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Introduction
Almost 50% of Nepalese people live in a hilly terrain.  The hill

region has been facing environmental degradation partly due to
increasing population pressure coupled with expansion of agricultural
land use and overgrazing.  Integration of high value fruit trees such
as citrus into traditional farming systems could be viewed as an option
for improvement of livelihood of small farmers together with
conservation of natural resources.  With improvement in access to
urban market, commercial production of mandarin orange has
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emerged in some regions after 1970s. Impact of technological change
on income distribution depends directly on nature of resource use
(e.g., more capital/less labor intensive vs. less capital/more labor
intensive) and indirectly on policies, institutions and access to
markets/infrastructures (de Janvry and Sadoulet, 2002).  In this article,
an attempt has been made to bring out the impacts of adoption of
commercial orange production in traditional upland farming systems,
with particular reference to rural employment and income.

Methods
An in-depth household survey was conducted in 2 villages Patlekhet
and Sankhu of Kavre district, located in central mid-hill region of
Nepal, in the year 1993.  One hundred twenty five families selected
randomly were interviewed based on a structured questionnaire taking
assistance of local resource persons.  Field visits and group discussions
with local key informants and selected sample farmers were combined
to verify and supplement the information gathered from questionnaire
based interviews.  The data of only one village Sankhu where orange
was widely adopted, were analyzed for the purpose dealt in this article.
This village is located 50 km east of Kathmandu, the capital of Nepal.
This village is located on moderate slope with a south facing aspect
and covers an elevation range of 1300 to 1600 m amsl.  The climate
is warm temperate.  Average temperature varies from 7oC during
December-January to 30oC during April-September period.  The area
receives annual precipitation of 1300 mm.  There is a wide range of
microclimatic variability within the village. Sample size was reduced
from originally surveyed 60 households to 51 households due to
incompleteness and low reliability of some data.  Gini decomposition
analysis was applied to gauge the income distribution pattern.

Agrarian conditions and cropping systems
  Agriculture, private forests and community forests/grazing

lands are the three broad land use – land cover types differentiated in
the village landscape.  Discussions with key informants revealed that
26% of the village land was lowland (locally referred to as khet )
used for rice cultivation, 40% upland (locally referred to as bari)
where both annual crops and oranges were grown, 4% private forests
and 30% community forests/grazing lands (Table 1).
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Table 1. Land use pattern (area of a given land use as % of total area
of the village) of the study village Sankhu in Nepal

Land use % of total area
Lowland agriculture (khet) 26
Upland agriculture (bari)

annual crops 16
orchards 27

Private forests  4
Community forests and grazing lands 30

Table 2. Size distribution of farmland holdings of sample farms in
the study village Sankhu, Nepal in 1993

Size of farm Number of farms Share (% of all holdings)
holdings (ha) In number In area

<0.50 8 16 4
0.51-0.75 10 20 11
0.75-1.00 10 20 14
1.01-2.00 17 32 37
>2.00 6 12 34

At national level 16% of farmers in Nepal are tenant farmers.
However, there was no tenant farmer in the present study village.
Average farm size of the village (1.2 ha) was comparable to the
national average (0.96 ha).  Middle-sized farms (0.51 to 2.00 ha)
accounted for 73% of total holdings and 62% of cultivated area.  Only
12% farms were larger than 2 ha in size. These large farms accounted
for 34% of cultivated area (Table 2).  Such a distributional structure
resulted in highly skewed land holdings with a Gini coefficient of
0.70 compared with the national value of 0.52 (Central Bureau of
Statistics, 1992).

Under rainfed conditions, rainfall regime is a major determinant
of cropping systems.  Wet season extends from May to October with
a rainfall peak in July-August as shown in Figure 1.  In lowlands,
rice is transplanted in July and harvested in November.  Wheat is
sown during November/December and is harvested in April/May.
In uplands, maize is planted in April and harvested in September.
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Maize is followed by wheat or mustard or a mix of the two crops.
Orange saplings are planted in July and start bearing fruits after 6-7
years of growth. Orchards are weeded in the month of August/
September.  Harvest season of orange falls during December-January
period.

Figure 1. Major cropping patterns in the study village, Nepal, 1993

Orange was introduced in this village nearly 100 years ago by
a government official working at the Royal Palace in Kathmandu.
However, commercial cultivation started only after 1974 when the
government organized a mass campaign for dissemination of new
agricultural technologies.  The government provided subsidy on inputs
required for fruit production in the hill region.  A few innovative and
resource-rich farmers quickly adopted orange cultivation.  The
majority of small farmers could not adopt this fruit crop despite of
support from the government due to risks of long term investment
and a low level of technical knowledge.  After observing the success
in neighboring farms belonging to rich farmers, small farmers
introduced this new commercial crop as a substitute for subsistence
crops such as maize, wheat, mustard and millet in the upland.  Mutual
exchange of planting materials and technical know-how among
farmers played a crucial role in wider dissemination.  Initial capital
mainly originated from informal sources such as relatives and
middlemen (Gauchan, 1994).
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Impact of orange cultivation on employment
To determine how introduction of orange cultivation affected

employment of farmers, we compared farmers who cultivated or who
did not cultivate orange.  Labor input per ha by cropping system is
presented in Table 3.  Rice-wheat system was found to be the most
labor intensive system followed by maize-wheat/mustard system,
while perennial orange crop required the lowest level of labor input.
Total labor input in orange system was only 66% of that in maize-
wheat/mustard system. In rice-wheat system family labor and hired
labor are almost evenly distributed. So is the case with contribution
of male and female labor. Orange cultivation, however, was dependent
more on hired labor compared to family labor and male labor
compared to female labor.

Table 3. Labor input (man days ha-1; values in parentheses represent
a given kind of labor as % of total input in a given system)
in major cropping systems in the study village Sankhu, Nepal

Lowland Upland agriculture
agriculture Maize-Wheat/ Orangec

Rice-Wheat Mustardb

Family labora

Male 90 (28) 63 (26) 51 (32)
Female 83 (25) 78 (32) 25 (16)

Hired labor
Male 68 (21) 44 (18) 62 (39)
Female 85 (26) 59 (24) 23 (14)

Total 326 244 161

aIncluding unpaid exchanged labor
bAssuming that area under wheat is equal to that of mustard
c7 year old trees

To assess the impact of land use change on labor use, we
compared labor input in actual land use (i.e., land use where orange
has been integrated) with that in a counterfactual one, i.e., land use
without any cultivation of orange (Table 4).  In 1993, 21.9 ha area of
sample farms was under rice-wheat system, 16.9 ha under maize-
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wheat/mustard system and 17.4 ha under orange.  Total labor input
was estimated at 14,064 man days for this pattern of land use.  We
assumed that there was no technological change in farming practices,
especially in terms of labor use, during the process of adoption of
orange.  Assuming that the maize-wheat/mustard system was
practiced in the present orange area, total labor input for sustaining
traditional land use (i.e., absence of orange cultivation) would be
15,509 man days.  This simulation suggests that introduction of orange
cultivation follows reduction in employment opportunities in farm
sector by 10%.  The impact would vary with gender and economic
status due to the differences in male/female and family/hired labor
use related to different crops.  Orange production might have reduced
female labor by 20% (both family and hired) and increased hired
male labor by 10%.

Table 4. Comparison of annual labor input (man days) in land use
with and without cultivation of orange and the ratio of the
two in the study village Sankhu, Nepal

Actual land Counterfactual With organge
use, i.e., land use, i.e., cultivation :
with orange without orange without
cultivation cultivation orange

cultivation
Family labora

Male   3,923   4,132 1.0
Female   3,571   4,493 0.8

Hired labor
Male   3,312   2,998 1.1
Female   3,259   3,885 0.8

Total 14,064 15,509 0.9

aIncluding unpaid exchanged labor

Unique features of the tree growth must be considered while
making economic evaluation of tree crops (Gauchan, 1994).  The
gross margin (gross products – cash expenditure) is negative initially
(until 6 years after planting of seedlings/saplings) till proper fruiting
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occurs.  With production of fruits after 7 years, the gross margin
becomes positive with increasing rate until the 14th year and then it
starts to decrease gradually.  Simple comparison of the gross margin
associated with mature orange orchard (NRs 71,000 ha-1 – US$ 1 =
NRs 48.607 in 1993) and maize-mustard system (NRs 9,000 ha-1) is
misleading considering the conditions mentioned above.  Yet, it may
be safe to state that orange production is much more profitable than
traditional upland annual crop system.

Table 5. Correlation coefficient between area under orange plantation
and household characteristics in the study village Sankhu,
Nepal

Correlation Probability
coefficient

Age of head of household 0.025 0.859
Education of head of household -0.002 0.990
Family farm labor 0.225 0.068
Family non-farm labor 0.001 0.995
Area under upland agriculture 0.395* 0.004
Area under lowland agriculture 0.765* 0.000
Rice production 0.612* 0.000
Yield of rice -0.157 0.286
Non-farm income 0.128 0.367

*Significant at 1% level.

Effect of orange cultivation on income distribution
The Pearson’s correlation coefficient between the area planted

with orange and various characteristics of sample households are
given in Table 5.  Human dimensions such as age and educational
level of household head and endowment of family labor (both farm
and non-farm) were not related to the area under orange.  Neither
rice yield (a proxy of farming skill level) nor the non-farm income
(an indicator of cash access) affected adoption of orange cultivation.
Farm size was positively correlated with area under orange. Size of
upland holding which is suitable for orange as that of lowland holding
where orange trees perform poorly had significant effect on spatial
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extent of orange cultivation.  It seems that households with secured
supply of staple food viz., rice are more likely to adopt commercial
production of orange compared to those whose holdings are too small
to achieve food sufficiency at least in respect of staple grains.

A high correlation between farm size and orange production
suggests that adoption of commercial production of oranges might
have worsened income distribution within village community.  We
applied the Gini decomposition analysis (Fei et al., 1978; Pyatt et
al., 1980; Otsuka et al., 1992) that enables quantification of
contribution of each income component to the overall income
inequality.  Gini decomposition is formulated as follows:

G(y) =   Si R(yi xi) G(xi),

where y= total household income,
G(y) = Gini ratio of total income,
xi = Income from ith source,
Si = Average income share of

ith source,
R(yi xi) = Rank correlation ratio,
G(xi) = Gini ratio of ith income.

The rank correlation ratio is defined as:

R(yi xi) = Cov [xi, r(y)]/Cov [xi, r(xi)],

where r(y) and r(xi) denote the ranking of households in terms of
total income and income from ith source, respectively.  R(yi xi) = 1 if
r(y) = r(xi);  otherwise R(yi xi) < 1.  In general, a large rank correlation
ratio means stronger correlation between the ranking of total income
and the ranking of component income.

Rural households in developing countries generally earn income
from a variety of sources.  We can not determine to what extent a
component contributes to the overall income inequality by simply
comparing the Gini ratio of each income component.  The component
with a large Gini ratio may not contribute substantially to the overall
income inequality if its share is quite small.  It may equalize the
overall income distribution if its ranking is negatively correlated with



Orange cultivation in Nepal   147

that of total income. The results of Gini decomposition are presented
in Table 6.  Gini ratio of total income was significantly smaller than
that of land holding.  This finding suggests that non-farm job
opportunities, which accounted for 26% of the total household
income, contributed to the leveling off of the economic status within
the village.

The major income source contributing to total income inequality
was the income derived from orange cultivation.  The highest income
share (0.44) and rank correlation ratio (0.90) resulted in the highest
component Gini contribution (0.24) which accounted for 56% of the
total income inequality.  This finding is consistent with the fact that
the orange planted area was highly correlated with the farm size (Table
5).  A previous study revealed that even in a typical rice dependent
village, income from rice does not contribute much to the overall
income inequality (Upadhyaya and Thapa, 1994).  Contribution of
traditional upland crops (wheat, maize and mustart) was negligible
(0.01 or 2%) since their share in the total income (0.06), rank
correlation ratio (0.50) and component Gini (0.35) were significantly
smaller than those of orange and rice.  Such trends suggest that
replacement of upland annual food crops by orange may have
worsened income inequality in rural areas.

Table 6. Decomposition of income Gini ratio in the study village
Sankhu, Nepal (Values based on per capita income are given
in parentheses)

Income Share Rank Component Component
correlation Gini ratio Gini
ratio contribution

Rice 0.24 (0.24) 0.76 (0.72) 0.41 (0.38) 0.08 (0.07)
Upland annual 0.06 (0.07) 0.50 (0.46) 0.35 (0.37) 0.01 (0.01)
 cropsa

Orange 0.44 (0.44) 0.90 (0.88) 0.61 (0.59) 0.24 (0.23)
Farm wage 0.02 (0.03) -0.16 (0.18) 0.89 (0.89) -0.00 (0.00)
Non-farm wage 0.06 (0.06) 0.25 (0.37) 0.86 (0.87) 0.01 (0.02)
Small business 0.12 (0.10) 0.67 (0.54) 0.85 (0.84) 0.07 (0.04)
Formal job 0.06 (0.06) 0.66 (0.70) 0.88 (0.89) 0.03 (0.04)
Total 1.00 (1.00) - - 0.43 (0.41)

aWheat, maize and mustard
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Component Gini ratio of farm income (0.35 to 0.61) was
markedly lower that that of non-farm income (0.85 to 0.89).  However,
non-farm income, including farm wage income, accounted for only
25% of total income inequality compared to 75% by farm income.
Income from wages for farm labor showed a highly skewed
distribution with a component Gini ratio of 0.89 and negative rank
correlation ratio (-0.16), indicating that poorer the households, the
more they get engaged in hired jobs.  Farm wage income contributed
towards equalization of total household income.  The common non-
farm wage jobs include employment in building construction sites,
brick factory and transport of milk/other daily necessities to and from
local markets.  Small businesses include miscellaneous self-employed
jobs such as carpentering and tailoring.  Opportunities to work in the
formal sector in the village are limited to the jobs of government
officials, teachers, trekking company, police and army.  Income share
of small business and formal jobs (0.18) was smaller than that of rice
(0.24), though the component Gini contribution (0.10) of the former
was larger than that of the latter (0.08).

Conclusions
Introduction of commercial orange production reduced

employment opportunities in farming in the surveyed village by 10%.
Female labor input following adoption of orange cultivation decreased
by 20%, while input of hired male labor increased by 10%.  It appears
that size of both lowland and upland holdings determine the level of
adoption of orange cultivation, though orange is planted only in the
uplands.  Neither human resources nor direct access to cash affected
the adoption of orange cultivation.  Income from orange farming
accounted for 44% of total household income and for 56% of total
income inequality.  Replacement of traditional upland crops by
commercial orange may have worsened the income distribution.
Villagers did not involve themselves in marketing of orange, which
has a large potential of employment and income generation.
Participation of local communities in marketing and fruit processing/
value addition provides significant scope for rural development.  This
is an area which has not received much attention (Hayami and
Kawagoe, 1993).
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