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Abstract

This paper analyzes effects of socio-economic factors on diversity of farm trees and contribution of
agroforestry in meeting forest products needs of rural households (HH) in Pokhare Khola watershed

(536 ha), Dhading district, Nepal. Questionnaire survey, key informant interview, direct field
observations and group discussions were conducted to gather required socio-economic data and ANOVA
used to analyze data.

Home garden, agrisilviculture, agrohortisilviculture and silvopastoral system are the agroforestry
systems practiced to meet diverse needs and to uplift socio-economic condition of the people. Number
and species of trees in farms depended on socio-economic and environmental factors. Larger land
holdings (40.6 species per HH), more livestock (34.2), less fragmentation of lands (33.3),
Brahmin/Chhetry ethnicity (31.9) and commercial farming system (30.7) were associated with higher
tree diversity. Farmers have protected and managed natural or planted fodder trees in -and —around
their homesteads and farms and have planted species with multiple uses. Quantity of tree products
collected from agroforests depended on households’ socio-economic condition as rich collected more
than poor due to their large livestock and land holdings. Dependency of rich households was more on
agroforests (75.1% for fuelwood, 88.8% fodder and 26.9% timber) whereas poor on community forests
for most forest products. Appropriate scientific management of trees creates positive influence on crops
and also, helps conservation of watershed by reducing pressure on it and therefore, is recommended.
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Introduction

Biodiversity, the diversity of life in all its forms and at all levels of organization (Hunter 2002). has come
under serious threat in many places in recent times. Human disturbance on natural ecosystems is the
major threat to local biodiversity. Several global hotspots of biodiversity are the areas where human
population density has increased tremendously, which has contributed to current global species
extinction levels paralleling to previous mass extinction events (Myers et al. 2001; Woodruff 2001).
Nepal is a part of biodiversity hotspot, among four hotspots occurring in the Himalayan region (GON
2009). A pool of species will eventually go locally extinct unless its habitat is repaired or restored
(Dobson et al., 1997).

Agroforestry is a suitable land management system that increases total production, combines
agricultural crops, tree crops, forest plants and /or animals simultaneously or sequentially and applies
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management practices compatible with the cultural patterns of the local population (Bene et al. 1977).
Agroforestry can be classified as eco-agriculture, since integration of productive woody perennials in
farming systems is one of the eco-agriculture strategies of mimicking natural habitats to conserve some
wild biodiversity (Kindt et al. 2005). As it combines objectives of ensuring food security and conserving
biodiversity in the same landscape, therefore, can be a strategy to complement other conservation
methods (McNeely and Scherr 2002). The increased consideration of traditional tree-based land use
practices and the widening of the focus from the field to the landscape scale in agroforestry science
have made links between agroforestry and the conservation of biodiversity more relevant and more
obvious (McNeely and Schroth 2006). Moreover, agroforestry seems to hayotential tgrovide
options for rural livelihoods and biodiversity conservation (Gordon and Bently 1990; Kidd and Pimentel
1992).

Nepalese hill farmers have long been practicing agroforestry by growing assorted varieties of native
trees in their farm lands to maintain land productivity and to fulfill subsistence needs such as food,
fodder, fuelwood and timber. The role of Agroforestry in sustainable Hill and Mountain agriculture can
be easily understood by interrelationship and interdependence of crop, livestock and forestry sector in
the typical Nepalese Hill Farming System (Ghimire 2004). The role of agroforestry systems in biodiversity
conservation in mountain watersheds is biologically more complex than other systems for using
watershed lands through fodder trees, fruit trees cultivation or forest farming. The status and role of
farm trees and shrub species in biodiversity conservation is scantily studied and poorly documented in
Nepal (Acharya 2006). A common hypothesis is that as agroforestry systems integrate a variety of tree
species with herbaceous crops, they increase the biodiversity and increase the overall productivity,
reduce soil loss and improve the soil quality. Therefore, there has been a growing concern over the
importance of agroforestry to sustaining the hill agriculture and efforts have been made to promote
agroforestry at the farm level. However, the role of agroforestry in farm tree biodiversity and the effects
of socio-economic factors on the diversity of farm trees have received little attention and therefore, are
the focus of this paper.

Materials and Methods

Study Area

The study was conducted in Pokhare Khola watershed, Dhading district, Nepal, which represents the
middle mountain farming system. It lies between 27°46’28” N and 27°48’06” N latitude and 84°53'32” E
and 84°55’11” E longitude in Pida village development committee (Figure 1). It occupies an area of 536
ha which consists of moderately steep to very steep slopes. The climate is sub-tropical with average
maximum and minimum temperatures of 31° and 8°C respectively and annual rainfall of 1700 mm with
nearly 90 % occurring from May to September.

The predominant land covers consist of forestry (35.6 %), shrub (16.3 %) and terraced farming (47.7 %).
The major land use consists of sub-tropical mixed forest with Shorea robustand Pinus roxburghind
broad leaf forest. The agriculture land is very intensively used. Two major types of land use are irrigated
Khet land where rice is the principal crop and rainfed Bari land (upland) in which the maize and millet or
vegetables are primarily grown and the third is the Kharbari land set aside for thatch grass production
for roofing and livestock feed.
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Figure 1. Location Map of Pokhare Khola Watershed, Dhading District, Nepal

Methods

Primary data were collected through interaction with local line agencies such as youth club, district
agriculture office, range post and community based organization, the use of Participatory Rural
Appraisal (PRA) techniques such as focus group discussion, seasonal calendar, historical time chart, and
field observation and household survey. Three focus group meetings, one with each interest group (key
farmers, women and disadvantaged group) were organized separately to prepare a check list of tree and
shrub species in the farm land and solicit information about farmlands, tree species, tree management
practices, tree-crop interaction and problems. Seasonal calendars were prepared in two villages located
in upper and lower part of the watershed to gather information on annual fodder supply, animal feed
and cropping pattern.

Questionnaire survey was conducted with 62 household constituting 20 % of the total selected
proportionately from each ethnic group/caste consisting of 20 Brahmin/Chettri households (HRYy
Janajati/Adhibasi and5 Dalitsand 33 male and 29 female respondents following simple random
sampling method. The number and species of trees were counted during 62 field observation visits with
farmers in their farmlands.

Quantitative data were analyzed by simple statistical tools such as frequency, mean, percentage,
standard deviation and range using computer software packages MS Excel and SPSS. The effects of
various socio-economic factors such as education status, ethnicity, land holding, household size, number
of livestock, etc. on the diversity of farm trees were analyzed by using one way ANOVA at 0.05
significance level.

Results and Discussion
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The total number of HHs in the watershed is 294 with Brahmin/Chhetri (99), Newars, Rai, Magar and
Parja (124), and Sarki, Danad Kami (71 HHsMajority of the respondents constituting 51.6% male
and 74.2% female were illiterate. 61.3% HHs were involved in traditional type of subsistence agriculture
and remaining in commercial cultivation of vegetables and fruits. Family (HH) size varied from 1 to 20
members, with an average of 6.48. Almost all (95.2% HHs) depended on fuelwood and the rest on biogas
as their energy sources. Almost all households kept some kind of livestock with average livestock unit
holding of five. All households have Bariland, whereas only 75.8% and 30.6% Khet and Kharbariland
respectively with an average landholding of 0.98 ha per HH.

All farmers were involved in agroforestry practices in raising and protecting different tree species
(fodder, fruit and fuelwood) in their Bari and other lands adjacent to their households whereas timber
species in Kharbari and degraded lands. No agroforestry was practiced in Khet except existence of few
trees. Home garden is the common, and hedge row inter-cropping/ alley cropping, agrisilviculture, trees
in-and-around agricultural fields and silvopastoral systems are other agroforestry practices. A total of
109 plant species (92% tree species) including fodder, fuelwood, timber and live fences were found. The
family Moraceae was represented by 14, Rutaceae 10, Leguminosae 8, Ancardiaceae 8, Euphorbiaceae
6, Myrtaceae 5, and unidentified 5 species.

The fodder constituted the major species in Bari in terms of average number of species (15.27 per HH)
and trees (199.2 per HH) followed by fruit tree species (6 per HH) and number of timber trees (49.9 per
HH) (Table 1). Though average holding of Khet was 0.37 ha, only 75.8 % households had Khet. In Khet
also, fodder species dominated with 0.66 species and 7.26 trees per HH followed by timber and fruit
tree species. In case of Kharbari, the average holding was 0.27 ha but only 30.6 % HHs owned Kharbari.
The species richness of timber species was higher in Kharbari with 3.6 species and 119.8 trees per HH
followed by fodder. When all types of lands were considered, the average landholding was 0.98 ha per
HH. The number of fodder species was 15.7 per HH followed by fruit trees (6.2) and number of fodder
trees was also highest with 229.5 per HH followed by timber (90.0).

Table 1. Farm Trees in Bari, Khet and Kharbari Land

Tree species Bari Khet Kharbari

Species/hh | Trees/hh | Species/hh | Trees/hh | Species/hh | Trees/hh
Fodder tree 15.27 199.23 0.66 7.26 3.58 51.42
Fruit tree 6.02 26.79 0.23 0.89 0.32 5.84
Timber tree 4.47 49.89 0.51 4.43 3.89 119.79
Total tree 25.75 275.90 1.34 12.13 7.79 177.05
Shrub (live fences) | 1.31 25.45 - 0.13 0.42 1.68
Total tree and 27.06 301.35 1.40 12.26 8.21 178.74
Shrub

As all households owned Bari, the effect of socio-economic factors on farm tree diversity was estimated
in Bari land only for better generalization and representation of all farmers. Large landholdings
supported more tree species and number (40.6 sp. and 792/hh) than medium (28.1 sp. and 271/hh) and
small (21.8 sp. and 160/hh) (Figure 2). Significant difference was seen in both number of species and
trees between large and small landholding classes. The number of species (small =22.5; medium=26.9;
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large=34.2) as well as trees (small=157; medium =250; large = 632) increased with the number of
livestock owned per HH (Figure 3) with significant difference between small and large LSU classes.

800 - ™ 700 -

700 - 600 -

500 - 500

200 1  Small=<0.5 ha 400 - mSmall=<3.5LSU

400 1 B Medium=0.5-1ha 300 mMedium=35-7LSU

300 1 Large=>1 ha Large = >7 LSU

200 -
200 -
100 - 100 -
0 , . : 0 .
Species/hh Trees/hh Species/hh  Trees/hh

Figure 2. Effect of Land Holding on Farm Trees Figure 3. Effect of LSU on Farm Trees Diversity
Diversity

HHs depending on commercial farming system had higher number of trees per HH (species= 30.7; trees
=483) than those on subsistence farming system (species =24.8; trees =186) (Figure 4) with significant
difference in number of trees per HH between the two farming systems.

Although Dalits had less land than other castes, there was no significant difference in the number of
species between Dalit and Janajati (B/G=31.9, Janajati=25 and Dalit=24.3) and in trees between Dalit
and B/C (B/C =271; Janajati= 369 and Dalit= 220) per HHs of different castes(Figure 5) .
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Figure 4. Effect of Farming System on Farm Tree Figure 5. Effect of Ethnicity on Farm Tree Diversity
Diversity

The number of trees (377/hh and 711/ha) were both higher in small number of plots (large plot, not
fragmented) but, the species richness was higher in large fragmentations (33.3/hh) followed by small
(27.0/hh) (Figure 6). No significant difference observed between medium and large land fragmentation
classes in number of trees/HH and between small and medium classes in number of species/HH.

The number of tress (640) and species richness (31.7) per HH were higher in the large households

(Figure 7) as compared to other household classes with no significant difference between medium and
|
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large household classes. Literate farmers have planted higher number of species and trees per HH
(species =29.3, trees=410) than illiterate (species =24.9, trees=200) (Figure 8). There was no significant
difference in the number of trees and species maintained by both literate and uneducated farmers
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Figure 6. Effect of Land Fragmentation on Farm Trees | Figure 7. Effect of Household Size on Farm Trees
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Figure 8. Effect of Education on Farm Trees
Diversity

Agroforestry provided all types of forest products for meeting needs of households for fodder, timber,
litter, animal bed, and fruits. Agroforests (farm trees) met 21% of total annual demand for timber as
small poles and agricultural tools, 53.3% of fuelwood consumption, 73% of fodder requirement, and
almost all fruit consumption (272 kg per HH) (Table 2). Rest of the demand for timber, fuelwood and
fodder was met from the woodlot sand nearby community forests. The quantity of forest products
collected from agroforests increased from poor to rich wealth class households based on land holding of
HHs. Dependency of rich households was more on agroforests (75.1% for fuelwood, 88.8% fodder and
26.9% timber) whereas poor on community forests for most forest products (Figure 9).

Table 2. Consumption of Different Forest Products

| Land type Timber Firewood Fodder Fruit
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Consumption Consumption Consumption Consumption

(m?/hh)  %of (Kg/hh)  %of (Kg/hh)  %of (Kg/hh)
total total total

Woodlot 0.001 1 203 0.76 4.5 0.09 0
Agro forest 0.017 21 1432.2 53.28 3537.4  73.00 272
Forest 0.064 79 1230.1 45.76 1300.0 26.80 =
Total 0.081 2688.2 48419 =
g 88.8
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Figure 9. Consumption of Agroforestry Products by Land Holding

Discussion

Significantly less number of tree species in small farms reflect the limited land availability for tree
planting as HHs with small landholdings depend on Bari land only, which the small farmers are
intensively cultivating to fulfill their domestic needs whereas the big farmers have abandoned lands with
higher tree density which increased the number of trees in the large land holdings. The result shows
similarity with Gautam (1986) and Malla and Fisher (1988) but different than Acharya (2006) where
medium land holdings had more tree diversity. Similarly, Regmi (2003) reported that the number of
fodder trees per HH increased with increase in farm size of HHs indicating that agroforestry mainly
benefited farmers with large landholdings. Dixit and Bhandari (2004) reports that small farmers have
successfully integrated, and are growing and using in a sustained manner, more than 50 species of rare
plants in their farming systems to improve crop production, for their domestic needs and to improve
income in the farms. To respond to the growing scarcity of forest resources especially fuelwood and
fodder, households have protected an average of 137 naturally grown trees on their farmland in
Kumpur, Dhading. They have been cultivating and using at least 32 species of which 37.5% comprised
fruit, 15.5% fuelwood and 47% fodder trees (Regmi 2003).

Farm trees supply the animal feed requirement during the lean period, when green grasses are not
available during dry season. Farmers with large LSU have introduced more exotic fodder species for
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meeting the demand for forage. The present trend towards increasing stall-feeding due to lack of
grazing land has also induced farmers to maintain more farm trees for fodder. Pandey (1982) reported
the existence of substantial dependency of animal sectors, and thereby the livelihood of medium-
income households of Nepal, on forests and private land. Eric (1992) also reported the sole dependency
of hill communities of Nepal on private forest trees and community forests for fodders and green
grasses. Griffin et al. (1988) reported that community forests in the hill regions of Nepal supply more
than 20% of the total fodder demands of livestock enterprises and remaining are fulfilled by the
agroforestry sector. Fonzen and Oberholzer (1984) estimated that farm trees contributed 41-58% of the
total fodder supply in the mid hills of Nepal compared to 73 % in this study.

Subsistence based households depended on a relatively small number of trees that are specifically
selected for meeting their needs such as fodder, while commercial farming households planted and
maintained a larger number of fruit tree species and exotic fodder trees in hedge row intercropping for
commercial purposes. Despite the limited land and involvement in vegetables farming, the farmers have
maintained farm diversity especially of fodder species. Lots of abandoned lands near the farmland
belonging to B/Ccommunities with timber and fodder trees were seen. The condition of fruit trees was
very poor except those belonging to few households of B/Cand Newarcommunity. Tree species and
number of trees were found to increase with the HH size.

The land fragmentation traditionally results mainly from family partitioning and leads to decreasing plot
size. These small plots oblige farmers to select small sized trees. Fruit trees and fodder trees were
planted systematically in the same plot which increased the number of trees in the farmland. Similarly,
near the streamlet and steep border, timber trees are raised but in the larger fragmentation, farmers
are not allowed to grow trees in border by their neighbors which foster the control of trees in the
borders of the farmland near the neighbor’s field plot.

Conclusion

Agroforestry supplies fodder, fuelwood, timber and fruit for rural household consumption. Home
garden, hedgerow intercropping, trees in- and- around the agricultural fields, and grasses with trees in
kharbariland were the common agroforestry practices which were found promising for biodiversity, and
meeting the diverse needs to uplift the socioeconomic status of farmers in the study area. Farmers have
protected and managed some naturally grown or planted trees in-and-around their homesteads and
farms for fodder, fruits, fuelwood and timber. Generally, farmers plant those species which have
multiple uses. Agroforestry systems demonstrate the direct relationship of biodiversity conservation and
plantation of multipurpose tree species in farmlands especially in Bari land.

The diversity of farm tree was higher in Bari land which played major roles in farming system of Nepal.
In the mountain farming system Bari land is common for all farmers that act as fodder bank especially
during the lean period. The number and species of trees on farm lands depended on local socio-
economic and environmental factors. In general, larger land holdings, more livestock, less fragmentation
of farm lands, Brahnin/ Chhetryethnicity and commercial farming system were associated with higher
tree diversity in agroforests .

Contributions of agroforests for fodder and fuelwood supply are significantly more than the community
forests. The socio-economic characteristics of households have a marked relationship with the quantity
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of collected forest products from agroforests. Rich households tend to collect high quantity of forest
products from agroforests than the poor households, as the livestock holdings and land holdings of rich
households are higher. Dependency of rich farmers is more on agroforests. This high level of
dependency of large and medium in terms of landholding and livestock on agroforests has developed
due to an inseparable relationship between agroforest, landholding and livestock husbandry in the study
area. Contribution of agroforests to and dependency of poor farmers on community forests raise great
questions for their livelihood in a sustainable way.

Appropriate scientific management of trees can create the positive influence on crops and also help in
conservation of Pokhare Khola watershed of Dhading district by reducing the pressure on watershed
area.
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