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ABSTRACT

Agroforestry is an integrated land use system that can directly enhance agro-biodiversity and contribute to the conservation
of landscape biodiversity, and also to the rural livelihoods.Considering this fact, a study was done in Bhimphedi Rural
Municipality of Makawanpur district to assess farm tree diversity, carbon stock, and their contribution to the rural livelihood.
The inventory for estimating above and below ground biomass of the farm trees was done using stratified random sampling.
Forest biomass was analyzed by using standard allometric models to estimate the carbon content. Shannon Wiener Diversity
Index was used to assess the farm tree diversity. A total of 66 households were randomly selected for socio-economic survey.
Direct field observation, key informant interview, structured questionnaire survey, and group discussions were performed to
assess the contribution of farm trees on rural livelihoods. The findings revealed three major agroforestry systems viz: silvi-
pasture, home garden, and agri-silviculture systems were under practice in the study area. Silvi-pasture system was found
as a good agroforestry system in terms of having higher species richness, tree diversity, and relatively higher amount of
carbon stock per unit area (16.66 t/ha), followed by home garden (10.32 t/ha). The findings also revealed that agroforestry
systems contributed 24.06% (NRs. 7580 per household/year), and 20.25% (NRs. 5365 per household/year) to the income
from agriculture and livestock, respectively. Hence, it has been evident that agroforestry systems can be a potential strategy
to conserve biodiversity and to improve the livelihoods of local people with the greater contribution of silvi-pasture system
in an integrated tree-livestock dominating farming system of the rural areas in Nepal.
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INTRODUCTION

Agroforestry is one of the viable alternatives for social, economic and ecological sustainability. It is
increasingly being recognized as an efficient ecological basis for increasing crop productivity, more dependable
economic returns, and greater diversity (Amatyaetal., 2018). It is a land use system characterized by the combination
of forestry and agriculture, is an alternative to foster the much needed balance between food production and
biodiversity conservation (Salinas, 2016). Agroforestry plays a better role in increasing agricultural productivity by
nutrient recycling, reducing soil erosion, and improving soil fertility and enhancing farm income compared with
conventional crop production (Kang & Akinnifesi, 2000). Furthermore, agroforestry offers a range of ecological,
economic, social and religious functions (Idol et al., 2011).

Trees in agroforestry systems are an important resource providing products and services to the society. The
existence of tree in farmland is a part of traditional as well as contemporary farming systems in rural areas of both
developed and developing countries (Baral et al., 2013). It plays an important role to sustain and restore the physical
environment, particularly through enrich soil fertility, reduce erosion, improve air and water quality, enhances
biodiversity and sequesters carbon (Idol et al., 2011; Paudel et al., 2019).The application of agroforestry as an
integrated approach to biodiversity conservation on farms in support of nature reserves has received some attention
(Sanchez, 1995; Dobson et al., 1997). In the realm of agroforestry, underpinning the need for diversification is the
desire to enhance the stability and productivity of agro-ecosystems (Atta-Krah et al., 2004). It is recommended that
agroforestry can be seen as a tool in conjunction with appropriate conservation areas to buffer biodiversity loss,
because agroforestry in some sites has 50 to 80% of the diversity of comparable natural forests and can help restrict
the conversion of forests to grassland or other monospecific crops (Nobel & Dirzo, 1997). The services provided
by agroforestry practices to rural livelihoods and conservation of biodiversity have attracted wide attention among
agroforestry and conservation scientists (Mcneely & Schroth, 2006).

As integrated land use system agroforestry systemshave unique role in stabilizing the atmospheric carbon
dioxide (CO,) concentration and reducing the carbon emissions or on increasing the carbon sink (Murthy et al.,
2013). Agroforestry systems have indirect effects on carbon sequestration because they reduce harvesting pressure
on natural forests as because trees are the largest source of sinks for terrestrial carbon.Nowadays, there is a growing
attention in the role of different types of land C sequestration in the long term storage of carbon in forests, oceans,
soils, and carbon storage in different agroforestry system (Nair et al., 2009). Emission of Carbon (C) is much higher
from deforestation and forest degradation which can be managed through the sustainable management of land and
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forests, and enhancement of forest C stocks through agroforestry can be considered as one of the main options for
reducing greenhouse gases in atmosphere (Nair et. al., 2010; Plieninger, 2011). Agroforestry have the potential to
provide options for rural livelihoods and biodiversity conservation (Kidd & Pimentel, 1992; Regmi, 2003). The
main objective of this study was to investigate impact of different agroforestry systems on farm tree diversity,
carbon stock storage, and their contribution on rural livelihood improvement.

MATERIAL AND METHODS
Study Area

This study was done in ward no. 5 & 6 of Bhimphedi Ruaral Municipality (RM) of Makwanpur district of
Nepal in 2017. Topographically, this district entails 27°10' to 27°40' latitude and 84° 41' to 85°31' longitudesand is
34 km south of Kathmandu (DDC, 2018).

Map of the Study Area
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Figure 1. Map showing the study area

The district’s terrain varies from valley plain to Mahabharat range. Makawanpur district has the subtropical
to temperate climate. The maximum temperature rises up to 34 degree Celsius and falls down as low as minus
1.6 degree Celsius. The average annual rainfall, generally, varies from 1971 mm to 2331.3 mm.Bhimphedi RM
characterized by upper tropical to temperate climate (DDC, 2018).

Sampling Design

Stratified random sampling was applied to layout the plots for surveys of vegetation for different agroforestry
systems. The strata were laid out in accordance to the agroforestry practices in the study area. 21 circular plots of
size 1,000 m? having radius of 17.84 m were laid out randomly to collect vegetation data.

Biophysical Measurements

Trees and poles are the major data for carbon stock analysis. Diameter at breast height (dbh) of each tree
and pole was measured within 21 plots using diameter tape and height of each tree and pole was estimated using
Range Finder.

Social Survey

Semi-structured questionnaire survey, key informant and focus group discussion were used to collect the
socio-economic contribution of the agroforestry practices on rural livelihoods. The secondary data required were
extracted from the District Profile of Makawanpur district (DDC, 2018).

Data Analysis
Tree diversity

The tree diversity was calculated by using Shannon-Weiner index (SWI). Shannon's index accounts for
both abundance and evenness of the species present. The proportion of species i relative to the total number of
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species (p,) is calculated, and then multiplied by the natural logarithm of this proportion (/n p). The resulting
product is summedacross species, and multiplied by —1.

H =-2p, *Inp (For species diversity)
E=H/H = H/InS (For species evenness)

Where, H =Shannon-Wiener index, p, = proportion of the i species in a community, E= evenness and S= total
number of species in thecommunity (richness).

Biomass estimation

The biomass of tree includes two layers as above ground biomass and below ground biomass. Biomass was
estimated by using the following equation:

Aboveground biomass

Above ground biomass include above ground tree/pole parts such as stem, branches, and leaves. The
logarithmic transformation of the algometric formula was used to estimate above ground biomass with the help of
DBH and height. The allometric formula suggested by Chave et al., (2005) was used to estimate the aboveground
tree and pole biomass.

AGTB =0.0509*p D* H

Where,

AGTB =above ground tree, pole biomass (kg)

b= Wood Specific Gravity (g/cm?)

D=tree diameter at breast height (cm)

H= tree height (m)

The value of b for all the species were used as suggested by Sharma and Pukkala (1990) and Jackson (1994).
Belowground biomass

Below ground biomass includes the roots of trees/poles below the ground. Below ground (root) biomass
was estimated using root-shoot ratio value of 1:5; (i.e. 20% of above ground biomass), as suggested by MacDicken
(1997).

Estimation of Total Carbon Stock

The biomass carbon was calculated using stock method. The carbon content is assumed to be 47% of dry
biomass (IPCC, 2006). This value is a typical value of C content in the forest species investigated. The following
formula was used for computing total above and below ground biomass carbon:

Total above ground biomass carbon= (Total above ground biomass of tree/poles) x 47% and, Total
belowground biomass carbon= (Total below ground biomass of trees/poles) x 47%

RESULTS AND DISCUSSION
Abundance and species diversity under different Agroforestry systems

A total of 63 species were reported in the study area. Bauhinia spps.Leucaena leucocephala, Melia azedarach,and
Litsea monopetalawere most abundant species on the farm land. Ficus lacor, Artocarpus lakoocha, Alnus nepalensis,
Schima wallichii, Pinus roxburghii, Morus alba, Pyrus pyrifolia etc. are other common species planted by local
people (Figure 2).
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Figure 2: Relative abundance of farm trees species in the study area

Three major types of agroforestry systems were under practice in the study area viz: home garden, agri silviculture,
and silvo pastoral. Species richness and tree diversity index were assessed among the different agroforestry systems.
Silvi-pasture system had the highest species richness and Shannon Weiner Index for tree diversity followed by
home garden and agri-silviculture respectively (Table 1). Khanal (2011) found higher species richness and tree
diversity index in silvo-medicinal system in Kaski district, Nepal. Baral et Al., (2013) reported higher species
richness and farm tree diversity index in home garden followed by road side plantation and agri-silviculture in
Kanchanpur district, Nepal. The difference in the result may be attributed to the change in the physiographic zones,
and within a given physiographic zone, it varies with location. The distribution of higher number of individual tree
species was the prime reason for higher species richness and tree diversity index for silvo-pastoral system. But in
overall condition the wide individual distribution of the few tree species was the main reason for lower overall tree
diversity index which is similar to Kharal and Oli (2008). However, the contribution of such agroforestry systems
to conservation of biodiversity and landscape restoration cannot be neglected.

Table 1. Species richness and tree diversity under different agroforestry systems

Agroforestry systems Species richness Shannon Weiner Index
Silvi-pasture 31 0.52
Home garden 22 0.29
Agri-silvi 13 0.15

Biomass and carbon stocks under different Agroforestry systems

The biomass and carbon stock per unit area were assessed among three different agroforestry systems. The
study found average above and below ground biomass of different agroforestry system was 19.82t/ha and 3.96 t//
ha, respectively, (Table 2). Accordingly, average above and below ground carbon stock for different agroforestry
systems was 9.32 t/ha and 1.87 t//ha respectively, which is similar to the finding of a study in Kanchanpur district,
Nepal (Baral et al., 2013). The total carbon stocks accumulated by agroforestry systems in the study area was
33.58 t/ha. In Nepal, the mid-hills agroforestry system is estimated to store about 48.60 t C per hectare (Paudel et
al., 2017). Singh & Panday (2011) cited in Paudel et al., (2017) also reported that home garden in India can store
16-36 t/ha/yr carbon stock. Similarly, Nair et al., (2009) reported that mixed species system can accumulate 15.29
t/ha/yr carbon stocks in Puerto Rico. Hence, enhancement of forest C stocks through sustainable management
agroforestry system can be considered as one of the main options for reducing greenhouse gases in the atmosphere
and subsequently minimizing the problem of climate change.
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Table 2. Biomass and carbon stocks under different agroforestry systems

Agroforestry Biomass(t/ha) P value Carbon stock(t/ No. of P value (ANOVA)
systems (ANOVA) for ha) Plots for total Carbon
Above Below total Biomass  Above  Below
ground ground ground ground
Silvipasture 29.50 5.90 0.010* 13.86 2.80 7 0.040*
Home garden 18.30 3.66 0.010* 8.60 1.72 7 0.040%*
Agri-silvi 11.68 2.34 0.010* 5.50 1.10 7 0.040%*
Average 19.82 3.96 0.010* 9.32 1.87 0.040%*

Note: * p<0.05

There is a significant difference in the accumulation capacity of different agroforestry system in the study
area. The total amount of carbon stocks (t/ha) is significantly different for all three agro-forestry systems (p<0.05).

Socio-economic characteristics of respondents

Sixty six households (HHs) were randomly selected for socio-economic survey to get the information
about contributionof agroforestry practiceson rural livelihoods. Of the 66 respondents surveyed during the study,
34 were male and 32 were female. To avoid gender bias, the survey was based on the availability of the household
members during the field study. However, the proportion of male to female respondents represented was still male-
biased (51.5% males, 48.5% females). To generate reliable information, the questionnaire survey interview was
performed with respondents between 20 to 60 years of age. This was done to reflect the respondent’s insight on the
subject matter (Table 3).

Table 3. Socioeconomic characteristics of the respondents

Category Indicator Number (n) Percentage (%)
Gender Male 34 51.5
Female 32 48.5
Age group 20-30 years 17 25.75
30-45 years 23 34.85
45-60 years 26 39.40
Education Illiterate 10 15.15
Primary 13 19.70
Secondary 29 43.95
University 14 21.20
Occupation Agriculture 48 72.70
Government Services 11 16.70
Private Services 7 10.60
Annual income <100,000 28 42.40
lyear, (NPR) 100,000-200,000 24 36.40
>200,000 14 21.20

Similarly, about 85% of the respondents were literate and the remaining 15% were illiterate (Table 3). In
this study about 73 % of the HHs was dependent on agriculture related occupation, while 27 % HHs were involved
in non-agricultural occupation (Table 3). Likewise, the study shows that livestock distribution was dominated by
goats (42%) and was followed by cow (34%) and buffalo (24%). This shows agriculture and livestock farming was
one of the important income sources for the people.
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Table 4. The annual income of HHs based on land ownership

HHs annual income
Land holding of HHs

<0.5 ha > 0.5 ha Total
N (%) N (%) N (%)
<100,000 18 (48.65%) 10(34.50%) 28(42.40)
100,000-200,000 13 (35.13%) 11(37.90%) 24(36.40)
>200,000 6 (16.22%) 8 (27.60%) 14(21.20%)
Total 37 (100%) 29 (100%) 66(100%)

The average size of land holding was 0.5 ha. In the study area, 56 % of the respondents owned less than
0.5 ha of land, while 44 % owned more than 0.5 ha of land. The annual income of respondents in relation to their
land holding size is shown in Table 4. There is significant differences in the HHs annual income with different land
holding size (y*>=7.83, df =2 (p < 0.005). The results showed that the majority of the respondents who owned <0.5
ha land had an annual income below Nepalese Rupee (NRs.) 100,000 while the respondents who owned > 0.5 ha
had an annual income between NRs. 100,000 — 200,000 or above NRs. 200,000 (Table 4).

Different sources of income

Respondents were asked about their different sources of income and how these income sources share to
the total. The result shows that there were five types of major income sources. Out of five, income from agriculture
(i.e. crop and vegetable farming), income from livestock farming and income from government services played key
role, which makes more than three fourth of the total income (Figure 3).This shows the dependence of local people
in agriculture and livestock farming for their subsistance livelihood. Baral et al., (2013) also found the similar
type of result in Kanchanpur district Nepal.Agroforestry has been regarded as one of the important systems for
supporting the livelihoods of a large number of rural farmers in the Nepalese hills (Pandit et al., 2014).

Privateservices 16.65%
= 1 -4
E Government Services 22.70%
L]
3 NTFPsFarming 3.1p%
S ]
b
3 Livestock Farming 25.75%
@

Agriculture 31.80%

Percentage ofincome

Figure 3. Types of income sources and their share in total income of respondents
Contribution of farm tree on agriculture and livestock income

Agriculture is the main source of livelihood for the majority of the people in Nepal and still 66 percent
people directly engaged in farming (FAO, 2018). The average Per Capita Income (PCI) of Nepali was NRs. 106,333
(USD 1,004) annually (CBS, 2018).From the study, it was found that the agriculture income and livestock income
shared 29.62% and 24.92% respectively of the total household income of the study area.Accordingly, trees on
farmland contribute 24.06% (NRs. 7,580 per household/year) and 20.25% (NRs. 5,365 per household/year) on
agriculture income and livestock income respectively (Figure 4). Agroforestry system has contributed significant
amount to the improvement of rural livelihood in Dhading district of Nepal (Regmi, 2003). Baral et Al., (2013)
also reported farm trees contribute 16.4% and 17.1% (per household/year) on farmland income and livestock
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income respectivelyin Kanchanpur district Nepal. Hence, apartfrom supporting local livelihoods, these types of
agroforestry systems havealso contributed todiversifying livelihoods and increasing socio-ecologicalresilience.
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Figure 4. Contribution of farm trees on agriculture and livestock income
CONCLUSION

Species richness and tree diversity is moderate in the study area. Presence of wide diversity of tree species
shows that agroforestry systems are good repository of high floral diversity, particularly, in the silvi-pasture
system. This shows that improved agroforestry systems has the potential to contribute to the maintenance of
biodiversity in natural farming systems, mainly due to the reduction in over reliance of rural communities on
natural forest resources.The trees on agroforestry systems contributed considerable amount of carbon storage.
This indicates that agroforestry systems can be one of the main options for reducing greenhouse gases in the
atmosphere, and subsequently to minimize the problems associated to the climate change. Agroforestry could be
a feasible alternativeto less biologically diverse agriculture in balancing biodiversity conservation and production.
Hence, further study aiming at analyzing the potentiality of agroforestry systems on biodiversity conservation and
C sequestration are important to consider.
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