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Abstract: Land degradation is a critical issue globally putting our future generations at risk. The
decrease in farm productivity over the years is evidence of land degradation severity in Nepal.
Among the many strategies in place, agroforestry, which is an integrated tree-based farming, is
widely recommended to address this productivity issue. This paper thoroughly examines what
influences the choice of agroforestry adoption by farmers and what discourages the adoption. For
this, a total of 288 households were surveyed using a structured questionnaire. Two agroforestry
practices were compared with conventional agriculture with the help of the Multinomial Logistic
Regression (MNL) model. The likelihood of adoption was found to be influenced by gender; the
male-headed households were more likely to adopt the tree-based farming practice. Having a
source of off-farm income was positively associated with the adoption decision of farmers. Area of
farmland was found being the major constraint to agroforestry adoption for smallholder farmers.
Some other variables that affected positively included livestock herd size, provision of extension
service, home-to- forest distance, farmers’ group membership and awareness of farmers about
environmental benefits of agroforestry. Irrigation was another adoption constraint that the study
area farmers were faced with. The households with means of transport and with larger family
(household) size were found to be reluctant towards agroforestry adoption. A collective farming
practice could be a strategy to engage the smallholder farmers in agroforestry.

Keywords: conventional agriculture; land degradation; small-holders; multinomial logistic
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1. Introduction

Land degradation, a persistent decline in soil quality and its productivity caused by natural
or anthropogenic factors, has adversely affected food production, the supply of ecosystem services
and livelihoods globally [1]. Even though it occurs throughout the world, the extent and degree of
degradation vary with regions. For instance, dryland areas of African countries and Australia;
mountain ranges of the Himalayas; and densely populated areas of South Asia are more vulnerable
[2, 3]. The consequences of land degradation are severe as it impacts adversely on farm-productivity,
and hence, on food security [4]. By 2030, the demand for food is expected to increase by at least 50%,
which requires conservation and restoration of the productivity of agricultural land. It is estimated
that a 60% increase in agricultural productivity, will be necessary by 2050 in order to overcome
hunger and food insecurity [5].

Many factors are responsible for the global spread of agricultural land degradation. The
spread and growth of populations, inappropriate land-use practices, excessive use of chemicals,
mechanized agriculture and natural phenomena such as erosion, floods and drought are the
proximate causes of degradation [4]. In countries like Nepal, where the demographic pattern is
changing substantially due to the outmigration of the economically active population, agriculture
land degradation is becoming a serious issue [6]. In a subsistence economy, farmers are forced to
cultivate marginal lands; use agrochemicals; and follow intensive farming and mechanized
agriculture to sustain their livelihoods. All these activities have supported a gradual decline in soil
fertility [7,8].

Reducing further degradation and restoring the degraded agricultural land may contribute
to the first three sustainable development goals (SDGs) including no poverty; and good health and
well-being substantially. Since the underlying causes of land degradation are multifaceted, it
requires an integrated approach of farmland management [4]. A single strategy may be
counterproductive, for instance, reduction in chemical fertilizer application may result in decreased
crop yield and hence, food insecurity. In this context, agroforestry, which is an integrated tree-based
farming system, has come into the forefront given the potential to address land degradation with
additional environmental and social benefits [9,10]. Agroforestry supports biodiversity conservation
[11-14]. Similarly, it has higher financial returns compared to that of the conventional agriculture
[15]. It also provides biosafety as it is less likely to have crop failure compared to the treeless system
[16]. This may be because the agroforestry system restores soil fertility [15,17] and rehabilitates
degraded agricultural land [18].

Having so many economic and environmental benefits, agroforestry should be a widely
adopted practice. However, the adoption status of such promising land use is not encouraging and
not widespread as expected even though there are several national and international organizations
working in the promotion of this agricultural practice. There might be disincentives to establishing
trees including lack of knowledge, upfront costs, length of time until there is a return and a short to
medium-term reduction in cash flow and/or household food production [19]. Nonetheless, there has
been a wealth of research works on agroforestry adoption [20]. Most of the existing literature is
focused on the socio-economic, and environmental contributions of an agroforestry system (21-23).

However, the main question to be answered is what the determinants of adopting an

agroforestry system are. This study assesses the determining factors of agroforestry adoption in
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Nepal. The findings of the study are useful for policymakers, development agencies and

academicians.
2. Materials and Methods

2.1 Study area and descriptions

Dhanusha district, which is in the southern part of Nepal and shares a border with India,
was selected for this study. About 60% of the land comes under agriculture out of the total area of
the district, 119000 ha. Data were collected from May through August 2014. Like other parts of Nepal,
agriculture is the major economy of the district where about 90% of people are actively engaged in
the cultivation of wheat, rice, and sugarcane [24]. After the state federalization, the district now falls
in the province no. 2. Located approximately 95 m above the sea level, the district is one of the
hottest districts of Nepal with the average annual rainfall being 2199 mm. The meteorological data
shows that April is the warmest month with the average temperature being 39.60 C (maximum)
while January is the coldest with the average temperature of 21.40 C (maximum) [25].

Administratively the district consists of one sub-metropolitan city, eleven urban
municipalities and six rural municipalities. The Terai Private Forest Development Association
(TPFDA), a local NGO, has worked to promote a tree-based farming practice in then nine Village
Development Committees (VDCs') covering 10,500 hectares (Figure 1). Therefore, these nine VDCs
were selected as the study site. After the state is restructured, some parts of the study site fall in the

urban municipality while most parts are still VDCs, now known as rural municipalities.

! Now, VDCs are a part of either urban or rural municipalities after restructuring the state.
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Figure 1. Study area
2.2 Household survey

A two-stage sampling approach was adopted for this study. First, one ward? from each
VDC was selected through purposive sampling. This means a total of nine wards were selected.
Second, thirty-two households from each ward were selected randomly. This means 288 sample
households were selected. In-person interviews were conducted with the head of the sample
households using a structured questionnaire.

The questionnaire covered the household data- the demography and socio-economic
conditions of the sampled households. Also included in the questionnaire were the institutional and
biophysical variables which we hypothesized as adoption determinants and constraints. A total of
18 households were dropped out of the analysis since these households were practicing a
combination of two or more agroforestry practices, agroforest/woodlot, boundary plantation and

alley cropping.

2 Ward is the lowest administrative unit.
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2.3 Analytical model

Logistic regression model is the best fit when the outcome (dependent) variables are
unordered and categorical. When there are only two outcome variables, the binary choice model
(binary regression model) is the best fit. In our case, the outcome variable is different types of
farming practices adopted by the study area farmers. Since we have more than two farming practices
i.e. (i) agroforest/woodlot system (AFS), (ii) alley cropping system (ACS), (iii) combination of two or
more AF practices, and (iv) conventional agricultural system (CAS), the binary choice model is not
suitable. Out of the four practices, the third practice was dropped off from the analysis since the
practice was very rarely practiced in the study area. Since we still have more than two practices even
after dropping one practice off, we chose Multinomial Regression Model (MRM) for our analysis.
Most commonly used multinomial regression models are probit model and logit model. We chose
the Multinomial logit (MNL) model for our study since it gives more precise parameter estimation
[26]. The MNL model estimates the likelihood of adoption of non-reference categories against a
reference (base) category in terms of relative risk ratio (RRR) [27]. The other reason for choosing this
model is that this has been more commonly used in recent studies [27-30]. Having three farming
practices in place, farmers can choose the one they prefer the most from the three alternatives. That
means their choice is mutually exclusive.

We assumed farmers follow the random utility theory, while making the choice out of the
three farming practices available. Therefore, we used a random utility model while determining the

farmers’ choice of farming practices, as given by Greene [31].

where Yij denotes the utility of farmer i obtained from farming choice j, Xij denotes all the factors
affecting farmers’ decision to adopt a farming practice j and f3j is the parameter that reflects changes
on Yij due to changes in Xij. We assumed the error terms to have an independent and identical
distribution (iid) [32]. According to profit maximization, farmer i will, thus, only choose a specific
alternative j if Yij > Yik for all k #j. This choice of j depends on a number of predictor (independent)
variables as denoted by Xij in the above equation. If Yi is a random choice that a farmer can make,

the MNL model can be expressed as:

o ePixi . .
Prob (YL=])=Z .(2) i=0,1,2,....... , ]
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The above equation estimates probabilities for j+1 farming choices i.e. three practices for
farmers with a number of independent variables, Xij. Here, we are to estimate the probabilities of
two non-reference farming practices, agroforest system and Alley cropping system against the
reference category i.e. conventional agriculture and this can be done by assuming (30 = 0 and

expressed as follows:
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2.4 Variables defined

The dependent variable is the adoption of farming practices by farmers as denoted by Yi. For MNL
model, the outcome (dependent) variable was denoted as:

Yi =0 if a household adopts conventional agriculture system (CAS) -reference category- (j = 0);

Yi =1 if a household adopts agroforest system (AFS)- non-reference category- (j =1);

Yi =2 if a household adopts alley cropping system (ACS)- non-reference category-( (j = 2).

Before the model is run, all the hypothesized independent variables were tested for
multicollinearity using the variance inflation factor (VIF). We found the VIFs of the independent
variables being than 10 (1.09- 2.03), indicating there is no issue of multicollinearity.

The estimation of the MNL model for this study was undertaken by selecting CAS as the
base category. The odds of two other farming systems namely AFS and ACS against the CAS were
estimated in this study. Since the CAS was the base category, it was hypothesized that most
predictor variables will positively impact the adoption of the tree-based farming practices i.e. one

unit increase in an'* independent variable will increase the likelihood of AFS and ACS adoption.

2.5 Variables used in the model

The three farming practices were the dependent variables out of which farmers chose the
one they preferred the most. We extensively reviewed the contemporary literature on adoption to
identify and determine independent (explanatory) variables. The explanatory variables included
socio-economic, biophysical and institutional characteristics (Table 1). However, some variables
were excluded in the model. The variable ‘farmers’ perception on agroforestry” was dropped off the
model because studies suggest it had no relationship with adoption [33-36] and also the
methodological challenge we faced to precisely measure the perception made us drop this variable
off the model [37]. The ‘slope gradient’ is another variable we ignored because of little altitudinal
variation across the sampled households. The third variable ‘access to credit facility’ was also
excluded because of no financial guarantee from the financial institutions for agroforestry

promotion in the study area.

d0i:10.20944/preprints202003.0146.v1
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Table 1. Description of the explanatory variables specified in the multinomial logistic model
Variables Description Type of measure Expected sign
Education Years of formal education of household Years +
head
Age Age of the household head Years -
Sex Sex of the household head 1 if male, 0 +
otherwise
Household size Number of family members between 15 Years -
to 60 years
Off-farm income Farmer has any off-farm source of 1ifyes, 0otherwise +
income
Landholding size Total cultivated area Katha* +
Livestock herd size  Total number of cattle and buffaloes Numbers +
kept by a surveyed household
Extension service Total number of training received and Numbers +
visits by extension workers in the last
five years
HF_distance Distance from home to nearest Kilometres +
government forest
Transport Means of transport possessed by the 1 if a farmer has +, -
surveyed household own means of
transport, 0
otherwise
Irrigation facility Farm has any source of irrigation 1if yes, 0 otherwise +
Membership Member of farmers’ group and 1ifyes, 0otherwise +
organization
Origin Farmer is native 1if yes, 0 otherwise +
Risk taking attitude Farmer is risk-averse, risk-neutral and 1 if risk loving, 2 if +
risk loving risk-neutral and 3
if risk-averse
Awareness Farmer is aware of environmental 1 ifyes, 0otherwise +
benefits of an agroforestry practice
3. Results

3.1. Sample characteristics

The average age of the sampled household heads was 44 years. Younger farmers were

practicing agroforestry system and AFS farmers were the youngest (Table 2). In addition, 15% of

household heads were illiterate. They were the large households with seven family members on

average, nearly 1.5 times larger than the average national family size, which is 4.9 people per family
[25]. The sample households are dominated by the male heads (57%), out of which 65% male heads
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were in the AFS adopting households and 55% male heads in both ACS and CAS adopting
households. Most respondents (54%) were solely rely on farm income and the rest 46% had both
off-farm and on-farm sources of income.

The results indicated that 44% of the sample households had access to irrigation. Of them, 62%
of the total AFS farmers had access to the irrigation facility while only 46% and 35% of the farmers
adopting ACS and CAS respectively possessed this facility. Many of these farmers (56%) were
migrated from Nepal’s hilly region and India to the study area. However, 58% of farmers, who
were in the AFS group were native, while there were only 40% and 41% native farmers in ACS and
CAS respectively. Out of eleven variables (continuous) tested, five variables i.e. education,
landholding size, livestock herd size, extension service, and availability of transport means are
significantly different in their mean values (Table 2). The mean values of three variables i.e.
household head’s age, household size (economically active) and crop diversity were significantly
different for CAS and ACS. The statistics suggest that the households with large holdings and bigger
livestock herd size that are headed by a young and educated male family member receiving more

extension services tend to adopt the tree-based farming (Table 2).

Table 2. Characteristics of sample households in the study area

d0i:10.20944/preprints202003.0146.v1

Variables Mean values of the variables

CAS (n=162) ACS(n=60) AFS (n=48)
Years of schooling (Education) 5.0 (3.6)2 6.3 (3.7)° 9.6 (4.0)c
Age of household head 46.6 (13.2)2 43.6 (9.9) 39.4 (10.0)>
Sex of household head 0.55 (0.50) 0.56 (0.50) 0.64 (0.48)
Household size 4.7 (2.1)2 44 (1.9) 3.9 (1.3)®
Off-farm income 0.32 (0.50) 0.49 (0.50) 0.75 (0.43)
Landholding size 23.8 (21.1)a 34.7 (25.4)> 74.3 (36.7)¢
Livestock herd size 2.9 (1.9)a 3.7 (2.6)° 6.7 (2.8)c
Extension service 0.80 (1.1)2 3.2 (2.2)p 5.5(1.7)¢
Distance from home to nearest government 4.2 (2.7) 9.0 (5.6)° 9.3 (5.5)p
forest
Transport (tractor, bullock cart) 0.6 (0.51) 0.4 (0.51) 0.3 (0.48)
Irrigation 0.35 (0.48) 0.46 (0.50) 0.63 (0.49)
Membership 0.25 (0.43) 0.51 (0.50) 0.73 (0.45)
Origin 0.41(0.49) 0.40 (0.49) 0.58 (0.50)
Risk taking attitude 2.4 (0.80) 1.71 (0.77) 1.52 (0.74)
Awareness 0.28 (0.45) 0.51 (0.50) 0.69 (0.47)
Tree density (no of trees/hectare) 0 101(38)2 245 (49)p
No. of agricultural crops grown in a year 7.0 (2.0) 8.0 (2.0) 10.0 (3.0)>

Note: Figure in the parenthesis is the standard deviation. Means in a row with different superscripts are significant at 0.05

level. CAS: Conventional agricultural system; ACS: Alley cropping system and AFS: Agroforest system


https://doi.org/10.20944/preprints202003.0146.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 March 2020

9 of 15

3.2. Association, relative risk and significance of explanatory variables with regards to the choice of farming
systems

The parameter estimates (association) and relative risk ratios (RRR) of the MNL model for
AFS and ACS with CAS as a reference group are reported in Table 3. The coefficients show the
direction of explanatory variables, while the RRR shows the likelihood of adoption/dis-adoption of
AFS and ACS by farmers with respect to CAS. The model was significant at the 1% level. The
log-likelihood ratio (LR) test helps to identify the best models between two competing models. In
this analysis, it is expected the significant relationship between likelihood of adoption behavior and
the selected independent variables. This test suggests the effects of independent variables as a group,
rather than individual, even some variables and RRR were not significant individually.

All other variables had expected signs except for the two variables, ‘irrigation facility” and
‘origin’. The variable ‘irrigation facility’ is positive and has a significant relationship with the
adoption of AFS and ACS but it is not significant in the case of ACS. The variable ‘Origin’ had a
negative sign in the case of ACS suggesting that a migrated farmer is more likely to prefer ACS to
CAS. Out of fifteen variables tested, twelve variables were significant in the case of AFS while there
were only five variables significantly affecting the adoption of ACS. Our result suggests that the
likelihood of adopting AFS would increase by a unit of 1.323 if the household head were a male.
Similarly, the AFS was 2.9 times more likely to be adopted by households having off-farm income
sources. Having a private source of irrigation would increase the likelihood of AFS adoption by 1.73.

There are some variables with negative signs indicating that these variables decreased the
likelihood of adopting AFS and ACS with respect to CAS. If a farmer were risk-averse, the likelihood
of adopting AFS would decrease by 89%. In other words, a risk-averse farmer is less likely to adopt
an agroforestry system. Similarly, having own source of transport would decrease the likelihood of
AFS and ACS adoption by 50% and 16% respectively compared to CAS.

d0i:10.20944/preprints202003.0146.v1
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Table 3. Parameter estimates and RRR of a multinomial logistic model for AFS and ACS

d0i:10.20944/preprints202003.0146.v1

Variable AFS (n =48) ACS (n=60)
Coefficient ~ RRR Plevel | Coefficient RRR P level

Years of schooling 0.159 1.172 0.247 0.114 1.121 0.194
(education)
Age of household head -0.048 0.953 0.315 | -0.008 1.008 0.753
Sex of household head 1.842 1.323" 0.044 0.202 0.823 0.714
Working household -0.618 0.539™ 0.041 -0.078 0.925 0.580
members
Off-farm income 2.192 2.954 0.023 0.770 1.159 0.262
Landholding size 0.123 3.130™ 0.000 0.095 1.099" 0.003
Livestock herd size 0.555 1.742™ 0.003 0.178 1.195 0.179
Extension service 1.064 2.910™ 0.000 0.529 1.697 0.003
Distance from home to 0.376 1.457™ 0.001 0.322 1.380" 0.000
government forest
Transport -0.682 0.506™ 0.005 -0.172 0.842" 0.086
Irrigation 1.907 1.732" 0.042 0.302 0.352 0.571
Membership 1.831 1.242" 0.038 1.349 1.122" 0.019
Origin 1.215 3.371 0.188 -0.336 0.714 0.551
Risk averse 2 -2.134 0.118" 0.041 -1.208 0.299 0.123
Risk neutral 2 -1.049 0.350 0.326 -0.384 0.681 0.577
Awareness 1.650 1.208 0.058 0.821 2.273 0.122
Constant -10.110 0.00004*  0.004 -5.213 0.0054™ 0.002
Diagnostics

Base category CAS (n=162)

Number of observations 270

LR chi-square 373.13™

Log likelihood -93.45

Pseudo R2 0.67

a risk loving is the reference category. AFS: Agroforest system, ACS: Alley cropping system, CAS: Conventional agricultural

system. RRR: Relative risk ratio-*p <0.10, ™ p <0.05 and *p <0.01

4. Discussion

The results of the MNL model suggest that twelve variables for AFS and five variables for
ACS had significant effects on the adoption decision with respect to CAS. The effects of three
variables namely education, age, and origin are statistically insignificant. The negative sign of age
of household head suggests that young farmers are more likely to adopt agroforestry systems
compared to their elderly neighbors. In other words, the likelihood of adopting an agroforestry
system decreases with the increasing age of farmers. This may be because elderly people are more
risk-averse compared to the young people; and, therefore, the former expects immediate returns,
which is not possible from the tree-based practices [38]. Similarly, education (years of schooling) of
farmers have a positive association with the adoption of both AFS and ACS. This is because

education may contribute to understand better and adopt a new technology [39].
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Twelve variables have significant effects in the case of AFS adoption. The sign and p value
of the variable ‘sex of household head” suggests that male farmers prefer AFS practice compared to
their female counterparts. The existing literature also shows that gender differences playing a role in
adopting new practices. For example, in studies carried out in Cameroon and Nigeria, it was found
that male farmers were more likely to use alley farming than women [38-40]. In Nepalese mid-hills
also, a positive association between male-headed households and the adoption of agroforestry
practice was found [41]. The sign of the coefficient of the variable "household size’ (economically
active) indicates that the likelihood of adopting AFS decreases with the increased household size. In
other words, the chance of adopting agroforestry is higher when the household size is relatively low.
This holds true because tree-based farming is a less labor-intensive practice in the long-run [19], but
other agriculture practices are labor demanding for smallholders [42]. A recent study by Cedamon et
al. [43] from Nepal’s mid-hills also reinforces our findings. They argue that the emerging remittance
economy of the country has increased the outmigration of Nepalese youths resulting in a short
supply of labor force, which made the Nepalese farmers practice less labor-intensive cultivation
practice such as agroforestry.

The results show that landholding size was the most influencing factor to determine the
adoption of agroforestry. The likelihood of shifting from CAS to agroforestry practices increases
with the size of landholdings. This may be because large holding farmers may prefer to increase
their investments in new land management practices such as agroforestry since they can take risks
and wait for the returns [44]. Besides, large holdings can be translated as an opportunity to new
practices [45]. Having a private source of irrigation is positively associated with the farmers’
decision of AFS adoption over conventional agriculture. A similar result was found in a study
carried out in Himachal, India by Sood and Mitchell [46] and in Burkina Faso by Ayuk [47].

The results also suggest that off-farm-based households are likely to adopt the tree-based
farming system such as AFS compared to their neighbors with farm-based livelihoods. The reason
may be that the off-farm income helps farmers take a risk as it may serve as a safety net in case of
crop failure resulting from sudden natural calamities and other unexpected events. Adopting a
tree-based farming practice, therefore, may not be an attractive option to those families who require
immediate returns, as farmers have to wait a long time to harvest trees. Until the tree crop harvest,
farmers have to take a considerable loss in agriculture production from the time of establishment,
which a subsistence farmer can hardly be able to cover the loss. Similar results were found in the
Gunnungkidul region, Indonesia that the households with off-farm income sources are in a tree
raising practice than those with farm-based households [8].

Similarly, ‘livestock herd size’ was found to positively influence a farmer’s decision about
adopting the tree-based farming system. It suggests that an increase in livestock herd size results in
the increased likelihood of adopting AFS. In Nepal, trees are grown in the farmland for fodder,
fuelwood and timber. Fodder is a good source of livestock feed in the study area. Trees provide
green fodder during the dry season of the year, which is very important for the milking livestock to
maintain milk production throughout the year. Table 2 reports that the tree densities and livestock
herd size of the farming systems are statistically different. AFS farmers raised a higher number of
trees and larger livestock herd compared to the ACS farmers. In the mid-hills of Nepal, the number

of livestock was the most significant determinant of agroforestry adoption [41].
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Extension service has also positive impacts on adopting tree-based farming systems. The
AFS adoption rate increases with the number of extension services. In general, extension workers
provide information to farmers and help to clarify the doubts that the farmers may have. They
motivate farmers and increase their confidence to adopt to new practices. This finding corroborates
the existing literature [39,49-51].

In addition, the proximity to the government-managed forests also determines the adoption
of tree-based practices. The results indicate the likelihood of adopting tree-based farming systems
increases with the distance to forests. When farmers easily get their daily needs of fuelwood, fodder,
timber and food fulfilled from the nearby forest, they are reluctant to tree planting on their farmland
[52]. On the contrary, the distant farmers have to spend more time in the collection of these products

from the forest and therefore they are inclined to tree planting on their farms.

5. Conclusions

The results of this study suggest that agroforestry practice could be an appropriate strategy
in the context of changing climate and economy in the farm-based economy. First, an agroforestry
practice demands less labor compared to conventional agriculture practice. Adopting agroforestry
may help to maintain the rural economy since the young population is out-migrating and the rural
area is facing a short supply of labor. Besides, the agroforestry system is preferred by households
having an off-farm income source. This suits the existing rural context as rural economy is in the
transition towards monetized transactions due to outmigration for employment.

Agroforestry is a good source of fuelwood and fodder for livestock. Livestock raising is an
integral part of Nepalese farming. The general assumption is that the farmers who live far from the
forest tend to raise trees on their farmlands. Our finding reinforced this assumption. The reason for
the distant farmers tending towards agroforestry adoption is that they would otherwise have to
allocate a huge amount of time mostly every day for fuelwood and fodder collection from the forest.
Not only the time saving, it has also contributed to forest conservation by reducing pressure on the
forest.

The results also suggest that agroforestry is not a favorable option for smallholders as it is
more likely to be adopted by large farmers. Collective farming through a cooperative approach
might be a positive and practical step to engage smallholders in agroforestry promotion. As
agroforestry gained attention in the international climate change policy, it could be an attractive
option as a part of the mitigation strategy. The study clearly indicates that access to information may
contribute to promote agroforestry practice, which requires intensive extension services.
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