orok2 

3.3/flemingia 

3.3/flemingia 

1  

1  

1  

1  

Nyerungcup 

Pulut 

Pulut 
Nyerungcup 

Pulut 
Nyerungcup 

 BPS 

BPS 

BPS 
 

BPS 

162 

169 

188 
 

165 

492 

332 

293 
 

688 

 

Cropping season 1996/1997:Table 3 and Figure 3 

Rice yields in Embaong for local varieties are quite high with an average of 1182 
kg/ha (although there was a wide variation in yield ranging from 154 to 2493 
kg/ha).  This is probably due to three factors:  
• soils were rich in nutrients after the burning of 45-year old jungle rubber,  
• crops have been protected against insect pests during the last month before 

harvest (in particular against walang sangit), and  
• crops have been fertilized with BPS doses.  
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It seems that the combination of fertilization + crop protection pays off. 

Table 3.  Upland rice yield observed in RAS plot local varieties first 
planting after S&B, West Kalimantan 

  Variety 1996/97 Cycle in month Yield in kg/ha 

EMBAONG 
Old jungle rubber more 
than 45 years old 
All plots with BPS 
Fertilization dosis 

DANCO 
SAMI 
LATIN 
LOHENG 
SIDON 
TONIL 
CACOT 
ALOSIUS 
LIDI 

Kuning 
Yon 
embatu 
meliau 
Yon/pulut* 
Putih/pulut* 
kumpang 
embatu 
wi + pulut 
AVG 
ATD 

6 
6 
4 
6 
6 
6 
6 
4 
6 

1,642 
481 
869 

1,725 
2493 

154 
690 

2,053 
532 

1,182 
767 

KOPAR 
young secondary forest 
on poor sandy soils 

INDI II 
 
STEPANUS II 
KOLANUS 
 
YOHANES 
 
 
AKUT 

mamut 
pulut 
mamu 
mamu 
embatu 
pulut 
jengkot 
embatu 
semamu 
serungkup 
embatu 

6 
6 
6 
6 
4 
6 
6 
4 
6 
6 
4 
AVG 
STD 
CV 

1.185  
499 

1.129 
17102 

988 
285 

1,314 1 
1.566 
1.413  
1,693 
2,608 
1,344 

500 
37% 

 
 

 
 
 



 9 

In Kopar, where new plots have been established from relatively young seconda-
ry forest (‘belukar’), rice yields are exceptionally high; an average of 1344 kg/ha 
(and a range of 449-2608 kg/ha).  This is remarkable when compared to yields 
observed in 1994/95  (average yield of 445 kg/ha) on the same type of poor soils 
and poorly developed secondary vegetation (young belukar).  Crop protection 
and fertilization (BPS dose) with good weeding (due to good farmer motivation) 
may explain such results.  

However, the differences between years may also be partly due to bias in sam-
pling.  In 1994/95 and 1995/96, rice production was measured over the whole 
field, but in 1996/97 samples of 10 m2 were used due to labour shortage. 

Conclusions 

Some local varieties have very good potential.  However, some, particularly 
those selected for rice wine production, may have a relatively limited production 
potential if crop protection and fertilization are not carried out.  Fertilization lin-
ked with crop protection (against insects and birds), and two weedings, as im-
plemented in 1996/97, have almost tripled yields from an average 445 kg/ha in 
1994/5 to 1344 kg/ha in 1996/97 (Table 4). 

 

Table 4.  Upland rice yield observed in RAS plot local varieties first 
planting after slash-and-burn, West Kalimantan 

Location Precedent  Age in 
years 

Yield in 
AVG 

STD CV Code 

Kopar 

Engkayu 

Sintang/ 
Pariban Baru 

Trimulia 

Kopar 

Embaong 

Belukar 

jungle rubber 

Imperata 
 

Imperata 

Imperata/belukar 

jungle rubber 

7/12 

10/20 

 
 

15 

0.5 

45 

445 

702 

686 
 

84 

1,344 

1,182 

120 

332 

185 
 

51 

500 

767 

27%  

47% 

27% 
 

61% 

37% 

65% 

KOP 

ENG 

SIN 
 

TRI 

KOP 

EMB 
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Figure 4. 

 

Reasons for some of the low yields observed are as follows:  
• low planting density due to traditional way of rice cropping, 
• late planting in 1995 due to delay in field preparation: too much rain in the 

dry season and burning was delayed, 
• damage by rice bugs and other insects, 
• low initial soil fertility, 
• loss of ash in surface water run-off, due to heavy rains after burning. 

RAS 2.2 Rice trials in the first year of planting 

The types of OFT (On-Farm Trials) are explained below.  
• Trial 1  

Four replications in two Dayak villages in Sanggau area: Kopar and Eng-
kayu.  
The first year of rubber and rice planting was 1995. 
A high density of associated trees (275 trees/ha) was also planted. 

• Trial 2 
Nine replications in Pariban Baru and Sintang (transmigration area).  
Third year after rubber planting.  
Rice trials were implemented in cropping seasons 1995/96 and 1996/1997, as 
follows: 
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Four replications with a ‘high’ density of associated trees (275 trees/ha) 
Five replications with a ‘medium’ density of associated trees (135 trees/ha) 

• Trial 3 
Four replications in Trimulia, a Javanese transmigration village 
A ‘low’ density of associated trees (92/ha). 

In addition to these experiments, farmers in Embaong village wanted to grow 
improved rice varieties in their RAS 1 plots, to compare yields with their local 
rice varieties.  Fields were divided into "improved rice" and "local rice", with the 
same BPS fertilization and crop protection.  Results are presented in Table 9.   

Implementation  

Trial 1: Rubber planted between December 1994 and February 1995. 

 RAS 2.2 with rice experiment in the first year  

Trial 2: Rubber planted in December 1993. 

 RAS 2.2 with rice experiment in the third year (the first year of rice 
was before rubber planting)  

Trial 3: Rubber planted: January-February 1996.   

 RAS 2.2 with rice experiment in the first year  

Treatments 

Year 1 

Treatment 1: 3 rice varieties 

 local - "Embatu" or "Klanggau"  

 improved - "Way Rarem" 

 improved - "Danau Tempe" (or "Jatiluhur") 

Treatment 2: 3 levels of fertilisation 

 No fertiliser 

 1/2  BPS recommended dose 

 Full  BPS recommended dose  

(BPS dose/ha is: 100 kg urea, 140 kg SP 36 and 75 kg KCL) 

Number of plots : 9 per replication (each farm is considered a replication) 

Experimental design :  Split-plot, with main treatment on rice variety and sub-
treatment on fertilization.  
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NB.  No pesticide was used to protect crop from pests and insects. 

ANOVA has not been carried out due to high variability of results. 

Year 2 

In Year 2, the experimental design was changed, as experience from Year 1 
showed that the original nine plots per farm was too much for farmers to manage 
(except for those in Pariban Baru).  Therefore, the number of plots was reduced 
to four per farm, by removing the rice variety treatment.  Thus each farmer com-
pared three levels of fertilization on one variety only. The simplification of the 
trial design enabled the farmers to manage the experimental fields satisfactorily. 

Fertilization treatment  : 1 plot with the selected variety: 0 fertilization 

  1 plot with the same variety, BPS recommended fertili-
zation 

  1 plot with the same variety, CRIFC recommended ferti-
lization (150 kg urea, 220 kg SP-36, 150 kg KCl) 

(A fourth plot was included, with the local rice variety for wine production, as 
this was requested by the farmers.  However, yields from this plot were not in-
cluded in the analysis of the experiment.) 

Main results of the first trials (1995/1996) 

Trial 1 In Kopar & Engkayu and Trial 2 In Pariban Baru  

Cassava is grown as an associated food crop with rice in all fields in Kopar & 
Engkayu.  Rice does not cover the soil well as the planting density is generally 
too low.  The effect of fertilization is clear; the differences are significant bet-
ween the no fertilizer treatment and the full BPS dose. However, yields are low, 
particularly in Pariban Baru, where the rice is intercropped with 3.5-year-old 
rubber.  In this case, the effect of shading may be important as the PB 260 clonal 
rubber trees grow very fast.  

Generally, yields of Way Rarem and Embatu do not recoup the cost of fertiliza-
tion.  In Kopar and Engkayu, BPS fertilization raised yields of Embatu from 480 
to 740 kg/ha.  The fertilizer response was greater than that of Way Rarem, which 
suffered from blast (fungal disease) and depredation by insects and birds (Table 
5, 6 and 7).  Therefore, in these conditions, the risk of investing in fertilization, 
particularly with "improved varieties" such as Way Rarem, Danau tempe or Jati-
luhur, is not justified if there is no crop protection.  The effect of fertilization on 
local varieties (Serunglup and Pilih) was comparable to that for Embatu (Table 
5).  

 

Table 5.  Upland rice yield observed in RAS plot 1995/96 planting sea-
son, West Kalimantan 
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RAS 2.2 Rice Variety x Fertilization Experiment 
Year 
after 
S&B 

Village  
Dusun 

Farmer  Rep 
nb 

T1 rice  
variety 

T2 dose Date of 
planting 
date in 
1996 

Date of 
harvest  

Cycle 
in days 

Yield per 
plot  

400 m2 

Yield 
per ha 
adjusted 
14% 

Index/ 
dose = 0 

2  Kopar I Muksin 1      NOT HARVESTED 

2  Engkayu  Gabriel/2 2 Way Rarem 

Way Rarem 

Way Rarem 

Embatu 

Embatu 

Embatu 

Way Rarem 

Way Rarem 

Way Rarem 

1/1 

1/2 

0 

1/1  

112 

0 

1/1  

1/2 

0 

30/10 

 

 

12/10 

 

 

30/10 

12/2/96 

13/2/96 

14/2/96 

 

 

 

12/2/96 

104 

105 

106 

late 
plan 

 

 

104 

alang2 

alang2 

6.8 

3.9 

2.5 

0.0 

0.0 

0.0 

3.4 

0.0 

0.0 

0.0 

263 

181  

113, 

0 

0 

0 

762 

2.3 

1.6 

2  Engkayu  Andreas 3 Way Rarem 

Way Rarem 

Way Rarem 

Embatu 

Embatu 

Embatu 

Way Rarem 

Way Rarem 

Way Rarem 

1/1  

1/2 

0 

1/1  

1/2 

0 

1/1  

1/2 

0 

29110 

 

 

13/10 

 

 

29/10 

3/2/96 

14/2/96 

19/2/96 

12/2/96 

1612/96 

19/2/96 

11/2/96 

11/2/96 

19/2/96 

97 

108 

113 

121 

125 

129 

105 

105 

113 

8.8 

6.9 

5.9 

19.0 

16.3 

15.8 

6 

4 

2 

505 

329 

282 

1,095 

780 

760 

333 

236 

230 

1.8 

1.2 

 

1.4 

1.0 

 

1.4 

1.0 

2  Engkayu  Gamin 4 Way Rarem 

Way Rarem 

Way Rarem 

Embatu 

Embatu 

Embatu 

1/1  

1/2 

0 

1/1  

1/2 

0 

28/10 

 

 

28/10 

7/2/96 

7/2/96 

 

1812/96 

20/2/96 

20/2/96 

102 

102 

 

113 

115 

115 

4.5 

1.5 

 

8.5 

5 

4.5 

207 

69 

 

391 

230 

207 

ERR 

ERR 

 

1.9 

1.1 

 1 serie destroyed by birds 

Average rice cyle in days 
Way Rarem  105 
Embatu 119 
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Figure 5. 

 

Table 6.  RAS 2.2 Rice Variety x Fertilization Experiment,  
West Kalimantan 1995/96 

Average all plots 
Nb of r 
rep 

Variety Level AVG 
kg/ha  

STD 
kg/ha 

CV 
%  

Index/level 0 

 Improved Variety    
5  
5  
4  

Way Rarem 
Way Rarem 
Way Rarem 

1/1 
1/2 
0 

404 
164 
129 

185 
107 
106 

46% 
65% 
83% 

3.1 
1.3 

 Local Variety    
2  
2  
2  
1  
1  
1  
1  
1  
1  

embatu 
embatu 
embatu 
serunglup 
serunglup 
serunglup 
pilih 
pilih 
pilih 

1/1 
1/2 
0 
1/1 
1/2 
0 
1/1 
1/2 
0 

743 
505 
483 
747 
498 
0 
666 
222 
0 

352 
275 
276 
0 
0 
0 
0 
0 
0 

47% 
54% 
57% 
0 
0 
0 
0 
0 
0 

1.5 
1.0 
 
1.5 
 
 
3.0 
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Figure 6. 

 

Table 7.  Upland rice yield observed in RAS plot in the 1995/96 planting 
season, West Kalimantan 

Ras 2.2 rice variety x fertilization experiment 
Average Yield and Index Per Variety 

Pariban Baru/Sintang: 9 rep 
Number of rep Rice  

Variety 
Dosis  
fertilizers  

Kg/ha  
average 

Index/dosis=0 Index/KL 
klanggau 

9 WR 
9 WR 
8 WR 

 1/1 
½ 
0 

195 
67 
38 

5.21 
1.78 

1.33 
0.58 
0.71 

9 DT 
9 DT 
9 DT 

 1/1 
½ 
0 

122 
48 
22 

5.68 
2.23 

0.83 
0.41 
0.41 

4 EB 
4 EB 

 1/1 
1/2 
0 

335 
198 
120 

2.79 
1.65 

2.28 
1.71 
2.26 

4 KL 
4 KL 
4 KL 

 1/1 
1/2 
0 

147 
116 
53 

2.76 
2.18 

 

Klanggau is the local upland rice 
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Figure 7. 

 
In Pariban Baru, the local variety (Klanggau) has lower yields than Embatu. Em-
batu is a local variety from the village of Sungei Kossak, located in the Sanggau 
area, identified by Ir Sunario for experimentation in RAS.  This variety has pro-
ved to be very well adapted to local conditions and has a cycle of four months.  
Yields are extremely low (from 150 to 300 kg/ha with BPS fertilization) and do 
not justify the cost of fertilization in spite of the great effort the farmers put into 
their rice fields.  The best yields have been recorded in some plots on selected 
area of 50 m2 in order to have an idea of the real potential of production with 
BPS fertilization (Figure 8).  Yields range from 938 to 1875 kg/ha. 
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Figure 8. 

 

Table 8.  Rice Yields in Selected Plot of 50 m2 
Rice Variety Fertilization Level Location Haruk  Anat 

EB 
EB 
ES 
Embatu 

1/1 
1/2 
0 

1111 
938 
938 

1875 
1563 
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Upland rice yield observed in RAS plot 1995/96 planting season, West Kalimantan 

 

RAS 2.2 Rice Variety x Fertilization Experiment 
Village of Pariban Baru Sintang Area Transmigration 
Age of Rubber Trees: 3.5 years (planting in Dec 1993) 

Farmer Rep nb T1 rice 
variety 

T2 
dose  

planting 
date in 
1996 

Date of 
harvesting  

Cycle in 
days 

Yield per 
plot 

1400 m2 

Yield per 
ha  

Index/dosis=0 Note observations 

ASSOCIATED TREES: medium density (140 trees/ha) 

Sudin 1 Variety 

WR 

WR 

WR 

Dosis 

1/1 

1/2 

0 

 

25/10 

February 

10 

9 

7 

 

102 

101 

99 

 

4.5 

4 

2 

 

113 

100 

50 

 

2.25 

2.00 

 

5  

4  

3  

 

very good growth 

growth correct, heterogeneous 

growth correct 

  DT 

DT 

DT 

1/1 

1/2 

0 

25/10 16 

16 

16 

108 

108 

108 

2 

1 

1 

50 

25 

25 

2.00 

1.00 

0  

1  

0  

very poor growth, bad quality seeds 

very poor growth, weedy 

very poor growth 

  EB 

EB 

EB 

1/1 

1/2 

0 

28/9 15 

17 

17 

140 

142 

142 

15 

12.5 

8 

375 

313 

200 

1.88 

1.56 

5  

4  

5  

very good growth 

very good growth 

very good growth 
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Farmer Rep nb T1 rice 

variety 
T2 
dose  

planting 
date in 
1996 

Date of 
harvesting  

Cycle in 
days 

Yield per 
plot 

1400 m2 

Yield per 
ha  

Index/dosis=0 Note observations 

ASSOCIATED TREES: medium density (140 trees/ha) 

Haruk 2 WR 

WR 

WR 

1/1  

1/2 

0 

25/10 20 

21 

21 

119 

120 

120 

7 

2.5 

1 

175 

63 

25 

7.001 

2.50 

4  

1  

3  

good growth 

poor growth, weedy 

growth correct 

  DT 

DT 

DT 

1/1  

1/2 

0 

25/10 26 

28 

28 

93 

95 

95 

5.5 

1 

1 

138 

25 

25 

5.50 

1.00 

1  

1  

0  

poor growth 

very poor growth, weedy 

very poor growth weedy 

  EB 

EB 

EB 

1/1  

1/2 

0 

30/9 23 

24 

22 

137 

138 

136 

17.5 

9.5 

4 

438 

238 

100 

4.38 

2.38 

5  

1  

1  

very good growth 

very heterogeneous. weedy 

late planting 

Sadang 3 WR 

WR 

WR 

1/1  

1/2 

0 

25/10 9/2 

2/3 

108 

128 

10 

3 

416 

75 

zero 

555 5  

1  

1  

lack of N. yellowish 

poor growth. weedy 

very poor growth 

  DT 

DT 

DT 

1/1  

1/2 

0 

25/10 9/3 

   - 

136 7.5 188 

0 

0 

 0  

1  

2  

bad quality seeds: no growth 

poor growth, weedy 

very poor growth 

  EB 

EB 

EB 

1/1  

1/2 

0 

25/9 5/3 

12/2 

7/3 

161 

140 

163 

12.5 

5.5 

3 

313 

138 

75 

4.17 

1.83 

3  

5 

5  

growth correct, weedy 

 

good growth. heteronegenous 
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Farmer Rep nb T1 rice 

variety 
T2 
dose  

planting 
date in 
1996 

Date of 
harvesting  

Cycle in 
days 

Yield per 
plot 

1400 m2 

Yield per 
ha  

Index/dosis=0 Note observations 

ASSOCIATED TREES: medium density (140 trees/ha) 

Anat 4 WR 

WR 

WR 

1/1  

1/2 

0 

26/10 152 

   - 

17/2 

112 

 

114 

9.5 

 

4.5 

238 

zero 

113 

2.11 

0.00 

1  

0  

2  

heterogeneous 

very poor growth 

heterogeneous 

  DT 

DT 

DT 

1/1  

1/2 

0 

26/10 2/3 

4.3 

15/1 

125 

127 

94 

7.5 

2 

1  

300 

50 

25 

12.00 

2.00 

3  

0  

0  

very heterogeneous 

very poor growth 

heterogeneous 

  EB 

EB 

EB 

1/1  

1/2 

0 

29/9 8/3 

19.2 

19.2 

162 

145 

145 

22 

12 

9 

550 

300 

225 

2.44 

1.33 

5  

5  

5  

very good growth 

very good growth 

very good growth 

Amas 5 WR 

WR 

WR 

1/1  

1/2 

0 

25/10 7/2 

8/2 

105 

106 

5 

3 

208 

75 

0 

2.77 2  

1  

1 

poor growth. heterogeneous, weedy 

very poor growth 

heterogeneous 

  DT 

DT 

DT 

1/1 

1/2 

0 

25/10 2/3 

5/3 

6/3 

128 

131 

132 

8 

6.75 

3.25 

200 

169 

81 

2.46 

2.08 

1  

1  

1  

very poor growth 

very poor growth 

very poor growth 

  EB 

EB 

EB 

1/1  

1/2 

0 

2/10    - 

   - 

   - 

    cancelled 
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Farmer Rep nb T1 rice 

variety 
T2 
dose  

planting 
date in 
1996 

Date of 
harvesting  

Cycle in 
days 

Yield per 
plot 

1400 m2 

Yield per 
ha  

Index/dosis=0 Note observations 

ASSOCIATED TREES: high density (275 trees/ha) 

WR 

WR 

WR 

1/1 

1/2 

0 

25/10 20/2 

20/2 

123 

123 

3.5 

1.5 

88 

38 

0 

2.33 1 

1 

0  

poor tiler, poor growth; weedy 

very poor growth 

very poor growth 

DT 

DT 

DT 

1/1  

1/2 

0 

25/10    - 

18/2 

 

121 

 

2 

0 

50 

0 

 0  

0  

0  

no growth 

very poor growth 

no growth 

Apin 1 

KL 

KL 

KL 

1/1  

1/2 

0 

7/10 18/2 

18/2 

   - 

139 

139 

4.5 

5.5 

113 

138 

0 

0.82 3  

3  

1  

growth correct, heterogeneous, weedy 

poor tiler 

poor growth 

WR 

WR 

WR 

1/1 

1/2 

0 

25/10 12/2 

12/2 

12/2 

100 

100 

100 

4.5 

2.5 

1 

113 

63 

25 

4.50 

2.50 

5 

1 

1  

very good growth 

poor growth. weedy, heterogeneous 

growth correct 

DT 

DT 

DT 

1/1 

1/2 

0 

25/10 17/2 

17/2 

17/2 

105 

105 

105 

2 

2.5 

0.5 

50 

63 

13 

4.00 

5.00 

1  

0  

0  

very poor growth, weedy 

very poor growth 

no growth 

Hukir 2 

KL 

KL 

KL 

1/1  

1/2 

0 

10/10 3/3 

1/3 

1/3 

124 

122 

122 

8.5 

7 

4.5 

213 

175 

113 

1.89 

1.56 

4  

3  

1  

very poor growth. weedy 

heterogeneous, growth correct 

very poor growth 
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Farmer Rep nb T1 rice 
variety 

T2 
dose  

planting 
date in 
1996 

Date of 
harvesting  

Cycle in 
days 

Yield per 
plot 
1400 m2 

Yield per 
ha  

Index/dosis=0 Note observations 

ASSOCIATED TREES: high density (275 trees/ha) 
WR 

WR 

WR 

1/1 

1/2 

0 

25/10 10/2 

6/2 

12/2 

98 

94 

100 

8 

5.5 

5 

333 

138 

125 

2.66 

1.10 

5 

2  

5  

good growth, weedy 

yellowish, weedy 

growth correct 

DT 

DT 

DT 

1/1  

1/2 

0 

25/10 20/2 

20/2 

108 

108 

5 

2 

125 

50 

0 

2.50 3 

2  

0 

poot tiler, heterogeneous. weedy 

poot tiler. heterogeneous, weedy 

very poor growth 

Sanggang I  

KL 

KL 

KL 

1/1  

½ 

0 

29/9 2/3 

2/3 

1/3 

155 

155 

154 

6.5 

4 

2 

163 

100 

50 

3.25 

2.00 

5 

3 

1 

good growth 

growth correct 

very poor growth, lack of N 

Ata 4 WR 

WR 

WR 

1/1 

1/2 

0 

25/10 15/2 

15/2 

103 

103 

3 

2 

75 

50 

1.50 2 

0 

very heterogeneous 

very poor growth 

cancelled 

  DT 

DT 

DT 

1/1 

½ 

0 

25/10 20/2 

   - 

20/2 

108 

 

108 

2 

 

1 

50 

0 

25 

2.00 

0.00 

1 

0 

0 

weedy, very poor growth 

very poor growth 

very poor growth 

  KL 

KL 

KL 

1/1 

½ 

0 

9/10 15/2 

18/2 

18/2 

108 

111 

111 

4 

2 

2 

100 

50 

50 

2.00 

1.00 

4 

4 

3 

growth correct, heterogeneous 

growth correct, heterogeneous 

growth correct, heterogeneous 
Note on farmers fields: Average rice cycle in days: 
Sudin Rubber growth is very slow, few shading Hukir plot with very low rubber growth, Few shading Way Rarem 108 
Haruk plots are very heterogeneous Sanggang plot with very low rubber growth, Few shading Danau Tempe 112 
Amas strong effect of shading of rubber trees Ata strong effect of shading of rubber trees Embatu 146 
    Klanggau 130 
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The level of weeding was generally not enough to overcome the threat of Impe-
rata.  One weeding, sometimes two, is implemented.  The first rice crop was ge-
nerally well weeded, but Imperata and other weeds usually invaded the plot in 
the second year.  Damage by rice bugs after flowering and depredation by birds 
led to poor yields. 

Growth and biomass production was generally good for the local varieties, but 
very variable for Way Rarem, and very poor for Danau Tempe (particularly in 
Pariban Baru) due to poor seed quality and the subsequent low germination). 

Trial 3 in Trimulia 

Rice experimentation in RAS 2.2 in Trimulia village was a total failure as far-
mers showed little interest in upland crops and Round-up was used incorrectly.  
This led to a very rapid infestation of Imperata over the whole field.  Obviously, 
farmers give priority to irrigated rice (‘sawah’), and to off-farm activities.  Far-
mers consider that upland cropping, rice in particular, to be very risky in that 
area due to both Imperata and the other weeds that come in after Imperata has 
been suppressed.  These can cover the fields very rapidly (in less than one 
month) and compete severely with rice.  Local knowledge suggests that the only 
way to get rid of Imperata and control these other weeds efficiently is to till the 
fields (if possible with draught power), and then grow groundnut with two or 
three weedings per crop.  However, returns to labour seem to be too low for this 
to be feasible, especially under current conditions where tillage is done manual-
ly.  This explains the farmers’ interest in better paid off-farm activities. 

Conclusion  

A constraints analysis is necessary to identify the constraints other than soil ferti-
lity.  These constraints are: 
• severe competition from weeds (e.g., Imperata), especially in transmigration 

areas with sheet Imperata, 
• low planting density and traditional cropping methods, 
• effect of pests and disease (rice bugs and blast), 
• erratic rainfall (water deficit or damages by heavy rains), 
• light competition from rubber tree canopies three years after planting, 
• seed quality of improved varieties, 
• soil compaction after three  years of no tillage; a rotation of rice and ground-

nuts (with tillage for the second crop) seems to be necessary. 

Improved rice varieties with BPS* fertilization and crop protec-
tion on RAS 1 and RAS 3 plots in Embaong and Kopar villages, 
1996/97 

The previous trials in 1994/95 and 1995/96 showed that without fertilization and 
crop protection, improved varieties were not suitable and gave lower production 
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than local varieties, in particular Embatu.  In the first year of RAS 1 and RAS 3 
establishment, farmers in the villages of Embaong and Kopar wanted to grow 
both local and improved rice in the same fields with BPS fertilization and crop 
protection in order to compare yields.  Results are presented in Table 9.  BPS 
fertilization level is that recommended by the Rubber Research Station of Sem-
bawa, IRRI, in South Sumatra. 

Figure 9 

 

Table 9.  Upland rice yield observed in RAS plot in the 1996/97 planting 
season, West Kalimantan 
Variety Yield/ha  STD CV Nb 

plots 
Index/local 
variety 

Total average all plots first year all 1,202 617 51% 26 104% 

IMPROVED VARIETIES 

Average Way Rarem waya 

Average jatiluhur jat 

1,149 
1,391 

666 
228 

58% 
16% 

3 
3 

99% 
120% 

LOCAL VARIETIES 

Average Embatu emb 
Average other local varieties local 

1,617 
1,156 

653 
591 

40% 
51% 

5 
15 

140% 
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Rice planting  in 96/97 Village 

Dusun 

Farmer Type of RAS 

Planting Harvesting Variety  Fertilizers Number of 
weedings 

GROSS 

Yield 

% dry Net Yield Intercropped 

DANCO RAS 1.1 4/10 

2618 

22/1 

20/2 

Jatiluhur 

Kuning 

1 BPS  1975 

1893 

0.254 

0.254 

1,713 

1,642 

 

SAMI RAS 1.1 24/9 28/2 Yon 1 BPS  481  481  

LATIN RAS 1.1 20/9 1/3 Embatu 1 BPS  869  869  

LOHENG RAS 1.1 1/10 

24/8 

22/1 

26/2 

Jatiluhur 

meliau 

1 

1 

BPS 

BPS 

 1425 

1965 

0.245 

0.245 

1,251 

1,725 

 

SIDON RAS 1.1 28/8 10/2 Yon/pulut 1 BPS  2493  2493  

Embaong 

TONIL RAS 1.1 23/8 8/2 Putih/pulut 1 BPS  154  154  

  Clone Comparison         

JAMPI RAS 1.2            

CACOT RAS 1.2 24/9 

5/9 

28/2 

6/3 

Way Rarem 

kumpang 

1 

1 

BPS 

BPS 

 750 

690 

0.251 653 

690 

 

ALOSIUS RAS 1.2 18/9 25/2 embatu 1 BPS  2125 0.169 2,053  

Embaong 

LIDI RAS 1.2 24/9 

28/8 

28/2 

28/2 

jatiluhur 

wi + pulut 

1 

1 

BPS 

BPS 

 1275 

532 

0.184 1,210 

532 
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Rice planting  in 96/97 Village 

Dusun 

Farmer Type of RAS 

Planting Harvesting Variety  Fertilizers Number of 
weedings 

GROSS 

Yield 

% dry Net Yield Intercropped 

INDI 11 3.2 25/9 

2819 

28/9 

31/1 

7/2 

7/2 

Way Rarem 

mamut 

Pulut 

1  

1  

1  

BPS 

BPS 

BPS 

 725 

1300 

525 

0.164 

0.216 

0.182 

705 

1,185 

499 

 

STEPANUS II 3.2 25/9 

14/9 

29/1 

17/2 

Way Rarem 

mamu 

1 

1 

BPS 

BPS 

 300 

1250 

0.163 

0.223 

292 

1,129 

 

KOLANUS 3.2 7/9 

24/9 

17/2 

17/2 

mamu 

embatu 

1 

1 

BPS 

BPS 

 1150 

1050 

0.176 

0.191 

1.102 

988 

 

YOHANES  3.2 8/9 

8/9 

24/9 

18/2 

18/2 

18/2 

Pulut 

jengkot 

embatu 

1 

1 

1 

BPS 

BPS 

BPS 

 1325 

1350 

1640 

0.166 

0.163 

0.179 

1,285 

1,314 

1,566 

 

Kopar 

AKUT 3.2 4/9 

23/8 

24/9 

20/1 

2011 

26/2 

semamu 

serungkup 

embatu 

1 

1 

1 

BPS 

BPS 

BPS 

 1560 

1750 

2725 

0.221 

0.168 

0.177 

1,413 

1,693 

2,608 
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Best yields were again obtained with Embatu; 1617 kg/ha on average. Yield of 
Way Rarem (1149 kg/ha) is comparable to that of local varieties (1156 kg/ha).  
Yield of Jatiluhur (1391 kg/ha) is slightly above that of Way Rarem.  Such pro-
duction levels recoup the cost of fertilization.  Crop protection, sufficient wee-
ding and suitable fertilization show that upland rice cropping can still be interes-
ting, however, return to labour is still relatively low.  An advantage is that rubber 
and the associated trees directly profit from good intercrop management; growth 
is enhanced and the immature period will be reduced.   

RAS 2.2 Rice trials in the second year of planting: 1996/97 

RAS 2.2 in Kopar/Engkayu in 1996/1997 

Table 10 and Figure 10 show the significant effect of BPS fertilization (for Way 
Rarem and Embatu varieties) compared to 0 fertilization; 1277 kg/ha and 891 
kg/ha respectively.  When the higher CRIFC fertilization level is used, yields are 
highest (1325 kg/ha), but the increased costs of the inputs do not justify their use 
from an economic point of view.  All results are presented in Figure 11. 

Table 10.  Upland rice yield observed in RAS plot in the 1996/97 plant-
ing season, West Kalimantan 

 code Yield/ha  STD  No. 
plots  

Index/ 
dose 0  

Average 0 fertilization 0 
Average medium fertilization (BPS)  BPS 
Average high fertilization : CRIFC CRIFC 

891 
1,277 
1.325 

46 
497 
742 

5% 
39% 
56% 

2  
3  
3 

 
143% 
149% 

 
Figure 10. 
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Table 11.  Upland rice yield observed in RAS plot in the 3 planting sea-
sons, West Kalimantan 
RAS 2.2 planted in 1995 in Kopar/Engkayu I 

Rice yield 1995/96 Rice yield 1996/97 Village  
Dusun 

Farmer Type of 
RAS 

Rice yield 
1994/95 local 
varieties no 
fertilization 

Variety Fertilizers 
dosis type 

Yield Variety Fertilizers 
dosis type 

Yield 

Kopar I Muksin  RAS 2.2 486    embatu 
embatu 
embatu 

0 
BPS 
CRIFC 

937 
1.979 
2.090 

Engkayu I  Gabriel/2  RAS 2.2 897 Way Rarem 
Way Rarem 
Way Rarem 

0 
1/2 BPS 
BPS 

113 
181 
512 

 0 
BPS 
CRIFC 

 

Engkayu I Andreas RAS 2.2 674 Way Rarem 
Way Rarem 
Way Rarem 

0 
1/2 BPS 
BPS 

256  
283  
419  

jatiluhur 
jatiluhur 
jatiluhur 

0 
BPS 
CRIFC 

845 
891 
1.563 

    embatu 
embatu 
embatu 

0 
1/2 BPS 
BPS 

760 
780 
1055 

   

Engkayu I Gamin RAS 2.2 299 Way Rarem 
Way Rarem 
Way Rarem 
embatu 
embatu 
embatu 

0 
1/2 BPS 
BPS 
0 
1/2 BPS 
BPS 

0 
69 
207 
207 
230 
291 

 
embatu 
embatu 

0 
BPS 
CRIFC 

0 
961 
320 

Engkayu I  Gabriel/1 RAS/3 
clones 
control 

1274 Local  615 semamu BPS 1.266 
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Figure 11. 

 
RAS 2.2 in Pariban Baru in 1996/97 

In Sintang/Pariban Baru, in the third year after rubber planting, almost all RAS 
2.2 rice trials failed, regardless of fertilization levels or rice varieties.  This was 
due to the following factors:  
• shade from rubber trees (the 3.5 year old PB 260 trees had a very well devel-

oped canopy in February 1997 at the time of the rice harvest),  
• excessive soil compaction (as there was no tillage since rubber was planted), 

and this limited root development,  
• inefficiency of fertilization due to soil compaction,  
• insect attacks (walang sangit). 

The few results are shown in Figure 12.  Yields are still very low, 200 - 250 
kg/ha with BPS fertilization and up to 450 kg/ha with CRIFC fertilization.  Table 
13 and Figure 13 show the yield evolution over three years for three fields.  A 
constant decrease in yield, even with fertilization is seen.  Generally yields are 
very low, and do not justify the fertilization, or even the labour costs. 
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Table 12.  Upland rice yield observed in RAS Plot in the 1996/97 planting season, West Kalimantan 
Rice planting in 96/97 Type of RAS 

RAS 2.2 Planting Harvesting Variety  

Village 

Dusun 

Farmer 

Associated Trees Medium Density 

Fertilizers 
dosis type 

Number of 
weedings 

Gross 
Yield 

% dry Net yield Intercropped 

Pariban baru Sudin 2.2/REP1       0    

Pariban baru Haruk 2.2/REP2       0    

Pariban baru Sadang 2.2/REP3 7/10 

1/10 

21/1 

21/1 

Jatiluhur 

Jatiluhur 

4 

4 

0 

BPS 

 128 

215 

0.22 

0.209 

116 

198 

 

Pariban baru Anat 2.2/REP4 6/10 

9/10 

21/1 

21/1 

Jatiluhur 

Jatiluhur 

4 

4 

BPS 

CRIFC 

 275 

575 

0.237 

0.303 

244 

466 

 

Pariban baru Amas 2.2/REP5       0    

  Associated Trees High Density       

Pariban baru Apin 2.2/REP1       0    

Pariban baru Hukir 2.2/REP2       0    

Pariban baru Sang-
gang 

2.2/REP3 10/10 21/1 Way Rarem 4  0  200 0.284 167  

Pariban baru Atat 2.2/REP4       0    
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Figure 12. 
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Table 13.  Upland rice yield observed in RAS plot in the 3 planting seasons, West Kalimantan 

RAS 2.2 planted in 1993 in Sintang/Pariban Baru 
Rice yield 1995/96 Farmer Type of 

RAS 
Code 
farmer 

Rice yield 1994/95 
local  

varieties no fertili-
zation Klan 

Way Rarem  

dose 0 

 

 

W 0 

Way Rarem  

dose 1/2 

 

 

W 1/2 

Way Rarem  

BPS 

 

 

W 1 

embatu 

dose 0 

 

 

E 0 

embatu 

dose 1/2  

 

 

E 1/2 

embatu 

BPS 

 

 

E 1 

Danau 

tempe 

dose 0 

 

DT 0 

Danau 

tempe  

dose 1/2  

 

D 

Danau 

tempe 

BPS 

 

DT I 

Sadang RAS .2 1 1029 0 75 416 75 138 3131 0 0 188 

Anat RAS 2.2 2 533 113  238 225 3001 550 25, 501 300 

Sanggang RAS 2.2 3 625 125  333 501 100 1631 01 501 125 

       klanggau klanggau klanggau    

 
Farmer Type of 

RAS 
Code 
farmer 

Rice yield 1994/95 
local varieties no 
fertilization Klan 

Rice yield 
Jatiluhur 
dose 0 
 
J 0 

1996/97 
Jatiluhur 
BPS 
 
J BPS 

Jatiluhur 
CRIFC 
 
 
J CRIFC 

Way Rarem 
dose 0 
 
 
J 0 

Sadang RAS 2.2 1 1029 116 198 0  
Anat RAS 2.2 2 533 0 244 466  
Sanggang RAS 2.2 3 625     
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Figure 13. 

 
 

Results from Pariban Baru suggest that even with good management and high 
input use, intercropping with rice, with no tillage is still very risky.  This is due 
to the very poor soils, and the fact that plots were derived from land covered 
with Imperata.  Comparison with results from Embaong and Kopar in 1996/97 
also suggests that when rice can profit from good soil structure and high nutrient 
stocks from the burning of a large biomass, yields may reach 1000 to 1500 
kg/ha. 

RAS 2.2 in Trimulia in 1996/97 

When the rice trials were a total failure in 1995/96, farmers learned from that 
experience and tried to obtain a reasonable production in 1996/97.  Plots with no 
fertilization all failed, as did those with CRIFC fertilization, although this was 
due to poor management and Imperata infestation.  Only plots with BPS fertili-
zation gave satisfactory yields ranging from 233 to 1446 kg/ha (average yield 
684 kg/ha). 
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Table 14.  Upland rice yield observed in RAS plot in the 1996/97 plant-
ing season, West Kalimantan 
Transmigration area: Trimulia  
Second year of cropping 

Farmer Type of RAS Fertilizers dosis type Net Yield 
Pryo Aryono  2.1 BPS 465 
Poniman 2.1 BPS 233 
Yasdi 2.1 BPS 358 
Sodianto 2.1 BPS 0 
Rapi Aryo  2.2/annual  0 

BPS 
CRIFC 

0 
961 
0 

Suwito 
 
 
Average B 
STD 
CV 

2.2/annual BPS 
BPS 
CRIFC 
AVG/BPS 

1,446 
639 
1,838 
684 
412 
60.23% 

 

The same observations as the previous year can be made; most farmers prioriti-
zed sawah, and in these former Imperata savannah fields with degraded and de-
pleted soils, rice cropping is very risky, a situation similar to that of Pariban Ba-
ru. In this type of situation, rice yields above 500 kg/ha remain exceptional.   

Conclusion 

Too many crops failed to give satisfactory results in the transmigration areas 
which were formerly Imperata savannah.  It shows that in actual farmers' condi-
tions, it may be hazardous to build a strategy based on intensive upland rice in-
tercropping.  There is probably a better scope for groundnut, although this requi-
res more labour (tillage). 

On the other hand, recent experimentation in 1996/97, particularly in Embaong, 
shows that rice cropping can be profitable in certain conditions.  These include 
the use of adapted varieties, including local ones (Embatu), good fertilization, 
weeding and crop protection in fields which have a good soil structure, for 
example those derived from old jungle rubber. 

 
 



Smallholder rubber plantations viewed through a 
forest ecologist’s glasses - An example from 
South Sumatra 

H. de Foresta1 

Key words: biodiversity, by-products, forest conservation, jungle rubber, flo-
ristic composition 

Foreword 

The following text reproduces a report written H. de Foresta in June 1991 fol-
lowing a short study about the structure and floristic composition of jungle rub-
ber, or “traditional rubber agroforests”, near the Sembawa Rubber Research Sta-
tion.  This study clearly showed the multidimensional functions of jungle rubber 
in terms of production (rubber, fruits, timber, fuelwood, etc.) as well as in terms 
of environment preservation and forest species diversity conservation.  One of 
the recommendations included in this report was the running of an experiment to 
test the potential of rubber improved genetic material in the establishment of 
jungle rubber smallholder plantations.  This was the first time that such a ‘fool-
ish’ idea had been proposed.  A few years later, this idea, as well as the multidi-
mensional functions of traditional rubber agroforests, had become fully inte-
grated as the basic concepts on which the SRAP programme was to operate.  
While the present report does not present new results from research undertaken 
in the framework of the SRAP programme, it is included in these proceedings 
because of the important inputs it provided to the definition of the SRAP pro-
gramme itself. 

 

Introduction 

Most of the time spent in the Sembawa Research Station related to this research 
has been devoted to a botanical study of mature jungle rubber plantations in the 
area.  This study was part of a larger research project (joint programme OR-
STOM-BIOTROP) on the potential of complex agroforestry systems for the con-
servation of forest species and the economic improvement of such systems. 

Complex agroforestry systems may be defined as farming systems achieving a 
close resemblance with natural forests when mature (the “complex” component), 
and where herbaceous crops are associated, at one time or another, to one or 
more tree crops (the “agroforestry” component). 

                                                           
1 Forest and Agroforest Ecologist, ORSTOM – ICRAF, Bogor, Indonesia 
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Along with damar agroforests (mainly located around Krui, in the southwest of 
Lampung, Sumatra) and fruit tree agroforests (located almost everywhere in Su-
matra), one of the agroforests chosen for this project is the jungle rubber system.  
Our main study site for jungle rubber is located near Muarabungo, in the prov-
ince of Jambi. But as this farming system occurs on large areas in Sumatra, any 
comparison with other locations is of great interest, especially with sites offering 
different conditions in terms of natural forest cover or population density. 

Structure and floristic composition of jungle rubber.  (Sukaraja Village, South 
Sumatra Province). 

Results and analysis 

In order to correlate botanical data to agroeconomic data, the study plot was se-
lected to be in Sukaraja, a village located at about 20 km from the research sta-
tion and where Anne Gouyon (CIRAD-CP, posted in BPP Sembawa) has been 
working for a long time. For comparison between Sembawa and Muarabungo, 
where the same kind of analysis has already been done, I selected a 1,000 m2 (50 
m by 20 m) plot in a mature plantation, about 35 years old or more but still pro-
ductive, located about 10 minutes walking distance from the village. 

The main results of this study are shown in Table 1 as well as in Figures 1 and 2.  

Table 1.  Jungle rubber, structural and floristic data, Sukaraja Village 
study plot: 35 years old, 1,000 m2 

a. Dbh 10 cm and above: trees in the canopy 
Species Local Name Herbarium 

Specimen 
H.F. NO 

Frequency 
(1,000 
M2) 

No. on the drawing first 
half (500 M2) 

Hevea brasilensis Karet  49 H 

Nephelium lappaceum Rambutan 2350 9 31;53;61' 

Milletia atropurpurea Meribungan 2349 3 2;3 

Schima wallichii Serou 2024 3 29;86 

cf. Rosaceae Genetri 2347 3 23;26;47 

? Malang siro 2341 2 second half 

Artocarpus integer Cempedak 2342 1 64 

Lithocarpus cf. Elegans Lampening 2344 1 20 

Dillenia sp. Simpuh 2311 1 second half 

Euphorbiaceae Pelangas 2348 1 second half 

Lauraceae sp. Medang seluang 2343 1 79 

cf. Ulmaceae Samak jalak 2340 1 second half 
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b. Dbh less than 10 cm: tree species abundant in the undergrowth 
Species Local name Herbarium Specimen H.F. NO. 

Helicia cf. Robusta Seranto tua 2325 
Grewia paniculata Talok 2346 
Rhodamnia cinerea Merpoyan 2345 
Psychotria malayana ? 2334 
Ixora cf. Congesta ? 2335 
Bellucia sp. Jambu Amerika 2329 

 

Figure 1.  Height distribution of rubber trees in a 20-year-old mono-
clonal GT1 plantation (Sembawa) and in a 35-year-old jungle rubber 
plantation (Sukaraja) 

 
 

In this example of mature jungle rubber, tree density (10 cm diameter and more) 
is impressive: 750 trees per ha, distributed into 490 tapped and productive rubber 
trees, 100 minor fruit trees (here rambutan and cempedak, but other species can 
be encountered such as petai (locust bean) and jengkol (stink bean)), 130 poten-
tial timber trees, and 30 species with no apparent use.  To these trees should be 
add about 50 clumps of useful rattan per ha. 
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Figure 2.  Diameter distributions of rubber trees in a 20-year-old mono-
clonal GT1 plantation (Sembawa) and in a 35-year-old jungle rubber 
plantation (Sukaraja) 

 
 

In addition, an architectural profile (Figure 3) is also presented that synthesizes 
these results in a visual format (jungle rubber is so dense that the drawing had to 
be divided into two 10 m large strips; only the first half of the profile is pre-
sented here).  
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Figure 3.  Architectural profile of a 35-year old jungle rubber in South Sumatra (Sukaraja Village) 
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These results refer only to trees with a diameter at breast height (dbh) more than 
10 cm.  Although not systematically sampled, the following species have been 
noted as being especially abundant in the understorey: Helicia cf. Robusta, “Ser-
anto tua” (whose timber is highly appreciated by local people), Bellucia sp., 
jambu amerika (the fruits of which are edible), Grewia paniculata, talok, Rho-
damnia cinerea, merpoyan, Psychotria cf, malayana, Ixora cf. Congesta and a 
still indeterminate species known locally as pelempang. 

The vertical structure is very close to that of a secondary forest, showing two 
main strata: 
• a more or less open canopy between 20 and 25 m, dominated by rubber trees, 

but where some other species can occur (Schima wallichii for instance, which 
produces a very good timber); 

• a very dense undergrowth layer between 0.5 and 10 m, dominated by a few 
species of shrubs and small trees, but including saplings of canopy species. 

The results of a comparison with a 20-year old monoclonal plantation located at 
BPP Sembawa are provided in Figure 1 for height and diameter classes distribu-
tion.  While the distribution patterns of Sembawa are typical of an even aged tree 
population, the diameter classes distribution of Sukaraja shows two maxima and 
three minima which, associated with an abundance of seedlings and saplings, 
may be interpreted as reflecting the occurrence of an important regeneration 
component inside the garden (kebun): the planted population is distributed be-
tween classes 20 – 25 to 40 cm and more, and gave birth continuously for some 
years to a regeneration population illustrated by classes 10 – 15 to 30 – 35 cm. 

Discussion  

For a botanist, the physiognomy, structure, and even floristic composition of the 
non-hevea component of jungle rubber are very close to those encountered in 
secondary forests.  This resemblance explains why this formation is sometimes 
called “secondary forest with Hevea”.  However, for smallholders, jungle rubber 
is of primeval importance as a source of income and may be more comparable to 
cultivated fields (kebun) rather than to secondary forest (belukar). 

Many smallholder rubber plantations in Indonesia are becoming too old and ex-
tension services as well as research centers are exhibiting a strong will to drasti-
cally transform the previous jungle rubber system through the adoption of im-
proved rubber material and the intensive cleaning of new plantations.  As can be 
seen around Sembawa, this will likely bring about some resistance in the small-
holder sector.  Anne Gouyon and other scientists from Sembawa have analyzed 
this resistance from a “rubber economy” point of view. 

Other economic products (e.g., fruits, timber, firewood) linked to the rich and di-
verse non-hevea component that smallholders can find inside their jungle rubber 
plantations may prove to be important in explaining at least part of the difficul-
ties encountered by extension services for the system transformation.  
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Minor fruits: Fruit trees such as durian, duku, ketupa, kuini, cempedak, and 
rambutan, are generally not planted inside rubber plantations, but in specialized 
orchards surrounding the villages, a strategic situation in order to protect the 
crops from animal competitors.  However, owning to the dispersion capacity of 
these species, some fruit trees can be encountered inside jungle rubber planta-
tions.  During the clearing phase linked to the first rubber tapping, these trees are 
protected and left to grow, sometimes achieving a surprising density inside ma-
ture plantations (in this study, 9 rambutan and 1 cempedak were recorded on 
1,000 m2).  With the exception of jengkol and petai, the fruits produced by these 
naturally grown trees are generally not commercialized, but can represent a large 
part of household fruit consumption, with a particular importance for children’s 
nutrition. 

Timber: As exemplified by this study, many tree species other than fruit trees 
have been recorded inside jungle rubber plantations.  Some such as genetri in our 
plot are used only for firewood, but many species (Schima wallichii or serou, 
Vitex cf pubescens or lebanl, Peronema canescens or sungkai, Milletia atropur-
purea or meribungan, many Lauraceae or medang, etc.) are locally used for tim-
ber.  As with fruit trees, timber trees are not planted, but appear naturally among 
the rubber trees. In areas with a low population density, this timber component is 
of low interest for smallholders as they still find their timber inside primary or 
secondary forests.  However, in densely populated areas, there is no other source 
of timber for local people and timber tree species are actively protected during 
clearing operations, as is the case near Sembawa.  In addition, with the reduction 
of primary forest areas in Sumatra, timber is becoming scarce and expensive; 
therefore, timber trees from old jungle rubber plantations are becoming commer-
cially more and more interesting.  In Sukaraja, for instance, one can easily see 
traces of logging for timber (species cited above) inside some old plantations lo-
cated near the road.  Timber is a by-product of the jungle rubber system with a 
new but increasing importance either for household consumption or as a source 
of income. 

Firewood: Firewood is the main if not the only fuel used for cooking in rural ar-
eas of Indonesia.  In areas with low population densities, firewood is found in 
jungle rubber plantations as well as in patches of secondary forest; but where 
population density increases and all the secondary forests are transformed into 
plantations, as is the case near Sembawa, jungle rubber remains the only source 
of firewood.  Each household needs firewood everyday, and in this respect, jun-
gle rubber plantations, which are able to provide a continuous supply without 
disturbing rubber trees, are by far better than monoclonal plantations, which can 
provide firewood only sporadically (dead rubber branches or trees).  In densely 
populated areas, a smallholder with a rubber monoculture would have to buy 
firewood.  Therefore, even though firewood from jungle rubber is not sold and 
does not appear in economic calculations, this by-product of the jungle rubber 
system is extremely important for the everyday life of smallholders and may be 
one of the main factors explaining the resistance exhibited by smallholders to the 
transformation of their farming system. 
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Biodiversity conservation 

With all the monoclonal plantations in the research station, it was interesting to 
assess the plant diversity inside pure plantations.  A 20-year old plot was se-
lected and a 100 m line transect set up; all trees which  canopy projection that cut 
this transect are recorded ; epiphytes and vines growing on these plants are also 
recorded. 

In addition to 28 productive rubber trees, only five species have been counted on 
the transect, distributed into two herbaceous plants (one grass species forming a 
dense ground cover and one fern), one vine species at a seedling stage, and two 
epiphytic fern species.  Unfortunately, time constraints during this research pre-
vented a study of plant diversity in jungle rubber near Sembawa along the same 
protocol; however, it is interesting to compare data from another location. 

In Rantau Pandan, near Muarabungo, following the methodology used in Sem-
bawa for a 40-year old jungle rubber plantation, 51 productive rubber trees and 
268 other plant species were found!  These species, all originating from the natu-
ral forest, were distributed into 91 tree species, 27 shrub species, 97 vine species, 
23 herbaceous species, 28 epiphytic species and 2 parasitic species.  The flora 
near Sembawa seems to be poorer than near Muarabungo, especially in terms of 
epiphytes and herbaceous species.  However, the order of magnitude (ten times 
more plant species in jungle rubber than in pure plantation) would probably be 
the same and the comparison between monoclonal cleared plantation and jungle 
rubber clearly underlines the importance of jungle rubber for the conservation of 
forest plant diversity. 

Conclusion: some research directions 

Two research orientations appear to be extremely important for the future of 
rubber smallholders in Indonesia. 

During this research, it was not possible to study the evolution of jungle rubber 
from planting to mature stages.  Despite the long time period required (about 8 – 
12 months of fieldwork), such a study is highly recommended and could be done 
by a student in botany in the framework of his/her Ph.D.  This research would be 
of primeval importance (either in a monoclonal system or in a jungle rubber sys-
tem) for the understanding and control of such problems as the competition be-
tween rubber and secondary forest trees, the conditions of expansion of Imperata 
cylindrica, or the impact of both previous vegetation type and neighboring plant 
environment on weed infestation in new plantations. 

The second research orientation that requires examination is more experimental.  
The jungle rubber system presents some important advantages if compared to 
monoclonal plantations. For smallholders, it is a source of by-products which are 
important for both household consumption and economic welfare.  It provides 
fruits and valuable timber as well as a constant supply of firewood.  For the ex-
situ conservation of forest biodiversity, a problem of growing importance at the 
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global level, jungle rubber is of tremendous interest.  However, from an eco-
nomic point of view, the rubber component of the system needs improvement.  
Therefore, owing to the ecological and economic benefits of jungle rubber, the 
question is: could the rubber component be improved without a complete trans-
formation of the system?    

The rubber material used (i.e., seedlings coming from old jungle rubber planta-
tions), is extremely heterogeneous and cannot compete with the improved mate-
rial of monoclonal plantations in terms of rubber output.  It is generally said that 
improved rubber trees do not resist competition with other plants and that mono-
clonal plantations have to be cleared drastically.  But apparently experiments in-
volving the plantation of improved rubber trees following the “rules” of jungle 
rubber system have never been conducted!  Therefore, the requirements exposed 
above for monoclonal plantations seem to be largely the results of an “a priori”, 
not of an experimental demonstration. 

Owing to the potential importance of its results, it is strongly recommend to set 
up such an experiment as soon as possible with repetitions in different ecological 
conditions (previous vegetation type and neighboring plant environment).  This 
experiment would not be expensive: just the cost of the improved material and 
the time of regular surveys by a scientist; no clearing cost except after a few 
years just before the first tapping.  If this experiment is a failure, we will have 
the experimental proof that improved rubber material does not support the jungle 
rubber system.  But if it is a success, even if the increase of rubber production is 
less than for a cleared monoclonal plantation, say only twofold instead of three-
fold, the results would be extremely interesting. It could at the same time help 
solve the problem of rubber production at a national level, greatly improve the 
economic welfare of rubber smallholders, and help the ex-situ conservation of 
forest biodiversity. 
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Abstract 

Traditional rubber agroforestry systems contain a larger variety of useful plants 
than just the latex-producing Hevea brasiliensis.  These plants are useful in pro-
viding wood products for construction, furniture and fuelwood as well as non-
timber products, such as fruits, vegetables, medicinal plants, handicraft materi-
als, latex and resins.  The species concerned are either planted, deliberately fa-
vored or simply left standing during cleaning efforts.  The presence or absence of 
these management practices have a strong influence on rubber garden biodiver-
sity, which is closely related to the number of useful plants present.  In times of 
shrinking forest areas, traditional rubber gardens represent an important reservoir 
both for biodiversity as well as for plant resources needed by local people in 
their daily lives.  Consequently, it is important to develop improved rubber agro-
forestry systems, which combine rubber yield increases with the integration of 
biodiversity, stemming from spontaneous regrowth. 

Introduction 

In pre-colonial times, the use of economic tree crops in Indonesia primarily 
meant the gathering of various primary forest products.  Rattan, resins and aro-
matic gums were first bartered for goods which could not be produced by the 
forest dwellers, like ceramic and metal wares.  Findings of these goods, for ex-
ample in the interior of Borneo, indicate that this kind of trade has existed for 
more than 1,000 years and reached as far as China and the Arab countries (Jes-
sup and Vayda 1988; Sellato 1992).  After the introduction of the monetary 
economy, forest products started to become traded for cash.  The increasing 
pressure upon primary resources and the resulting scarcity of these products also 
contributed to local peasants preferring to plant economic tree crops on their own 
land (Dove 1994).  

Rubber was introduced to Indonesia in the early 19th century.  Because the rub-
ber tree is adapted to acid soils of low fertility, grows without any fertilizer in-
put, and is easy to cultivate and breed, rubber cultivation spread very quickly.  
Upland areas, unsuitable for paddy rice cultivation, were formerly mainly used 
for shifting cultivation.  The rubber tree fitted perfectly into the shifting cycle, 
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allowing for a productive use of the fallow period and demanding little extra la-
bor (McHale 1965).  Therefore, rubber production soon developed into the main 
monetary income-oriented activity in Indonesia’s moist tropical areas, like the is-
lands of Sumatra, West Kalimantan, and West Java. 

Traditional rubber gardens, though, have never been monocultures but rather 
multipurpose agroforestry systems.  Three types of utilizable tree species can be 
found in these gardens. Firstly, those which have been deliberately planted and 
mixed with the rubber trees (mainly fruit and nut producing trees).  Secondly, 
those spontaneously growing useful trees whose growth has been deliberately 
favored, and thirdly, other useful spontaneously growing secondary forest spe-
cies, which have been neither favored nor removed.  Depending on management 
intensity, especially cleaning efforts, this third group of species can be either 
small or very large (Penot and Werner 1997).  

While the increasing distance of settlements to primary forest resources has trig-
gered the cultivation of many useful plants in the first place, most spontaneous 
species are used too infrequently to justify the effort of their cultivation.  Due to 
decreasing forest lands, traditional rubber gardens occupying large areas now 
represent an important refugium, especially for medicinal plants and minor fruit 
trees.  Furthermore, the continuing presence and use of these species in jungle 
rubber gardens also supports the preservation of local knowledge related to the 
use of these species.  Therefore, research on traditional rubber gardens is very 
important for three main reasons.  Firstly, in order to learn about local knowl-
edge of plants and their uses, the necessity of which is increasingly being real-
ized in the quest for medical substances.  Secondly, in order to identify the role 
traditional rubber gardens play in the conservation of biodiversity, and thirdly, to 
integrate this biodiversity into improved rubber agroforestry systems as has been 
advocated by the Smallholder Agroforestry Project (SRAP) (Penot 1997, this 
volume).  This paper, therefore, will focus on useful plants within traditional 
rubber garden management issues and their presence related to plot age, biodi-
versity and management practices.  

Methodology 

The data presented in this paper were collected during studies carried out in 1991 
in West Kalimantan and from 1993 to 1994 in the areas bordering the Kerinci-
Seblat National Park in Jambi and West Sumatra.  Six villages were selected, all 
of which are located at an altitude below approximately 400 m asl.  Inventories 
were made of rubber gardens aged three to more than 60 years, employing floris-
tic and structural analysis. 

For the study of old rubber gardens, the quadrate (relevé) method was used.  The 
usual sampling size for mature rubber gardens was 1000 m².  Every complex 
agroforestry system plot was divided into subplots of 10 x 10 m, in which all 
taxa above dbh 10 cm were recorded.  Plants with a dbh of 1 to 10 cm were re-
corded in 5 x 5 m random samples, covering a total of 10% of each main plot.  
Vegetation < 1 cm dbh was recorded by ten 1 x 1 m random samples each.  
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Measurement criteria for floristic analysis applied in the complex agroforestry 
systems were abundance, density, frequency and dominance (cf. Schmidt 1969, 
Kreeb 1983, Lamprecht 1986, Küchler and Zonneveld 1988). 

Useful species in traditional rubber agroforestry systems 

Traditional rubber agroforestry systems contain more utilizable species than just 
the latex-producing Hevea brasiliensis.  Besides rubber, traditional rubber gar-
dens are usually planted with fruit trees.  As these tree crops are planted into the 
fallow land, they grow together with the secondary vegetation.  Weeding activi-
ties occur related to labor availability and proximity to the village.  We have, 
nevertheless, to distinguish between sites where rubber has been planted into the 
upland field as a means of claiming land and gardens that are actually meant to 
mature to become productive gardens.  In the first case, no follow-up manage-
ment will occur after initial planting and most rubber trees will die as a result 
(Penot and Werner 1997).  ‘Gardens’ with only few remaining rubber trees will 
usually only be tapped when mature, if located close to a productive rubber gar-
den.  This is mainly because time spent on transportation does not justify the ef-
fort.  In the following sections, we will focus on productive rubber agroforestry 
systems that have been actively managed after planting. 

Which plant products are used? 

From all plants abundant in traditional rubber gardens, be it spontaneous ones or 
managed ones, about one third are used (see Table 3).  These plants include tim-
ber and non-timber uses (i.e., timber species and non-timber forest products 
(NTFPs)).  ‘Timber’ uses are divided into fuelwood (mainly low-quality timber) 
as well as house construction and furniture.  In areas where no more natural for-
est is in the reach of the villages, however, traditional rubber gardens have be-
come the main source of timber for the local people (De Foresta 1992).  In these 
areas, timber from rubber gardens is already sold, indicating a prospective source 
of income that could be expanded by the planting of valuable timber species. 

Non-timber uses include edible ones (i.e., fruits and vegetables (edible shoots 
and pods)).  Planted fruit tree species include durian, stinkbean (jengkol), rambu-
tan, locust bean (petai), mango, jackfruit and mangosteen (see Annex for Latin 
names).  Petai and jengkol, both members of the family Mimosoidae, do not 
yield sweet, juicy fruits, but pods whose seeds are eaten raw or cooked as a 
vegetable.  Both legumes as well as many other fruits are highly priced in urban 
markets and probably could be sold if transportation could be provided.  Some 
fruit tree species, like longsat and carambola, are only planted in the village area 
because they are said not to grow well in shady forest conditions.  In Sumatra, as 
opposed to Kalimantan, mango species (macang, kwini, mangga golek, mempe-
lam) were also mainly found within the village area. 

Other NTFPs are medicinal plants and handicraft materials, especially rattan, 
pandanus and tree bark, but also timber used to craft special items (e.g., machete 
sheaths).  Latex and resin from rubber agroforestry systems are also sold (e.g., 



 4 

Hevea-latex, the latex of some Sapotaceae (nyatu) and Apocynaceae (especially 
Dyera costulata)).  Besides these, products harvested for cash-generation are 
few.  Worth mentioning, however, is tengkawang, or illipe nut, harvested from 
Dipterocarpaceae and cultivated in West Kalimantan by the local Dayak popula-
tion.  Forest gardens, including tengkawang, are named tembawang.  They are 
usually mixed with fruit trees and sometimes with rubber (Werner 1993).  Other 
uses of plants growing in rubber gardens are for ceremonial purposes, as orna-
mentals, thatching materials for field huts, fruits used as fish feed, or latex used 
to trap birds and the like.  

Rubber garden management and the abundance of useful species 

Although traditional rubber gardens, especially when already older, harbor quite 
impressive levels of biodiversity, their composition is only partly accidental.  
During the early years of their immature period, rubber gardens are deliberately 
managed, and even after maturity some interventions are carried out (Penot and 
Werner 1997).  There are four types of species within rubber gardens.  First, the 
planted ones.  These are usually cut free from competing vegetation during 
weeding activities, especially when still young, to provide optimal growing con-
ditions.  Examples are fruit trees and tengkawang, besides rubber.  The second 
type are species growing spontaneously but considered useful, so their growth is 
favored through the same treatment planted species are receiving.  These are 
mainly fruit tree species, valuable timber trees, plants providing handicraft mate-
rials and major medicinal plants.  Lesser or infrequently used species comprise 
the third group of plants.  These species are neither favored nor removed, mainly 
because they are either of some use or simply do not disturb the growth of the 
former two groups of species.  Minor timber trees and species providing fruits 
being consumed only seldom, lesser medicinal plants or lower quality handicraft 
materials belong to this group.  The last group consists of plants which, besides 
being of little use, are considered to disturb the growth of the major tree crops.  
Therefore, these species are deliberately slashed back during cleaning efforts.  
This group comprises many of the typical pioneer trees as well as vicious weeds 
like the fern Dicranopteris. 

In other regions, forest gardens also consist of this mixture of semi-cultivated 
and cultivated useful tree species.  The East Kalimantan Dayak of the Kutai re-
gion have forest gardens called ‘lembo’ which develop from different fruit trees 
like Durio spp., Artocarpus spp., Nephelium spp. and Baccaurea spp. as well as 
tengkawang-species planted into the bush fallow or around settlements.  Sard-
jono (1990) found 127 utilizable woody perennials in these forest gardens, of 
which 55% were self-established, 23% semi-cultivated, and 22% cultivated spe-
cies. 

In the first years after garden establishment, cleaning measures are most inten-
sive.  On average, young rubber gardens are cleaned regularly until the age of 5 
1/2 years.  More than three-fourths of the farmers do not cut useful plants that 
grow spontaneously within their gardens (Table 1).  Besides providing food, 
medicine and building materials, the mixing of rubber gardens with other species 
prevents pest damage that often affects monocultures. 
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Table 1.  Management practices within rubber gardens  

 Pemunyian Dusun Birun Lubuk Malakko 

% of farmers cleaning their 
gardens regularly 

95.0% 71.4% 76.5% 

average age when regular 
cleaning* is ceased 

5.6 years 4.4 years 6.0 years 

% of farmers not cutting 
down useful wild plants 

92.5% 80.6% 57.5% 

* once a year or more 

In traditional rubber gardens, other useful species, especially fruit trees, are gen-
erally mixed in between the Hevea trees.  Some fruit trees may be ‘planted’ in-
advertently while consuming fruits in the garden or while the garden still was a 
rice field.  If planted intentionally, the fruit trees are set about one month after 
the rubber.  Often people also plant fruit tree species around the field hut in their 
upland rice field, which, if the field has become a rubber garden, become part of 
the garden.  Other fruit tree species are dispersed by birds and other animals.  
Several of the latter are uncultivated but spared during times of cleaning the gar-
den because their fruits are consumed. 

In contrast to West Kalimantan, fruit trees in Sumatran jungle rubber gardens 
where inventories have been made were quite rare (see Table 3).  There were 
mainly locust bean, stinkbean and rambutan species, which, however, also occur 
in the wild.  While questioning during the fieldwork in Pemunyian if the individ-
ual fruit tree was planted, this was only affirmed for some stinkbean trees.  Du-
rian, for example, is rarely planted because everybody may take unripe or ripe 
durian fruits, which have fallen to the ground.  As a result, during durian season, 
there are always many people in the rubber gardens, checking the various durian 
stands for ripe fruits.  Picking durian directly from the tree, however, is only al-
lowed by the owner.  Valuable timber species are seldom planted into the rubber 
gardens, but wild species are generally used and spared in times of clearing the 
undergrowth (see Annex).  The timber is mainly used locally for house construc-
tion. 

Intensity of rubber garden management in Jambi and West Sumatra 

Whether people clean their rubber gardens from undergrowth and plants which 
disturb the growth of the young rubber trees, and the frequency which they do 
this, depends on a variety of factors.  As shown in Table 3, there is a general 
trend in rubber garden management related to the age of the garden.  According 
to Thomas (1965), Barlow and Muharminto (1982) and De Foresta (1992) in 
their studies on rubber cultivation in South Sumatra, rubber gardens are just left 
to grow with the pioneer vegetation in the time between abandonment of the 
ladang (upland rice field) and the first tapping of the trees.  Also, Barlow and 
Tomich (1991) stated that Indonesian smallholders generally did not take “fur-
ther labor-intensive initiatives aimed at improving economic returns such as 
clearing competing undergrowth so that rubber trees grow faster and reached the 
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tapping stage earlier”, because they would earn lower present net incomes.  In 
my research area in Jambi and West Sumatra, however, this was only true for a 
part of the land planted to rubber.  Only in some gardens are the trees planted 
into the rice field or into the young fallow with no subsequent management like 
regular cleaning carried out.  Those rubber gardens that are extensively managed 
in that way generally have a very low number of surviving rubber trees per area. 

Besides those gardens mentioned above, which usually are too far away to be 
managed intensively, most of the young gardens are cleaned regularly.  In par-
ticular, young rubber plantings below the age of three years are cared for inten-
sively.  More than three-fourths of the respondents clean their gardens of this age 
twice a year or more, some even every month.  Gardens aged four to five years 
are only cleaned that often by about half of the farmers, and those between six 
and ten years old only by some one-fourth of the garden owners.  If rubber trees 
have reached an age of more than ten years, most peasants do not clean their 
gardens more than once a year.  

Table 2.  The relationship of cleaning frequency of rubber gardens and 
garden age 

age of rubber garden (years) % of farmers cleaning their 
rubber garden* 

1 - 3 4 - 5 6 - 10 > 10 

>    4 x / year 53.7% 32.8% 12.8% 3.9% 

2 - 3 x / year 22.1% 18.6% 14.7% 6.7% 
       1 x / year (or less) 24.2% 49.5% 72.5% 89.4% 

*in % of the respondents owning rubber garden  

After ten years of age, the rubber trees are considered to be strong enough to 
compete with the secondary vegetation.  The trees already form an almost closed 
canopy to shade out most of the weeds and fast-growing pioneer species.  If sec-
ondary growth is not cleared regularly when the rubber trees are still small, how-
ever, many trees die and the remaining grow only poorly (cf. Barlow and Mu-
harminto 1982).  Mature gardens are generally cleaned while tapping, mainly 
along the paths from tapped tree to tapped tree.  However, at that age most of the 
farmers only cut down those plants hindering them in their tapping activities. 

The cleaning of a rubber garden is very labor intensive.  In young gardens espe-
cially, where a high percentage of sunlight still reaches the ground, regrowth of 
secondary vegetation is vigorous.  The intensity with which farmers care for 
their young rubber gardens depends very much on their plans for a particular 
garden.  If the garden is on a former rice field and probably quite far away from 
the village itself, and if it is just meant as a productive reserve or to establish a 
claim to that land, it probably will not be tended very thoroughly (Werner 1997).  
These gardens might only be cleaned or tapped again if the family once more has 
a swidden nearby, a strategy also employed by other shifting cultivating commu-
nities in Indonesia (Dove 1993).  The farmer will invest his energy where he will 
get the highest revenue; that means the nearest and most productive or prospec-
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tive garden will be cared for most intensively.  Also, if a family has abundant la-
bor, they can manage more gardens or give more attention to the gardens they 
own than small families.  This characteristic is in line with the statement of 
farmers that the gardens which they give up tapping first in times of labor scar-
city are those that are too far away and those whose harvest is too little because 
the garden is either too young, too old or contains too few productive trees. 

Variations between rubber gardens in biodiversity and numbers of useful 
species 

Although all traditional rubber gardens contain useful species other than rubber, 
the total biodiversity and the amount of used species differs widely.  This is 
mainly related to the age of the garden and the management practices.  As it can 
be said for all fallow systems developing after shifting agriculture, biodiversity 
increases with age while proceeding towards some climax stage.  The natural 
development of these systems is influenced by the intensity of interventions (i.e., 
cleaning measures) (Penot and Werner 1997). 

As it can be seen in Table 3, biodiversity and number of useful species is lowest 
in gardens being cleaned regularly, followed by younger gardens not being 
cleaned any more.  Old rubber gardens that have not been cleaned for a longer 
period have the highest amount of useful species and the highest biodiversity.  
The kind of useful species present in the respective gardens differs from site to 
site and there is no clear pattern related to plot age or management.  Neverthe-
less, on average, older gardens seem to have higher numbers of timber species 
used for construction and furniture as well fruit trees. 

Table 3.   Used plants of traditional rubber gardens in Jambi, West Su-
matra and West Kalimantan 
Province W-

Sum 
Jambi W-

Sum 
Jambi Jambi Jambi Jambi W-

Sum 
Jambi Jambi W-

Kal 
W-
Kal 

Plot-No. LM 9 DB 2 LM 
7 

P 8 P 9 DB 16 P 5 LM10 P 6 P 16 E 1 S 1 
* 

plot age 65 25 20 20 60 50 20 65 60 60 60? 70? 

Cleared/ 
not 

(yes) 1 yes yes no no (yes)2 No (yes) no no no no 

TIMBER             

Construc-
tion, fur-
niture 

3 6 3 5 6 6 6 5 8 9 17 35 

Fuelwood 3 14 14 6 3 20 6 11 6 6 n.a. n.a. 

NON-
TIMBER 

            

Fruits 7 2 3 8 5 2 6 7 8 11 20 25 

Vegeta-
bles 

 1 2 2 3 1 1 1 2 2 1 4 

                                                           
1not recently 
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Province W-
Sum 

Jambi W-
Sum 

Jambi Jambi Jambi Jambi W-
Sum 

Jambi Jambi W-
Kal 

W-
Kal 

Medicinal  4 2 6 2 3 5 4 12 3 4 2 3 

Handicraft  1   2 1 2 1 3 2 5 4 

Latex & 
resin 

1 1 1 2 2  2 1 2 2 5 - 

Cash-
generation 

     1     1 1 

Other 7 7 5 10 8 9 9 10 11 12  1 

Total ** 23 30 30 33 32 37 35 44 40 45 37 49 

Total 
Biodiver-
sity 

40 40 48 48 50 61 55 73 61 73 69 126 

 *  Plot size 2,500 m² as opposed to 1,000 m² of the other plots. Tembawang, no rubber abundant. 
 **  Less than sum of uses, because some species have more than one utilization. 

The average biodiversity for gardens having experienced cleaning efforts in their 
recent history amounts to 44 species, of which 30 are used (68.2%).  Twenty-
year-old rubber gardens that have not been cleaned recently exhibit an average 
biodiversity of 52 species, of which 34 are used (65.4%).  Excluding the tem-
bawang from Sanjan, which has been listed for means of comparison only, sys-
tems older than an estimated 50 years with no recent history of cleaning inter-
ventions harbor 65 species on average, 39 of which are potentially useful 
(60.0%).  Interestingly, one 65-year old rubber garden that has been cleaned for a 
long time (although not during the last few years) due to an understorey of coffee 
still exhibits relatively low biodiversity.  It contains only 40 species, with 23 be-
ing utilized (57.5%), which is the lowest for all gardens.  

These data show (with the exception of the last case mentioned) that young man-
aged gardens have the highest percentage of useful species, although are lowest 
in total biodiversity.  Young uncleaned gardens, although lower in biodiversity 
than the old ones, nevertheless have a higher percentage of useful plants.  Be-
cause the differences in percentages between these age and management groups 
are not very high, it cannot clearly be concluded that management efforts in gen-
eral are a conscious selection process to achieve a higher amount of useful spe-
cies per area.  Regular cleaning of rubber gardens must therefore be perceived 
primarily as a measure to ensure optimal growth and yield of the productive trees 
as well as to facilitate an easy harvesting process.  

Conclusions 

The data presented above prove the strong relationship between rubber garden 
biodiversity and presence of useful species.  About two-thirds of all species pre-
sent in rubber agroforestry systems have one or more uses.  Traditional rubber 
gardens, therefore, fulfill an important function for the provision of a large vari-
ety of products which otherwise would not be readily available to the villagers.  
In the quest for yield increases of rubber gardens, it is therefore important to 
search for systems providing optimal growing conditions for improved rubber 
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varieties, but still allowing a major part of the biodiversity of traditional gardens 
to be present.  The Smallholder Rubber Agroforestry Project, among others, has 
tried to investigate which amounts of non-rubber biodiversity do not negatively 
influence yields, and which intensity of management is necessary.  Modern rub-
ber agroforestry systems have to be able to integrate local wisdom about useful 
plants because in times of shrinking forest reserves, these systems might soon be 
the only ones still harboring these species over large areas.  Preserving biodiver-
sity, therefore, also means guaranteeing the access of local people to these plant 
resources for their daily needs. 
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Annex 
Useful spontaneous vegetation within rubber gardens not 
cleared by farmers in West Sumatra and Jambi 

Fruit tree species Medicinal plants 

Durian Durio zibethinus Sicerek Clausena cf. excavata 

Nangka Artocarpus heterophyllus Sidingin Kalanchoe pinnata 

Rambutan Nephelium lappaceum Jirak Eurya acuminata 

Macang Mangifera foetida Sitawa Costus speciosa 

Mango Mangifera indica Bidaro Eurycoma longifolia 

Langsat & 
Duku 

Lansium domesticum Daun kasai Pometia pinnata 

Jambu Eugenia aquea Sikarau Cyrtandra sp. 

Petai Parkia speciosa Kunyit Curcuma domestica 

Mangosteen Garcinia mangostana Kunyit balai Zingiber purpurteum 

Jengkol Pithecellobium jiringa Sikumpai indet. 

Kabau Pithecellobium bubali-
num 

  

Timber species Plants with other uses 

Sungkai Peronema canescens Rimbang Solanum torvum 

Meranti various genera and  
families, but esp.  
Shorea spp. 

Daun kayu 
sibuk 

indet. 

Kulim Scorodocarpus  
borneensis 

Damar Dipterocarpaceae 

Petaling Ochanostachys  
amentacea 

Kopi Coffea robusta 

Kumpabok Indet. Jambu mon-
yet 

indet. 

Maraneh Elaeocarpus  
palembanicus 

Sitarak Macaranga cf. nicopina 

Tamalun Indet. Dalo Macaranga javanica 

Kawang Indet.   

Madang Various genera and  
families but esp. Lau-
raceae 

  

Surian Toona sureni   
 



An overview of land use change in Sumatra  
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Abstract 

This paper presents a general analysis of changes in Sumatra’s forest cover and a 
more detailed analysis of land use change in a specific case study in Jambi prov-
ince, Central Sumatra. 

This research study indicates that land use changes that occurred between 1930 
and 1980 were relatively minimal compared to the land use changes that oc-
curred in the 1980s. In the 1980s, the logging of forests and the expansion of 
smallholders were the two major agents of land use change, with logging being 
by far the more major agent of the two.  In the 1990s, the land use has remained 
relatively stable.  

Introduction 

Indonesia still contains a large extent of tropical rain forest.  According to recent 
reports, 69.2% of the nation’s terrestrial area, or 120.6 million ha (excluding 
Java), is designated as forestland (Directorate General of Forest Inventory and 
Land Use Planning 1996).  According to the same source, the actual amount of 
forest cover on this designated forestland is 99.2 million ha, or 57% of the na-
tion’s terrestrial area (excluding Java). 

Land use patterns, however, are rapidly changing, especially in the outer islands, 
where logging activities, transmigration and population increases convert areas 
from one land use to another.  ICRAF and its collaborators conducted research 
on the underlying forces and stakeholders driving land use change.  Funding for 
this research came from the Global Environment Fund (GEF) and the Asian De-
velopment Bank (ADB)   

This paper provides a quick overview of land use change that occurred in Suma-
tra, with particular focus on Jambi Province, comparing the periods of 1930 to 
1980 and 1980 to 1990. 

                                                           
1 International Centre for Research in Agroforestry (ICRAF) 
2 World Bank 
3 BIOTROP 
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Sumatra 1930 to 1980 

Comparison was made of two maps: one published in 1938 (van Steenis 1938) 
and the other published in 1988 (Regional Physical Planning Programme for 
Transmigration (RePPProT) 1988). 

Because both maps were published some five years after their production and 
were the result of data collected from many sources, the exact year of the land 
use cannot be determined. Both maps also only show forest and non-forest units.  
Both maps can be seen in Figure 1. 

Although the decline in forest cover is clearly visible from 1930 to 1980, the de-
cline is only equivalent to 30%, or 10 million ha, of the original forested area.  It 
can also be clearly seen that there is great variance among the extent of defores-
tation in each province.  Deforestation ranges from over 70% in Lampung (the 
most southern province) to around 10% in Aceh (the most northern province). 

 Deforestation can be easily linked to population increases, which in Lampung 
increased from 361,000 in 1930 to 4.6 million in 1980 (Elmhirst 1997), while the 
population of Aceh doubled from 1.2 million in 1930 (Beukering 1947) to 2.6 
million (Biro Pusat Statistik 1995) in 1980. 

Figure 1.  Forest and non-forested areas in 1930’s and 1980’s 
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Jambi province 

A more detailed analysis of land use change was conducted for Jambi province 
in central Sumatra.  This analysis examined three time periods: 1930 to 1980, the 
early 1980s, and 1986 to 1992.  Four maps were analyzed for these periods: the 
same map as mentioned above for the 1930s on a 1:5,000,000 scale (van Steenis 
1938); the same map as mentioned above for the 1980s (RePPProT 1988) for 
Jambi on a scale of 1:500,000; a map  on a scale of 1:1,000,000 (Laumo-
nier/BIOTROP 1986); and a map on a scale of 1:250,000  (BIOTROP 1992).  

Detailed maps of the early 1980s, 1986 and 1992 can be seen in Figures 2, 3 and 
4.  These maps were reclassified and revised so that the same legend units could 
be applied for all three maps. 

 

Figure 2.  Land use of 1980s (RePPProT) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Land use of 1986 (Laumonier/BIOTROP) 
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Figure 4.  Land use of 1992 (BIOTROP)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figures 2, 3 and 4 show that land uses have changed considerably, especially 
during the 1980s.  Forest conversion was extensive during this same period.  
During the period 1986 to 1992, land use change continued but at a slower pace. 

Deforestation in Jambi province can be seen by the declining area of land classi-
fied as forested land, which decreased by 81% (early 1980), 39% (1986) and 
38% (1992). These figures indicate that deforestation rates in Jambi were slow 
up until the early 1980s, which experienced rapid deforestation rates.  After this 
period, the deforestation rates slowed down as the remaining forest lands were 
almost all classified as protected forest.  

Another significant land use change evident in the 1980s is the rapid increase in 
logged forest area (associated with the logging activities of the forest) and mixed 
secondary vegetation.  The logged area more than doubled from early 1980 to 
1986, while the mixed secondary vegetation increased 1.3 times.  The same 
vegetation in the period from 1986 to 1992 remained stable for the logged forest, 
while the mixed secondary vegetation decreased to 84% of the 1986 area. 

Other major changes land use changes are not clear, such as estates, which de-
creased from 1980 to 1986 but increased again from 1986 to 1992. 

Figure 5 shows the five major land use classifications per hectare in Jambi prov-
ince in 1980, 1986, and 1992.  
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Figure 5.  Land Use Area 

Agents of Land Use Change 

This analysis of the extent of land use change in Jambi province also provided 
insights into some of the agents involved in major land use change, which in-
cludes farmers, transmigrants, plantation and forest concessionaires.  These 
agents all change existing land uses to suit their needs. 

A subsequent study is being carried out to determine the locations and extent of 
land use change caused by specific agents. Smallholders and large concession-
aires are being analyzed separately.  To date, preliminary results are only avail-
able for the smallholders. Smallholders convert logged forests to mixed vegeta-
tion, which is a complex agroforest primarily composed of rubber trees that pro-
vides the main source of farmers’ incomes. A multivariate econometric model 
was used to identify locations where smallholders were likely to convert land to 
mixed secondary vegetation and where large-scale plantations were likely to be 
located.  This model used distance to roads, rivers and settlements, soil suitabil-
ity, elevation and other land characteristics to predict locations where the differ-
ent stakeholders were likely to convert land.  
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Introduction 

Three working groups were formed at the Smallholder Rubber Agroforestry Project 
(SRAP) Workshop (September 1997) in order to brainstorm on the results and the 
future of the SRAP research programme. This paper presents the main conclusions 
of the three working groups as well as the main conclusions and recommendations 
concerning RAS systems. The working three groups were organized as follows. 

Group 1: Agronomics of RAS systems.  This group was further divided into two sub 
groups: 

1.1 RAS Agronomic and Gap Replacement Issues (addressing RAS 1) 
1.2 Agro-economic and Landscape: Dynamics of Rubber Agroforestry  

  Systems and Oil Palm 

Group 2: Policy Issues on RAS Adoption.  This group was further divided into three 
sub groups:  

2.1 Policy Issues  

2.2 Adoption of RAS Development Support 

2.3 Improved Planting Material Policy: Enhancing the Diffusion of 
Improved Planting Materials 

Group 3:  Research Topics - Biodiversity 

 

                                                           
1 CIRAD/TERA-programme TH/ ICRAF Southeast Asia Regional programme 
2 International Rice Research Institute (IRRI)/Sembawa/South Sumatra 
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Group 1: Agronomics of RAS Systems 

Subgroup 1.1: RAS Agronomic and Gap Replacement Issues (address-
ing RAS 1) 

This group was led by Dennis Garrity (ICRAF) and Gede Wibawa (IRRI/Sembawa).  
The main conclusions are presented below per topic or cultural practice:  

Vigor of clones 

The clones’ survival and growth may be very good in RAS, especially in RAS 1, 
compared to farmer unselected seedlings. This finding supports the hypothesis that 
clones may grow very well in an agroforestry environment under certain conditions.  
The on-farm experimentation has revealed these particular conditions in terms of 
cultural practices. 

The key issue is in the type of planting material and planting method, in particular in 
using polybagged clonal planting material with adapted clones associated with very 
early planting in the rainy season (in October, for instance). 

However, planting costs of rubber clones are high (compared with “no cost” for jun-
gle rubber). Farming system surveys have shown that capital investment is not the 
primary constraint for smallholders.  Most can afford to invest in an half-hectare 
planting every two years, particularly as RAS systems are less expensive than the 
monoculture package.  Among RAS systems, RAS 1 is the least expensive, includ-
ing the labour investment during the immature period. 

Planting at normal density (around 500 trees/ha) has been confirmed as the best 
choice.  Originally, two planting densities were used (550 and 750 trees/ha), but the 
extra cost for a higher planting density is not justified.  A relatively high mortality 
rate (compared to jungle rubber) is observed due to root disease, which is directly 
linked with the quantity of tree burning before planting, that is, less burning is asso-
ciated with a greater occurrence of root disease.  

Weeding 

For inter row weeding, the most important factor is to keep competing vegetation 
below the height of the rubber plant.  According to local conditions, it might be ap-
propriate to do a “selective cutting” of the highest plants in the inter row, six months 
after planting. 

In the rubber row, weed control depends on the density of weed competition. Cur-
rent weeding levels of 3-6-9 weeding operations/year need to be re-evaluated as they 
are too much work for smallholders. These weeding protocols are not followed in 
Jambi and are followed in Kalimantan only during the first year. As no statistical 
difference has been recorded between the monoculture control and 3 weeding/year 
(4 in West Kalimantan), three to four weedings are sufficient in the first year.  It is 
recommended to use a glyphosate-based herbicide two out of the four weedings.  
Weeding protocols for the second year were discussed with the farmers as follows: 
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1, 3 and 6 weedings /year (herbicide such as Gramoxone are allowed) in Jambi and 
2, 4 and 6 weedings /year in Kalimantan.  The number of weedings is a pertinent 
factor in Kalimantan, due to the fact that Imperata is a constant pressure, but this 
might not be a pertinent factor in Jambi.  New weed control recommendations 
should be based on either weed coverage (including herbaceous versus woody) or 
biomass.  The use of a quadrate like the one recommended by Delabarre (Tree Crops 
Smallholder Development Project (TCSDP), (TCSDP/CIRAD Rubber book, 1995) 
might be a solution.  Another solution is to develop visual criteria, which will iden-
tify the need (timing) for weeding in the Jambi region. 

Fertilization & interaction of fertilization and weed control  

Appropriateness of fertilization is based on soil fertility: In Jambi, it appears unnec-
essary in the plains.  The current “light TCSDP fertilization package” for the first 
three years seems to be adapted in Kalimantan and West Sumatra.  Both ‘marginal 
soils’ and ‘fertile soils’ require fertilizer in order for rubber to grow correctly.  In 
other words, fertilization does not substitute for weed control. Current fertilizations 
rates based on estate rubber systems have been simplified and are only conducted 
for a period of three years.  When possible, it is always better to re-evaluate fertiliza-
tion amounts depending on soil type, past management of site, and previous and cur-
rent vegetation cover.  

Results of fertilization x weed control is not yet clear.  Fertilization may boost weed 
growth rather than rubber growth, such as the case in the central plains of Jambi 
province where replanting occurred after old jungle rubber was removed.  The out-
come is different for Imperata grasslands, such as in Kalimantan where Imperata is 
a constant threat.  

Slash & burn and planting time  

Farmers state that planting one month after slash-and-burn is optimal because with 
high soil moisture, ashes from burning are well distributed and weed competition is 
not yet great.  This confirms the importance of an early planting.  

Pests (monkeys and pigs) 

The proximity of forest is of critical importance to the presence of monkeys and 
pigs, particularly in Jambi.  The presence of pigs and monkeys in farmers’ fields is 
more common when forest is nearby and when population densities are low (e.g., 
when farmers’ presence in their fields is low).  This is the case in the piedmont area 
of the Barisan Mountains in Jambi.  In other mountainous areas, such as East 
Pasaman in West Sumatra, this problem does not occur as long as farmers live near 
their fields.  The location of rubber plants within a field is also important.  The 
plants located close to boundaries are more likely to suffer damage than those 
planted in a scattered planting design (according to farmer opinion). 

The farmer’s strategy to control pests or to establish a fence is critical to the success 
rate of the pest control method.  Plot fencing is one method of controlling pigs but is 
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not effective for monkeys. To date, there is no immediate solution for controlling 
monkeys, except for a farmer’s frequent presence in the fields. 

Recommendations 

Recommendations for RAS 1 

It would be an interesting exercise to refine rubber agronomy in respect to land 
classes (soils, past and current land use). 

Data from weeding trials (and information from farmer and researcher experience) 
must be summarized to determine technical recommendations and, if necessary, de-
sign researcher-controlled trials to evaluate weeding regimes (including data collec-
tion on weed biomass production). 

The use of herbicides to reduce labour inputs and obtain better implementation of 
weeding protocols in the trials has been agreed to and conditions of implementation 
need to be discussed with farmers. 

Recommendations for RAS 2 

For RAS 2, there are no major problems.  Continuation of the current work and ob-
servations as well as data collection will continue. 

Recommendations for RAS 3 

The use of herbicides (Round Up) should be allowed and discussed with farmers to 
control Imperata in RAS 3.  

With regard to the following question, “Can herbicide be used as a substitute for 
manual weed control?”, the answer is definitively ‘yes’. Therefore, herbicide use 
should be recommended and fully integrated into the trial protocols.  It is recom-
mended to intensify efforts in RAS 3 systems and to thoroughly review all findings 
to date.  The current RAS 3 system is very promising, particularly with the use of 
selected cover crops (Chromoloena odorata and Flemingia congesta) and pulp trees 
(Acacia mangium, Carcicarpa, and Gmelina arborea) to control Imperata. How-
ever, further research and mid-term results are still required to assess the viability of 
the concept. 

Recommendations for a new trial RAS 4: Gap replacement as a potential al-
ternative planting method in some areas: 

Gap replacement is the most common method of regeneration for many trees.  
Farmers currently do fill gaps in some complex agroforests, such as the damar agro-
forests (Pesisir area, Lampung). While gap replacement was envisaged back in 
1994, its implementation was not prioritized as more attention has been given to 
more intensive RAS (1 to 3), which is better adapted to the current demand for jun-
gle rubber improvements.  It is important to note that gap replacement can be a po-
tential solution in remote areas, or in areas with no land pressure, to maintain the 
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current system without using slash-and-burn and, in particular, to maintain the 
farmer’s land rights.  However, field observations and discussions with farmers in-
dicate that slash-and-burn is still a necessary step in RAS and jungle rubber estab-
lishment because rubber does not grow in shade. While it is true that there are many 
young rubber seedlings in old jungle rubber, it is also true that most of them cannot 
reach a tappable size and will never produce any rubber.  The debate is open to test 
this hypothesis.  It is recommended to conduct a RAS 4 test in real conditions in the 
piedmont of the Barisan Mountains. 

The potential advantages of a RAS 4 are: 
• No slash-and-burn required 
• Reduced erosion (as true for all RAS) 
• Reduced pest damage (this is questionable) 
• Spread of labor and capital inputs out over a greater time period 
• Preservation of biodiversity 
• Reduced need for weed control (grass) 

The potential limitations are: 
• Rubber is very sensitive to low light levels and may not grow sufficiently 

(slower growth and risk of no-production if growth is not sufficient to reach a 
sufficient girth to enable tapping.). 

• The main hypothesis that all RAS 4 concepts rely on the fact that rubber 
might grow in a semi-shaded environment must be tested.  

• White-root disease might be common and could seriously jeopardize the 
plantings. 

• The environment could serve to increase the pest problem rather than mini-
mize it. 

• Nutrients and soil moisture competition increase with the existing vegetation. 
• Economically, RAS 4 with step-by-step planting might keep production at 

the same level as jungle rubber but cannot significantly increase production 
in the mid-term.  

Therefore, it is recommended to test RAS 4 as a pure research concept in order to: a) 
test the feasibility of the concept, and b) identify and quantify the competition fac-
tors. 

General recommendations 

Further research should be oriented towards the following topics:  
• Survey farmer practices and ideas related to gap replacement (‘sisipan’ and 

other practices). 
• Model gap size and shapes in terms of light availability and rubber tree 

growth. 
• Establish experiments to test pest damage on various planting materials. 
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Subgroup 1.2 : Agro-economic and Landscape: Dynamic for Rubber 
Agroforestry Systems and Oil Palm 

This group was led by Fred Stolle (ICRAF) and consisted of eleven participants 
from IRRI, SRAP-Kalimantan, Indonesian Association of Rubber Producers (GAP-
KINDO), ProRLK, JICA, and ICRAF. The main issues discussed were:  

• How does the competition between oil palm and rubber affect the landscape? 
• What are the current dynamics between oil palm and rubber plantations? 
• Do we want to interfere with these dynamics? 
• How can we interfere with these dynamics? 

Remarks and statements 

A preliminary comparison of the current dynamics of oil palm and rubber can be 
conducted. 

Jungle rubber  

In Jambi province, there are 500,000 ha of rubber plantations from which a mini-
mum of 10% must be replanted.  Rubber has been present since 1910 and has a scat-
tered distribution throughout the province along roads and rivers.  A rubber farmer 
can tap 400 to 500 trees per day, equivalent to approximately one hectare per day. 

A smallholder can manage 2 ha of rubber (in D/2) on his own;  4 ha with his wife 
and from 3 to 6 ha with clones (in D/3 with stimulation, low frequency tapping).  A 
household can effectively manage 4 ha of jungle rubber or 6 ha of clonal rubber (in 
D/3) (with 2 tappers per household, generally wife and husband).  Jungle rubber 
might remain of economic interest in remote areas. 

Oil palm 

In both Jambi and West Kalimantan provinces, oil palm is very new for small-
holders.  There is a  strong dynamic of oil palm planting by private companies as 
well as by PTP (governmental companies) and additional planting programmes pro-
posed to local farmers .  Oil palm is planted in large areas in lowlands, primarily in 
estates and in transmigration NES projects (Nucleus Smallholder Estate Schemes), 
A household can manage 2 to 4 ha of oil palm.  Oil palm can be planted in peat 
soils, while rubber cannot.  Oil palm is restricted by access (e.g., roads) and planta-
tions must be within a certain range of a factory (generally around 35 to 50 km) due 
to the necessity for rapid processing of bunches after harvest (within 24 hours).  
Technical information is mainly focused on oil palm plantations.  Oil palm might 
replace jungle rubber in central areas (plains) if farmers do not use clonal rubber for 
replanting old jungle rubber. This is because oil palm productivity is 4-5 times 
greater than that of jungle rubber. Oil palm plantation productivity in Jambi and 
West Kalimantan is comparable to that of rubber monoculture or RAS systems.  In-
vestors are only interested in oil palm plantations.  There are almost no more new 
rubber estates.  Rubber will remain a smallholder production and oil palm will in-
crease the dependence of farmers on a project or a factory.  
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General comments 

Labour is a main constraint in Jambi and even more so in West Kalimantan.  In 
West Kalimantan, only 2.6 million ha are currently being planted or replanted.  
While West Kalimantan poses some physical constraints for growing rubber (e.g., 
poor soils and excessive rainfall in the eastern part of the province), it is still suitable 
for rubber production.  While there is active competition between oil palm and rub-
ber, rubber is still very strong in Sumatra and Kalimantan.  Most farmers fear a 
complete change in technology and cultural practices as well as lifestyle with oil 
palm and consider clonal rubber to be a better adapted and less disruptive alterna-
tive.  On the other hand, oil palm can guarantee a certain income level (comparable 
or slightly above that of clonal rubber per ha) and becomes productive only three 
years after planting. 

While farmers in Sumatra and West Kalimantan appear to be more interested in 
clonal rubber, oil palm with full credit is very promising and attractive for some 
communities, particularly those in transmigration areas.  

Rubber and oil palm are both suitable for alang-alang land reclamation and rehabili-
tation.  Rubber agroforestry systems consist of more than just rubber; income is 
generated by other agroforestry products as well (fruits, timber, rattan). 

Farmers will remain interested in rubber if productivity can be increased or if they 
can use clonal rubber to obtain an income comparable to that from oil palm.  Inves-
tors are interested in oil palm estates and, therefore, may provide more opportunities 
for farmers to join an integrated scheme or project with full credit.  With rubber, the 
only existing projects are government sponsored and these will be partially stopped 
in 1998 due to the end of World Bank and Asian Development Bank funding.  

Areas with steep slopes and/or remote areas are not involved in the competition for 
land use between oil palm and rubber as these areas are generally more suitable for 
rubber.  

Oil palm is based on large-scale monoculture in estates or in projects.  The presence 
of a factory in the vicinity of the plantation is necessary for production.  

Rubber can be part of a complex agroforestry system (RAS) and an interesting alter-
native to monoculture in terms of biodiversity, environmental conservation, and in-
come diversification.  However, the positive features of oil palm (e.g., short-term, 
high profits, reduced immature period, fully integrated credit) are attractive to many 
farmers.  The pros and cons of both rubber and oil palm systems are presented in 
Table 1. 
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Table 1.  Rubber vs. Oil Palm 
System Access Labour Profit-

ability 
Suit-
ability 

Cultiva-
tion 

Infor-
mation 

Land Capital  Farmers’ 
interest 

Sumatra 
Jungle Rubber: 
RAS/Monoculture 
Oil Palm 

+++ 

+ 

+ 

- 

++ 

++ 

+ 

+++ 

+++ 

++ 

++ 

++ 

++ 

+ 

+ 

+ 

++ 

++ 

++ 

+ 

+ 

0 

+ 

+++ 

++ 

++++ 

+++ 

Kalimantan 
Jungle Rubber: 
RAS/Monoculture 
Oil Palm 

++ 

+ 

- 

- 

++ 

++ 

+ 

++ 

+++ 

++ 

++ 

+ 

++ 

+ 

+ 

+ 

+ 

+ 

++ 

+ 

++ 

0 

+ 

+++ 

++ 

+++++ 

++ 

 

The main constraints for RAS development:  shortage of technical informa-
tion 

There is not enough accurate, reliable and up-to-date technical information available 
for farmers to base their decisions for various cropping patterns.  This is clearly a 
time of change for most farmers, representing an evolution to more productive crop-
ping systems.  Among the current alternatives, RAS seems to be well placed in 
terms of affordability, adoptability, and productivity. 

More information needs to be channeled to rubber farmers about various rubber 
cropping systems, and not only monoculture systems. 

The integration of other profitable species (timber, pulp) in improved rubber agro-
forestry systems enables a certain level of income diversification.  This is a priority 
in RAS technology. 

The technical information that must be channeled to farmers requires an increase in 
the involvement of government agencies for RAS adoption.  Among these institu-
tions, service of plantations (Dinas Perkebunan or DISBUN), government projects, 
GAPKINDO, and IRRI are essential. 

Some relevant questions that emerged from the subgroup discussion are as follows: 

-  Is the “trench experiment” (Sandy Williams’s paper) representative of RAS 1 envi-
ronment?  No.  The experiment is clearly focused on rubber and weed competition. 

-  Why do farmers refuse oil palm?  The problem of dependency on oil palm projects 
and the complete change in labour organization that is required are clear constraints 
for Dayak farmers in Kalimantan.  It is not as clear whether this is a problem for lo-
cal Malayu farmers in Jambi. 

-  In North Sumatra, there are a sufficient number of oil palm factories that collect 
bunches of oil palm; this creates a real market where farmers can choose traders ac-
cording to prices.  Why is this not the same situation in other provinces in the mid-
term?   Oil palm plantation development has been booming over the last five years 
and factories must be built over the next few years to keep pace with the production 
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process.  The situation in Jambi and Kalimantan could change in the next few years 
to become more similar to that of North Sumatra.  

-  If the hypothesis is true that fertilization might serve to increase weed population 
in RAS 1 in Jambi, what is the best level of input?   In Jambi, there is no clear evi-
dence that fertilization is required during the immature and production period of 
rubber.  From observations in the Rantau Pandan and Seppunggur areas, it appears 
that a supply of rock phosphate at planting time and a minimum amount of N for the 
first three years is sufficient to achieve good growth of the rubber trees.  While this 
might not be true in other areas, the Sepunggur area appears to be fairly representa-
tive of the plains in Jambi. 

Group 2:  Policy Issues on RAS Adoption 

This group was led by Eric Penot and A.F.S. Budiman. 

Subgroup 2.1: Policy Issues: Planting, Materials, Development Proce-
dures, Innovation and Adoption Constraints, Institutional Constraints, 
and  Land and Tree Tenure 

Land and Tree Policy Issues 

Origins, Impacts and Need for Change 

Land tenure is clearly an essential concern for farmers who are currently witnessing 
one of the fastest and most extensive change in land use classifications with the ex-
pansion of oil palm and pulp trees plantations.  Land that is officially classified as 
state forest land is being ‘recuperated’ by the government and ‘given’ to estates for 
the establishment of new plantations, even in cases where local farmers have long 
been living on a given location.  A small portion of state forest land is dedicated to 
transmigration projects or smallholder projects.  These land use decisions are giving 
rise to feelings of inequity among local farmers. 

Perceptions  

The top-down approach to policymaking that has been implemented in Indonesian 
since the 1950s has been the only extension method employed for decades.  Clearly, 
policymakers must acquire a better understanding of community’s strategies and ob-
jectives and farmers’ capacities in order to produce more efficient and effective de-
velopment programmes and extension. 

Michael Dove’s concept of ‘political economy of ignorance’ (1983) best explains 
the current ignorance caused by indifferent official institutions for agroforestry sys-
tems that are responsible for more than 500, 000 ha in the province of Jambi and 
more than 450,000 ha in the province of Kalimantan. 

Development Planning 
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Comprehensive land use planning is urgently required to take into account all actors, 
such as farmers, projects, extension services, credit operators, government, private 
sector and estates. Spatial planning (rencana tata ruang) is required at both the na-
tional and local levels (kabupaten).  Ecological and equity concerns that have been 
missing from the planning process to date must now be taken into careful considera-
tion. 

Economic Forces 

The economic performance of RAS and Complex Agroforestry Systems (CAF) need 
to be measured against the performance of other land use systems, in particular 
smallholder oil palm and pulp tree cropping systems. A prospective economic 
analysis of RAS systems compared with other rubber systems was conducted in 
1996 (Penot 1996) and a preliminary analysis comparing oil palm, foodcrops and 
rubber systems was conducted in 1997  (Penot 1997).  However, this analysis has 
only been partially completed and further and more detailed analysis is still required. 

Potential policy reforms must be explored in order to promote and develop 
RAS/CAF adoption and economic performance.  Key policy issues requiring further 
attention include: 1) rights over timber sale and use, 2) use of improved planting ma-
terial, 3) quality control of private nurseries, and 4) land use rights. 

Resource security 

Key policy issues include: 1) recognition/certification of land tenure, 2) develop-
ment of land tenure instruments for systems located within the state-defined forest 
area (long-term/short term strategies), 3) definition of special use zones, 4) clarifica-
tion of the government-sponsored community forestry program (Hutan Kemasyara-
katan or HKM), and 5) change of forest zone borders. 

The PT Finantara Intiga experience in West Kalimantan, (ENSO/HTI/PT Gudang 
Garam) as well as the SFDP/GTZ project can certainly provide a lot of information 
on how to address these issues with local communities. 

This group identified the next steps for follow up action, which are illustrated in 
Figure 1. 
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Figure 1.  Where Do We Go From Here? 
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Subgroup 2.2: Adoption of RAS and Development Support 

This group identified three levels of implementation for RAS adoption:  
 I. Farmer Level 
II. Regional Level 
III. National Level 
 

Farmer level 

Constraints Development Support 

1. Quality of Improved Genetic Planting     
Material (IGPM) 

2.  Access to credit 

3. Lack of information 

4. Lack of trust in government services 

To private nurseries, control of clo-
nal purity 

Credit schemes through projects or  
associations 

Training 

 

Regional level (kecamatan, kabupaten, province) 

Constraints Development Support 

1.  Land-use planning (tata ruang) 

2. Regional development priorities 
(Repelita) 

3. Sectoral approach of agronomy line 
agencies 

4. Qualification and motivation of ex-
tension personal 

Information (identification of pack-
ages) 

 Intersectoral coordination (institution 
building) 

 Training and information 

 Supporting BIPP/BPP 

Agencies involved (stakeholders): 
• regional government (Bupati) 
• regional planning agencies (Badan Perencanaan Daerah or Bappeda) 
• Agricultural line agencies (Dinas PKT) 
• Extension (BIPP)                         
• NEED ENGLISH (BPTP) 
• NEED ENGLISH (BPP) 
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National Level 

Constraints Development Support 

1.  Funding 

2.  Policy Priorities 

3.  Economic interests 

 Funding 

  Information Lobbying 

 

Agencies involved: 
• National Coordinating Agency (Badan Perencanaan Nasional or BAP-

PENAS) 
• Research agencies 
• Development agencies 
• Funding agencies 
• Ministries of Agriculture and Forestry 
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Subgroup 2.3 : Improved Planting Material Policy: Enhancing the Diffu-
sion of Improved Planting Materials 

The critical issue is the availability and quality of improved rubber planting mate-
rial.  Several types of improved planting material are currently available: clones 
(grafted plants) and polyclonal seedlings (seeds from a polyclonal garden).  In a pre-
liminary discussion in this subgroup, a question was posed regarding what kind of 
planting material is most adapted for RAS.   

Merits and demerits of distributing clonal vs. polyclonal seedlings 

Clonal and polyclonal seedlings will each require very different approaches with re-
spect to diffusion to farmers. 

Clonal Budgrafts: 
• standard currently accepted method; 
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• demands better upkeep to obtain; 
• higher yields (1500-2000 kg/ha/year); 
• better secondary characteristics, such as resistance to leaf diseases; 
• more established with certain clones already researched for use in RAS; 
• cost equivalent to the use of seeds for the same level of selection; 
• requires infrastructure (budwood gardens and nurseries) as well as technical 

skill for grafting; 
• more homogeneous planting material. 

 Polyclonal seedlings: 
• faster growth (not true if clones are planted in polybags which is recom-

mended); 
• easy distribution, but more possibilities of “fake” planting material; 
• more tree to tree variations (a population of seedlings is heterogeneous); 
• yield believed to be less than clones, depending on the level of visual selec-

tion made in nurseries: yield between 1000 and 1500 kg/ha; 
• low availability of seeds: the only supplier is BLIG from London Sumatra es-

tate in a monopolistic situation. 

 Tentative conclusion: There are two possible policies:  
• make both clonal and polyclonal seedlings available for farmers to choose on 

their own, but provide them with information; 
• emphasize clones because this is the most promising planting material if well 

used (current strategy of SRAP). 

 

Setting up Nurseries and Budwood gardens 

SRAP decided to put emphasis on clonal planting material, which is more reliable, 
more controllable, and has better secondary characteristics.  There is currently no 
method of guaranteeing the purity of clonal materials.  Certification of clonal plants 
should be done by independent agencies. 

One approach to increase the availability of clones at the provincial level is to have 
GAPKINDO members in the regions set up commercial nurseries with the help of 
professionals recruited from government projects or retired employees from estates 
in Bengkulu, Jambi, and North Sumatra.   

Distribution of improved planting material (clones) 

In addition to limited clone availability in the provinces, another constraint is clone 
distribution in remote areas.  Several possibilities to address this issue are: 1) distri-
bution through rubber collectors (village traders), 2) open sale (‘cash and carry’) in 
village markets, and 3) creation of distribution channels by the respective project. 
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There is also a clear demand for improved planting material for associated crops in 
RAS: fruits, timber, rice, legumes, cover-crop seeds, etc. 

Conclusions 

Quality of IGPM 

Clonal purity is essential to ensure the expected level of productivity.  Certification 
and a multiplication network through private nurseries, non-governmental organiza-
tions, and projects nurseries are key elements in the dispersal of RAS. 

Actors 

The main actors in this network are as follows: 
• private sector (private nurseries); 
• projects (TCSDP, partial approach DISBUN projects); 
• official extension agencies (DISBUN, BPP); 
• self-production by farmers’ groups (village budwood gardens operated by the 

communities). 

A very important question remains as to which institution will implement the certifi-
cation process for private nurseries and other operators?  The selected institution 
should be an independent agency supported by smallholder rubber organizations. 

 

Group 3:  Research Topics - Biodiversity 

This group was led by Hubert de Foresta (ICRAF/ORSTOM) and Genevieve Mi-
chon (ICRAF/ORSTOM) 

Further extensive research has yet to be conducted to assess the biodiversity status 
and evolution in RAS, including the following areas:  

• characterization of the mosaic of rubber plots around villages, along roads 
and rivers, including the spatial arrangement of age classes and intensity of 
management,  

• analysis of the spatial intensification of rubber, including assessments of pre-
sent levels, changes, conversions and projected future levels of biodiversity 
over the whole mosaic, 

• sustainability of biodiversity in rubber, covering the following topics: 

- influence of surrounding land uses, 

- influence of the surrounding forest (as a source of genetic material, particu-
larly in Kalimantan), 
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- the transitional state in Jambi with the very large development of Forestry 
and oil palm private plantationd.  

- effect of being surrounded by oil palm plantations for a long time (in Ma-
laysia). 

-determination of what level of biodiversity can be sustained over the long- 
term without having a forest nearby. 

 

Development of biodiversity in RAS and jungle rubber 

• Expected biodiversity levels at the “end of cycle” for RAS 1, 2, and 3. 
• Monitoring biodiversity in RAS. 
• Assessing the effect of weeding on type of regrowth and weed problem 

analysis. 
• Assessing the process of reestablishing forest biodiversity over time (com-

paring jungle rubber of different ages for biodiversity, as well as for im-
proves agroforestry systems such as RAS).   

What can be done to preserve the current reservoir of species in jungle rub-
ber? 

• rejuvenation through tree-per-tree replacement (RAS 4 experiment), 
• credit swap with conservation at the village level (institutional arrange-

ments), 
• identification of target locations for credit swap projects (e.g., Bukit Tigapu-

luh, Bukit Tigabelas and Kerinci), 
• targeting of cooperating institutions (e.g., World Wide Fund for Nature 

(WWF), Overseas Development Assistance (ODA), Biotrop, the Center for 
International Forestry Research (CIFOR), ORSTOM, and universities. 

 

The following questions were raised: 

-Is there a clear definition of jungle rubber as distinct from secondary forest?  This 
question was posed to point out that jungle rubber is not officially recognized as a 
real rubber-based cropping system, but is still perceived to be an enriched long-term 
fallow. 

A clear trade-off exists between biodiversity and production. In this regard, how has 
the relative productivity between biodiversity and production been assessed?  To 
date, no such assessment has been made due to the fact that the status and dynamics 
of biodiversity in RAS has still to be reviewed. The current hypothesis is that biodi-
versity of RAS 1 will be very similar to that of jungle rubber.  Assessment of biodi-
versity levels for RAS 2 and 3 will need to be made taking into account the cultural 
practices and the environment.  
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- Is oil palm or rubber the best cropping system for smallholders?  The best cropping 
system for smallholders is the one that they select based on their review of sufficient 
information on each system.  The SRAP team favors a farming system with a com-
bination of oil palm monoculture, improved rubber systems (RAS and/or monocul-
ture), and old jungle rubber as a stock of land to be rehabilitated.  
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Conclusions and Recommendations for RAS 

The primary recommendations for RAS development are as follows: 

1)  Identification of RAS components is needed. 

In particular through the release of “technology patterns “ for  improved agrofor-
estry systems(Booklet, leaflet, RAS manual.  Farming systems surveys implemented 
in 1997 should help to identify a relevant farm typology with relevant criteria to se-
lect recommendation domains.  

2 )  The type of development programme selected should be adapted to local situa-
tions: partial approach versus full package project (such as TCSDP). 

The type of development project and its methodology is very important.  In remote 
areas with almost no previous contact with any rubber projects, full package projects 
are preferable.  In other areas where various rubber projects have been developed, 
even on a scattered basis, partial approach projects may be more successful due to 
the effect of “demo plots” from previous projects.  In all cases, relevant technical 
information must be provided to farmers.  Training of trainers may be implemented 
to provide farmers with the most current information, particularly on RAS.  Another 
possibility is to use current SRAP plots as a demo-plot network for training. 

3 ) It is essential to access the right extension institutions at the right level. 

This is particularly true for the following topics: credit, training information, moni-
toring tools, and land tenure.  Relevant institutions involved in rubber development 
must take into account the following trade-offs: ‘rubber versus oil palm’ (but both 
can be harmoniously developed), and ‘farmers versus government’ (both are actors 
of rubber development, but with different strategies and expectations). 

 4)  It is necessary to: 

a) change extension institutions’ perceptions of farmers. 

b) assess and improve the economic profitability of RAS in comparison with other 
alternatives (such as oil palm), 

c) select priorities and recommendation domains (population targets), 

d) take into account social cohesion of communities for innovation adoption,  

e) develop clear argumentation on the advantages of RAS. 
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Rubber Fertilization Trial (RAS 1.3) in a RAS 1 En-
vironment 

G E Manurung1 

Keywords: rubber growth, Imperata cylindrica, fertilizers, rock phosphate  

Introduction  

Generally speaking, smallholder rubber producers have not yet widely adopted 
rubber clones and recommendations have not yet been produced for fertilizer use 
under smallholder conditions.  Some previous research (Nasution 1993) has 
shown that the productivity of smallholder rubber plantations can be improved 
by using rubber clones and a small amount of fertilization during the immature 
period to enhance rubber growth. 

Using fertilizers to supply nutrients is considered essential in the rubber agrofor-
estry system RAS 1 environment where rubber trees have to compete with sec-
ondary forest regeneration for at least the first two years after planting, which is 
considered as the most critical period.  Sufficient nutrients are needed during 
growth, but various studies (e.g., Rubber Research Institute of Malaysia (RRIM) 
and Centre de Cooperation Internationale en Recherche Agronomique pour le 
Developpment, France (CIRAD)) have shown that fertilization is generally not 
required to sustain latex production of rubber clones (yields around 1,500-1,800 
kg/ha/year).  To ensure sufficient nutrient availability, fertilizer use is necessary, 
and the specific amounts and combinations should be adjusted for the required 
levels of growth and production of the rubber trees, and must take into account 
soil conditions and agronomic factors (Tayeb 1981).  The existing fertilizer rec-
ommendation scheme, however, does not differentiate between initial soil fertil-
ity levels or degrees of weed competition.  For example, on the relatively fertile 
plots derived by slash-and-burn from old jungle rubber, less fertilizer is probably 
needed than on long term cropped soils or land derived from Imperata cylin-
drica.  Conversely, the lush growth of ‘weeds’ (secondary forest regrowth) in 
RAS 1 is likely to increase the nutrient demand of the system. 

The aim here is to determine which combinations and levels of fertilizers are re-
quired for clonal rubber in the RAS 1 environment, considering that external in-
puts should be minimized in RAS cropping patterns to ensure maximum adop-
tion by farmers.  It has been suggested that insufficient phosphate is the main 
limitation to rubber growth and that soil recapitalization with 1 tonne of rock 
phosphate per hectare is suitable for rubber and will ensure good growth during 
the immature period.  A treatment to test this hypothesis was included in this 
study. 

                                                           
1 Field Assistant Smallholder Rubber Agroforestry Program (SRAP), Muara Bungo, Jambi, Indonesia 
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As a result, the rubber fertilization trial (RAS 1.3) was designed to compare the 
effects of four types of fertilization on growth of clonal rubber in a smallholder 
agroforestry environment.  In the on-farm trial, rubber trees (clone PB 260) were 
planted in rows, and secondary forest trees and shrubs were allowed to regener-
ate between rows.  The trial is considered as a first step in adjusting the existing 
rubber fertilization recommendations to the RAS 1 environment (Penot 1996). 

Hypotheses 
• Fertilization is needed to obtain fast growth of rubber and to reduce the nega-

tive effect of competition from secondary forest regrowth. 
• Fertilization will result in trees quickly reaching the minimum girth (45 cm) 

for tapping and, therefore, the trees can be opened 5 to 6 years after planting 
(much earlier than in traditional jungle rubber). 

Expected output: recommendations for rubber fertilization in 
RAS 1 in Jambi 

Materials and Methods: 

As part of the on-farm trial network on improvement of smallholder rubber agro-
forestry (SRAP), a field experiment was initiated in Rantau Pandan, Jambi prov-
ince.  The field was cleared by slash-and-burn from an old jungle rubber garden, 
and rubber trees (PB 260) were planted on November 21, 1996.  The field has a 
typical acid soil with a pH (H2O) of 4.02.  The trial consists of eight plots of 500 
m2 (25 m x 20 m), each containing 28 trees at 3 m x 6 m spacing (borders in-
cluded), to give a standard planting density of 550 trees/ha. Four treatments with 
two replications of each were used.  The rubber trees were weeded six times per 
year, in the rubber row only, 1m either side of the trees.  Rubber growth has been 
measured every three months on a sample of 15 trees, for stem diameter (10 cm 
above the graft), stem height and number of whorls of leaves.  After 18 months, 
diameter will be recorded at 1 m above the graft.  

Treatments: 
A No fertilization 
B Good quality rock phosphate (RP, 22% P2O5): 275 kg/ha (500 grams/tree) in 

planting hole PLUS  725 kg/ha broadcast in rubber rows at planting time   
(96.0 kg P ha-1 in rock phosphate). 

 Urea: 50 grams/tree every three months for the first two years   (23.32 kg N 
ha-1 year-1 in Urea). 

C Selective Tree Crop Smallholder Development Project (TCSDP) fertilization 
programme for the first two years: 

 SP-36 (SP-36, 36% P2O5): 115 grams/tree at planting time   (10.03 kg P ha-1 

in SP-36). 
 Urea: 50 grams/tree every three months. 
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D Complete TCSDP fertilization programme for the first two years: 
 SP-36: 115 grams/tree at planting time plus: 
 Urea: 50 grams/tree every three months,  
 SP-36: 40 grams/tree every three months   (13.96 kg P ha-1year-1 in SP-36),  
 KCl: 40 grams/tree every three months   (33.19 kg K ha-1 year -1 in KCl). 

Table 1.  Fertilizer treatments in the plots 

Plot Urea RP SP-36 KCl 

A - - - - 

B 50 grams/tree 
every 3 months 

500 grams/tree in 
hole PLUS 725 
kg/ha broadcast in 
row at planting 
time 

- - 

C 50 grams/tree 
every 3 months 

- 115 grams/tree in hole 
at planting time 

- 

D 50 grams/tree 
every 3 months 

- 115 grams/tree in hole 
at planting time PLUS    
40 grams/tree every 3 
months 

40 grams/tree 
every 3 months 

Preliminary Results and Discussion 

Results for ten months growth showed that there are no statistically significant 
differences between the four fertilizer treatments.  However, until now only three 
measurements have been made, so it would be useful to continue this trial to see 
if this result still holds as the trees grow older. 

 

 

Figure 1.  Effect of fertilizer treatments on diameter development 
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Table 2.  Average tree diameter per fertilizer treatment 

Months After Planting Treatments 

3 6 9 

A 7.81 10.07 17.11 

B 8.17 10.36 15.71 

C 7.66 9.48 16.67 

D 8.37 12.90 18.69 

Although there are no statistically significant differences between the treatments, 
average tree diameter for treatment D (Figure 1) was higher than that for treat-
ments A, B, and C.  It seems that the most effective treatment is D: fertilization 
with complete N P K fertilizer. It is possible that there could be an interaction 
between N P and K in treatment D, which resulted in a greater effect on growth 
than use of incomplete fertilization. 

Additionally, after two years, an economic analysis should enable us to choose 
the right fertilization recommendation according to farmers’ resources.  This will 
take into account the total fertilizer and labor costs for each option.  Rubber 
growth recording will continue until the rubber trees are opened (expected to be 
at five years after planting). 

An alternative hypothesis is that as Jambi province has relatively good soils for 
rubber, fertilization may not actually be required.  However, competition with 
forest regeneration in the RAS 1 environment may provide evidence to reject this 
hypothesis.  As RAS 1 is a low to medium input improved rubber agroforestry 
system, this trial aims to find a suitable balance in the trade off between ensuring 
good rubber growth in RAS 1, and the costs for farmers. 
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Improved Genetic Planting Material (IGPM):  
availability and use in Jambi province 

I Komardiwan1and E Penot2 

Keywords: rubber clones, Jambi, budwood gardens 

Introduction 

The aim of this study was to investigate the availability and use of rubber clones/ 
Improved Genetic Planting Material (IGPM) in Jambi, which is one of Indone-
sia’s main rubber producing provinces.  The total area of Jambi’s rubber fields is 
about 520,450 ha, which consists of 505,851 ha of smallholder rubber, 6,725 ha 
of  government plantations, and 7,874 ha of private plantations (1996 Annual 
Report of the Plantations Department Level I Jambi Province (Laporan Tahunan 
Dinas Perkebunan Dati I Propinsi Jambi)).  However, this situation may change 
in 2001 as there are many new private plantations planned, especially oil palm 
plantations. This study was carried out in Jambi’s three main rubber producing 
districts: Sarolangun Bangko (about 215,618 ha), Bungo Tebo (about 154,339 
ha), and Batang Hari (about 147,835 ha) (1996 data).  Two other districts in 
Jambi, namely Tanjung Jabung and Kerinci, also produce rubber, but on a much 
smaller scale and, therefore, were not included in this study. The study was 
conducted in December 1995 and for two weeks in May 1997. The total survey 
time was about six weeks 

Survey Methods 

The study was a descriptive survey, collecting both primary and secondary data. 
Primary data was collected through inspection of government and private rubber 
nurseries and open interviews with their staff. Secondary data was taken from 
the Plantations Department Level I in Jambi (Dinas Perkebunan Dati. I) as well 
as the Plantations Department in every district, and the Jambi Tree Crops Small-
holder Development Project (TCSDP). Due to lack of time, only secondary data 
was collected in Sarolangun Bangko. 

Outputs 

IGPM availability depends on the distribution of clone nurseries and on the type 
of IGPM produced.  The production of clones in Jambi province is as follows: 
• Government clone nursery projects 

                                                           
1 Field Assistant Smallholder Rubber Agroforestry Project (SRAP), Muara Bungo, Jambi, Indonesia 
2 International Center for Research on Agroforestry (ICRAF) Southeast Asia P.O. Box 161, Bogor 16001, 
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• Specific Project: A private company in cooperation with the Jambi Chapter 
of the Indonesian Association of Rubber Producers (GAPKINDO) and the 
Center for Policy and Implementation Studies (CPIS) 

• Farmers’ clone nurseries (private nursery) 

Government clone nursery projects  

The dispersal of clones in Jambi first began with a government project in 1986 
called the Tree Crops Smallholder Development Project (TCSDP).  This project 
established budwood gardens and rootstock nurseries in different districts de-
pending on the potential for rubber plantation in each district.  The development 
of these gardens can be seen in Tables 1 and 2. 

Table 1.  TCSDP budwood gardens in Jambi province 
Number of trees per clone District UPP* Area 

(ha) 
BPM 1 BPM 24 GT 1 PR 

255 
PR 261 PR 

300 
PR 
303 

PR 
228 

Year 
planted 

Batang Ma.Bulian - - - - - - - - - - 

Hari Ma.Tembesi 7 7650 22400 - - 18500 - - - 1991/92 

Bungo Ma.Tebo 6 - - 45644 - - - - - 1987/88 

Tebo P.Temiang 5 8124 11386 - - 11707 - - - 1987/88 

Saro- Sarolangun 4 - 7500 550 - 9478 - 765 - 1991/92 

Langun Pauh 4 653 9682 - - 3665 - - - 1991/92 

Bangko Singkut 5 - - 32258 1419 1412 1428 1321 1422 1986/87 

 Total 31 16427 50968 78452 1419 44762 1428 2086 1422  

Source: (UPP NEED ENGLISH HERE Report TCSDP Project, Jambi, 1996  (Laporan UPP, Bagian Proyek TCSDP 
Jambi 1996) 

* UPP = NEED ENGLISH HERE 

Table 2.  TCSDP rootstock nurseries in Jambi province 

Districts UPP* Area (ha) Year Planted Comment 

Batang Hari Muara Bulian 15 1991/92 All the GT 1 seeds  for 
each UPP  

 Muara Tembesi 5 1991/92 are bought from Sem-
bawa area 

Bungo Tebo  Muara Tebo 15 1987/88  

 Pulau Temiang 15 1987/88  

Sarolangun 
Bangko 

Sarolangun 8 1991/92  

 Pauh 7 1991/92  

Source: Tree Crops Smallholder Development Project (TCSDP) 1992/1993 Annual Report 
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The first budwood garden (Table 1) and rootstock nursery was in Singkut, for 
which all the stumps and GT 1 seeds were bought from the Sembawa area.  For 
the other UPP (UPP = Project Unit) nurseries, stumps were bought from Sungai Putih 
Medan, especially BPM-1 and BPM-24, and the other stumps were taken from 
UPP Singkut. 

There is no information about annual grafted stump production. However, up to 
1996, TCSDP succeeded in establishing about 20,787 ha of clonal rubber planta-
tions with 20,360 smallholder participants in Jambi. 

In addition to TCSDP, other programs also focused on budwood production 
through the establishment of budwood gardens for local communities.  Details of 
several government projects can be seen in Table 3. 

Table 3.  Dinas Perkebunan nursery projects in Jambi province 

Project name Area (ha) Year of Implementation 

PSP2 6.00 1994/1995 

APBD Tk.I 1.00 1991/1992 

APBD  Tk.II 0.25 1991/1992 

P2KP2 0.20 1990/1991 

INPRES-BANDES 49.21 1992/1993 

Source: Jambi Plantation Department 1996 Annual Report (Laporan Tahunan Dinas Perkebunan, 
Jambi, 1996) 

There is no information available on annual grafted stump production nor how 
many hectares of clonal rubber plantations were developed through these pro-
jects.  At this time, the only available information on Bungo Tebo is that there 
are 2,179 ha of smallholder clonal rubber plantations through the INPRES-
BANDES Project, and in Batang Hari 2,537 ha from the same project.  From the 
INPRES-BANDES program, only a few budwood gardens have been efficiently 
used by local farmers.  A further survey is necessary to explain the very low 
level of adoption by farmers.  Subsequently, a very small amount of improved 
planting material has been produced by farmers.  This shows that the presence of 
a budwood garden is necessary, but not sufficient in itself to boost IGPM pro-
duction. 

A specific project: The GAPKINDO/CPIS nursery program 

In 1993, GAPKINDO and the Center for Policy and Implementation Studies 
(CPIS) collaborated with PT. Brahma Bina Bakti (a private company) on the 
Dispersed Rubber Development Pilot Project.  Their activity focused on the de-
velopment of budwood garden and rootstock nurseries for extension of smallhol-
der plantations. 
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In the first year of their cooperation, about 1 ha of budwood garden and roots-
tock nursery were established at PT. Brahma Bina Bakti Plantation (53 km from 
Jambi on the road to Merlung).  They bought the stumps and GT-1 seeds from 
PT.Virco in Padang Sidempuan.  Stumps were checked and produced by PT. 
Virco from material originally coming from Sungai Putih Research Station. 

The condition of the budwood garden and rootstock nursery can be seen in Ta-
bles 4 and 5. 

Table 4.  Condition of budwood garden 

Clone Number of plants on  
August 28, 1993 

Number of plants Living 
on August 23, 1994 

Percentage of 
survival (%) 

RRIC 100 2,273 2,135 93.9 

PR 261 9,590 2,785 29.0 

BPM 1 5,126 2,535 49.5 

BPM 24 4,716 2,501 53.0 
Source: GAPKINDO’s August 1994 Nursery Report (Laporan peninjauan bibit, GAPKINDO, Au-
gust 1994) 

Table 5.  Condition of rootstock nursery 

Block code Number of plants on  
January 23,1994 

Number of plants living 
on August 23, 1994 

Percentage of 
survival (%) 

A.23 22,576 16,451 72.9 

A.24 24,904 20,158 80.9 

A.25 23,998 15,081 62.8 

A.26 22,576 15,166 67.2 

Total 94,054 66,856 71.0 
Source: GAPKINDO’s August 1994 Nursery Report (Laporan peninjauan bibit, GAPKINDO, Au-
gust 1994) 
 

In addition to the location at PT. Brahma Bina Bakti, the project also built root-
stock nurseries with farmers as a satellite project that can be seen in Table 6. 

Table 6.  Condition of farmers’ rootstock nurseries 

Block 
Code 

Farmer’s name No of plants in 
January 1994 

No of plants living 
on August 23, 1994 

Percentage of 
Survival (%) 

I M.Syukri 25,000 18,548 74.0 

II Syaroni 25,000 18,547 74.0 

III Abdul Mutalib 25,000 18,547 74.0 

Total  75,000 55,642 74.0 
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Source: GAPKINDO’s August 1994 Nursery Report (Laporan peninjauan bibit, GAPKINDO, 
August 1994) 

The data in Tables 4-6 above are derived from GAPKINDO’s August 1994 
Nursery Report (Laporan Peninjauan Kebun Bibit). From these tables, it can be 
seen that there is a very low percentage of survival in the budwood garden, but 
there is no information available about the reasons why.  The three tables also 
show that there is a big potential for producing a high number of grafted stumps 
and eventually establishing a large number of clonal rubber smallholder planta-
tions. Unfortunately, no more reports or follow up studies have been produced 
by GAPKINDO nor the other two partners in this project. 

Informal reports indicate that the rootstocks were not grafted because they were 
used by farmers for seedling rubber plantations.  The budwood garden was thin-
ned to become a productive rubber plantation. 

Although the IGPM production system established by GAPKINDO/CPIS and 
PT. Brahma Bina Bakti was originally well planned, this experience shows that 
IGPM production and dissemination at the farmers’ level is not an easy task and 
achievement of such objectives are highly dependent on suitable training and ef-
ficient follow up of activities.  Small, private nurseries and self-production of 
planting material by farmers (i.e., well managed, community village budwood 
gardens with relevant training) seem to be better suited to the objective of IGPM 
dissemination. 

Farmers’ clone nurseries 

IGPM was first dispersed through the government clonal rubber nurseries to the 
surrounding farmers. This activity has largely contributed to the availability of 
clonal rubber in areas where budwood gardens were established in Jambi. To 
date, farmers still obtain the budwood from unmanaged or abandoned govern-
ment nurseries. Farmers make grafted stumps, partly for their own plantations 
and partly for sale.  The conditions of farmers’ nurseries are shown in Tables 7 
and 8.   

Table 7.  Farmers’ clone nursery production in Bungo Tebo district 
Number of farmers 
selling 

Average production of Total production of Price (Rp) Per Year 

stumps polybags stumps polybags Stumps Polybags stumps polybags 

1991 4 2 10,500 3000 42,000 6,000 175 650 

1992 4 2 10,500 3000 42,000 6,000 175 650 

1993 4 2 10,500 3000 42,000 6,000 175 650 

1994 5 4 10,800 3000 54,000 12,000 200 700 

1995 7 5 11,000 3,800 77,000 19,000 250 750 

1996 7 6 12,430 3,830 87,000 23,000 250 750 

Source: Results from interviews, Smallholder Rubber Agroforestry Project (SRAP), May 1996 
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Table 8.  Farmers’ clone nursery production in Batang Hari district 
Number of farmers 
selling 

Average production of Total production of Price (Rp) Per Year 

stumps polybags Stumps polybags Stumps polybags stumps polybags 

1988 2 - 7,750 - 15,500 - 125 - 

1989 2 - 10,250 - 20,500 - 125 - 

1990 4 1 14,375 2,000 57,500 2,000 100 400 

1991 4 1 27,250 2,000 109,000 2,000 125 450 

1992 6 1 31,665 2,000 190,000 2,000 130 500 

1993 6 4 41,666 13,750 250,000 55,000 150 550 

1994 7 7 47,857 31,071 335,000 217,500 150 600 

1995 8 7 32,750 18,500 262,000 129,500 175 650 

1996 8 8 43,750 11,562 350,000 92,500 200 700 

Source: Results from interviews, Smallholder Rubber Agroforestry Project (SRAP), May 1996 

From Tables 7 and 8 it can be seen that the greatest production from farmers 
nurseries is grafted stumps rather than polybags.  This might be because the price 
of stumps is lower than that of polybags (see Table 7).  The types of clones avai-
lable are similar to that of the government nurseries.  Clones in Bungo Tebo are 
BPM-1, BPM-24, and GT-1.  In Batang Hari they are GT-1, PR-261, and PR-
300.  

However, farmers sold stumps as a mixture of clones.  The farmers are not sensi-
tive to clonal purity, reflecting the lack of information both from producers and 
users (farmers). 

Conclusions 

1. IGPM availability and use in Jambi province first began through govern-
ment projects such as TCSDP, PSP2, P2KP2, and INPRES-BANDES, and 
then was followed by the establishment of individual private nurseries.  Im-
provement of farmers’ capabilities is a priority, especially for establishment 
and management of budwood gardens.  Nowadays the farmers prepare root-
stock nurseries by collecting budwood from existing (generally abandoned) 
budwood gardens. 

2. Farmers might have access to budwood gardens, especially community 
budwood gardens established by the BANDES programme.  However, lack 
of training, poor management, lack of relevant technical information and so-
cial coherence of communities are currently the main constraints faced by 
farmers that limit their potential to produce IGPM.  Although other types of 
planting material might be available for rubber, emphasis is put on clones.  
Clones are high yielding, very homogenous, and have better secondary 
characteristics than clonal or polyclonal seedlings. 
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3. Both the private nursery sector and IGPM production by farmers themselves 
should be developed and sustained.  This raises the problem of access to 
good quality budwood gardens, clonal purity, and certification of IGPM, as 
well as correct and adapted recommendations for clone use in the province. 

4. It is still necessary to complete this survey, especially with further informa-
tion about government projects conducted through the Plantations Depart-
ment.  Obtaining information is sometimes difficult because of the bureauc-
racy.  It is also necessary to interview the farmers who have nurseries in Sa-
rolangun Bangko. 
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Rubber roots shift to the subsoil when there are  
intercrops 

S E Williams1, G Wibawa2 and M Van Noordwijk3 

Keywords: Imperata cylindrica, below-ground competition, root branching 

Introduction 

Rubber (Hevea brasiliensis) is well suited to acid soils and can provide farmer 
income on soils where continuous foodcrop production is not feasible.  Rubber 
can be grown under a range of management intensities, ranging from ‘planta-
tions’ to ‘jungle rubber’.  In the early stages, farmers use various intercrops. In a 
trial at the Indonesian Rubber Research Institute, Wibawa and Thomas (1997) 
showed large differences in tree diameter and height with different intercrops.  
The data suggest that this effect is based on competition for water and possibly 
nutrients between the rubber and the intercrops.  If so, shifts in overall shoot:root 
ratio can be expected, but competition may also have an effect on the distribu-
tion of rubber roots over the profile.  Schrot (1995) suggested that intercropping 
can be used to modify the root distribution patterns in agroforestry, but data to 
show this effect are scarce.  We collected data on rubber roots with different 
intercrops and tested a new method of analysing tree root systems (van Noord-
wijk and Purnomosidhi 1995) for its potential application to rubber. 

Materials and methods 

Observations were made in May 1997 in the “Intercropping Experiment’ at the 
Sembawa research station (Palembang, South Sumatra, STD III/EU project), 
when the rubber trees (clone BPM24) were 39 months old (planted in December 
1993).  The experiment was designed as six treatments in three blocks, with one 
replicate per block.  Each plot contained 56 rubber trees, planted at 6.7 x 3 m 
spacing, which represented a density of 500 trees/ha, plus an intercrop.  We fo-
cused our observations on treatments A, D, and F, representing the best, an in-
termediate and the worst above-ground growth respectively: 
A. Clean weeded: no intercrop, clean weeded every two months with a hoe.  
D. Pineapple: planted in four rows, 1 m from rubber trees, weeded every two 

months with a hoe.  
F. Imperata cylindrica: manually weeded in 50 cm radius from rubber trees with 

a hoe. 
Proximal Root Study: Two trees from each replicate were excavated (i.e., six 
trees per treatment).  The methods are described by van Noordwijk and Purno-
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mosidhi (1995) and involved measurement of the diameters of proximal roots, 
their classification by horizontal and vertical orientation, and measurement of 
stem diameter at 1m.  From these parameters, a tentative index of root competi-
tiveness was calculated.  

Fractal Branching Study: The fractal characteristics of the root branching pat-
terns were also assessed by measurement of length of links between branching 
points and the diameter of each subsequent branch.  One tree was excavated 
from the edge of the bare soil treatment, bordering on an area of legume cover 
crop.  Measurements of root diameter were made with calipers, while stem di-
ameter and larger roots were measured with a tape.  Data on individual branch-
ing points were analyzed to test whether the rules for change and allocation of 
root diameter upon branching depend on current root diameter. 

Results 

Test data show that the basic assumptions for the fractal branching pattern hold, 
and thus that proximal root diameter can be used as an indicator of the total size 
of the branched root system.  Results for the proximal roots are shown as the 
means of the six excavated trees per treatment (Table 1). 

Table 1.  Root and stem characteristics of 39-month old rubber trees 
with three types of intercrops 
Intercrop No. 

Hori-
zontal 
Roots 

No. 
Verti-
cal 
Roots 

% Hori-
zontal 
Roots1 

(Dsq*) 

Stem 
Dsq* 
(cm2) 

Shoot/Root 
Ratio2 

(Dsq*) 

Index3 of 
Root Com-
petitiveness 

A. Clean Weeded 19.8 8.7 60.7 74.8 0.46 0.76 
D. Pineapple 18.5 5.7 34.1 38.4 0.23 1.64 
F. Imperata 22.3 4.5 23.7 13.9 0.28 1.20 
 
F-probability NS NS 0.008 <0.001 0.022 NS 
S.E.D.4 4.6 2.7 10.1 8.1 0.074 0.80 

1. Percent Horizontal Root Diameter Squares  = 100 * ∑Dhor
2 / (∑Dhor

2  + ∑Dver
2)  

2. Shoot/Root Ratio (Diameter Squares)  = ∑Dstem
2   / (∑Dhor

2 + ∑Dver
2) 

3. Index of Root Competitiveness   = Dstem
2  / ∑Dhor

2 
4. S.E.D. = standard error of differences  
* Dsq = Diameter Square 

 
The substantial effect of the intercrops on stem diameter was not reflected in to-
tal root cross-sectional area (or diameter squares).  The shoot:root ratio (on the 
basis of cross-sectional area) was significantly lower for the rubber with inter-
crops than in the clean-weeded plots.  

Allocation to horizontal and vertical roots can be considered in terms of the 
numbers of both types of roots and also by their size, as calculated by summing 
the diameter squares of each root.  The numbers of horizontal and vertical roots 
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were not significantly influenced by the intercrop, but the percentage of horizon-
tally oriented roots showed a positive trend with increasing severity of competi-
tion: 69% (A), 77% (D), 83% (F). In contrast, the percentage of total root cross 
sectional area in horizontally oriented roots decreased in the same sequence: 
61% (A), 34% (D), and 24% (F).  So, through A to F, more horizontal than verti-
cal roots are produced, however, the total size of the horizontal root system rela-
tive to the total size of the vertical root system decreases.  The ‘index of root 
competitiveness’ showed no statistically significant differences.  

Conclusion 

In the clean-weeded plots (C), the shoot:root ratio is considerably higher than in 
the intercropped plots D and F.  Competition with intercrops, especially Imper-
ata, also lead to a shift from horizontal to vertically oriented root cross-sectional 
area.  We conclude that an increase in below-ground competition results in pref-
erential allocation within the root system to roots rather than shoots and to roots 
exploiting lower soil layers rather than roots in upper soil layers.  Also, for root 
in the upper soil layers, there is a preferential allocation to more numerous, but 
smaller sized roots. 
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Glossary 
  
Adat  traditional, customary law 
ARP   Assisted Replanting Programme 
asl  above sea level 
BIPP/BPP Extension services 
BLIG  Bah Lias Isolated Garden, London Sumatra, North Sumatra (from P7) 
BPS  Sembawa Research Station 
CAF  Complex Agroforestry System 
CIRAD-TERA  Tree Crop Department, Rubber Program, France (Centre de Cooperation Internationale  

en Recherche Agronomique pour le Developpement, France) 
CNEARC/ENGREF  Tropical Agronomy Engineering School  and Forestry Engineering School  in France 
CPIS  Center for Policy and Implementation Studies 
CRIFC  Centre for Research on Food Crops 
dbh   diameter at breast height  
DISBUN Dinas Perkebunan (service of  plantations) 
FGT   Fast Growing Pulp Trees  
GAPKINDO Indonesian Association of Rubber Producers  
GCC   Group Coagulating Center 
GPS  global positioning system 
GIS  geographic information system 
HDsq   height x diameter square 
HYV  High Yielding Varieties 
ICRAF SE Asia International Center for Research in Agroforestry , Southeast Asia, regional programme 
IGPM  Improved Genetic Planting Material  
INPRES-BANDES Project Village development project. 
IRRI  Indonesian Rubber Research Institute, Sembawa , South Sumatra. 
JICA  Japanese Development Institution. 
kabupaten subdistrict (Indonesian language) 
kampung village (Indonesian language) 
MPT  Multi-Purpose Trees 
NES  Nucleus Estate Project (PIR in Indonesian) funded by World Bank (NES) or directly by 

the Indonesian government (PIR).  
NSSDP   North Sumatra Smallholder Development project 
NTFP  Non-Timber Forest Products 
ProRLK  Project of rehabilitation of degraded land, GTZ, West-Sumatra 
OFT   On-Farm Trials  
ORSTOM Now IRD : Institut de recherche pour le Développement , France . 
PMU   Project Management Unit 
RAS  Rubber Agroforestry System (See RAS Chart for description of RAS 1, 2, and 3 trials) 
RRIM  Rubber Research Institute of Malaysia 
S&B Slash-and-Burn 
SFDP Social Forestry Development Project , GTZ, West-Kalimantan 
SRAP Smallholder Rubber Agroforestry Project: a research programme based on farm 

experimentation using participatory approaches with CIRAD and ICRAF.   
SRDP Smallholder Rubber Development Project based on clonal rubber monoculture and 

funded by the World Bank from 1980 to 1990. 
tembawang  a fruit/timber based agroforestry system 
TCSDP Tree Crops Smallholder Development Project, continuation of the World Bank-funded 

SRDP from 1990 to the present. A similar TCSSP project is funded by ADB. 
UNESCO UN agency. 
UPP Project Development Unit (for TCSDP) 
WANULCAS  Water, Nutrient and Light Capture in Agroforestry Systems 
WSSDP   West Sumatra Smallholder Development Project 
 



Note to readers 
 
  
 
These papers have been prepared for the SRAP workshop held in Bogor, Indonesia,  
in September 1997. All papers have been reviewed and up-dated in 2000.  
 
In order to provide more accurate and up to date information about RAS systems  
and agroforestry systems, we have include the latest papers produced for the IRRDB 
seminar in 2000 also in Bogor.   
 
All comments, more information and additional recent papers on the subject can be 
obtained by contacting Eric Penot, CIRAD TERA at eric.penot@cirad.fr  
 
The Editors 
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