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Forests are the fundamental natural resource regarded as the crucial aspect to uplift rural
livelihood in Nepal. Forest, not only acquaints us with ecosystem services but also deals with
carbon sequestration and nutrient cycling in forest soil, serving the most crucial part of human
welfare. However, several human forces such as construction of roads, deforestation, shifting
cultivation, overgrazing, and forest fires have decreased the organic matter content and con-
tributed to landslides, erosion and sedimentation in forest. Frequent landslides, soil erosion on
the landscape of Nepal is degrading the environment and soil, where 1.7mm of fertile topsoil is
lost annually. Considering the fact, present study points to recognize the status of forest soil,
its relationship and necessity of sustainable soil conservation practices. Secondary sources of
data were used to assemble the related information. Hence, Involvement of different institu-
tions, policy, law, local participation and community-based approach is significantly important
in adopting forest soil conservation approaches. Different strategies of carbon sequestration
should be maintained by increasing plant cover, enhancing microbes, utilizing agricultural
inputs and slowing down the amount of soil disturbances. Likewise, strengthening different
thematic areas of Forest Policy 2015 is indispensable in effective implementation of sub
sectoral programmes. Forest management strategies incorporating the concepts of carbon
storage, buffer strips, terracing, windbreaks, agroforestry, conservation tillage are the major
areas highlighted through this paper for further researchers on preserving forest land.
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INTRODUCTION

Soil is a fundamental basis to every life that acts as a water
strainer and provides a settlement area for billions of organisms.
Agricultural production considerably depends upon soil fertility
and maintaining biodiversity (Basnet, 1992). Considering the
current scenario, about <30% of earth's lands are products that
need to feed more than six billion people where every year the
population is increasing by 1.05% (LePan, 2021; Worldometers,
2021). Diversification in the forest is also indirectly related to

the soil as it provides us with fresh pure air which can be main-
tained through the proper vegetation. Therefore, the soil is
considered as the building block structure for the microorgan-
isms as well as different types of nutrients for plants, it is
regarded as a complex ecosystem carrying fungi, bacteria, ani-
mals and protists (Bonkowski et al., 2009). Fertile soil leads to
proper vegetation and proper vegetation leads to mitigate the
deleterious results of climate variation. The objective of this
review paper is to know the interrelationship between soil and
forest which ultimately concludes the necessity to adopt
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conservation practices of soil in the forest areas of Nepal.

Nepal is rich in forest occupying a total of 5.96 million ha of land
which is equal to 40.36% of the acreage of the nation (GoN,
2015). Forests are regarded as the crucial aspect for rural liveli-
hood where forest timber holds 1% GDP of global economy (The
World Bank, 2016). Hence, it can't be denied from the fact that
forests are the main natural resource that manages to profit
from diverse commodities of economic value. Continuously
harvesting of forest leads to the "mining" of forest resources
which finally resulted in ecological degradation. According to a
report made by WWEF, the forest occupies second position in
terms of storing greenhouse gases after the ocean which
provides ecosystem services and those services are the most
crucial part of human welfare. Forest soils are also important for
different reasons such as nutrient cycling and carbon sequestra-
tion. To control ecosystem nutrient recycling, soil microbes
perform an important role (Blanco, 2018). There are many
forest management strategies targeted at preserving forest
land, enhancing forest biodiversity, reducing runoff, increasing
the fertility of forest soil, etc. which contributes to sustainable
forest development (Shifley, 2012).

Mostly two agents erode the soil i.e.,, water erosion and wind
erosion. Globally, about 56% of the land is degraded by water
erosion while about 28% of the land area is degraded by wind
(Oldeman, 1994). Landslides, sedimentation, soil
erosion are an often-happening process on the landscape of

erosion

Nepal that degrades the environment and soil where 1.7mm of
fertile topsoil is lost annually. Estimation done concludes that it
requires 200-400 years to form 1 cm topsoil (Hohmann, 2010).
Likewise, studies have reported the loss of 20 t soil ha in the
Mid mountains which resulted in the downfall of 300 kg OM, 15
kg N, 20 kg P, and 40 kg K, suggesting soil erosion to be a major
contributor to soil deterioration (Carson, 1992). Hence, Soil
conservation practices are almost needed either in agricultural,
forest, or pasture land. To maintain the fertility and productivity
of soil, the soil is to be secured from different elements of dete-
rioration especially soil erosion. Overall, soil conservation
includes water use and watershed management (UN, 1997). It
was an almost unsolved problem during the Dust Bowl and
faced doubt on the question to get a solution of continuous rain
and wind. Meanwhile, Bennet noticed that "one man cannot
stop erosion but one man can start it, (Helms, 2010) which
finally led to the direction of soil conservation practices.

Several factors are related to soil conservation practices.
Among all other factors, tillage is considered the primary one.
Soil conservation practices perform a key role in solving climate
change which will sustain the soil quality (Al-Kaisi, 2012).
According to NRCS (National Resource Conservation Service),
12 conservation practices will organize the health of the soil in a
better way such as conservation cover, contour buffer strips,
cover crops, crop rotation, forage, and biomass planting,
Manure management, no-till, nutrient management, pest
management, prescribed burning, prescribed grazing and tree/
shrub establishment (Moines, 2017). On that account, mainte-
nance of soil fertility and productivity are almost needed in
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order to protect soil from any form of deterioration. Likewise,
incorporating sustainable management practices for soil conser-
vation is a need of today.

MATERIALS AND METHODS

This review completely uses secondary sources of information.
Sections of literature were collected from different Journal
articles, National resource conservation service (NRCS), other
sources like MoFSC, and relevant reports were analysed and the
conclusions were summarized.

RESULTS AND DISCUSSION

Status and prospects of forest soil in Nepal

Nepal is tracked down between 26 22 N and 30 27 N latitude
and 80 04 E and 88 12 E longitude which comprises five physio-
graphic regions based on geology and geomorphology (LRMP
1986). While approaching the area of forest in the world, the
forest area has decreased from 4.28 billion ha to 3.99 billion ha
from 1990 to 2015 but increased forest plantation area from
167.5 to 277.9 million ha (Payn et al, 2015a). This data
concludes that management strategy has to be done to create
sustainability and reduce climate change in the world.

Soil plays an important role in forest regions by balancing the
ecological functions. Any group of management work when exe-
cuted in a forest will have some effects on forest soil. Nepal had a
total of 136 ecosystems in 1970 (Bhuju et al., 2007) and later on
decreased to 118 ecosystems in 2009 (Durbar, 2009). According
to TISC (2002), there are 59 kinds of vegetation which later on
decreased to 36 kinds of vegetation (Lillesg et al., 2005). Soil and
forest are hence interrelated to each other (Payn et al., 2015b).
FAO has researched Global Forest resources, which have been
reported in Nepal in the years 2000 and 2005 (Figure 1).
Deforestation is the main cause which is a continuous process
and till now it's been the habit of people to cut down trees for
their settlement. ICIMOD (2010), reported Nepal's deforesta-
tion rate to about 1.6 percent per annum where the dependence
of rural livelihoods mostly on forest resources has adverse
impacts on flora and fauna. As a result, exchanging land cover
and progressing causing land degradation (ICIMOD, 2010).

Forest cover statistics of Nepal
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Figure 1. Forest cover statistics of Nepal (Source: MoFSC, 2009).
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Due to deforestation, negative impacts hit more than the posi-
tive side which will eventually destroy the habitat of wildlife and
the amount of fresh air, therefore bringing imbalance in the
ecosystem. Between 1990 and 2005, 24.5% of forest cover was
reduced, and lost 7.9% of forest and woodland habitat (Guégan
etal., 2020).

As forests are the principal source of income for the rural
households, it plays an important aspect to uplift the role of
farmers. Out of a total of 7,000 vascular plant species, 1,600 are
identified as having medicinal value, of which 238 are chemical-
ly tested and 160 species are in collection and trade have been
reported (Ghimire et al., 2021). The NTFPs create high econom-
ic value and large-scale employment. In the mid-hills of Nepal,
NTFPs have regarded as the important source of livelihood for
farmers and continue to be in the future, as there is a lack of off-
farm employment opportunities (Shrestha et al., 2020). While
analysing GIS-based geographical and time related changes in
land use between 1978 and 1992 in VDCs with and without
community forest in mid-hills of Nepal, large differences in the
rate of total forested area loss were observed over the 14 years.
Moreover, the big forest area expanded by 77% for VDCs with
community forests, while it was 13% for VDCs without commu-
nity forests (Gautam et al., 2009). Hence, positive impacts of
Nepal's community forestry activities were observed on the
extent of forest cover.

Degradation of forests results in erosion and decreased produc-
tivity of the land. So, forest management strategies have to be
implemented from all government, individual, and private
sectors (Figure 2).

Interrelatedness between soil and forest

Soil and Forest are interrelated to each other because forest
and soil go together. One can protect others so they carry a
symbiotic relationship in environmental conservation. Forest
soil has originated from geological parent materials in various
climatic areas mentioning their climates and vegetation. Forest
soil provides supporting all four ecosystem services such as
water, food, fresh air for vegetation as well as acts as functions
of hydrology and watershed for rivers and streams (Boyle and
Powers, 2013). Forest soils are very acidic and have limitations

Degraded land use

36.97%
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Figure 2. Degraded land by land use.

in their chemical fertility (Kauppi et al., 1986). Acidity mainly
depends upon the type of the forest. The litter gathered from
coniferous forests have a more acidic nature and more carbon
concentration than deciduous forest (Burgess-Conforti et al.,
2019).

Due to proper vegetation in forest areas, the chance of erosion
and runoff will be very low at a rate of less than 0.1Mg/ha (Elliot
etal., 2019). But continuous degradation of the forest land has
an undesirable effect resulting in more soil erosion at the differ-
ent parts of Nepal: 64t ha? soil loss is encountered in Khajura
catchment in siwalik (Ghimire et al., 2013); 22t hain Koshi ba-
sin (Uddin et al.,, 2016); 11.7t hatin Araingale Khola watershed
of Nepal (Chalise et al., 2018). Reports from eastern Nepal sug-
gest forest clearance leads to decreased soil aggregate stability.
This is the cause of soil erosion in Nepal. In forest areas, erosion
is mainly due to two types of forces: Natural forces and human
forces. Forest roads are an important factor of disturbance lead-
ing to sedimentation in forest areas with a loss of 0.5% forest
areas due to the construction of a kilometer (0.6 mi) of the road
in 1km?of forest that results in reducing forest productivity
(Elliot et al., 2019). Natural forces such as fires which decrease
the primal matter content in forest areas and increase erosion
are emphasized fire effects on ecosystem management, consid-
ering fire as the natural structure of forest health (Agge, 1994).
The forest environment has broadly divided into two aspects
i.e., biotic and abiotic environment. Forests are indirectly linked
to the soil which helps to reduce the runoff and the conse-
quence of the forest is of great importance in increasing the
quantity of water that percolates in it during spring months.
According to a study done in Ohio and the central state region,
forests have the greatest infiltration rate than those of adjacent
neglected old fields by 50 to 700 times (Auten, 1933). Apart
from maintaining physical health by providing fresh air, clean
environment, the forest also reduces stress and strongly
contributes to physiological health (Shin et al., 2010). Research
done on the influence of forest has been overviewed by two
theories; one increasing stress reduction (Ulrich, 1983) and the
other emphasizing the treatment of the power to focus atten-
tion (Kaplan and Kaplan, 1989). Hence, Soil and forest are
interrelated to each other.

Fundamental needs of forest soil conservation practices

In their study by Burton et al. (1989) in the Chitwan district of
Nepal found, conversion of natural productive forest into agri-
cultural land led to decreased fertility of soil as indicated by
total nitrogen, organic carbon and cation exchange capacity.
Likewise, exchangeable bases, aluminium, pH, and compaction
were also found significantly affected. To improve the conserva-
tion of forest soil, the condition is to be applied as required by
the NRCS state office. Some of the practices such as avoiding
soil compaction, roads and landings, maintaining a suitable
environment for forest growth, soil productivity, and carbon
storage on-site should be retained and managed properly
(USDA, 2016)
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Carbon storage

Humans are the major threats to forest degradation. Deforesta-
tion is the major criteria to increase the atmospheric CO2 which
resulted in the global rise from 285+/-5ppmv to 366 ppmv
between 1850 and 1998 i.e., about 28 % (IPCC, 2000). All over
67,000 ha of forest land was destroyed during 1979-1996
encountered a mean of 0.3% deforestation in central Nepal. The
total lost biomass accounts for 4.6*106 Mg for fuelwood which in
turn added up to 5.6* 106 Mg CO into the atmosphere
(Upadhyay et al., 2005). In a report made in the mid-hills of Nepal,
soil organic carbon has been approximated to be about 14 kg cm™
which is the smallest value than cultivated area due to dominant
gravel and stone. Hence, the carbon sequestration is maintained
through reforestation or using abandoned land as grazing land.
For levelling up soil organic carbon, 103 countries have a strategy
regarding mitigation, and 129 countries made goals related to
degraded land and forest (Richards et al., 2016). Carbon seques-
tration can be achieved by the following mechanisms:

e  Byslowing down the degree of soil disturbances
e By utilizing agricultural inputs
e Byincreasing microbes in the soil

e Byenhancing ground cover on soil year-round

Increase forest soil productivity

Implementation of conservation practices in a forest will have a
direct effect on forest soil (Kiran and Kaur, 2011). Due to chang-
es in topography, vegetation cover, microbial activities, and so
on, forest soil differs in time and space (Shrestha et al., 2018).
According to research done in a community forest in Syangja, it
is concluded that forest regions are fertile in which organic
matter, nitrogen, and phosphorus are high in amount but potas-
sium and P" are small in amount. So, the application of fertilizer
to increase the amount of potassium and P is highly suggested
(KC et al, 2013). To manage the productivity of forest soil,
cultivation of those species is preferred which are fit for proper
drainage. The study reveals that the factor that declines sisso
forest in Tilkane, Nepal is waterlogging. Hence based on the
conclusion on the proper growth of sisso forest, loose textured
soil with proper drainage is appropriated (Sah et al., 2002). Good
drainage leads to prevent flooding in forest areas.

Buffer strips

Forest buffer is a region of forest left for protection adjacent to
a water body. Creating the variable width of the forest buffer
has been noticed. But fixed widths are more valuable to imple-
ment than variable-width buffers (Kuglerova et al., 2014). Buffer
strips are built to reduce the runoff and these practices are also
applied in a forest area with the motive to:

e  Prevent the negative effects of forests on water purity

e  Decrease the export of suspended solids.

Within the increase of urban areas, concentrated runoff often

results in channelized flow in these areas. It finally leads to
pollution and pollution amounts increase with the increase in
urban areas as runoff volume, sediment deposition will become
maximized. Hence, buffer strips will be the factor to minimize
the erosion practices in forests. Another positive impact of
buffers on wildlife habitat is that it provides a food source for
fauna and enhances the biodiversity species in forest areas as
well (Lamichhane et al., 2019). These buffer strips are the right
location where riling is not an issue and the area has a gentler
slope and increases the infiltration rate removing the sediment
overflow (Gilley, 2004).

Conservation tillage

Conservation tillage includes minimum tillage which has the
effects on deforestation into addressing the environmental
degradation and increasing the crop yield by establishing the
soil organic matter (Haggblade and Tembo, 2003). As of
research done in Zambia, it concluded that minimum tillage,
being labour-intensive and yield supplementing, its expansion of
forest is quite hard in that area (Ngoma and Angelsen, 2018).
Wildfires in forest areas also create an erosion issue because
fire destroys plant materials and little layers. This results in
disturbance protection. Hence, Wildfire is to be
controlled by replanting the grass seeds, spreading the crop

in soil

cover in the burned area. By this, the importance of conserva-
tion tillage including crop cover to reduce erosion in forest soil is
noted (Moench and Fusaro, 2012).

Terracing

Terracing should be practiced all over the country to prevent
soil erosion on hilly areas and these terrace practices help in the
development of forest growth on higher slope areas
(Kathmandu, 2013). Several types of terraces have shown the
relation of root density to stop soil erosion, watershed manage-
ment, forest management (Achat et al., 2008). Higher fine root
density, higher chance to reduce the erosion. The research was
done on Pinus tabulaeformis Carr. Roots under different terraces
show that level trenches have favourable effects on soil
amelioration and fixation (Qi et al., 2020). Due to associated
quick flow, high infiltration rate, and absence of terraces in
forest soil results in runoff displacing soil and groundwater
(Collins and Neal, 1998).

Agroforestry

Agroforestry and its practices play an important role in planted
forests that have the potential to give forest-related services to
society such as soil and water resources, healthy ecosystems,
maintaining carbon cycle, and wood and non-timber products
(Facility, 2002). Agroforests are less spread than native forest as
it consists of fewer plants than forest plantation and is consid-
ered as working forest helping to reduce pressure to withdraw
native forest. Singh (1987) reported that the recent land-use
system accounted for shifting cultivation, cultivation of trees in
agricultural fields, and Agri-silviculture in different locations.
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The selection of agroforestry species relies on the agroecologi-
cal behaviour of given locations. Agroforestry consists of
different species such as
lakoocha, Bauhinia variegata, and various species of bamboo for
the agro-climatic region of Nepal (Withington et al., 1987).

Bauhinia purpurea, Artocarpus

Windbreak

Inhibition of growth and electrolyte balance can be reduced by
forming the windbreak forest (Grace, 1988). These windbreaks
have been constructed worldwide to achieve various projects
(Bitog et al., 2011) and to reduce fluctuation of salinity or
damage from drifting sand (Lee et al., 2010). The effect of the
windbreak depends on the width, density, height (Bitog et al.,
2011). A study done on windbreak construction 3 rows of Pinus
thunbergii showed the perfect windbreaks among four types of
structures a simple structure of coniferous trees (1, 2, and 3
rows of P. thunbergii), a simple structure of broadleaf trees (1, 2,
and 3 rows of Quercus acutissima), mixed structure 1 (3 rows: P.
thunbergii, Q. acutissima and P. thunbergii) mixedstructure2
(3rows: Q. acutissima, P. thunbergii and Q. acutissima).

Strategies and policies in forest areas of Nepal

Giving information on time about forests will be easier to
address the issues surrounding forest conservation in the
future. Hence, through the knowledge and involvement of
policy, different institutions, law, local participants, and Commu-
nity based approach is of great importance (Cubbage et al.,
1993). The policy of forest management was categorized in
different years (before 1957, 1957-1990, and after 1990) with
the motive to protect forest areas of Nepal. By the 1950s, there
was a system of birta tenure where one-third of total forests
were under birta tenure. Out of this, 75% belong to the Rana
family. After 1950, the democratic government drafted a policy
and focused on two issues: Soil conservation in Siwalik Hills and
the problem of reforestation (Graner, 1997). The Private Forest
Nationalization Act was endorsed in 1957. The reason behind
this act was to reduce the destruction of forests and protection
of privately governed forests (Katary, 2015) with lots of contro-
versies (Hobley, 1985). During 1986-88, a 25-year plan for the
forest sector was endorsed, and later on, it was approved by the
Government of Nepal (GoN).

This plan focuses on the necessity to establish a Forest User Group
(FUG) for the sustainable development of local forests (Bartlett,
1992). Therefore, Nepal's Community Forest User Groups
(CFUGsS) have been involved in restoring and Protecting 1.3 million
hectares of forests and grasslands since they were formalized in
1993 (UNDP, 2015). A new vision on forestry was made on 23rd
September by the Ministry of Forest and soil conservation of 10th
National conservation Day called "Forest for Prosperity". The
vision mainly focused on four supports (Poudel, 2018):

e  Creating favourable Environment

e  Sustainable and scientific forest Management
e  Sustainable use of forest products and services
e Marketing and commercialization of forests.

Based on this vision, a new forest policy was made by the
Government of Nepal (GoN) in 2015. Nepal has several policies
in the forestry sector. Some key policies and legal framework
are Nationalisation of Private Forest Act, 1957; National Parks
and Wildlife Conservation Act, 1972; National Forest Plan,
1976; Master Plan for Forestry Sector, 1989; Forest Act, 1993;
Revised Forestry Sector Policy, 2000; Leasehold Forestry
Policy, 2002; Herbs and NTFP Development Policy, 2004; Terai
Arc Landscape Strategy, 2004-2014; Gender and Social Inclu-
sion Strategy in the Forestry Sector, 2004-19; Sacred Himala-
yan Landscape Strategy, 6 State Of Nepal's Forests 2006-16;
National Wetland Policy, 2012; National Biodiversity Strategy
and Action Plan, 2014 and Forest Policy, 2015 (GoN, 2015).

At present, Forest policy 2015 is the important policy that men-
tors on sub-sectoral programs. It usually works on seven differ-
ent themes. Adaptation and mitigation of the effects of climate
change are regarded as one of the seven ideas of this policy
(Paudel et al., 2019). Along with this policy and strategy in the
forest sector, involvement of Local participation also plays a
vital role in conservation programs include forestry and wildlife
protection. (Grace, 1988) One of the most important forestry
programs in Nepal is the Nepal Australian Forestry program
which signifies local participation. (Bajracharya et al., 2007) This
project mainly has three purposes which are to regulate the
National forestry plan in the chautara Forestry Division of
Nepal. With this, it also has the objective of providing education
and training in forestry in Nepal, and as well the third aim is to
build a seed storage and testing facility in Nepal which was
completed in February 1981 and finally opened (Shepherd,
1981).

Soil ecosystem services in Nepal

Ecosystem services are those processes of the natural system
which can advantage people in different ways in food produc-
tion, reducing soil erosion, and providing fresh air and water.
These broad concepts came into existence during the 1970s
which value soil conservation (Johnston, 2020). Biodiversity
maintenance, carbon storage, watershed protection are com-
mon ecosystem services in the whole world (Wunder, 2007) but
Nepal ecosystem services are somehow different in cultural
services (Mishra, 2017). These services will result in the
formation of soil and enhance the soil activities like mineraliza-
tion, nutrient recycling, and structural development (Blouin et
al., 2013). Soil provisioning ecosystem services play a crucial
role in forest areas in which forest provides food products,
wood, biomass, and clean water and as well increase carbon
sequestration (Ninan and Inoue, 2013). Soil ecosystem services
led to biodiversity which improves forest growth by the action
of bacteria (Baer and Birgé, 2018) as one gram of soil contains
10 bacterial cells (Gans et al., 2006). Execution of payment for
ecosystem services has been a key challenge because of the
identification of tenure security (Duchelle et al., 2014). To
provide ecosystem services to the community-based forest,
there are several barriers such as lack of proper ecosystem
information, low financial status, lack of skilled manpower as
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well as the weak capacity of government institutions (Balvanera
etal., 2012). By the approach of providing additional incentives
for sustainable forest management, the utilization potential of
ecosystem services has been addressed (Paudyal et al., 2017).

Conclusion

Soil erosion is the critical problem in hilly areas of forest region as
it undergoes steeper slopes and various geographical consequenc-
es. Since, 1% of world GDP is contributed by forest timber prod-
ucts, millions of lives are impacted as a result of forest depletion
where most of marginalized people still rely on. Nepal is a diversi-
fied country and has different types of vegetation and ecosystem
which serves the positive impact to mitigate climate change.
Hence, in order to protect soil from any form of deterioration and
maintain its fertility and productivity, soil conservation practices
are almost needed either in agricultural, forest or pasture land.
Different strategies of carbon sequestration should be maintained
by increasing plant cover, enhancing microbes, utilizing agricultur-
al inputs etc. Likewise, soil productivity can be maintained through
good drainage, fertilization i.e., soil organic matter, pH, Nitrogen,
Potassium, Phosphorus, as well as adopting sustainable conserva-
tion practices are equally important. Buffer strips is an important
factor to protect forest soil as it enhances the biodiversity species
and increases the infiltration rate in forest areas removing the
sediment overflow. Also, practices like: windbreaks, terracing,
helps to eliminate the damage caused by drifting sand and higher
slopes respectively. Sustainable practices including conservation
tillage and agroforestry should also be incorporated.

Ecosystem services also play a critical aspect in forest areas by
providing wood, food products as well as upgrading air and water
quality, but with lots of benefits provided by ecosystem services,
some challenges in implementation of payment for ecosystem
services are too faced by community-based forests due to sever-
al barriers such as lack of proper ecosystem information, low
financial status, lack of skilled manpower as well as weak capaci-
ty of government institutions. In Nepalese perspective there are
several policies and legal frameworks which come under the
forest sector and a recent important policy which includes sub
sectoral programmes is National Forest policy 2015. Therefore,
among the seven themes of the policy, adaptation and mitigation
of effects of climate change is regarded as a major one. Hence,
there are different ways to conserve the forest through different
soil conservation practices where involvement of local participa-
tion through policy and legal framework done by the Government
of Nepal is of utmost importance to protect forest soil.

ACKNOWLEDGEMENT

We place on record our sincere and deep gratitude to our par-
ents whose guidance and support are always with us. We would
like to express our deep appreciation and indebtedness to our
friends, colleagues, relatives, and the related professors who
motivated us for a better academic career.

378

Open Access: This is an open access article distributed under the
terms of the Creative Commons Attribution NonCommercial 4.0
International License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author(s)
or sources are credited.

REFERENCES

Agge, James K. (1994). Fire ecology of Pacific Northwest forests. Choice Reviews
Online, 32(02), 32-0929-32-0929, https://doi.org/10.5860/choice.32-0929

Al-Kaisi, M. (2012). Conservation Practices Save Soil and Sustain Agriculture.
2012-2014. https://crops.extension.iastate.edu/cropnews/2012/05/
conservation-practices-save-soil-and-sustain-agriculture

Auten, J. (1933). Porosity and water absorption of forest soils. 46(11), 997-1014.

Baer, S. G., & Birgé, H. E. (2018). Soil ecosystem services: an overview (pp. 17-38),
https://doi.org/10.19103/as.2017.0033.02

Bajracharya, S. B., Gurung, G. B., & Basnet, K. (2007). Learning from Community Par-
ticipation in Conservation Area Management. Journal of Forest and Livelihood,
6(2), 54-66, https://www.nepjol.info/index.php/JFL/article/view/2325

Balvanera, P., Uriarte, M., Almeida-Lefiero, L., Altesor, A., DeClerck, F., Gardner, T.,
Hall, J., Lara, A,, Laterra, P., Pena-Claros, M., Silva Matos, D. M., Vogl, A. L.,
Romero-Duque, L. P., Arreola, L. F., Caro-Borrero, A. P., Gallego, F., Jain, M.,
Little, C., de Oliveira Xavier, R., & Vallejos, M. (2012). Ecosystem services
research in Latin America: The state of the art. In Ecosystem Services (Vol. 2,
pp. 56-70). Elsevier. https://doi.org/10.1016/j.ecoser.2012.09.006

Bartlett, A. G. (1992). A review of community forestry advances in Nepal. Common-
wealth ~ Forestry  Review, 71(2), 95-100, https://www.jstor.org/
stable/42606871

Basnet, K. (1992). Conservation practices in Nepal: past and present. Ambio, 21(6),
390-393, https://doi.org/10.2307/4313969

Bhuju, U. Raj, Shakya, P. R, Basnet, T. B., & Shrestha, S. (2007). Nepal Biodiversity
Resource Book. Icimod, 1-161.

Bitog, J. P, Lee, I. B., Hwang, H. S., Shin, M. H.,, Hong, S. W.,, Seo, I. H., Mostafa, E., &
Pang, Z. (2011). A wind tunnel study on aerodynamic porosity and
windbreak  drag. Forest Science and Technology, 7(1), 8-16,
https://doi.org/10.1080/21580103.2011.559939

Blanco, J. A. (2018). Managing Forest Soils for Carbon Sequestration: Insights
From Modeling Forests Around the Globe. In Soil Management and Climate
Change: Effects on Organic Carbon, Nitrogen Dynamics, and Greenhouse
Gas Emissions (pp. 237-252). Elsevier Inc. https://doi.org/10.1016/B978-0-
12-812128-3.00016-1

Blouin, M., Hodson, M. E., Delgado, E. A,, Baker, G., Brussaard, L., Butt, K. R, Dai, J.,
Dendooven, L., Peres, G., Tondoh, J. E., Cluzeau, D., & Brun, J. J. (2013). A
review of earthworm impact on soil function and ecosystem services. In
European Journal of Soil Science. 64(2), 161-182), https://doi.org/10.1111/
ejss.12025

Bonkowski, M., Villenave, C., & Griffiths, B. (2009). Rhizosphere fauna: the func-
tional and structural diversity of intimate interactions of soil fauna with
plant roots. Springer, 321(1-2), 213-233, https://doi.org/10.1007/s11104-
009-0013-2

Boyle, J. R, & Powers, R. F. (2013). Forest Soils. In Reference Module in Earth Systems
and Environmental Sciences. Elsevier. https://doi.org/10.1016/b978-0-12-
409548-9.05169-1

Burgess-Conforti, J. R., Moore, P. A, Owens, P. R, Miller, D. M., Ashworth, A. J.,
Hays, P. D., Evans-White, M. A,, & Anderson, K. R. (2019). Are soils beneath
coniferous tree stands more acidic than soils beneath deciduous tree stands?
Environmental Science and Pollution Research. https://doi.org/g10.1007/
s11356-019-04883-y

Burton, S., Shah, P. B., & Shreier, H. (1989). Soil degradation from converting forest
land into agriculture in the Chitwan district of Nepal. Mountain Research &
Development, 9(4), 393-404, https://doi.org/10.2307/3673587

Carson, B. (1992). The Land, The Farmer, and the Furture; a Soil Fertility Manag-
ment Strategy for Nepal. In ICIMOD occasional Paper No. 21.

Chalise, D., Kumar, L., Shriwastav, C. P., & Lamichhane, S. (2018). Spatial assess-
ment of soil erosion in a hilly watershed of Western Nepal. Environmental
Earth Sciences, 77(19). https://doi.org/10.1007/512665-018-7842-3

Collins, R, & Neal, C. (1998). The hydro chemical impacts of terraced
agriculture, Nepal. Science of the Total Environment, 212(2-3), 233-243,
https://doi.org/10.1016/50048-9697(97)00342-2



https://doi.org/10.5860/choice.32-0929
https://crops.extension.iastate.edu/cropnews/2012/05/conservation-practices-save-soil-and-sustain-agriculture
https://crops.extension.iastate.edu/cropnews/2012/05/conservation-practices-save-soil-and-sustain-agriculture
https://doi.org/10.19103/as.2017.0033.02
https://www.nepjol.info/index.php/JFL/article/view/2325
https://doi.org/10.1016/j.ecoser.2012.09.006
https://www.jstor.org/stable/42606871
https://www.jstor.org/stable/42606871
https://doi.org/10.2307/4313969
https://doi.org/10.1016/B978-0-12-812128-3.00016-1
https://doi.org/10.1016/B978-0-12-812128-3.00016-1
https://doi.org/10.1111/ejss.12025
https://doi.org/10.1111/ejss.12025
https://doi.org/10.1007/s11104-009-0013-2
https://doi.org/10.1007/s11104-009-0013-2
https://doi.org/10.1016/b978-0-12-409548-9.05169-1
https://doi.org/10.1016/b978-0-12-409548-9.05169-1
https://doi.org/g10.1007/s11356-019-04883-y
https://doi.org/g10.1007/s11356-019-04883-y
https://doi.org/10.2307/3673587
https://doi.org/10.1007/S12665-018-7842-3
https://doi.org/10.1016/S0048-9697(97)00342-2

379

Cubbage, F. W., O’'Laughlin, J., and Bullock, C.S. (1993). Forest resource policy.

Duchelle, A. E., Cromberg, M., Gebara, M. F., Guerra, R., Melo, T., Larson, A,
Cronkleton, P., Bérner, J,, Sills, E., Wunder, S., Bauch, S., May, P., Selaya, G., &
Sunderlin, W. D. (2014). Linking forest tenure reform, environmental compli-
ance, and incentives: Lessons from redd+ initiatives in the brazilian amazon.
World Development, 55, 53-67, https://doi.org/10.1016/
j.worlddev.2013.01.014

Durbar, S. (2009). Asia-Pacific forestry sector outlook study Il Nepal Forestry
Outlook Study by Ministry of Forests and Soil Conservation Singha Durbar, Kath-
mandu, Nepal Food and Agricultural Organization of the United nation Regional
Ofiice for Asia and Pacific. http://www.fao.org/3/am250e/am250e00.pdf

Elliot, W. J., Page-Dumroese, D., & Robichaud, P. R. (2019). The Effects of Forest
Management on Erosion and Soil Productivity*. In Soil Quality and Soil Erosion
(pp. 195-208). https://doi.org/10.1201/9780203739266-12

Facility, G. E. (2002). Nepal biodiversity strategy His Majesty’ s Government of
Nepal Ministry of Forests and Soil Conservation. Nature, 1-117.

Gans, J., Wolinsky, M., & Dunbar, J. (2006). computational improvements reveals
great bacterial diversity and high metal toxicity in soil. Science, 313(8),
1387-1390, https://science.sciencemag.org/content/309/5739/1387

Gautam, A, Webb, E., & Eiumnoh, A. (2009). GIS Assessment of Land Use/Land
Cover Changes Associated with Community Forestry Implementation in the
Middle Hills of Nepal. Mountain Research and Development, 22, 63-69.

Ghimire, C. P., Bonell, M., Bruijnzeel, L. A,, Coles, N. A, & Lubczynski, M. W. (2013).
Reforesting severely degraded grassland in the Lesser Himalaya of Nepal:
Effects on soil hydraulic conductivity and overland flow production. Journal of
Geophysical Research: Earth Surface, 118(4), 2528-2545,
https://doi.org/10.1002/2013JF002888

Ghimire, P., Pudasaini, N., & Lamichhane, U. (2021). Status, Prospects and Challeng-
es for Non-Timber Forest Products Conservation in Nepal: A Critical Review.
Grassroots Journal of Natural Resources, 4(1), 1-16, https://doi.org/10.33002/
nr2581.6853.040101

Gilley, J. E. (2004). Erosion - Water-Induced. Encyclopedia of Soils in the Environ-
ment, 4, 463-469, https://doi.org/10.1016/B0-12-348530-4/00262-9

GoN. (2015). Government of Nepal ministry of forests and Soil Conservation
department of forest research and survey forest resource assessment Nepal
state of Nepal's forests. www.dfrs.gov.np

Grace, J. (1988). 3. Plant response to wind. Agriculture, Ecosystems and Environment,
22-23(C), 71-88, https://doi.org/10.1016/0167-8809(88)90008-4

Graner, E. (1997). The political ecology of community forestry in Nepal. In Frei-
burger Studien zur geographischen Entwicklungsforschung,.
https://lib.icimod.org/record/4770

Guégan, J. F., Ayouba, A, Cappelle, J., & De Thoisy, B. (2020). Forests and emerging
infectious diseases: Unleashing the beast within. In Environmental Research
Letters. 15(8), https://doi.org/10.1088/1748-9326/ab8dd7

Haggblade, S., & Tembo, G. (2003). Development, Diffusion and Impact of Conser-
vation Farming in Zambia. Food Security Research Project, 8(8), 1-63.

Helms, D. (2010). Hugh hammond bennett and the creation of the Soil conservation
service. Journal of Soil and Water Conservation, 65(2), https://doi.org/10.2489/
jswc.65.2.37A

Hobley, M. (1985). Common Property does not Cause Deforestation. Journal of
Forestry, 83, 663-664.

ICIMOD. (2010). REDD in Nepal through Community Forest Management. 2010,
July. http://www.icimod.org/resources/526

IPCC. (2000). Land Use, Land-Use Change, and Forestry. https://www.ipcc.ch/
report/land-use-land-use-change-and-forestry/

Johnston, R. J. (2020). Ecosystem services | Definition, History, & Importance |
Britannica. https://www.britannica.com/science/ecosystem-services

Kaplan, R., & Kaplan, S. (1989). The experience of nature: a psychological perspec-
tive. The Experience of Nature: A  Psychological
https://doi.org/10.1097/00005053-199111000-00012

Katary, S.L.D. (2015). Land Tenure and Taxation. In The Egyptian World.
https://doi.org/10.4324/9780203820933.ch14

Kathmandu, N. (2013). National Sample Census of Agriculture Nepal 2011/12
National Report Government of Nepal National Planning Commission Secretariat
Central Bureau of Statistics. http://www.fao.org/fileadmin/templates/ess/
ess_test_folder/World_Census_Agriculture/Country_info_2010/Reports/
Reports_5/NPL_EN_REP_2011-12.pdf

Kauppi, P., Kaemaeri, J., Posch, M., Kauppi, L., & Matzner, E. (1986). Acidification of
Forest Soils.

KC, A, Bhandari, G.,, Wagle, S. P., & Banjade, Y. (2013). Status of Soil Fertility in a
Community Forest of Nepal. International Journal of Environment, 1(1), 56-67,

Perspective.

Astha Pokharel et al. /Arch. Agric. Environ. Sci., 6(3): 373-380 (2021)

https://doi.org/10.3126/ije.v1i1.8528

Kiran, G. S., & Kaur, M. M. R. (2011). Economic valuation of forest soils. Current
Science, 100(3), 396-399.

Kuglerovj, L., Agren, A., Jansson, R, & Laudon, H. (2014). Towards optimizing
riparian buffer zones: Ecological and biogeochemical implications for forest
management.  Forest Ecology and Management, 334, 74-84,
https://doi.org/10.1016/j.foreco.2014.08.033

Lamichhane, B. R., Persoon, G. A, Leirs, H., Poudel, S., Subedi, N., Pokheral, C. P.,
Bhattarai, S., Gotame, P., Mishra, R., & de longh, H. H. (2019). Contribution of
Buffer Zone Programs to Reduce Human-Wildlife Impacts: the Case of the
Chitwan National Park, Nepal. Human Ecology, 47(1), 95-110,
https://doi.org/10.1007/s10745-019-0054-y

Lee, K. H., Ehsani, R., & Castle, W. S. (2010). A laser scanning system for estimating
wind velocity reduction through tree windbreaks. Computers and Electron-
ics in Agriculture, 73(1), 1-6, https://doi.org/10.1016/j.compag.2010.03.007

LePan, N. (2021). How much of Earth’s surface is covered by each country? World
Economic https://www.weforum.org/agenda/2021/01/earth-
surface-ocean-visualization-science-countries-russia-canada-china/

Lillesg, B., Shrestha, J.-P., Dhakal, T. B., Nayaju, L. P., & Shrestha, R. P. (2005). The
map of potential vegetation of Nepal a forestry/agro-ecological/biodiversity
classification system. The map of potential vegetation of Nepal: a forestry/
agro-ecological/biodiversity classification system. Development and
Environment No. 2/2005.

LRMP. (1986). LRMP—Land Resources Mapping Project, Survey Department,
HMGN and Kenting Earth Sciences, Kathmandu, Nepal, 1986. - References -
Scientific Research Publishing.

Mishra, A. (2017). Overview of ecosystem services in Nepal.

Moench, R., and Fusaro, J. (2012). Natural Resources Series Forestry. 6.308.

MOoFSC. (2009). Nepal Forestry Outlook Study. Government of Nepal, Ministry of
Forests and Soil Conservation, 11, 83. http://www.fao.org/docrep/014/
am250e/am250e00.pdf

Moines, D. (2017). Conservation Practice Description How it helps Comments.

Ngoma, H., and Angelsen, A. (2018). Can conservation agriculture save tropical
forests? The case of minimum tillage in Zambia. Forest Policy and Economics,
97(4), 153-162, https://doi.org/10.1016/j.forpol.2018.10.001

Ninan, K.N., & Inoue, M. (2013). Valuing forest ecosystem services: What we know
and what we don't. In Ecological Economics. 93, 137-149,
https://doi.org/10.1016/j.ecolecon.2013.05.005

Oldeman, L. R. (1994). The Global Extent of Soil Degradation. In Greenland, D.J.
and Szabolcs, I, Eds., Soil Resilience and Sustainable Landuse, CAB Interna-
tional, Wallingford, 99-119.

Paudel, G., Adhikari, S., & Bhusal, P. (2019). Integration of Forest and Climate
Change Policies in Nepal. Journal of Forest and Natural Resource Management,
1(1), 1-13, https://doi.org/10.3126/jfnrm.v1i1.22647

Paudyal, K., Baral, H., Lowell, K., & Keenan, R. J. (2017). Ecosystem services from
community-based forestry in Nepal: Realising local and global benefits. Land
Use Policy, 63, 342-355, https://doi.org/10.1016/j.landusepol.2017.01.046

Payn, T., Carnus, J.-M,, Freer-Smith, P., Kimberley, M., Kollert, W., Liu, S., Orazio,
C., Rodriguez, L., Neves Silva, L., & Wingfield, M. J. (2015). Changes in planted
forests and future global implications q. Forest Ecology and Management, 352,
57-67, https://doi.org/10.1016/j.foreco.2015.06.021

Poudel, K. C. (2018). Silviculture for forest management in Nepal. Banko Janakari,
4,15-20, https://doi.org/10.3126/banko.v27i3.20537

Qi, Y., Wei, W,, Li, J,, Chen, C,, & Huang, Y. (2020). Effects of terracing on root
distribution of Pinus tabulaeformis Carr. forest and soil properties in the
Loess Plateau of China. Science of the Total Environment, 721,
https://doi.org/10.1016/j.scitotenv.2020.137506

Richards, M. B., Bruun, T. B., Campbell, B. M,, LE, G., Huyer, S., Kuntze, V., STN, M.,
MB, O., & Vasileiou, I. (2016). How countries plan to address agricultural
adaptation and mitigation: An analysis of Intended Nationally Determined
Contributions. CCAFS https://cgspace.cgiar.org/
handle/10568/73255

Sah,S.P., Jha, P.K,, & Lamersdorf, N. (2002). Nutrient status of natural and healthy
sissoo forest and declining plantation sissoo forest (Dalbergia sissoo, Roxb.) in
Nepal. Journal of Forest Science, 48(10), 459-466,
https://doi.org/10.17221/11929-jfs

Shepherd, K. R. (1981). The nepal-australia forestry project. Australian Forestry, 44
(4),210-221, https://doi.org/10.1080/00049158.1981.10674320

Shifley, S. R., Aguilar, F. X,, Song, N., Stewart, S. |, Nowak, D. J., Gormanson, D. D. &
Greenfield, E. J. (2012). Strategies for sustainable forest management. In:
Shifley, Stephen R.; et al. 2012. Forests of the Northern United States. Gen.

Forum.

dataset.



https://doi.org/10.1016/j.worlddev.2013.01.014
https://doi.org/10.1016/j.worlddev.2013.01.014
https://doi.org/10.1201/9780203739266-12
https://science.sciencemag.org/content/309/5739/1387
https://doi.org/10.1002/2013JF002888
https://doi.org/10.33002/nr2581.6853.040101
https://doi.org/10.33002/nr2581.6853.040101
https://doi.org/10.1016/B0-12-348530-4/00262-9
http://www.dfrs.gov.np
https://doi.org/10.1016/0167-8809(88)90008-4
https://lib.icimod.org/record/4770
https://doi.org/10.1088/1748-9326/ab8dd7
https://doi.org/10.2489/jswc.65.2.37A
https://doi.org/10.2489/jswc.65.2.37A
https://www.ipcc.ch/report/land-use-land-use-change-and-forestry/
https://www.ipcc.ch/report/land-use-land-use-change-and-forestry/
https://www.britannica.com/science/ecosystem-services
https://doi.org/10.1097/00005053-199111000-00012
https://doi.org/10.4324/9780203820933.ch14
http://www.fao.org/fileadmin/templates/ess/ess_test_folder/World_Census_Agriculture/Country_info_2010/Reports/Reports_5/NPL_EN_REP_2011-12.pdf
http://www.fao.org/fileadmin/templates/ess/ess_test_folder/World_Census_Agriculture/Country_info_2010/Reports/Reports_5/NPL_EN_REP_2011-12.pdf
http://www.fao.org/fileadmin/templates/ess/ess_test_folder/World_Census_Agriculture/Country_info_2010/Reports/Reports_5/NPL_EN_REP_2011-12.pdf
https://doi.org/10.3126/ije.v1i1.8528
https://doi.org/10.1016/j.foreco.2014.08.033
https://doi.org/10.1007/s10745-019-0054-y
https://doi.org/10.1016/j.compag.2010.03.007
http://www.fao.org/docrep/014/am250e/am250e00.pdf
http://www.fao.org/docrep/014/am250e/am250e00.pdf
https://doi.org/10.1016/j.forpol.2018.10.001
https://doi.org/10.1016/j.ecolecon.2013.05.005
https://doi.org/10.3126/jfnrm.v1i1.22647
https://doi.org/10.1016/j.landusepol.2017.01.046
https://doi.org/10.1016/j.foreco.2015.06.021
https://doi.org/10.3126/banko.v27i3.20537
https://doi.org/10.1016/j.scitotenv.2020.137506
https://cgspace.cgiar.org/handle/10568/73255
https://cgspace.cgiar.org/handle/10568/73255
https://doi.org/10.17221/11929-jfs
https://doi.org/10.1080/00049158.1981.10674320

Astha Pokharel et al. /Arch. Agric. Environ. Sci., 6(x): xx-xx (2021)

Tech. Rep. NRS-90. Newtown Square, PA: US Department of Agriculture,
Forest Service, Northern Research Station. 90,21-24.

Shin, W. S, Yeoun, P. S., Yoo, R. W., & Shin, C. S. (2010). Forest experience and psy-
chological health benefits: The state of the art and future prospects in Korea.
In  Environmental Health and Preventive Medicine (Vol. 15, Issue 1,
pp. 38-47). BioMed Central. https://doi.org/10.1007/s12199-009-0114-9

Shrestha, A. K., Dawadi, B., Shrestha, S., Maharjan, K. K., & Malla, R. (2018). Soil
fertility status of agricultural land in mid-hill of Gorkha District, Nepal. Nepal
Journal of Environmental Science, 6, 9-16, https://doi.org/10.3126/
njes.v6i0.30121

Shrestha, S., Shrestha, J., & Shah, K. K. (2020). Non-Timber Forest Products and
their Role in the Livelihoods of People of Nepal: A Critical Review. Grassroots

Journal of Natural Resources, 3(2), 42-56, https://doi.org/10.33002/

nr2581.6853.03024
Singh, G. B. (1987). Agroforestry in the Indian subcontinent: past, present and
future. Agroforestry: A Decade of Development., 117-138. http://

apps.worldagroforestry.org/Units/Library/Books/Book 07/agroforestry a
decade of development/html|/3_agroforestory in india.htm?n=16

The World Bank. (2016). World Bank, Forests Generate Jobs and Incomes. https://
www.worldbank.org/en/topic/forests/brief/forests-generate-jobs-and-incomes

Uddin, K., Murthy, M. S. R,, Wahid, S. M., & Matin, M. A. (2016). Estimation of Soil
Erosion Dynamics in the Koshi Basin Using GIS and Remote Sensing to Assess
Priority Areas for Conservation. PLoS ONE, 11(3). https://doi.org/10.1371/
JOURNAL.PONE.0150494

380

Ulrich, R. S. (1983). Aesthetic and Affective Response to the Natural Environment.
In Behavior and the Natural  Environment (pp. 85-125).
https://doi.org/10.1007/978-1-4613-3539-9_4

UN, 1997. (1997). Glossary of environment statistics. In Choice Reviews Online (Vol.
35, Issue 04, pp. 35-1887-35-1887). https://doi.org/10.5860/choice.35-
1887

UNDP. (2015). Medicinal Plants and Poverty Reduction in a Changing Climate by
United Nations Development https://stories.undp.org/
medicinal-plants-and-poverty-reduction-in-a-changing-climate

Upadhyay, T. P., Sankhayan, P. L., & Solberg, B. (2005). A review of carbon seques-

Programme.

tration dynamics in the Himalayan region as a function of land-use change
and forest/soil degradation with special reference to Nepal. In Agriculture,
Ecosystems and Environment, 105,3) 449-465, https://doi.org/10.1016/
j.agee.2004.09.007

USDA. (2016) E666106Z2 Maintaining and improving forest soil quality. October
2016.

Withington, D., MacDicken, K. G,, Sastry, C. B., & Adams, N. R. (1987). MULTIPUR-
POSE TREE SPECIES FOR SMALL-FARM USE - Proceedings of an internation-
al workshop held November 2-5, 1987 in Pattaya, Thailand.

Worldometers. (2021). World Population Clock. https://www.worldometers.info/
world-population/

Wunder, S. (2007). The efficiency of payments for environmental services in tropi-
cal conservation: Essays. In Conservation Biology (Vol. 21, Issue 1, pp. 48-58).
https://doi.org/10.1111/j.1523-1739.2006.00559.x

«



https://doi.org/10.1007/s12199-009-0114-9
https://doi.org/10.3126/njes.v6i0.30121
https://doi.org/10.3126/njes.v6i0.30121
https://doi.org/10.33002/nr2581.6853.03024
https://doi.org/10.33002/nr2581.6853.03024
https://www.worldbank.org/en/topic/forests/brief/forests-generate-jobs-and-incomes
https://www.worldbank.org/en/topic/forests/brief/forests-generate-jobs-and-incomes
https://doi.org/10.1371/JOURNAL.PONE.0150494
https://doi.org/10.1371/JOURNAL.PONE.0150494
https://doi.org/10.1007/978-1-4613-3539-9_4
https://doi.org/10.5860/choice.35-1887
https://doi.org/10.5860/choice.35-1887
https://stories.undp.org/medicinal-plants-and-poverty-reduction-in-a-changing-climate
https://stories.undp.org/medicinal-plants-and-poverty-reduction-in-a-changing-climate
https://doi.org/10.1016/j.agee.2004.09.007
https://doi.org/10.1016/j.agee.2004.09.007

