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Abstract 
The main objectives of this research are to analyze quantitatively the causes and effects of the 
rapid adoption and expansion of intensive Leaf Banana Cropping Systems (LB-CSs, henceforth) 
with special reference to poverty, to identify the biophysical and economic mechanism under 
which the fast expansion of these systems have occurred in the mountainous village of West Java, 
to make policy proposals in order to cope with this soil mining problem and to compare satoyama 
situation in Japan with the LB-CSs in West Jawa. The data used for this research were collected 
through two consecutive field surveys from two hamlets, namely Beber and Cikupa of Kemang 
village in Cianjur District. From the logistic adoption model, it was found that the agroforesters 
did perceive the negative effects of the soil mining by intensification of the LB cropping systems 
to soil fertility. However, the agroforesters have chosen the short-run income increase against the 
long-run soil and environmental degradation because of poverty, and other social, and 
technological reasons. Some new agroforestry systems in order to cope with these problems are 
proposed. The problems of satoyama in Japan are considered in comparison with the LB 
agroforestry system inn West Java. 
Keywords: logistic adoption model; agroforestry; soil mining, poverty, satoyama in Japan    
 
 
1. Introduction: The problems with the Leaf Banana Cropping Systems (LB-CSs) in West 
Jawa 
The mountainous area of Java is an important area as it holds about 30% of the all Java villages 
and population (CBS, 2003). The mountainous area in Jawa is an area with relatively steep slopes 
and located on middle elevation without irrigation facilities and agroforestry is usually done 
using upland agricultural practices that combine the perennial and annual crops with some soil 
conservation measures (Subagyo et al, 2000 and Undang, 2000). This area has been less favored 
in the economic and agricultural development process and faces such problems as less capital, 
less public infrastructures, low income due to low land fertility and productivity (KEPAS, 1985; 
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Pasandaran, 2002). In order to meet the demand for cash of inhabitant, the proportion of 
mountainous with inappropriate cropping systems, has increased significantly (Shiferaw and 
Holden, 1998). In the mountainous area of Java, some inappropriate cropping systems, which 
lead to soil fertility degradation, have been practiced by agroforesters since the late 1970s. 
  
The 1997 economic crisis has escalated food prices (118%) significantly (Suryahadi and 
Sumarto, 2003) and also decreased income of agroforesters in the mountainous area of Java 
including the research village of Kemang, Bojongpicung sub-district, Cianjur district. In order to 
meet high demand for cash, the agroforesters in this village have been converting rapidly a 
traditional and sustainable Talun-Huma system (T-H, henceforth) in their sloping land into a new 
agroforestry system with an intensive Leaf Banana Cropping System (LB-CS, henceforth) as 
quick respond to the opening new market opportunities of banana leaf (BL, henceforth). The 
rapid conversion of T-H into LB-CSs is occurring both in the private sloping land and the 
deforested national forest area in and near Kemang village. There are three LB-CSs in this 
village: LB monoculture, LB mixed with food crops, and LB mixed with trees. The first two 
cropping systems are characterized by application of soil mining technology with very intensive 
leaf harvesting, and limited soil fertility and soil erosion management. The rapid adoption and 
expansion of these two LB-CSs in the fragile mountainous area will lead to serious soil erosion 
and soil fertility extraction in the long-run and endanger the mountainous area and it’s cropping 
systems sustainability.  
 
The primary data shows that the share of T-H system to the total mountainous or sloping land 
area in the research village has decreased from 95% to 46% during the last ten years. On the other 
hand, the share of the LB-CSs has increased from 5% to 54% over the same period (Herianto, 
2005). This rapid adoption of LB-CSs area might has increased the family income because leaf 
has provided the agroforester with regular daily cash. However, the rapid expansion of intensive 
LB-CSs area might has been causing severe soil degradation in the research village. There is a 
serious tradeoff problem between short-run income increase and stabilization, and long-run soil 
degradation that might cause low soil fertility and productivity. 
 
There have been a few studies on the intensive monoculture cropping systems in the mountainous 
area of Java. These studies focused on the intensive monoculture systems of vegetables and apple 
and in profitability, employment and land tenure aspects (Hardjono, 1991a; 1991b; Suryanata, 
1994, 1999; and Li, 1999). They had not examined yet the negative effects of the intensive 
cropping systems on the soil fertility condition. Moreover, these studies had paid no attention to 
the determinant reason: why the agroforesters adopted the intensive cropping systems in the 
fragile mountainous area? The previous adoption studies on the agroforestry systems have more 
focused on the determinant factors of tree planting from household and farm characteristics, 
economic and policy points of view with positive effects of the tree planting system (Niberring, 
1999; Salam et al, 2000; Banister and Nair, 2003). These studies have used an agroforester’s 
household as a unit analysis. In order to explain some biophysical characteristics, they also used 
aggregated data based on household level data, which brought a potential bias that lead to 
inaccurate interpretation (Antle and Stoorvogel, 2001). It is needed, therefore, to introduce plot-
wise level data with their specific biophysical characteristics in the adoption model in order to 
understand the role of these characteristics on the agroforester’s adoption decision. The study is 
also intended to fill the gaps of adoption studies. However, the adoption and expansion LB-CSs 



cannot be explained solely using these data approaches. Other factors may have caused the 
agroforesters to adopt the intensive LB-CSs. The road infrastructure, the wholesale markets 
demand, the local marketing institutions and other national economic and political factors at 
village and regional levels have played the important roles in the rapid expansion of the LB-CSs 
area (Herianto, 2005).  
 
This paper intends to careful analysis of the microeconomic behavior of the agroforesters and to 
understand the mechanism for the fast expansion of the new LB-CSs with the soil mining 
technology in this mountainous area. This study will analyze quantitatively and economically the 
causes and effects of the new agroforestry system (LB-CSs) in order to identify appropriate 
measures based on the Kemang village case and to attenuate the rapid adoption of the soil mining 
LB-CSs. The specific objectives of this paper are (1) to analyze quantitatively the causes and 
effects of the rapid adoption and expansion of the new Leaf Banana (LB) agroforestry- systems 
with special reference to poverty, especially the tradeoff between soil mining effects and the 
income increasing effects of the LB-CSs, (2) to identify the biophysical and economic 
mechanism under which the fast expansion of these systems have occurred in the mountainous 
village of West Java, (3) to make policy proposals in order to cope with the soil mining problem. 
We use the plot-wise and households data from our surveys of the village 
  
1.1 Methods 
 
The data used for this paper were collected through two consecutive field surveys from two 
hamlets, namely Beber and Cikupa of Kemang village. The questionnaire-based interviews were 
conducted for the same 60 households, which determined by using simple random sampling and 
for the same 140 plots in 2002 and 2003. The authors collected data on the characteristics of each 
plot, such as plot history, its vegetation and trees change, as well as socioeconomic characteristics 
of the surveyed agroforesters household, and the long-run perception related to change inherent 
soil fertility, crops yield etc with a mixed method approach. The collected household economy 
data covers agricultural and agroforestry production, inputs, prices, sales, consumption etc. The 
data analysis to identify the tradeoff is done using the budget analysis and the agroforester’s 
perception on the soil condition of the soil mining LB-plots.  
 
The main data analytical method of adoption used in this study is an econometric analysis of the 
standard logistic regression model of Hosmer and Lemeshow (1989). The logit transformation of 
the standard logistic model can be expressed in detail as: 
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where: 
where g(xi) is the dependent variable that indexes one if the agroforester has adopted the soil 
mining LB-CS in their plot and zero otherwise. β0 is the intercept term; β1, ...βp are the  
parameters of the independent variable to be estimated; and δju,,u = 1, …kj-1 are the parameters 
for the categorical variables dju. In this study, the coefficients, which reflect change in the logit or 
in the log of odds as a probability in adopting the soil mining LB-CS, ln ψ = ln (exp βi) = βi for a 
change in one unit of an explanatory variable have been standardized.  For categorical data, the 



parameter is the odds ratio, which defined as the ratio of the odds for x=1 to the odds for x=0. 
The odds ratio is an exponential value for the estimated parameter coefficient, where ψ = exp βi .  
 
This model also introduced an interaction term of biophysical and socioeconomic aspects, which 
asserts the effect of one independent variable on the dependent variable depends on the value of 
other explanatory variable. A multiplicative term of the binary logistic regression such as D1X1 is 
usually used to specify the interaction (Hosmer and Lemeshow, 1989; and Berry, 1999). 
According to Hosmer and Lemeshow (1989), although there are may be formed many possible 
interaction terms in the model, only the interactions between the potential continue variables and 
potential categorical variables should be investigated based on the research concern.  
 
One method in the econometric for selecting the potential variables in the relatively new research 
topic is a stepwise regression method. There are two stepwise methods, namely backward and 
forward stepwise. In this paper, we will use the backward stepwise method, which begins with all 
candidate variables in the main function, and at each step, removes the least useful explanatory 
variables. The potential explanatory variables that remain in the function will have αi less than a 
recommended (αR).  
 
 
1.2 Results 
A. The tradeoff between income increasing effects and soil mining effects of the new LB-
CSs 
 
The new LB-CSs, particularly, LB monoculture and LB mixed with food crops are more 
intensive compare with the traditional agroforestry T-H system. The fast spread of intensive LB-
CS will lead to soil nutrient mining, reduction of aboveground biomass, declining yields, and less 
soil fertility management. The soil nutrient mining exists when the heavy nutrient absorption 
from the soil and is not replenished with additional nutrient from outside (Stocking and 
Murnaghan, 2001). An intensive harvesting with more labor input and limited soil fertility 
management characterize the soil nutrient mining technology of the intensive LB-CS. The 
agroforesters could harvest the leaf about four times a month in rainy season or once a month in 
the dry season using a rotational system. They leave only three or four leaves on the trunk at the 
end of every harvesting time of 30 days per year. Moreover they apply neither chemical 
fertilizers nor manure except green grass manure from weeding surrounding LB trunks. The 
weeding is done usually before harvesting the leaves. About 10% of agroforesters apply mix of 
nitrogenous and phosphorus fertilizers up to about 120 kg/ha for planted food crops before 
planting LB during the HUMA. The comparison of T-H and three new LB-CSs is presented in 
Table 1.  
 
Table 1 The intensification forms of the T-H system and three LB-CSs in the research village 

Intensification forms T-H system LB mono-
culture 5)  

LB mixed with 
food crops 5) 

LB mixed 
with trees 

1. Labor used for the LB     
    a. Harvesting frequency  1801) 9002) 9002) 5403) 
    b. Hours per (30 years) 10804) 5400 5400 3240 
2. Chemical fertilizer used Zero Zero Low or Zero Zero 



3. Fallow period (years) 30  Zero Zero 5 – 10 
  Source: Field surveys 2002 
  Notes: 1) Harvesting frequency (HF) = 6x/year; 2) HF = 30x/years; and 3) HF = 18x/year 
               4)  Average hours = 6 hours/harvesting time; 5) LB-CS with soil mining technology 
Recently, BL has replaced the brown palm sugar and chili as main cash crops of T-H system in 
Kemang village. This may be caused by the increased real farm gate price of leaf and higher 
revenue and profitability of BL than those of two traditional cash crops. The index of real farm 
gate price of BL has increased by about 100% since the crisis period (1997), while the same 
index of brown palm sugar went down about 50% over the same period. There are two types of 
brown sugar product, namely solid and cylindrical brown sugar and powder brown sugar. The 
former is produced by putting the sugar liquid into a small bamboo stick and let them to solid, 
then wrapping it with dried palm sugar leaves before selling to the market. On the other hand, 
powder brown sugar needs special kind of sap, more labor, and more firewood and plastic bag 
than the former. The solid one is mostly produced for their family consumption, while the 
powder one is fully for cash income. The change in relative price between BL and brown palm 
sugar has led the agroforester’s decision in expanding the soil mining LB area is shown in Figure 
1. 
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Based on the in-depth interviews with the agroforester, it is found that the banana leaf income 
had played a significant role to meet the increased demand for quick cash, especially after the 
economic crisis in 1997. With high inflation rate after the crisis, the household daily and monthly 
expenditures increased subsequently. Therefore, the agroforesters prefer more strongly to obtain 
daily revenue from banana leaf than from other cash crops in order to cope with fast increases in 
these expenditures.  
 
Table 2 summaries a comparison of banana leaf revenue (BLR) contribution to the household 
expenditures (HHE) after the rapid expansion of the soil mining LB-CSs. This table shows that 
the contribution of BLR to daily and monthly household expenditures (DRE) of the agroforesters 
cultivating LB mixed with food crops was highest (129%), followed by LB monoculture (102%) 
and LB mixed with trees (94%). On the other hand, the contribution of brown palm sugar revenue 
to the household agroforestry income, however, was only about 18% to the agroforester’s 
household cultivating LB mixed with trees. With the small difference between the BLR and the 



DRE, the data also indicated that the contribution of BLR to the capital accumulation as whole, 
which is one of determinant of agroforesters’ capacity in soil fertility management was still very 
low.    
 
Table 2  Comparison in contribution of the Banana Leaf Revenue (BLR) to household 

expenditures of the agroforesters who cultivate three LB-CS in the research village, 
based on the household level data, 2001 (%)    

LB monoculture  LB mixed with 
food crops 

LB mixed with 
trees  

Sources of farm and family incomes 

IDR % IDR % IDR % 
Cultivated land (m2) 4,978 8,302 10,173 
1. Agroforestry incomes (AFI) 1)  2,890,859 3,476,095 2,922,229 
    1. BL Revenue (BLR)  2,039,022 71 2,144,626 62 1,702,758 58
    2. BS Revenue (BSR) 2) 0 0 0 0 517,481 18
    2. Seasonal income 3) 633,504 22 1,114,069 32 331,759 11
    3. Annual income 4) 218,333 8 217,400 6 370,231 13
2. Household expenditure (HHE) 3,007,133 3,369,175 3,928,885 
    1. Daily expenditure (DRE) 5) 1,998,133 66 1,658,925 49 1,820,769 46
Contribution of BLI to DRE 102 129  94
Source: Data from the field survey in 2002 
Note:  1) Agroforestry incomes (AFI) are the total net agroforestry income of banana leaf, food crops, palm sugar,   

trees, and other crops, such as pepper, fruits, and vegetables, and agricultural labor incomes  
            2) BSR is the revenue of brown sugar.  
          3) Seasonal incomes are income of the seasonal crops/jobs, such as foods, and agricultural labor incomes 
            4) Annual incomes are the income of pepper and trees. 
            5) The daily expenditure is the total expenses for daily foods and energy 
 
As explained before that the LB-CSs with soil mining technology in this mountainous area have 
spread on the steep sloping area where soil erosion is a serious threat and causes soil degradation. 
The LB tree is drought resistant arborescent (like tree), which can absorb soil water and nutrient 
content heavily, and enhances the chance of soil degradation by heavy soil nutrient mining 
(Rattan, 2000). The LB monoculture and LB mixed with food crops systems have limited 
canopy, so the rainfall hit topsoil directly and degrade the soil subsequently. On the other hand, 
LB mixed with trees system could regenerate soil fertility by fallen leaves. In order to show the 
negative effects of the soil mining LB-CS, therefore, we compare the effect of the rapid 
expansion these LB-CSs between LB monoculture and LB mixed with tress agroforestry systems. 
This attempt utilizes simple indicators of soil degradation that recommended by Stocking and 
Murnaghan (2001) based on the agroforester’s perception. This paper will only focuses on the 
change of inherent soil fertility instead of gravel and rock exposure and soil water content 
indicators. 
 
The inherent soil fertility is the natural crop production capacity of soil. It will determine the long 
run crop yields. In our survey, the agroforesters were asked to perceive the soil conditions on the 
three durations of the LB planting in the surveyed: 1-4 years, 5-10 years, and more than 10 years 
after the first cultivation of the LB. The perception was measured by index fixing at 100 when 
they start to cultivate LB, and then perceived change in the indexes at later periods were also 
asked to the agroforesters. 



 

Figure 2 Declines in inherent soil fertility after various years of
conducting two LB cropping systems in the two research hamlets (0 year

=100)

0

20

40

60

80

100

120

0 1-4 5-10 >10
LB plot duration (years)

In
di

ce
s

Leaf banana mixed
with trees plot

Leaf monoculture plot

       
 
 
Figure 2 shows that the agroforesters perceived that the inherent soil fertility of plot after 10 
years of LB monoculture planting decreased by 40 points. The agroforesters who have cultivated 
the LB mixed with trees more than 10 years perceived that the inherent soil fertility has also 
decreased by 20 points that is much less than decrease for the LB monoculture 
 
1.2 The factors determining the adoption of soil mining LB-CS 
 
In order to provide a better explanation in the agroforester’s adoption decision behavior, a new 
approach by integrating the adoption model based on plot-wise and household level data is 
needed to verify explanatory variables of the adoption model with partial approaches. Since the 
main concern of this paper is integrating both plot-wise and household level data analyses, the 
two adoption sub-models will be analyzed and linked each other using a common variable, which 
was utilized both in these two sub-models though it is a preliminary integrative model. 
 
In order to integrate those two sub-models, this paper introduces the similar dependent variables 
that could reflect the negative effect of the soil mining LB-CS technology on the plot soil 
condition and the total sloping land as well. In the plot-wise sub-model, since the average plot 
size is very small and it can only be cultivated with one cropping system, the dependent variable 
is measured by the fact that the agroforester adopted the soil mining LB-CS on the related plot, 
taking value 1 and taking value 0 for otherwise. In the household sub-model, the agroforester 
who has more than 50% of the total land area planted with the soil mining LB-CS is taking on the 
value of 1 and taking on the value 0 for other wise.  
 
The two empirical sub-models were built to correspond to the plot-wise and household analysis, 
respectively and were estimated using the MLE method for the logistic model as follows: 
 
g(ADMOFC)=β’1(DESUPALM; DEALBIZIA; DEOTTREE; PCULDURA; DSLOPE; 

DDISTAN; DFACDIR; CVNOPLOT), and 



g(HHADMOFC)=β’2 (AGE; FMLABOR; CVNOPLOT; ORMEM; DEDUCA; DNFINCO; 
DPSUGPRO),  

 
Regarding the common variable of the number of plots (CVNOPLOT), this paper hypothesizes 
that if the number of plots owned by the agroforester increases, the log odds of adopting the soil 
mining LB-CS on their sloping land would decrease, holding all other variables constant. The 
number of plots owned by agroforesters could explain risk aversion behavior through the 
diversification of income sources (Herianto et al, 2003). As the number of plots increases, the 
agroforesters are less likely to adopt the soil mining LB-CS on all their plots in order to manage 
the soil fertility level of their sloping land and to diversify their income sources. As a common 
variable, it is expected to be consistently negative relationship with the dependent variable of 
both two sub-models. 
 
The definitions of dependent and each explanatory variable are given in Tables 3 and 4. We 
should notice that there is only one common variable that link both these two sub-models. At this 
stage, therefore, this integrated approach can be said as a preliminary approach.        
 
Table 3 Definitions of the dependent and explanatory variables used in the plot-wise adoption 

sub-model and the relationship hypothesis statement  
Variables Description and the relationship hypothesis statement 

ADMOFC 
Binary variable, 1 if an agroforester adopted the soil mining LB cropping 
systems on their plot, 0 if otherwise. 

DESUPALM Density of productive sugar palm trees in each plot before adopting the soil 
mining LB cropping system (trees/1000m2).and (negative relationship with 
DV) 

DEALBIZIA Density of productive albizia trees in each plot before adopting the soil 
mining LB cropping system (trees/1000m2) and (negative relationship) 

DEOTTREE Density of other productive trees, such as teak, mahogany, kihiang and fruits 
trees in each plot before adopting the soil mining LB cropping system 
(trees/1000m2) and (negative relationship) 

PCULDURA Plot cultivation duration, managed in the agroforestry cropping system of 
trees mixed with LB before adopting the soil mining LB cropping system 
(years) and (negative relationship) 

CVNOPLOT A common variable of number of plots owned by the related surveyed 
households (plots)  

DSLOPE Categorical variable for the slope, 1 if the plot is flat (<30%) and compatible 
with the soil mining LB cropping system; 0 if the plot is steep (≥30%)  

DDISTAN Categorical variable for walking distance, 1 if the plot is near to the local LB 
market (≤ 60 minutes); 0 if the plot is far (>60 minutes) (The odds ratio >1) 

DFACDIR Categorical variable for the plot face direction, 1 if the land is facing north or 
south, 0 if otherwise (The odds ratio >1)  

 
 
 
 
 



 
Table 4 Definitions of the dependent and explanatory variables in the household adoption sub-

model and the relationship hypothesis statement 
Variables Description and the relationship hypothesis statement 
HHADMOFC Binary variable, 1 if an agroforester adopted the soil mining LB cropping 

systems in more than 50 % of their total sloping land area, 0 if otherwise. 
AGE Household head age (years) and (negative relationship with DV) 
FMLABOR Number of farm laborers in the surveyed households (persons) and (positive 

relationship) 
CVNOPLOT A common variable of number of plots owned by the surveyed households 

(plots)  
ORMEM Number of local organization memberships (numbers) and (positive 

relationship) 
DEDUCA Categorical variable of the period of formal education obtained by the 

surveyed household head; 1 if obtained ≥  6 years, 0 if otherwise and 
(positive relationship)  

DNFINCO Categorical variable of the non farm income sources; 1 if the surveyed 
household head access to non-farm income sources; 0 if otherwise 

DPSUGPRO Categorical variable of the palm sugar producer; 1 if the household head was 
the brown palm sugar producer; 0 if he was not. (The odd ratio > 1)  

 
 
Table 5 Estimated log odds and odds ratio of logistic regression for the adoption function at the 

plot-wise level (n=75)  
Backward Stepwise Procedure 

Main Function  Final Function 
Interaction 

Terms  
 Variables 

Log odds O-ratio Log odds O- ratio Log odds O- ratio 
DESUPALM  -2.94 

(3.49)* 
 -2.653 

(4.129)** 
 -4.943  

(4.237)** 
 

DEALBIZIA -3.95 
(2.88)* 

 -3.512 
(4.599)** 

 -5.746 
(4.473)** 

 

DEOTTREE -22.78 
(4.29)** 

 -19.477 
(4.365)** 

 -33.998 
(3.444)* 

 

PCULDURA -3.31 
(5.44)** 

 -2.719 
(7.601)*** 

 -2.034  
(3.158)* 

 

[DSLOPE] -2.81  
(1.893) 

0.06 -1.87 
(2.233) 

0.15    -9.31  
(3.774)* 

0.001 

[DFACDIR] 1.23 
(0.561) 

3.42   

[DDISTAN] -0.79 
(0.152) 

0.45   

CVNOPLOT -0.330  
(1.893) 

  -0.964 (1.196) 

DSLOPE*PCULDURA   -5.509  (2.960)* 
Constant 10.019 (3.450)* 7.892 (10.645)*** 20.173 (5.825)** 
Nagelkerke’s R2 0.899 0.893 0.921 
Notes: *** =1%; ** =5%; * =10%; ++=15% significant levels; Wald test values are in parentheses. Initial -2ln= 

103.852. [ ]= categorical variable with (ψ) = exp δu ; If ψ <1,  δu <0, otherwise δu ≥ 0 



 
Table 6 Estimated log odds and odds ratio of logistic regression for the adoption function at the 

household level (n=60)  
Main Function Interaction Terms Variables 

Log odds Odds ratio Log odds Odds ratio 
AGE -2.14  (2.81)*  -2.47 (2.76)*  
FMLABOR     2.39  (7.04)***    2.88 (5.69)**  
CVNOPLOT   - 3.16 (7.38)***    -3.37 (6.86)***  
ORMEM    1.35  (4.24)**     1.49 (4.07)**  
[DEDUCA]   3.91  (2.86)* 50.12  4.55 (2.79)* 94.57 
[DNFINCO]     -2.30 (2.36)   0.10    -3.51 (2.04)   0.03 
[DPSUGPRO]   2.06 (3.24)*   7.86  2.13 (3.30)*   8.44 
DNFINCO*FMLABOR  0.37 (0.44)  
Constant   8.02 (2.67) * 9.60 (2.68) * 
Nagelkerke’s R2 0.74 0.74 

  Notes: *** =1%; ** =5%; * =10%; ++=15% significant levels; Wald test values are in parentheses. Initial -2ln= 
74.15. []= Categorical variable with (ψ) = exp δu ; If ψ <1,   δu <0, otherwise δu > 0 

 
The estimated parameters of the plot-wise and the household adoption sub-models are presented 
in Table 5 and 6, respectively. The final estimated function of the plot wise sub-model using a 
backward stepwise procedure shows that the explanatory variables of DESUPALM, 
DEALBIZIA, DEOTTREE, PCULDURA, and DSLOPE were entered into the final function. 
Meanwhile, six explanatory variables of AGE, FMLABOR, ORMEM, DEDUCA, DPSUGPRO, 
and CVNOPLOT had significant effects on the adoption decision. The interaction potential 
variable of DNFINCO*FMLABOR was also estimated. 
 
The common variable of CVNOPLOT of the two adoption sub-models was consistently negative. 
In the household sub-model, the log odds of this variable was most significant at P<0.01. It is 
suggest that small-scale agroforesters who have few plots are more likely to adopt the soil mining 
LB-CS than large-scale agroforesters. In the plot-wise sub-model, this variable was individually 
insignificant since the aggregate data was. 
 
 
1.3 Discussion    
 
During the last ten years, the LB CSs as a new agroforestry system have been expanding rapidly 
into the mountainous area of West Java, particularly in the research village, Kemang. 
Consequently, the LB has been replacing trees there and their traditional agroforestry (T-H) 
system. The LB CSs increased the agroforester’s household income and provided the regular 
daily cash income to the agroforesters and community of Kemang village as a whole. Most 
agroforesters in the Kemang village are poor with little cash. They, therefore, desire strongly 
stable family income from BL in order to get safety against longer income variation from the 
traditional agroforestry system crops, palm sugar and chili.  
 
Although the agroforesters have perceived and realized that the soil mining LB-CSs brought 
negative effects in long term, but they still have adopted and expanded this new agroforestry 



system very rapidly. There is a serious tradeoff problem between the short run increases in the 
LB income and long run soil degradation. With limited land size and other non-farm job 
opportunities, the agroforesters in Kemang have chosen the short-run income increases from the 
LB-CS instead of its long-run soil degradation effects.  
 
From the integrative approach on the plot-wise and the household adoption sub-models using a 
common explanatory variable of number of sloping plots owned by each agroforester, the result 
shows that a common variable has a consistent negative sign both in these two sub-models. 
However, it was insignificant in the plot-wise sub-model. Although the integration was not fully 
successful to integrate these two sub-models, a deeper understanding of the fast expansion of the 
new soil mining LB-CS was possible from this approach. It was found that the larger the number 
of plots owned by each agroforester, the adoption probability of the soil mining LB-CS was 
smaller in both two sub-models. This result seemed to show the core perception and key behavior 
of the agroforesters in the mountainous area of Kemang, i.e. they knew clearly the negative soil 
mining effects of this LB-CS, they tried to diversify their plots and sloping land away from the 
soil mining technology if they owned more than one plots in the sloping mountainous area.  
 
The other estimated results show that the plot cultivation duration as a proxy of agroforester’s 
experience in keeping the LB with trees and the density of production trees, were significantly 
negative associated with adoption of soil mining LB-CS. It means that longer experience seems 
to convince the agroforesters to keep the LB plots mixed with other tree species. They perceive 
that a mixed cropping system will restore soil fertility better and more sustainable than the soil 
mining LB-CS. Meanwhile, the estimated log odds of trees density indicates that a plot with high 
trees density has less probability of being converted into an intensive LB-CS area than those with 
low trees density. This is evidence that agroforesters who gained enough income from the tree 
components are keen to maintain the trees as long as their income sufficiently met the increasing 
demands for cash after the economic crisis of 1997. 
 
The categorical variables of topographical factors (DSLOPE, DDISTAN and DFACDIR) were 
not important individually in distinguishing an adopter of intensive LB-CS from a non-adopter. 
These insignificant effects confirm that agroforesters recognize the factors that related with the 
relative advantages of LB-CSs as being more important than a given topographical factors when 
making adoption decision. However, the interaction function shows that DSLOPE and interaction 
variable between slope and plot duration also have significantly negative effects on the 
probability in adopting the soil mining LB-CS. These are evidences that agroforesters adopted the 
soil mining LB-CS on the steep sloping plot because of they had very short experience in 
managing the mixed LB with trees and also limited number of plots.           
 
The estimated household adoption sub-model can further explain the agroforester’s behavior in 
adopting the soil mining LB-CS in the mountainous area of Kemang village. The results show 
that the availability of productive family labor and membership in local organization were 
positively associated with the log odds of adoption. These results strongly indicate that the 
availability of productive family labor positively influenced the expansion of soil mining LB-CS. 
Moreover, this LB-CS offers more job opportunities not only to the family labor but also to both 
landless but productive household head and other productive laborers, for example, 
sharecroppers, banana leaf harvesters or banana leaf workers in the marketing cooperative. The 



coefficient of membership in local organization confirms that household heads made adoption 
decision based on information obtained via successful innovators as an elite organization and 
informal communication channel as well. Members had more opportunities to interact with 
innovators than the non-members and thus adopted their farming behavior accordingly. 
Meanwhile, compact settlements facilitate close social interaction enabling late adopters to easily 
observe the increasing living standards of the adopters and they could imitate the innovator’s 
behavior. The result also confirms previous research that the information from the social 
networks is important in influencing the adoption behavior of cocoa farmers in Ghana (Boahene 
et al, 1999). 
 
The age of the household head is found to have a significant negative influence on the log odds of 
the adoption decision. As we observed in these research hamlets, the old agroforesters who are 
usually wealthier agroforesters with big landholding size and their plots usually are located 
nearest to the housing area have tendency to keep their plots under the traditional and sustainable 
T-H system. They are less likely to convert their plots into the soil mining LB-CS. However, with 
limited productive family labor, they shared out the far plot from their house to other parties 
(neighbor) and they give permission to the lesser to cultivate the LB-CS there. 
 
Educational achievement and the brown palm sugar producer were positive and significant 
variables. The positive sign might be interpreted as evidence that household heads with higher 
education have been stimulated by their desire to increase their income from BL production for 
meeting expenses of household consumption and child education, thus improving their family’s 
future living standard. The palm sugar producer categorical variable also indicates that an 
increasing demand for regular cash income caused by the economic crisis stimulates 
agroforesters who produce brown palm sugar to find alternative sources of income through BL 
production.         
 
Aside from the microeconomic factors, the 1997 economic and political crisis had loosened the 
national forest control. The weak control by the State Forestry Company and less trees density in 
the deforested national forest area caused by illegal logging had led the agroforesters in Kemang 
and its nearby villages to spread the soil mining LB-CS there and it’s surrounding the private 
sloping land (Herianto, 2005). Consequently, soil degradation in Kemang has been progressing in 
both private sloping land and national forest land  
 
1.4 Conclusions and Policy Proposals 
 
In the research village of Kemang, the LB trees have been replacing the main trees – palm tree 
and other trees of the traditional and sustainable T-H system rapidly from about 1990. The new 
agroforestry system with LB trees as a main (arborescent) tree, especially LB monoculture and 
LB mixed with crops systems are the soil nutrient mining cropping system which endanger the 
sustainability of sloping land area in the mountainous area of Kemang village. The agroforesters 
in Kemang have realized the soil mining effects of these two LB-CSs well. They also have tried 
to limit the negative effects by applying green manure from weeding and simple soil conservation 
measures to their LB plots. But, such economic, social, and technological factors have facilitated 
them to expand these soil mining LB-CSs. The attractive economic factors, which have 
stimulated the rapid adoption and expansion these LB areas are: increasing relative price of BL to 



brown palm sugar as a traditional cash crop, the regular and larger daily cash income from selling 
BL with its income stabilization effect, the stronger demand for increasing quick cash income. 
The social factor is including the provision of easy marketing opportunities through the 
cooperative led by the innovator and informal leader of Kemang. Meanwhile, the simple 
production technology of LB and an introduction a new LB variety are significant technological 
factors that affect the rapid adoption of this soil mining LB-CS. Consequently, the agroforesters 
have overwhelmed the concerns and measures against soil mining effects of these two LB-CSs 
and this new soil mining LB-CS has expanded very rapidly replacing the sustainable T-H system. 
The agroforesters have chosen the short-run income increase in their tradeoff between this short-
run economic benefit and the long-run soil and environmental degradation. 
 
From both the adoption model using plot-wise and household data, it is found that the trees 
density in the mountainous area is a strong deterrent for the agroforesters to adopt the soil mining 
cropping system. Moreover, the agroforesters prefer the short gestation period tress in their 
sloping land like albizzia for meeting their quick income demand. In order to attenuate the rapid 
adoption of new unsustainable cropping systems in the mountainous area, a basic policy to 
increase trees density should be formulated. If the agroforesters could realize the incentives for 
maintaining the trees in the sloping land, they will plant and maintain the trees. The State Forest 
Company, for example, can introduce and expand a log-sharing under a Forest Management with 
Community (PHBM) Program of the reforestation program by which the communities will gain 
the benefit for maintaining the trees. Moreover, the trees management policy should be 
considered and well integrated into agroforester’s livelihood strategies in order to alleviate 
poverty of rural people in the mountainous area.  
 
Based on the interaction term analysis results, we found that the adoption of the soil mining LB-
CS in the mountainous area of Kemang occurs much more often in the steep sloping land. This 
result suggests that the appropriate cropping system guideline for the sloping land and the proper 
soil conservation measures, which have a proper combination of the income raising and soil 
conservation objectives, should be invented and extended to the agroforesters who live in the 
fragile mountainous areas. The framework and method based on which the above policy 
prescriptions are formed, could be applied to other mountainous areas where the introduction of 
potential new cropping systems with commercial crops and soil nutrient mining technology will 
destroy the land use sustainability in Indonesia, particularly in the most dense island, Java. 
 
2. Satoyama Compared with the LB agroforestry systems in West Java. 
The problems of satoyama in Japan are considered in comparison with the Leaf Banana Cropping 
Systems (LB-CSs) in West Java.  
Sato=a hamlet and Yama=hills in Japanese. Thus satoyama is a belt of nearby hills surrounding a 
hamlet. It does not cover the hamlet. Outside of satoyama belt, there is okuyama. Oku means 
faraway, thus okuyama is hills and mountains faraway from the hamlet.  



sato
hamlet

satoyama

okuyama
faraway mountain

take
high mountains

 
 
During the 17th to the first half of the 20th century In Japan, and now in Indonesia, Thailand, the 
Philippines, and other developing countries in the world, people in hamlets and their satoyama 
have had many types of interactions. Some types of interactions have maintained sustainable 
relationships between sato and satoyama, but other types have destroyed the ecosystem of 
satoyama and the people who destroyed the satoyama ecosystem completely often must move to 
the other area. The partial destruction of satoyama has happened in the West Jawa village that 
was the case study village presented in the first part of this paper. 
Mr. J. Miyake in religion ethnography, wrote that outside of okuyama belt in Japan there exists 
take(岳). In satoyama, foxes, raccoons, monkeys, rabbits, and wild boars live. In okuyama, 
yamahito(山人), Yamanba(山姥), and demons live. In take, legendary wizards(仙人)、long-
nosed goblins(天狗) and swans live.(J. Miyake, in Japanese, 1986) 
Satoyama have been very important source of grass, tree branches, and leaf and branch litter as 
fertilizer (karishiki or grass fertilizer(草肥), 刈敷), of wood, fire woods, charcoal, leaves and 
other wrapping materials, vines, roof materials (kaya, 茅), paper plants, mulberry leaves for silk 
worms, edible mountain plants(山菜) and bamboo shoots, other edible satoyama materials, etc.  
Especially, karishiki has been extremely important to Japanese farmers as it had been most 
important source of fertilizer to paddies and upland fields for them for almost four centuries from 
the 17th century to the last century. Consequently, Japanese farmers in hamlets have tried very 
hard and have been successful to maintain the ecosystem of satoyama as grass mountains(草山) 
or bush mountains(柴山) so that they can harvest grass and branches there. 1) 
It was shown by historians that Japanese farmers have long managed to sustain satoyama 
ecosystem in Japan as grass and bush mountains. Thus landscape of satoyama form sato was 
dominated by grass mountains for about four centuries from the 17th century, that is completely 
different from the present day landscape of satoyama. This old rural landscape can be seen in the 



next figure that shows that most of mountains near hamlets were grass or bush mountains in 
Nagano Prefecture in the 17th century.  

 
 
The importance of grass and bush and grass and trees in the mountain landscape of villages in some 
provinces of Japan in the mid 17th century can be shown in the next table that summarizes the mountain 
landscapes in the Gocho.(郷帳, The reports of local governments to the central government.) 
 
 
 
 
 
 
 
 
 
 
 

Dominance of Grass and Bush Mountains in the Gocho(郷帳)
Mountain Landscapes in Some Provinces of Japan in Mid 17th Century(%)
Provinces No. of Villages Grass&Bush Grass&Trees Trees
Kawachi 184 31 41.3 27.7
Awa 217 49.3 46.1 4.6
Ecchu 505 75.2 0 24.8
Mutu 374 69.8 7.7 22.5

Note: Kunihiko Mizumoto, Grass Mountains and Edo Period,(in Japanese) Libretto
Japan History 52, Yamakawa P.C., 2003.

The following two pictures show that tree branches and grass have been harvested from satoyama 
and plowed into paddy fields and upland fields as fertilizer by horses and people in the 19th 
century in Japan. Thus dominant and continuous grass mountain landscape near sato represents 
the subtle ecological balance between grass and bush mountain landscape of satoyama and 
agriculture in sato attained by an managed supply of grass and tree branch fertilizer from 
satoyama to sato agriculture. 
 
But this subtle balance between satoyama and sato maintained by the careful supply of karishiki, 
wood, fire woods, charcoal, leaves and other wrapping materials, vines, kaya, paper plants,  



 
 

 



mulberry leaves for silk worms, edible mountain plants and bamboo shoots, etc. from satoyama 
to sato based on the mutually agreed rule for the amount and time of the supply of these resources 
from satoyama in each hamlet, had ceased during the last half of the 20th century in Japan. The 
reasons for ceasing are (1) Increase in the chemical fertilizer use. (2) Increase in the fossil energy 
use instead of charcoal and fire woods use. (3) Increase in the western materials that have 
substitutes the traditional materials and food demanded by sato farmers in the past. These reasons 
are economic and market enforced with environmentally inappropriate pricing of fossil energy 
and fertilizer and convenience. The result of the collapse of the balance has led to the 
disappearance of the landscape of grass and bush mountains, and dominance of tree covered 
mountains landscape. The following phenomena that have coincided with the collapse are (1) 
Rural depopulation and aging. (2) Increase in abandoned crop land. (3) Increase in wild Birds and 
Animal Damages (BAD) to crops.  
. 
Satoyama area in Japan can be approximated to chusankan area, and it not only contribute greatly 
to agricultural production in Japan, but also contribute a lot to the agriculture’s multi-
functionarities such as food security, food safety, rural scenery, rural culture and society, flood 
control, environmental sustainability and bio-diversity as than next table show. 
 
 Imp
 
 
 
 
 
 
 

ortance of Mountainous (chusankan) Area and Agriculture in Japan 
Area(mill. ha) No. of Local GPopulation Aging Level Agr. Prod. No. of Farms Arable Land

2000 2004 2000, Mill. 2000, (%) Bill. Yen, 20032000, mill. 2003, mill. ha
nkan 2.551 1689 17.43 25.1 3377 1.35 1.99

3.717 3100 126.93 17.3 8999 3.12 4.74
%) 67 55 14 - 38 43 42

es: Japan government statistics.
Chusankan area means mountainous and nearby disadvanntageous area. 

Chusa
Japan
Share(

Sours
Note: 

 
In Ishikawa, the chusankan area is described by light green area in the following amp, and it  
 

covers about one third of the total area.              
 
In West Jawa, satoyama are being degraded by the market force, i.e. poverty and the farmers’ 
selection of more daily income earning LB-CSs that is soil mining. In Japan, satoyama has 



almost disappeared because of the market force through which chemical fertilizers and fossil 
energy that were priced too cheap from the sustainabilty view point, have substituted grass 
fertilizer and charcoal and fire-woods which had been supplied from satoyama to sato agriculture. 
Isn’t it the time we have to reconsider the role of the market mechanism for sustainability of 
satoyama. I think is it is very important to restore in a modern way the subtle balance between 
satoyama and sato agriculture, especially because of the importance of griculture’s multi-
functionalities such as food security, food safety, rural scenery, rural culture and society, flood 
control, environmental sustainability and bio-diversity.  
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