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REVIEW ARTICLE
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of ethnographic research to climate change adaptation in India, Bangladesh, Nepal,
and Pakistan
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Institute, New Delhi, India

ABSTRACT
Land supplies multiple goods and services vital to humans and the environment. In the last decades,
increasing evidence of growing land degradation are made apparent. A limited and depleting
resource base, the reliance on climate-sensitive sectors and its large population, make South Asia
highly vulnerable to climate change. Observed changes in climate include increases in temperature
and increased monsoon variability and rainfall pattern leading to drought and flooding. Projected
changes include increasing temperatures, rising sea levels, increasing cyclonic activity and higher
variability of rainfall, all having enormous impacts on farming communities. At the same time, the
region is rich in traditional agricultural knowledge (TAK), specialized in managing local
agroecosystems to ensure food availability, tackling climatic risks and other ecological uncertainties.
Particularly relevant is TAK related to land management to preserve soil fertility and avoid soil erosion.
Ethnographic research is a valuable source of TAK, although this is rarely analysed with a climate
change perspective. Based on a qualitative systematic review, and an expert’s on-line survey, in this
paper we review land management TAK and assess its potential for climate change adaptation. The
review shows there is a vast amount of untapped TAK ethnographic research with potential for
climate change adaptation.
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1. Introduction

Land supplies multiple goods and services vital to humans and
the environment, and is a key to sustain life on Earth and
achieve the sustainable development goals (Keesstra et al.,
2016). It provides vital economic, cultural, health and ecosys-
tem services (Adhikari & Hartemink, 2016; Brevik et al., 2015;
McBratney et al., 2014; Srinivasarao et al., 2014; Steffan et al.,
2018), such as reservoir and groundwater purifier, food pro-
duction, major carrier for biodiversity and buffering the cli-
mate by controlling the C and N biogeochemical cycles.
Particularly the soil, through its organic component, is funda-
mental to secure these functions (Du et al., 2009; Lal, 2009;
Loveland &Webb, 2003). However, in the last decades increas-
ing evidences of growing land degradation are made apparent
(IPCC, 2019). Some define land degradation as a ‘global pan-
demic’ (DeLong et al., 2015) affecting 1.3–3.2 billion people
(Olsson et al., 2019). Arable land per capita has been continu-
ously declining since the 1990s all over the globe (Gomiero,
2016). Different assessments quantify current global agricul-
tural land degradation ranging from 15 to 80% (Bindraban
et al., 2012; FAO, 2011; Gibbs & Salmon, 2015). Erosion,
over-exploitation, and climate change leading to desertifica-
tion and nutrient leaching also contribute to the reduction of
arable land (D’Odorico et al., 2013; IPCC, 2019). Despite the
fact that the complex interactions between temperature and

moisture, between increased productivity and increased
decomposition, and variations between regions and different
types of soil, makes the prediction of the impacts of climate
change on soils a difficult endeavor (Smith et al., 2008);
enhanced land degradation is expected to be one of the
major effects of climate change, particularly through increas-
ing intensity and irregularity of rainfall, effects on soil erosion,
and promotion of other land-use changes (Khare et al., 2017;
Olsson et al., 2019). Higher air temperatures are likely to
speed microbial activity which increases organic matter
decomposition; and changes in precipitation and thus water
availability can both inhibit and enhance this activity (Müller,
2014). The effects of climate change on soils and water runoff
has a direct impact on agricultural yields (Anaya-Romero
et al., 2015; Liu et al., 2014; Müller, 2014) and thus, on the
food availability dimension of food security. Thus, maintain-
ing land, soil, and agricultural productivity in the long-term
is a major challenge.

South Asia is home to over one fifth of the world’s
population and where the largest numbers of people who
suffer from food insecurity is located (Hijioka et al.,
2014). Land degradation trends in South Asia are severe,
causing a decline in crop productivity, threatening food
availability and farmers’ livelihoods (Bhattacharyya et al.,
2015). For instance, India experienced a 45% reduction in
arable land per capita between 1980 and 2010 (Gomiero,
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2016) and it is estimated that about 5344M tons of soil are
being lost annually (Narayana Dhruva & Ram, 1983).
Countries like Bangladesh and Nepal have 47.5 and 38.8%
of their territory affected impacted by land degradation
and the total population affected by land degradation in
Bangladesh, Nepal, India and Pakistan is of nearly 270
million (Bai et al., 2008). Changes affecting soil fertility in
the region refer to sediment transported in rivers due to
water runoff and the reduction of soil organic carbon
because crop residues, used as fuel and fodder, are not
returned to the soil (FAO and ITPS, 2015). Soil erosion
has also been documented, mainly in the hilly and moun-
tainous landscapes, such as Nepal’s hills (Chalise et al.,
2018; Ghimire et al., 2013). The region is also highly vul-
nerable to climate change (Pandey et al., 2009; Patel &
Kathwas, 2012; Prasannakumar et al., 2012) due to: (i) a
relatively limited and depleting resource base; (ii) a heavy
reliance on climate sensitive sectors, such as agriculture
(Ahmed et al., 2012; Bhatta et al., 2016); and (iii) its
huge population and rising poverty levels. Observed
changes in climate include increases in temperature and
in monsoon variability and rainfall pattern leading to
drought and flooding (Hijioka et al., 2014). Projected
changes include increasing temperatures, rising sea levels
(e.g. Coastal Bangladesh), increasing cyclonic activity (e.g.
North India), higher inter-annual variability of rainfall
(Brammer, 2014; Giorgi & Bi, 2005; Vishnu et al., 2019),
as well as water-related hazards (Ahmed, 2009; Hirji
et al., 2017). Acute implications are expected to occur as
a consequence of these changes, particularly in the domain
of food availability. For instance, mean yield reductions of
16 and 11% for maize and sorghum, respectively, are pro-
jected by 2050 across South Asia (Hijioka et al., 2014). In
the Indogangetic Plains (IGP), some scenarios project a
decrease of about 50% in the high-yielding wheat area
due to heat stress (Hijioka et al., 2014), and water scarcity
is expected to affect about 126 M ha in India (Maji et al.,
2010).

Thus, adequate practices to preserve land and soil are
essential to ensure adaptation to climate change of agricul-
tural systems and to secure food availability. Indeed, main-
tenance of soil fertility is an essential management strategy
to ensure crop survival under climate change (FAO and
ITPS, 2015). Soil and water management are closely inter-
related since improved soil management usually results in
better water holding capacity, water availability, and drai-
nage. Inappropriate land management leading to loss of veg-
etation cover and enhanced surface water flow is an
important driver of land degradation (Cerdà et al., 2009;
Olang et al., 2014). Evidences show that industrial agricul-
tural practices have repeatedly proven to be frequently
ineffective in securing the sustainability of land and soil
(Altieri, 1995; Perfecto et al., 2009; Pretty, 2008; Tittonell &
Giller, 2013) and that sustainable soil and land management
cannot be undertaken without the active engagement of local
communities, who have a deep knowledge of the interlin-
kages between soil, water and people (Barrera-Bassols &
Zinck, 2003; Keesstra, Pereira, et al., 2016). Strategies based
on traditional knowledge in agriculture (TAK) have shown

to be useful for climate change adaptation (Biggs et al.,
2013; Kattumuri et al., 2017; Kieslinger et al., 2019). TAK is
part of the traditional knowledge systems and is composed
of the cumulative body of knowledge, practices, and beliefs
about an agroecosystem that has evolved and adapted to
the local environmental and cultural contexts after gener-
ations of farmer–nature interactions (Reyes-García et al.,
2019). Recent studies recommend considering adopting,
restoring or improving TAK-based practices to manage
land as a valuable starting point to build more effective and
endogenous strategies for adapting to climate change (Assefa
& Hans-Rudolf, 2015; IPCC, 2019) and support rural liveli-
hoods, particularly for those relying on subsistence agricul-
ture. Evidence shows that adoption of soil and water
conservation strategies, some of which rely on TAK, can
increase adaptation capacity of farmers (Mengistu et al.,
2016). Despite modernization trends prompting a loss of
TAK (Sabar, 2012), South Asia is still home to land manage-
ment-related TAK associated with to a wide range of complex
agroecological zones (Barrera-Bassols & Zinck, 2003; Push-
panjali & Rejani, 2013). However, countries in South Asia
which have started responding to climatic risks in agriculture
through national action plans have devoted limited attention
to TAK (Bhatta et al., 2017). This gap justifies the relevance of
exploring how to favour its adoption in those large-scale
initiatives (Wright et al., 2014).

Ethnographic research, based on the in-depth study of a
culture, provides a complex picture of the socio-ecological sys-
tem in which many agricultural practices are inserted (Owusu-
Daaku & Onzere, 2019). In this form, information from these
sources can better help to understand practices in their con-
text. However, most often the TAK practices collected through
ethnographic methods are not analysed with a climate change
perspective even if they may have a potential use for climate
change adaptation. On the other hand, climate change research
focused on agricultural practices and management rarely pay
attention to the cultural context in which such practices
exist. In this article, we review ethnographic research in
South Asia and propose to revisit the described TAK practices
associated to land management to explore their potential con-
tribution to climate change adaptation. As follows, we describe
TAK-based relevant practices associated to land and soil man-
agement in four countries in South Asia and assess their poten-
tial for climate change adaptation. As a qualitative study, it is
not within the scope of this paper to quantify how much
TAK exists nor to evaluate the effectiveness of these practices,
which depend on factors such as soil quality, soil type, location
or institutional characteristics (Vanlauwe et al., 2015), neither
to assess the vast traditional knowledge for soil classification
(Barrera-Bassols & Zinck, 2003; Gosai Kuldip et al., 2011). It
also falls beyond the scope of this paper to compile all existing
literature on climate change adaptation in the region. Our aim
is rather shedding light on a scientific domain (ethnography)
that has traditionally been dismissed from the climate change
adaptation literature. In the text, for each of the TAK cat-
egories described, we explain how they contribute to reduce
land degradation and why this is important for climate change
adaptation, linking the descriptive ethnographic work with
agronomic and climate change scientific knowledge.
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2. Study-area

South Asia is composed of five diverse geo-physical regions –
the Hindu Kush Himalaya (HKH), the Indo-Gangetic Plains
(IGP), the desert, the peninsula, and the islands and the coasts
(SAARC, 2008). Each region is unique in terms of socio-econ-
omic and agroecological conditions. The Hindu Kush Hima-
layas (HKH), often recognized as world’s ‘third pole’ for
containing the freshwater towers of South Asia, provide
water security needs of one fifth of world’s population. The
region possesses high level of diversity in terms of climates,
hydrology, soil characteristics, agro-ecology and human cul-
tures (Elalem & Pal, 2015). The region’s valuable water
resource is under threat due to climatic and non-climatic stres-
sors (NAS, 2012). A clear pattern in the reported frequency of
flooding disasters over the entirety of the HKH region has been
observed over the past several decades (Elalem & Pal, 2015).
Parts of this region have also experienced some of the worst
earthquakes of recorded history (SAARC, 2008). The IGP
region, the bread basket for most of South Asia, is character-
ized by fertile soils with ample monsoonal rainfall, predomi-
nance of a rice-wheat cropping pattern, a largely favourable
climate and continuous supply of surface and/or groundwater.
Thus, the region ensures food security for South Asia (Aggar-
wal et al., 2004; New et al., 2012). However, it is considered to
be highly vulnerable to climate change due to its depleting
resource base, such as groundwater supply and land fertility,
and a heavy reliance on climate sensitive livelihoods which
depend on agriculture and fisheries (Aggarwal et al., 2004;
New et al., 2012). Farmers in the IGP are constantly seeking
ways to adapt to changing circumstances and opportunities
that include new technologies, institutions, policies, socio-
economic and cultural shifts, and climate change (Bhatta &
Aggarwal, 2016). Parts of this region face drought and heat
stresses (SAARC, 2008). As for the South Asian desert region,
it covers parts of Afghanistan, India and Pakistan. People liv-
ing in this region depend on animal husbandry for their live-
lihood. Overgrazing due to high animal populations, wind
and water erosion, mining and other industries have resulted
in serious land degradation. The region faces frequent
droughts and has been suffering from acute shortage of sur-
face, sub-surface and rain water. The peninsular plateau is
marked off from the plains by a mass of hill and mountain
ranges and sustains different types of horticultural crops in
different climatic zones. The climate of the region varies
from semi-arid in the north to tropical in most of the region
with distinct wet and dry seasons. One of the most striking
features of the peninsular plateau is the black cotton soil
area in the western and northwestern part of the plateau,
hence highly suitable for cotton cultivation. This region is
home to rich mineral resources and a source to generate
hydroelectric power. Finally, there are vast coastal areas in
Bangladesh, India, Maldives, Pakistan and Sri Lanka. Coastal
areas have been densely populated and have been exposed to
cyclones, sea level rise, sea water intrusion and salinity
(Bhatta & Aggarwal, 2016). The coastal communities have
learnt to live with these risks by their intimate knowledge
of nature and have developed practices which are part of
their life and rituals (SAARC, 2008).

In this paper, we focus on four countries representative of
the wide range of existing socioeconomic and ecological con-
ditions in South Asia: India, Nepal, Bangladesh and Pakistan.
Climatic characteristics in these countries range from humid
and sub-humid (e.g. plains of Nepal and India) to highly
humid condition in Bangladesh, and arid and semi-arid con-
dition in parts of India and Pakistan (Figure 1). Impacts of cli-
matic change are also diverse: coastal areas in Bangladesh,
India and Pakistan suffer from floods, salinity, sea-level rise
and cyclones while IGP of Nepal, India, Pakistan and Bangla-
desh suffer from frequent droughts, cold spells and intermit-
tent floods (Nicholls et al., 2007).

Farmers in the study area are mostly smallholders with per
capita arable land availability of less than one hectare (FAO,
2013). They are highly vulnerable to climate change associated
stresses such as rainfall variability, droughts, floods and
cyclones.

3. Methodology

To increase the existing climate change adaptation literature in
South Asia, we compiled ethnographic data on TAK in the
region that was not collected for climate change adaptation
purposes. We focused on gathering land management TAK
in India, Nepal, Bangladesh, and Pakistan to show the poten-
tial of ethnographic data for climate change research. In doing
so, we combined both a review of literature to gather the infor-
mation, and a survey to experts to validate the information.

A qualitative systematic literature review on land manage-
ment TAK practices found in India, Nepal, Bangladesh and
Pakistan was performed. Qualitative systematic review, also
named qualitative evidence synthesis, is a review method
used for integrating the findings from qualitative studies that
can focus on a theme in order to facilitate an interpretative
analysis in broadening the understanding of that particular
theme (Grant & Booth, 2009). To access the literature we
used three different databases: Scopus (www.scopus.com)
and Google Scholar (www.scholar.google.com) to identify aca-
demic articles, books and proceedings; and the web search
engine Google (www.google.com) to identify grey literature,
since a lot of information regarding TAK is found in non-
scientific reports by e.g. NGOs. The search string used was
as follows: ‘local traditional knowledge’ OR ‘traditional agri-
cultural knowledge’ AND ‘India’ OR ‘Pakistan’ OR ‘Bangla-
desh’ OR ‘Nepal’ AND ‘soil fertility’ OR ‘soil erosion’ OR
‘land management’. Climate change was not part of the string
because our objective was to identify non-climate related lit-
erature that can provide useful information for the climate
change’ research community. Despite this, some of the docu-
ments gathered were explicitly related to climate change. We
are aware that the term ‘indigenous knowledge’, one sub-
type of traditional knowledge, was not part of the string and
this limited the number of relevant documents. Yet, it was
not our objective to quantify how much TAK existed, but
rather qualitatively present the diversity of TAK and how
this diversity contributes to climate change adaptation. The
academic search was not constrained to a specific period,
while for Google we limited the search from 1960 onwards.
In all cases, the last year of publications accepted was 2017.
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When several studies were found with similar content, the
most recent were selected. Only documents reporting primary
data on the four countries of interest were finally included in
the literature review, as well as those providing a clear descrip-
tion of the given TAK practices, including the culture and

communities associated to the practices. The review initially
provided 474 results in GoogleScholar and none in Scopus.
All abstracts were read and only those articles describing in-
depth the practices of interest to our purpose were fully
revised. The web search engine Google provided 2950 grey-

Figure 1. Map of the study area with the climate and locations where TAK is described.
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literature results. Given the large number of documents, we
revised the first 50 google pages, that is, 500 documents. All
abstracts were read and only those articles describing in-
depth the practices of interest to our purpose were fully
revised. We did not scrutinize how many of the revised articles
provided useful information, as it was not of our interest and is
not required in a systematic qualitative review, but we rather
focused on the practices found and grouped them in order
to define potential categories of TAK for land management.

Based on the results of the review and with the objective of
validating the collected information and assess its potential for
climate change adaptation, an on-line questionnaire with some
open questions was circulated to experts working in climate
change, agriculture and resource management organizations
in the region (such as I/NGOs, research institutions and com-
munity based organizations). We used the open software
Limesurvey, with 36 questions organized in four levels of
information: (i) the diagnosis of how climate change affects
the region; (ii) the identification of TAK regarding soil fertility,
soil erosion, crops patterns, livestock, pest and disease control,
water management, traditional healthcare and weather fore-
casting; (iii) the potential of the TAK practices identified as cli-
mate change adaptation strategies; and finally (iv)
characterizing the existing interactions between TAK, climate
change and gender. In this article, we focus on the answers
regarding the impacts of climate change in the region, the vali-
dation of TAK to soil and land management, and its potential
contribution to climate change adaptation. As part of a CGIAR
research, experts and organizations were identified through
CGIAR scientists of the region that provided individual con-
tacts and experts lists. The questionnaire was sent to 19
research centres and NGOs of the region (Table 1), and spread
through specialized e-mail lists related to: endogenous devel-
opment; agroecology; sociology of agriculture and food;

anthropology and ethnography; biocultural heritage; agrobio-
diversity and original indigenous communities. We were
aware that there are several organizations working in the
areas of climate change, agriculture and resource management
in the region; however, the criterium employed was to have a
representation of institutions, both in terms of geographical
scope and degree of expertise in the region (e.g. IFPRI and
SAARC works for the region as a whole while AITS works
in certain parts of India).

A total of thirty-four experts answered the questionnaire,
representing 63% of the contacted institutions (Table 1). Ten
surveys were fully answered; twenty were only partially
answered, and four did not provide enough information.
Although sample size might seem small at first glance, it
should be kept in mind that the intent was to get experts’
input from organizations in the areas of climate change in
South Asia to validate the findings of the literature review
and to make the link of the TAK collected through ethno-
graphic data with climate change adaptation.

4. Results and discussion

In the following sections, we describe the observed climate
changes in the study area mentioned by the experts, and
describe the land management TAK practices found in the lit-
erature. For each TAK category described we further discuss
its potential role in climate change adaptation and food
security.

4.1. Observed climate change and impacts in farming
communities in the study area

Among the observed climate changes in South Asia and the
associated impacts, experts highlighted drought, increased

Table 1. List of contacted research centers and number of consulted experts per center.

Contacted Research Center Regional focus Web
No of
experts

1 Adaptation and Mitigation Knowledge Network South Asia http://www.amkn.org 3
2 Arunachal Institute of Tribal Studies (Rajiv Gandhi University) India http://www.rgu.ac.in/ 2
3 Asia Indigenous Peoples Climate Change Monitoring and Information

Network (Asia Indigenous Peoples Pact)
Asia http://www.aippnet.org 0

4 Asian Disaster Preparedness Center South Asia http://www.adpc.net/ 4
5 Climate change case studies South Asia http://sitemaker.umich.edu/aid_climate_change/

case_studies (not working)
1

6 MS Swaminathan Foundation (India) India http://mssrf.org/ 1
7 Earth Trends Environmental Information World Resources Institute Worldwide http://earthtrends.wri.org/ 1
8 Indigenous Knowledge and Peoples Network Mainland Montane and

South East Asia
South East Asia http://www.ikap-mmsea.org/ 2

9 Indigenous Peoples’ Biocultural Climate Change Assessment Initiative India http://ipcca.info/ 5
10 United Nations University Institute of Advanced Studies (UNU-IAS) Worldwide http://ias.unu.edu/ 3
11 Institute for Global Environmental Strategies Asia-Pacific http://www.iges.or.jp 0
12 International Food Policy Research Institute Worldwide http://www.ifpri.org/ 1
13 International Institute for Environment and Development Biocultural

heritage:
Worldwide http://biocultural.iied.org 0

14 Mahatma Gandhi National Institute of Research and Social Action: India http://mgnirsa.ac.in/ 0
15 Platform for Agrobiodiversity Research Worldwide http://www.agrobiodiversityplatform.org 0
16 Rice-Wheat Consortium for the Indo-Gangetic Plains (IGP) IGP http://www.rwc.cgiar.org/ 1
17 South Asian Association for Regional Cooperation South Asia http://www.saarc-sec.org/ 0
18 Asia-Pacific Network on Climate Change Asia-Pacific

region
http://www.climateanddevelopment.org/ap-net/
index.html

0

18 Applied Environmental Research Foundation (AERF) India http://www.aerfindia.org/ 1
19 Global Change Impact Studies Centre (GCISC) Pakistan http://www.gcisc.org.pk/ 1
20 Freelance (through thematic mail list-servers) None N/A 8
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periods of extreme heat, floods and less snow. Other climatic
changes and impacts less frequently reported included: chan-
ging rainfall pattern (less and erratic; heavy rainfall over
short periods; scanty rainfall; rising intensity of rain showers);
increasing prevalence of storms (sea, hail and wind storms);
changes in seasons (decreasing in length of winter and rainy
seasons; late onset of monsoon affecting the sowing season
and the rest of crop cycle; prolonged dry period in winters
in mountain areas) and increasing forest fires. The experts sur-
veyed also mentioned glacier retreat, particularly in the Hima-
layan peaks; snow lakes bursting (with danger of flooding);
changes in the water level in rivers (by reducing snow in the
Himalayan peak); and drying out of wells and springs. Experts’
answers confirmed the IPCC observed changes in the region
(Hijioka et al., 2014). Experts did not provide detailed infor-
mation on the locations described in this article.

Eighty percent of the experts stated that these variations
affect farming communities in the region with climate
change having the main effects on the agricultural activity.
In particular, the most mentioned climate change-related
impacts in agriculture comprised: decreasing agriculture pro-
ductivity; loss of biodiversity and increasing cropping system
vulnerability; soil erosion and landslides during rains;
changes in flowering; and reduced availability of water,
both water table and ground water resources. Other less
mentioned impacts included deterioration of pasture,
increase in vector-borne and water-borne diseases and emer-
gence of new pests. Experts revealed some associated social
and cultural changes linked to these impacts, such as demo-
tivation in farming, migration and shifting to other liveli-
hood options. These impacts have also been described in
the literature (Nasir et al., 2018).

4.2. TAK on land management and its relevance for
climate change adaptation in the study area

In line with the exhaustivity of ethnographic research, most
studies present detailed data for every place to understand
the context and show the broad diversity of TAK used in
one given place (e.g. Dey & Sakar, 2011). In this article,
we have grouped land management TAK into three main
categories (soil fertility enhancement, soil erosion reduction
and community-based resource management) to reveal the
broad diversity of existing TAK and discuss how it can
contribute to climate change adaptation. To provide a
broader picture of the diversity of land management TAK
in one give place, Table 2 summarizes the knowledge
found in the locations assessed in this article, together
with the observed climate changes and their agricultural
characteristics.

4.2.1. Strategies to enhance soil fertility

Over the time, farmers in the region have developed multiple
practices to reduce land degradation and maintain soil fertility,
which in the last term aim to guarantee crop survival under
adversity (Bhatta et al., 2017). Here, we highlight practices
related to manuring and composting, cropping patterns and
land preparation (Table 3).

4.2.2. Organic manures and composting
The application of animal dung mixed with farm wastes is the
most common manuring practice in the region. It has been
widely described in the IGP region where both floods and
droughts have been observed (Table 2). In the drought-
prone, high Barind Tracts of Bangladesh and India soil applied
with organic manure/compost has been reported to supply
water for 11 or 12 days, even without rain, while soil without
adequate organic manure holds water for 7 days (Selvaraju
et al., 2006). Organic manures from animal sources, reported
in all four countries, is applied on field crops to enhance soil
fertility and prevent crops’ pests (Nirmala, 2011). In Jharkhand
(India), dried cow dung mixed with ashes is kept at different
places in baskets and, at the time of final ploughing, properly
spread over the fields. Ashes also help to reduce pest infesta-
tion. For direct seeded rice, cow dung is powdered and
mixed thoroughly with soil after broadcasting rice seeds, and
then planking with wooden plank (Dey & Sakar, 2011), obtain-
ing a better nitrogen mineralization. Here, burn cow dung
cakes are also used in nursery plots of finger millet (Eleusine
coracana) prior to first tillage operation (Dey & Sakar, 2011).
Farmers in rain-fed areas of the Barind Tract apply 20–30
monds (1 mond ∼ 37 kg) of decomposed cow dung before
transplanting.

Mixed-origin organic manures are also used to restore soil
fertility by mixing residues from crop or animal feed and ani-
mal waste, using plant origin litter (Chandra et al., 2011). Farm
waste is composted with the help of earthworms. Consulted
experts mentioned the use of leaf litter, formed with the bed-
ding of animals in the barn ‘goth’ that is cyclically removed
and used in the fields in Nepal and India. They also highlighted
the use of forest resources and organic material to produce
manure to reduce production costs by marginal farmers, i.e.
farmers living in isolated and remote areas in mountains.
Experts mentioned women collection of dried fallen leaves
from forest to make compost in Nepal. An interesting system
described in agroforestry systems in the Himalayan region in
India uses scattered chir pine (Pinus roxburghii Sarg). These
pine forests are grazed and browsed by domestic animals
and due to the altitudinal gradients, the cattle dung with
other organic matter drain down to agricultural fields to
increase fertility (Kala, 2010). Farmers also use compressed
cakes of plant material and flowers, these include mahua
(Madhuca indica), neem (Azadirachta indica) and karanj (Der-
ris indica) cake and leaves and flowers along with farmyard
manure. In Bangladesh, the use of local vegetation or local
manures to shed and hold moisture of cultivated lands has
been reported (Ahmed & Chowdhury, 2006). Here, the locally
available water hyacinth (Eichhornia crassipes) is used for com-
post preparation by collecting it, manually chopping it to
about 5 cm, and spreading the pieces on a cement floor to
dry in sunlight for three days. It can then be mixed with dom-
estic solid waste (Selvaraju et al., 2006). In Western Terai
(Nepal), farmers use dried leaves of Sal (Shora robusta) and
Asna (Terminalia elliptica) as compost (Maharjan et al., 2011).

In-situ manuring is one type of organic manure that implies
tethering the animals directly in the fields. The system has been
mostly described in the HKH region where both flood and
drought have been reported (Table 2). It does not involve
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any external input and just a minimum of human labour, a
central issue in Nepal, where limitations in the use of compost
are due to labour constraints (Subedi, 1996). Two main sys-
tems are described. One is to keep cattle and buffalos in bari
lands (no irrigated, unbounded terraces), and in the period
between harvesting and sowing to free these animals on agri-
cultural land (Kala, 2010; Subedi, 1996). In dry lands, sheep
and goats are preferably kept overnight (Subedi, 1996). Pajal
(shepherds) is a traditional system in which local men or
boys are paid in kind or cash (usually food grain) to graze
the animals in high pastures and protect them from predators
at night. In the Thar Dessert (India and Pakistan), night pen-
ning in the field is used to collect organic manure. Owners of
large fields use to offer shelter to sheep and goat herds and pay
in cash or kind for every night the flock stayed on their land
(Gaur & Gaur, 2004). The other system uses migratory
flocks of sheep and goats in transhumance system in highlands
of Nepal and Pakistan. The bari lands under ‘maize/finger

millet and barley’ cropping pattern are manured twice a
year, after harvesting the millet in October/November, and
after the barley in March/April. Thus, from May to October/
November, flocks graze on high alpine pastures above
2500 m.a.s.l. (ubhouli). In winter, the animals that descend
to udhouli areas, around 1000 m.a.s.l. altitude, are fed on
crop residues and wild grasses, while are employed to manur-
ing the fields. Some of the practices under this category include
cattle penning during summer and bewine penning (Sumathi
& Rathakrishnan, 2008). Transhumance is still practiced in
mountainous Nepal (e.g. Lamjung district) and Pakistan (e.g.
Balochistan). However, this system is under transformation
due to many drivers, such as external market demand of veg-
etables (Bhatta et al., 2017), increase in livestock and human
population, water mining for agriculture and changes in tra-
ditional migratory routes (Ahmad & Islam, 2011).

Manuring the soil, whether through organic or in-situ man-
uring and composting, improves soil conditions such as

Table 2. Summary table of the land management TAK described in this article by place, adding climate, climate change and agricultural data.

Study Area Climate
Observed phenomena associated to climate

change Main agricultural products Land management TAK

Terai (IGP), India,
Nepal

Humid tropics Cold spells, heat waves, increasing intensity
of rainfall, reduced number of rainy days,
floods

Rice-wheat cropping pattern, vegetables
(potato, peas), fruits (mango, lychee, guava,
papaya, banana, jackfruit), tea and honey.
Raising buffalo, cow, goat, poultry

SF: Organic manures,
composting; intercropping
SE: agroforestry

Barind Tract (IGP),
Bangladesh

Tropical Drought/flood Rice and rabi crops (e.g. chickpea, mustard) SF: Organic manure (mixed);
intercropping; tillage
(chosa)
SE: terraces.

Jharkhand (IGP),
India

Tropical and
Sub-tropical

Increasing number of summer days, Tmax

and solar radiation; decreased rainfall,
increased periods of consecutive dry days
during monsoon

Paddy, coarse grains, maize, wheat and pulses
and oilseeds. Mango, Banana, Guava, Papaya,
Tomato, Chili & other spices, also rich in minor
forest produce

SF: Organic manure (dung);
intercropping; primary
tillage; mulching.
SE: flood prevention
(rassed waterways);
agroforestry.

Bihar (IGP), India Tropical Heat waves, increasing intensity of rainfall
and reduced rainy days, floods, droughts

Rice-wheat cropping pattern, vegetables
(cauliflower, cabbage, rice, wheat, sugarcane,
sunflower), fruits (litchi, guava, mango,
pineapple)

SF: mixed-cropping.
SE: agroforestry.
Community based
management.

Hills of Nepal
(HKH)

Sub-tropical
to
temperate

Cold spells, droughts, floods. Maize-based farming, vegetables, fruits, and
raising of cow, sheep, goat, poultry

SF: in-situ livestock
manuring; intercropping.
SE: dry stone walls.
Community based
management.

Mountains of
Nepal (HKH)

Temperate Reduced snowfall, uncertain rainfall
patterns, glacier lake outburst

Potato-based farming, raising of Yak or Chauri
(breed of cow) and sheep

SF: in-situ livestock
manuring.

Uttarakhand
(HKH), India

Sub-tropical
to
temperate

Rising T (particularly in summer), less
snowfall, rainfall variability, Increase in
heavy rainfall.

Mixed crop-livestock (buffalo, cow) producing
milk and subsistence cereal farming in the
hills. In the plains rice, wheat, sugarcane,
maize, soybean, pulses, oilseeds, fruits and
vegetables

SF: Thakuli rice cropping
system.
SE: agroforestry.

Arunanchal (Adi
tribal) (HKH),
India

Sub-tropical
to
temperate

Rise in average temperature, particularly
Tmin, rainfall variability, mid-season dry
spell during July/August.

Fruits and spices, and subsistence agriculture
and livestock farming in the hills

SF: intercropping; rotational
cropping; mulching;
fallowing.
SE: agroforestry.

Rajasthan (Desert),
India

Semi-arid to
arid

Increasing spells of drought, rainfall
variability, overall reduction in rainfall,
rise in surface T.

Barley, mustard, pearl millet, coriander,
fenugreek, guar, aloe vera, amla, oranges,
maize, groundnut. Also, milk.

SE: stone terraces; flood
prevention (check dams,
network of ponds).

Thar desert
(Desert), India,
Pakistan

Arid Increasing frequency of droughts, rise in T,
less rainfall.

Livestock farming (Cows, buffalo, sheep, goats,
camels, oxen). Agriculture: bajra, pulse such as
guar, jowar (Sorghum vulgare), maize, sesame
and groundnuts. With irrigation, also wheat,
mustard and cumin

SF: in-situ livestock
manuring; intercropping;
primary tillage; fallowing.
SE: mud wall; agroforestry

Hari River Basin
(Coastal),
Bangladesh

Tropical More frequent climate extreme events
(floods, cyclones), sea-level rise, salinity,
increased water stress, seasonal
variations

Aquaculture based farming system. Mixed crop-
livestock system. Milk production. Rice and
jute are the primary crops. Tea is grown in the
northeast.

Community based
management.

Source: literature review and experts. Note: IGP: Indo-Gangetic plains; HKH: Hindu Kush Himalaya; T = temperature; Tmax = maximum temperature; Tmin = minimum
temperature; SF: increase soil fertility; SE: reduce soil erosion.
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porosity, water retention capacity, microbial activity, and
nutrient availability (e.g. Oldfield et al., 2019; Weyers et al.,
2018). In that manner, they contribute to climate change adap-
tation and food availability by reducing soil erosion, improv-
ing crop survival, and increasing water holding capacity
(Aguilera et al., 2013) (Table 3).

4.2.3. Cropping patterns
Table 4 shows the most common cropping patterns described
in the literature and mentioned by the experts.

Intercropping, that is several crops grown together in the
same field, is practised ‘to minimize the risk of harvest failure’
(UNPFII, 2007). This is the most common type of agricultural
practice among smallholder farmers in South Asia (Ministry of
Environment and Forests, 2004; SAARC, 2008; Srinivasan,
2004) and has been described in all four regions we have
assessed (Table 2). In India, farmers traditionally practice
mixed cropping (Chandra et al., 2011; Ministry of Environ-
ment and Forests, 2004) or some of its variations such as the
jhum agriculture system (Saravanan, 2010). We also found
these practices being reported in Bangladesh (Srinivasan,
2004), the Adi tribal community in India (Saravanan, 2010)
and in several parts of India and Nepal (Dey & Sakar, 2011;
Thapa et al., 2008). Baranaja (growing seeds of twelve or
more native crops in a synergistic combination) cropping sys-
tem is a traditional cropping pattern that takes place in the
rainfed areas of Central Himalaya. Relationship between
different plants leads to symbiosis increasing crops’

productivity (Kala, 2010). Experts mentioned that baranaja
provides a wide range of food options (cereals, pulses, oils,
spices), all in one season, significantly meeting food and nutri-
tional security needs of families and animals along with some
other needs like fibre. As a multipurpose strategy, intercrop-
ping helps in controlling weeds (Lakra et al., 2010).

Relay cropping is a special version of double cropping,
where the second crop is planted into the first crop, normally
rice, before harvest to ensure germination using the residual
moisture and to avoid tillage operations during pulse growing
(Gupta & Bhowmick, 2005). This practice is thought to save
time and money (to be spent on land preparation etc.), and
to utilize residual fertility.

Rotational croppingmeans that farmers change crops after a
certain period in a field, normally, cereals/millets and pulses in
a specific sequence. In central Himalaya (Chandra et al., 2011),
including the Adi tribal community (India), slash and burning
or Jhum agriculture is common pattern, where they follow
mixed cropping system as rainfed cultivation (Saravanan,
2010). Crop rotation is considered an innovative TAK as pro-
gressive farmers have tried and tested for several years in the
region (Bhatta et al., 2017).

Finally, in Uttarakhand (India) farmers use an incredibly
old method of rice transplanting known as Thakuli (plate).
Here, younger seedlings are transplanted in wider space to
promote greater root growth and higher yields. Continuous
flooding is not required and the fields are fertilized with farm-
yard manure. This practice reduces seed requirements and

Table 3. Description of TAK practices to enhance soil fertility in the study area and their contribution to climate change adaptation and food availability.

Strategy Contribution to CC adaptation and food availability Examples of practices in the region

Organic manures and composting:

. organic manure (green
manuring, mixed manure)

. composting (forest litter,
animal bedding, vegetable
residues)

. - in-situ manuring

. Increase water holding capacity.

. Improve crop survival

. Reduce soil erosion.

. Very reduced labour requirements in the case of
in-situ manuring.

Organic manures and composting: Goat/cattle fresh dung (SA); wood ash
(SA); Dried cow dung + ashes (I, N); fresh cattle dung + water over rice
fields; mahua cake, neem cake, karanj cake (I); shedding with local
plants/manures; paddy straw mulching (P); leaf litter with animals
bedding (I, N); forest resources and biomaterial (hill and
mountains); surrounding agricultural land with scattered chir pine (I);
farm waste with earthworms (SA); dried leaves of Sal, Asna (N); Heap
method (I); Water hyacinth (B) In-situ manuring: Livestock penning in
the intercropping period; night penning in the field; udhouli, ubhouli;
cattle/ bewine penning (SA); transhumance (N, P)

Cropping patterns (see Table 4 for
more details)

. Provide continuous cover (reduce erosion).

. Reduce fertilizer (manure) requirements.

. Improve used of scarce resources.

. Guarantee yield stability.

. Preserve multiple crops and varieties, which
tend to be multi-purpose (e.g. grain, fodder,
green manure).

. Weed control.

. Ensure balanced diet to the community.

. Minimize the risk of crop failure.

Intercropping: Juhm; legume-based mixed practices (SA). Relay cropping:
Paira or Utera (I); Rotational cropping: Juhm (I); rice-gram, rice-lentil,
rice-wheat-mung-bean, etc. (SA)

Land preparation . Improve water holding capacity.
. Guarantee crops yield stability
. Minimize risk of losses

Primary tillage (I); chosha or langol (B); zero-tillage

Mulching and fallowing . Conserve soil moisture
. Reduce runoff and soil erosion.
. Guarantee crops yield stability
. Suppress diseases and pest
. Increase livestock’s feedstuff availability

Crop mulching using tree leaves and paddy straw (I); dry weeds and
grasses (I) Winter fallowing for potato/maize farming (N)

Note: I: India; N: Nepal, P: Pakistan; B: Bangladesh; SA: all four countries. When the TAK-based practice was identified only by experts and not in the review, it is high-
lighted in bold letters.
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water use since the plants develop stronger root systems that
help them withstand drought (Pande & Akermann, 2011).

Cropping patterns based on TAK are focused on enhancing
soil fertility and ensuring crop survival in adverse conditions
contributing to climate change adaptation both in flood and
drought conditions. Mixed-cropping and intercropping are
effective methods of reducing topsoil losses since they break
the rate of surface run-off, and increase soil fertility through
the transfer of N from legume to cereal. The role of cropping
patterns in enhancing soil fertility and food security can be
summarized as (Table 3): they provide continuous cover;
reduce fertilizer/manure requirements; guarantee yield stab-
ility; provide improved returns; preserve multiple crops and
varieties which tend to be multi-purpose (grain, fodder,
green manure); ensure balanced diets; and minimize the risk
of crop failure due to adverse effects of pests and climate varia-
bility (Ali et al., 2007; Costa et al., 2006; Innis, 1997; Sharma
et al., 2017). Overall, it is observed that the use of a diversity
of varieties and crops is a top priority adaptation measure in
both irrigated and non-irrigated areas (Selvaraju et al., 2006).
Farmers believe that continuous cereal or millet cropping
without legumes reduces the abundance of beneficial soil
microorganisms. Furthermore, the total food obtained per
hectare is larger as compared to that obtained through sole
cropping (Chandra et al., 2011), what turns this practice into
fundamental to further secure food availability.

4.2.4. Land preparation
Primary tillage described in the IGP and desert regions (Table
2) helps in achieving positive carbon sequestration. In Jhark-
hand (India), it involves 3–4 ploughings, done at relatively
long intervals from January to May (Dey & Sakar, 2011). In
drought-prone areas in Bangladesh, people use a tillage
method called chosha or langol, perceived as reducing drought
effects and useful for holding moisture in soil (Ahmed &
Chowdhury, 2006). In the Thar Dessert (India and Pakistan),
it is practised at the time of monsoon onset to receive more
moisture in sandy soil (Pushpanjali & Rejani, 2013). At the
moment of clearing the field, all the weeds are uprooted either
manually or mechanically, but shrubs like Jharber (Ziziphus
nummularia) or trees like Khejari (Prosopis cineraria) are left
for checking erosion and adding fertility to the soil (Gaur &
Gaur, 2004).

Zero or minimum tillage has been reported in India (Min-
istry of Environment and Forests, 2004) and Nepal (Joshy,
1998). This is an ancient technique currently widely known
in conservation agriculture. Conservation agriculture manage-
ment technologies offer some solutions to the emerging chal-
lenges of climate change across the IGP region (Table 2) by
maintaining soil fertility and water-holding capacity in con-
ditions of unpredictable monsoons (Gathala et al., 2011).

Tillage techniques contribute to climate change adaptation
because they help to improve water holding capacity and mini-
mize risk of losses and thus, guarantee crops yield stability
(Table 3). Zero-tillage increases the amount of water that infil-
trates into the soil and increases organic matter retention and
cycling of nutrients (Asmamaw, 2017). Ploughing in semi-arid
conditions can reduce ponding and local runoff (Cammeraat
et al., 2010). Yet, the extent of soil organic carbon retention

depends also on soil texture, topography and climate (Singh
et al., 2018) and thus, tillage practices need to be carefully eval-
uated in a case-by-case basis.

4.2.5. Mulching and fallowing
Mulching and fallowing have been described in the IGP and
Himalayan regions (Table 2). Crop mulching, using tree leaves
and paddy straw as mulch materials for raising ginger is
described in Jharkhand (Dey & Sakar, 2011). In the foothills
of the Indian Himalayas, farmers use dry weeds and grasses
as mulch (Prasad & Arya, 1998). In central Himalaya fallowing
helps to rebuild soil fertility, protect open land from wind ero-
sion (Chandra et al., 2011). In the Thar dessert, it is used to
provide space for grazing and collection of fodder, fuel and
minor forest produce (Gaur & Gaur, 2004). Fallow has been
described in other exposed territories to contribute to climate
change adaptation (Nyong et al., 2007).

Mulching and fallowing contribute to climate change adap-
tation because they allow increasing soil fertility, as well as
reducing soil erosion, increasing livestock’s feedstuff avail-
ability, promoting a diversified agricultural landscape, and
guaranteeing crops yield stability (Table 3). Natural mulches
moderate soil temperatures and extremes, suppress diseases
and harmful pests, and conserve soil moisture (Nyong et al.,
2007). Mulching has also been widely described to improve
soil fertility and reduce runoff and erosion in drought-prone
areas (Cerda et al., 2016; Prosdocimi et al., 2016).

4.3. Strategies to reduce soil erosion

4.3.1. Runoff mitigation and slope stability
Runoff mitigation and slope stability reduce soil erosion, par-
ticularly relevant in flood-prone areas. Among the strategies
reported we identified: reshaping landscape, flood prevention
in the field and agroforestry. Here we have included traditional
strategies to cope with heavy rainfall and promote slope stab-
ility helping to decrease water run-off and topsoil erosion,
increase moisture retention and nutrient content (Table 5).
Some of the strategies have a monitoring objective, e.g. the
use of trees as soil erosion indicators.

4.3.2. Reshaping the landscape
Terracing has been described in all four countries (Nadeem
et al., 2009; Pareek & Trivedi, 2010), particularly in the IGP,
HKH and desert regions (Table 2). Terraces create landscapes
and some of them have also been included into the Globally
Important Agricultural Heritage Systems (GIAHS) (Koohaf-
kan & Altieri, 2011). Some of the most ancient terraces –
over a thousand years old – are in the foothills of the Indian
Himalayas (Prasad & Arya, 1998). True bench terraces, with
flat beds to encourage rainwater infiltration, make it possible
to use oxen to cultivate steep slopes. Terrace walls are some-
times stone faced but more often earth structures (Campbell,
2004; Critchley & Brommer, 2003).

Re-terracing collapsed slopes, changes in land use, and agri-
cultural de-intensification are widely used to cope with heavy
rainfall and landslides (Srinivasan, 2004). In the Barind Tract
(Bangladesh), farmers practice the ail lifting, a terrace system
for water holding and rain water management (Ahmed &
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Chowdhury, 2006). Here again synergism among TAK strat-
egies occurs, since terraced slope-land is often cultivated
with intercropping techniques. One of the primary objectives
is to diversify harvest, but it is also an effective method of redu-
cing topsoil loss since it breaks the rate of surface run-off and
avoids bare fields in hill landscapes (Thapa et al., 2008).

In rocky steep slopes of arid and semi-arid areas, such as in
Aravalis of Rajasthan (India), farmers construct staggered
stone bench terraces that can withstand the water flow and
simultaneously collect rock debris and soil. In the terraces
local grasses, such as Rattail grass (Sehima nervosum) and Pal-
marosa (Cymbopogon martini) and shrubs, such as Mysore
Sumac (Rhus mysurensis) and Bushweed (Securinega leuco-
pyros), are grown (Prasad & Arya, 1998).

Other practice used in non-hill desert contexts consists on
avoiding sands to move from one place to another, that is,
sediment trapping practices (Mekonnen et al., 2015). Farmers
in the Thar Desert (India) use the Maath or Med-Bandhi to
both check sand movement and control soil erosion. A mud
wall is raised on field boundary and various plant species
(Munja [Saccharum munja], Phog [Calligonum polygonoides],
Aak [Calotropic gigantea], Khair [Senegalia catechu], etc.) are
planted over or nearby to protect trespassing of men and ani-
mals, as well as to reduce wind velocity to combat the process
of desertification and to check aeolian movement (Gaur &
Gaur, 2004). In the Kana Bandhi, small windbreaks of dead
wood or the branches of bushes are used to fix in a rectangle
to avoid erosion of the fertile top soil of the field (Gaur &
Gaur, 2004; Prasad & Arya, 1998). The vegetation is laid
down in three lines across the wind direction, in rows 20–
25 m apart. Grasses, such as dhaman (Cenchrus ciliaris, Cen-
chrus setigerus) or sevan (Lasirus sindicus), are then sown on
the leeward side of each windbreak. When high velocity
winds are intercepted by the Kana Bandi the lifted soil particles
accumulate near the windbreak, which is then spread over the
field. Fresh sand along the kana bandi helps to increase crop
yield along kana lines (Prasad & Arya, 1998). Villagers
throughout the region know which plants are suitable for
stabilization of landslide, such as Thysanolaena sp., Dendroca-
lamus sp., Alnus nepalensis, Erythrina sp., Jatropa curcas

(Srinivasan, 2004) or bamboo (Bambusa spp) (Stephen et al.,
2008). The communities also have the ability to recognize
warning signs for impending landslides. Some examples
include appearance of new faults in the earth’s surface, water
sprouting in new places or changes in the posture of trees in
any vertical or horizontal angle (Thapa et al., 2008).

Terracing contributes to climate change adaptation and
food availability because it allows to reduce water run-off
and topsoil losses, helping to reduce flood risk and conserve
water, and to make crop cultivation easier (Table 5). Indeed,
terracing land for rain-fed agriculture has long been the
basic response of farmers to the problems associated to crop-
ping in hilly and erosion-prone conditions in many different
ecosystems across the globe (Wei et al., 2016).

4.3.3. Flood prevention through streams divert in the
field
To cope or adapt to flood situations and avoid erosion farmers
divert streams. We found practices in this category in the IGP,
desert and HKH regions (Table 2). Diverting in the form of
channels along the edges of the fields in order to prevent the
wetland fields from washing out during heavy storms in Orissa
(India) (GTZ Sustainet, 2006). The tribal peoples of Rajasthan
(India) create outlets to manage water overflow from one ter-
race into another, and make check dams and a network of
ponds to slow rain water run-off and save water for the dry sea-
son (Pareek & Trivedi, 2010). The construction of grassed
waterways by small and medium-scale farmers in Jharkhand
is also common (Dey & Sakar, 2011).

In the hill districts of Nepal, farmers construct dry stone
walls on the side of the farm or near streams, gullies or trails.
These walls divert the flow of the stream or river from the cul-
tivated land and keeps animals off the farmland. The structure
consists of big boulders and rocks set upon an excavated foun-
dation, with smaller stones stacked on the soil surface. Usually,
farmers plant bamboo and other tree species beside the wall
(Thapa et al., 2008). In areas near farm land, where rocks
and boulders are available, farmers place these structures on
the sides of streams with strong currents. Since working with
big rocks is difficult, groups of people are often mobilized to

Table 4. Description of TAK practices of cropping patterns to enhance soil fertility in the study area.

Cropping pattern Strategy Area

Intercropping Maize + soybean or cow-pea; finger millet + masyang (blackgram); wheat + potato
Castor or pigeon pea (Cajanus cajan) + cowpea or pearl millet (Vigna unguiculata)

N (hills of Nepal/Adi tribal India

Maize + summer rice, lentils and/or millet Indo Gangetic plain
Pigeonpea (Cajanus cajan) + rice; pigeonpea + blackgram (Vigna mungo), pigeonpea + finger millet,
pigeonpea + maize, cowpea (Vigna unguiculata) + rice, gram (Cicer arietinum) + wheat, gram +
linseed (Linum usitatissimum), gram +mustard (Brassica juncea)

Jharkhand (I)

Rice + black gram, green gram, sesame, maize, finger millet or other miner millets. Upland conditions in north and
north-eastern of India

potato + legume crop (kidney bean) India
Cultivation of horse gram and black soyabean Mountain villages of Uttarakhand (I)

Relay cropping Winter pulse crops lentil (Lens culinaris.), lathyrus (Lathyrus sativus), gram (Cicer arietinum) and pea
(Pisum sativum) + Rice

In India is known as Paira or Utera

Rotational
cropping

Rice-gram, rice-lentil, rice-wheat-mungbean, rice-pea, groundnut-wheat, maize-wheat, different
vegetables-potato

Jharkhand (India)

Rice based cropping pattern (Khet land). After main season crops (rice) farmers grow wheat, maize,
potatoes, rapeseed or other winter crops including vegetables.
Maize based cropping pattern (Bari land). After maize farmers grow finger millet or winter crops like
wheat, potatoes, rapeseed, peas, lentils and others

Mid-hills (N)

Note: I: India; N: Nepal, P: Pakistan; B: Bangladesh; SA: all four countries. When the TAK-based practice was identified only by experts and not in the literature review, it
is highlighted in bold letters.
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carry out the task of construction. Although stone wall fencing
is an expensive practice and needs regular maintenance, it is an
effective practice since it diverts the flow of the stream or river
from the cultivated land (Thapa et al., 2008). Bio fencing is
practiced by many farmers in Terai and hill villages (Nepal),
as an alternative to dry wall fencing when stones are unavail-
able. Deep-rooted plants and trees are used which lose their
leaves during winter, providing sunlight for seasonal crops
without competing with them for nutrient and moisture.
Dead leaves also serve as organic matter to increase soil fertility
(Thapa et al., 2008).

Diverting streams to prevent flood contributes to climate
change adaptation (Table 3) because it helps to reduce the risk
of soil losses and crop damages in heavy storms; slows water
runoff; reinforces the sense of communality through social col-
laboration and reciprocity; and increases feedstuff availability
using grazing plants in bio fencing (Amare et al., 2014; Berendse
et al., 2015; Chandra et al., 2016; Hurni et al., 2008).

4.3.4. Agroforestry
In agroforestry, agricultural crops are supported by trees on
rainfed land, by retaining the moisture content in the soil
and atmosphere. Agroforestry practices have been described
in IGP, desert and HKH regions (Table 2). India is particularly
notable for ethnoforestry practices, that is, practices based on
traditional agroforestry and indigenous knowledge systems of
tree growing (Singh & Pandey, 2011). Along the Indian IGP
farmers are knowledgeable about which plants are suitable
for stabilization of landslide. In the Sikkim state (India), Thy-
sanolaena sp., Dendrocalamus sp., Alnus nepalensis, Erythrina
sp. (among others species) are used as soil binding plant

species in mitigation of landslides. In other areas, plant catkin
reed is used to protect chars from erosion as it is a plant that
survives floods and promotes stabilization of new land through
fixing the fine, fertile sediments (Srinivasan, 2004). In Assam
(India), bamboo is used to keep canal bunds (embankments)
from being breached and soil is kept from further erosion (Ste-
phen et al., 2008). In Jharkhand (India), jackfruit (Artocarpus
heterophyllus), grown in home gardens (Gaur & Gaur, 2004),
helps to conserve soil organic carbon. In Bihar (India), farmers
use the field bunds to grow teak trees (Tectona grandis). They
also use the same water body for fish farming (Singh et al.,
2009). Another examples are the bari traditional homestead
agroforestry system practiced by the Adi tribal community
(Saravanan, 2010) or the sunken pit method in Jharkhand
(Dey & Sakar, 2011) suitable for dry conditions (Von Carlo-
witz & Wolf, 1991).

Agroforestry is also practiced in Pakistan (ICIMOD, 2009)
and the Nepal’s Terai (Thapa et al., 2008). Farmers in the
mountainous, grow shrubs, bushes and grasses instead of
heavy trees in and around the farm lands. Farmers in Terai
plant such species on marginal lands not suitable for cultiva-
tion. Amriso (Thysanolaena maxima) and babiyo (Eulaliopsis
sikesii) deep roots help to firm up the soil and protect terraces.
Likewise, bamboo is planted in gullies and shady areas to con-
trol water run-off. The bamboo’s spread roots act as a natural
interlocking system for soil conservation (Thapa et al., 2008).
In the Thar Desert (India and Pakistan), trees are adapted to
overcome natural hindrances and are less affected by rain con-
ditions compared to crops. Ber (Ziziphus mauritiana), hingona
(Balanites aegyptiaca) and aak (Calotropis) bushes deep roots
are cut before planting the next crop. Trees growing on the

Table 5. Description of TAK practices to reduce soil erosion in the study area and its contribution to climate change adaptation and food availability.

Strategy
Contribution to CC adaptation and food

availability Examples of practices in the region

Reshaping the landscape:

. terracing, re-terracing

. bunding (earthen,
stone)

. avoiding sand
movement

. trees as soil erosion
indicators

Enhance soil conservation by controlling water
runoff and promoting slope stability.
Ease agriculture.
Improve water holding capacity.
Diminish the effects of flooding.
Monitor and control soil erosion, including
early warning systems

Sloping lands ploughed following a bottom to top approach in a sword-like pattern +
putting stones/mud blocks at the edge of terrace + grasses in the terrace riser (N);
wetland rice fields design in valley bottom-land to capture runoff and divert water
in channels (I); Ail (B);
Earthen bunding, stone bunding, stone-cum-earthen bunding, spur structure, and
brushwood waste weirs (I); Phargmites/common reed cultivation in steep
terrace of hills (N)
Maath or Med-Bandhi; Kana Bandhi (I);

Flood prevention in the
field:

. channels along the
fields’ edges

. embankments; dams;
networks

. walls and fencing

. Diminish the risk of soil losses and crop
damages in heavy storms.

. Slow water runoff.

. Reinforce the sense of communality.

. Enlarge feedstuff availability using grazing
plants in fencing

Outlets to manage water overflow from one terrace into another + check dams and a
network of ponds; Grassed waterways (I); Stone walls (N)
Bio-fencing: trees include sajiwan, neem, khirro, simali, badhar, dabdabe, gindari,
koiralo, kutmiro, phaledo, siris, tanki, bamboo (N)

Agroforestry . Preserve soil fertility.
. Reduce soil erosion.
. Increase livestock feedstuff availability.
. Diversify agricultural landscape
. Guarantee crops yield stability.

Bari (I); sunken pit method (I). With different trees and bushes depending on the area
and agroclimatic conditions.

Note: I: India; N: Nepal, P: Pakistan; B: Bangladesh; SA: all four countries. When the TAK-based practice was identified only by experts and not in the review, it is indi-
cated in bold letters.
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matt are not cut, except for fuel, thatching etc., although camel
and goats are allowed to browse on them. Khejari (Prosopis
cineraria) trees are lopped for fodder and fuel every year
after the harvest of kharif (rainy) season crops (Gaur &
Gaur, 2004). Agroforestry practice of land management
adopted by farmers in the sand dunes of Thar desert also pro-
vides support to the farming system by conferring income
stability for the local people (Khan et al., 2017).
Agroforestry practices based on TAK are often related to
practices of community decision-making, being reported to
rehabilitate degraded community land in the Uttarakhand
(India) (Maikhuri et al., 1997), and protect common
resources and preserve biodiversity in Nepal through the
newa systems of forest and pasture management followed by
the Sherpas and the Riti-Thiti system of Gurungs (Pyakuryal
et al., 2005).

Agroforestry contributes to climate change adaptation and
food availability in different contexts (e.g. mountain and des-
sert) through different pathways (Table 3). Apart from redu-
cing soil erosion, an agroforestry system supports people’s
livelihoods through production of food, fodder, income and
firewood, and also enhances nutrient cycling, improves soil
productivity, conservation and faunal activities, increases live-
stock feedstuff availability, mitigates climate change through
carbon sequestration, f promotes a diversified agricultural
landscape and ensures crops yield stability (Table 3) (Amatya
& Newman, 1993; Kala, 2010; Mbow et al., 2019; Pareek & Tri-
vedi, 2010).

4.4. Community-based resource management

Traditional resource management systems, including land-use
planning, and associated institutions have been widely
reported in the ethnographic literature (Gadgil & Berkes,
1991). We have found community based resource manage-
ment (CBRM) strategies being described in the IGP, HKH
and Coastal areas (Table 2). In Bihar (India), each village
had its own system of floodplain zoning and flexible land-
use with different categories of land for different purposes
and crops, depending on the soil and altitude (lowland, high-
land). For example, people living close to the river used to
grow mostly crops sown in May and harvested in June or
sown in November and harvested in March. Those living
further used to grow mostly crops sown in June-July and har-
vested in October. Community management of forest
resources (Hills of Nepal), community pasture land manage-
ment (Udaipur, India) and farmers’ managed irrigation sys-
tems (mountains of Nepal) are some of the notable examples
of traditional knowledge in managing common pool resources
in mountain areas (Bhatta et al., 2017) which have been
evolved to respond to environmental problems (Reid, 2016).
These local practices have been streamlined into climate
change policies (Bhatta et al., 2017). In Bangladesh, local com-
munities in the Hari River Basin have been using the Tidal
River Management technique (raise waterlogged areas using
sediments brought in by tidal flows for agriculture). Working
together with local institutions, farmers have implemented a
traditional technique that has long-term benefits and is
owned by the community (Kibria, 2011).

Communal planning favour the sense of communality since
it requires of social collaboration and reciprocity, and thus,
builds social capital which is essential for climate change adap-
tation (Adger, 2003; Pelling & High, 2005). The rules and regu-
lations issued by local groups prevent the over-use and/or
misuse of resources (Ostrom, 1999). This planning could be
extremely useful to maintain productivity during extreme
events (e.g. floods and droughts). However, many of these tra-
ditional land-use systems have disappeared with population
growth, agriculture expansion, flood protection measures,
and infrastructure developments (Singh et al., 2009), increas-
ing influence of external markets, inappropriate technological
interventions (Bhatta et al., 2017) as well as uncertain land
tenure.

5. Conclusions

Despite the climate change adaptation literature has been
flourishing in the last years, in this article we attempted at
shedding light on a different domain, ethnography, where we
posited that relevant knowledge exist which has not been con-
sidered by the climate adaptation literature as a consequence of
being framed employing other parameter and research objec-
tives. In particular, we focused on TAK practices for soil and
land management that have been, or are currently used, in
India, Nepal, Bangladesh and Pakistan. Along the present
paper the tested research goal is met, pointing that there is a
notable research void to identify TAK relevant for climate
adaptation in ethnographic research. The results of this work
point out two key ideas. First, TAK-based strategies identified
to deal with land degradation that are relevant for climate
change adaptation are numerous in the region. We have
grouped them into three categories: (i) enhance soil fertility;
(ii) reduce soil erosion; and (iii) community-based resource
management. And, second, the multipurpose nature of TAK-
based strategies for climate adaptation is pervasive among all
strategies reported in this work.

Indeed, TAK practices avoiding soil erosion and enhancing
soil fertility, as well as diversity management (crop diversity as
part of soil-linked strategy and landscape diversity) are wide-
spread everywhere in the region, and many of the strategies
described are common in different places. Yet, ethnographic
research warns against straight-forward conclusions, such as
that isolated practices can be directly extrapolated to different
places with similar environmental conditions and agricultural
practices. Certainly, management practices comprise not only
strategies focused directly on the soil, but also strategies target-
ing the agroecosystem as a whole, which are often overlooked.
Thus, in assessing TAK practices, it is important to consider
that they often do not come along, but in a synergistic package,
in line with the multipurpose function of TAK. For instance,
farmers in the Thar Desert use crop residues, manures and
leaves of vegetation for mulching the fields. Stubble mulching
is used to check sand movements (Gaur & Gaur, 2004). Grow-
ing of legumes (cowpea, Mung-bean, Moth-bean), creepers
(watermelon), Kakkari (Cucumis melo), Kachri (Cucumis cal-
losus), Tumba (Citrullus colocynthus) and fodder crops (eg.
cluster bean) provide better protection to land against soil ero-
sion. Therefore, TAK practices need to be understood as
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accumulated knowledge being part of a complex set of prac-
tices, social and institutional norms (Naess, 2013), and this is
what ethnographic research adds to more agronomic and cli-
mate-based research.

Also, many TAK strategies are based on trust and collabor-
ation, with strong and social cohesion needed to ensure their
success. Only in the East Terai (Nepal), complex and different
types of TAK exist that guarantee the sustainability of the
socioecological system, e.g. through regulations on grazing
and deforestation, reorganization of cropping patterns and
landholdings, adopting new cropping strategies, beliefs and
attitudes towards change, and developing institutional linkages
with outside of the community. Furthermore, different social
groups hold different knowledge. Who holds what knowledge
and the complex relations among practices is out of the scope
of this paper but it is something that ethnography can provide
and that needs to be considered in future research. One of the
surveyed experts’ description of agroecosystems management
in the mountain region of India and Nepal illustrates this
complexity:

In the monsoon season, farmers of the lower and middle Hima-
layas can harvest twelve crops, popularly known as Bara Naja
from their tiny holdings. A Community of Crops in essence, bar-
anaja is a mixed farming planting system. All crops are planted
together on the same terraced fields in the kharif season. Amongst
the grains (cereals and millets) there will be mandua (finger millet),
ramdana (amaranthus), kuttu/ogal (buckwheat), jwar (sorghum)
and makki (corn). Pulses and beans like rajma, lobia, bhatt,
gahat, urd and mung. Oilseeds like til, bhangjeer, bhang. Veg-
etables like ogal, chollai, kheera, lobia and spices like jakhiya and
til (sesame). Fibre plants like sann and bhang. Vines leap onto stur-
dier crops like corn and millets, with no negative effects on either.
They help each other by providing preferable conditions and
improving productivity. This system provides wide ranging food
options (cereals, pulses, oils, spices), that too all in one season, sig-
nificantly meeting food and nutritional security needs of farming
families and their cattle along with some other needs like fibre.
The activity is restricted to marginalized community and with
the time the cropping pattern has significantly shifted. Only farmer
families isolated from modernization trends in high mountain
regions are involved. The role of men is limited to ploughing
and sowing while the rest of the cultural practices are carried
out by women. During harvesting and post harvesting men also
assist women to have quality produce. In general, the TKA is
used by men and women, however knowledge inherited to new
generation is inadequate.

Considering that TAK is transmitted orally (poems, songs,
etc), future research could focus on addressing the extensive
available information gathered in the form of, e.g. videos,
which can be valuable to adaptation to future climate change.
In gist, ethnographic data collection of TAK has a lot to offer to
climate change adaptation, but in order to be able to assess the
real potential of the collected knowledge, existing ethno-
graphic studies must be looked at with a climate change per-
spective. Furthermore, future work needs to discern the
efficiency of TAK-based practices regarding climate change
impacts.
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