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1. Background  

1.1 The global context  

Dryland regions globally span more than 3 billion hectares (ha), covering up to 46.2% 
(±0.8%) of the global land area (Prăvălie, 2016; Koutroulis, 2019). These regions are 
home to around three billion people (van der Esch et al., 2017), of which 90% live in 
developing countries (UNEP, 2011). The United Nations Environment Program 
(UNEP) defines drylands according to an aridity index (AI) as the ratio between 
average annual precipitation and potential evapotranspiration. All lands with an AI of 
less than 0.65 are classified as drylands. Drylands are further classified into hyper-arid 
deserts (<0.05 AI), arid regions (0.05–0.20 A.I), semi-arid regions (0.20–0.50 AI), and 
dry sub-humid regions (0.50–0.65 AI). These regions are characterized by low rainfall 
and high evaporation, resulting in a lack of water and soil moisture. Intensive 
agricultural activities in such regions can easily lead to soil exhaustion, groundwater 
depletion, and soil salinity caused by excess irrigation under poor drainage conditions. 
Therefore, these factors limit crop, forage, and wood production potential. In all, such 
regions are considered ecologically fragile (Gajbhiye and Mandal, 1983; Millennium 
Ecosystem Assessment, 2005). In addition to biophysical challenges, dryland regions 
face societal challenges, such as unequal access to resources, low political support 
levels, and limited access to knowledge about, e.g. sustainable agricultural 
technologies (Robinson et al., 2015). 

Dryland regions are diverse and have a range of land-use systems, e.g. annual 
croplands, plantations, forests, grassland areas, natural pastures, fallow lands, and 
vegetable gardens (FAO, 2000). Crop production is highly dependent on precipitation 
since irrigation opportunities are generally limited. In such low-productive 
environments, livestock production is a vital activity that sustains livelihoods 
(Koohafkan and Steward, 2008). Thornton et al., (2007) and Hodges et al., (2014) stated 
that livestock production systems in dryland regions have evolved based on the 
opportunities provided by the existing natural resource base. Hence, livestock in these 
production systems plays a role that goes beyond food production by providing 
households (HHs) with manure, fuel, transport, and other by-products for living. 
Livestock also acts as a safety net for the poor and contributes to farm diversification 
(Ali, 2007; Kumar and Singh, 2008; Herrero et al., 2013; Gathorne-Hardy, 2016).  

Livestock production in dryland regions is predominantly a mobile grazing-
based production system. Mobility is a strategy adopted by livestock keepers to cope 
with constraints and risk (Thornton et al., 2007). It is also considered more 
economically and ecologically compatible than sedentary systems, as the animals can 
search for and access feed and water in case of shortages (Nori et al., 2008; IIED, 2010; 
Notenbaert et al., 2012). Such mobile systems also provide ecological benefits such as 
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allowing plants to recover from grazing, helping in seed dispersal and germination, 
and fertilizing the soils, thereby contributing to biodiversity regeneration and breed 
conservation (Mendelsohn 2003; Marty 2005; IIED 2010; Mathias and Mundy 2010; 
Notenbaert et al., 2012; Hodges, 2014). However, despite the benefits, mobility in 
livestock production is decreasing due to agricultural intensification and increasing 
competition for land resources. 

1.2 The Indian context  

India has 15 broad agro-climatic zones based on physiography and climate. Among 
these zones, 69% of the geographic area is classified as dryland, of which 15.8% is arid 
and 37% is semi-arid (Kalsi, 2007; Figure 1). This diverse climate results in high spatial 
and temporal variability in rainfall and temperature across the country (Rao et al., 
2010a). India has a monsoon regime, with 74% and 10% of the rainfall being 
contributed by the southwest (June-September) and northeast (October -December) 
monsoon, respectively. On an annual basis, India receives an average of 1190 mm of 
precipitation. In India's arid and semi-arid regions, the mean annual rainfall ranges 
between 400 and 750 mm. The length of the growing season ranges from 60–90 days 
in the arid regions to 180–210 days in the semi-arid regions (Rao et al., 2015b). The 
annual precipitation in these regions is lower than the evapotranspiration (CRIDA, 
2011). India has various soil types (Inceptisols, Entisols, Alfisols, Vertisols, Mixed soils, 
Aridisols, Mollisols, Ultisols, and Oxisols). Except for Vertisols, most soils in the 
dryland regions of India, are coarse-textured, have low soil organic matter 
concentration and water-holding capacity, and therefore are at high risk of erosion. 
Crop production in such soils is prone to drought stress and nutrient deficiencies 
because these soils have low inherent fertility and water infiltration rates. 

Dryland regions in India continue to score low on socio-economic parameters, 
such as low land productivity, a high proportion of the population in the agricultural 
labor force, low employment opportunities, poor infrastructure, and low social 
developmental indices. Also, the availability of and access to irrigation facilities in 
these regions is as low as 15% compared to 48% in humid regions. Other socio-
economic issues that impact agriculture in these regions are population pressure; 
fragmentation of agricultural landholdings; farming on leased lands; low investment 
capacity and credit; lack of proper pricing policy and marketing channels; and low 
employment opportunities (Harriss-White, 2008; Rao, 2008; CRIDA, 2011; NRAA, 
2019).  

Despite this, the arid and semi-arid regions of India support 40% of the 
country’s population and contribute 37% of the country’s foodgrain (Harriss-White 
2008; Rao, 2008; Government of India, 2019). In terms of livestock, the arid regions 
contribute 70% to the agricultural gross domestic product while semi-arid regions 
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contribute up to 40% (Government of India, 2007a). Almost 70% of rural HHs in these 
regions depend on dryland agriculture for their livelihood, with 82% of farmers being 
small (1-2 ha land holdings) or marginal (< 1ha land holdings) (CRIDA 2011, 
Government of India, census, 2011). Further, it is estimated that approximately 77% of 
India’s livestock is kept in extensive systems, which means that they are agro-pastoral, 
nomadic, and transhumant.  In these systems, rural poor households depend 
significantly on common property resources (CPRs) to raise their animals for their 
fodder needs (Birthal and Taneja, 2006). CPRs mainly comprise common land 
resources and water bodies, such as village pastures, community forests, lakes, ponds, 
and wastelands (Jodha, 1986). These production systems currently produce 74% and 
53% of India’s meat and milk, respectively (Kishore and Köhler-Rollefson, 2020).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 Figure 1: Arid and Semi-arid regions of India 
 Source: National Bureau of Soil Survey and Land-use Planning, India 
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Another factor, prevalent only in India, and makes society, economy, and 
development complex, is the presence of caste segregation, diverse ethnic groups, and 
uneven regional development, across the country. The caste system is a social 
hierarchical system with origins in ancient India. This system, however, has been 
transforming since medieval times by ruling elites and through several social reforms 
in modern India today (de Zwart, 2000; Bayly, 2001). Despite a tremendous change, 
stratification continues to exist in various forms. In modern India, according to the 
Government, the numerous castes are categorized into four main groups, i.e. forward 
castes (FC), backward castes (BC), scheduled castes (SC), and scheduled tribes (ST). 
According to Mosse (2018), caste in India is a complex institution simultaneously 
weakened and revived by current economic and political forces. It continues to 
contribute to persisting national socioeconomic and human capital disparities along 
with major impacts on individual well-being. Mosse (2018) adds that the effect of caste 
is not locational and travels from rural areas into cities and markets and persists 
because of its advantages and discriminations.  

In the Indian rural society (most relevant for this thesis), the picture of the caste 
system is currently ambiguous. Indications of positive (e.g. higher education, 
employment opportunities, increase in assets) and negative changes (e.g. socio-
cultural discrimination) are seen. This ambiguity is further convoluted because of the 
numerous ethnic groups within these castes and their relation to agriculture. For 
example, pastoral groups have distinctive identities, cultures, and traditional 
knowledge systems, and 46 castes or communities have specialized identities in India 
(Kishore and Köhler-Rollefson, 2020). These aspects make understanding 
development and transitions in agriculture complicated.  

Despite the significant achievements since the economic reforms in the 1990s, 
India continues to have vast differences in economic, political, social, and regional 
aspects. Empirical evidence shows that these disparities have increased in the last two 
decades due to substantial regional differences in the Indian economy. For example, 
accelerated economic and social development is more prominent in the southern and 
western states than in India's northern and eastern states (Kurian, 2007). The rural-
urban divide is also increasing, where large and medium cities show exceptional 
economic and infrastructural growth compared to rural areas in the same region. In 
the context of the agricultural economy, again a dual impact is seen. On one side, the 
economic reforms show accelerated economic prosperity and social development in 
some regions of the country. Simultaneously widespread agrarian distress, farmer 
suicides, rural unrest, and disproportionate development of socially backward 
sections and gender also continue to grow (Kurian, 2007; Banerjee and Kuri, 2015). 
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2. Agricultural transitions in the dryland regions: an overview  

2.1 Agricultural transitions and their implications  

The increasing demand for crop and animal-source food worldwide has led many 
developing countries, which are predominantly dryland regions, to transform 
subsistence crop-livestock systems into intensive and specialized systems with high 
market-orientation (Thornton, 2010; Tarawali et al., 2011; Udo et al., 2011; 
Alexandratos and Bruinsma, 2012; Reardon et al., 2019). This transition to intensive 
agriculture may have enhanced the food output and rural HH incomes, but it also 
increased competition for already scarce natural resources between HHs in a region as 
well as between food and feed production (Herrero et al., 2009; Thornton, 2010; 
Oosting et al., 2014; Herrero et al., 2015).  

India has also witnessed widespread agricultural transitions, which started in 
the 1960s with the beginning of the green revolution (Vishwanathan et al., 2012). These 
transitions are associated with the intensified land use for crop and feed production, 
increased use of inorganic fertilizers, and enhanced irrigation for production 
(Ayantunde et al., 2011; Jayne et al., 2014; Oosting et al., 2014; Pretty and Bharucha, 
2014).  These farming techniques are further hastened by the increased demand for 
cash crops, animal-sourced products, and the availability of specific technologies and 
inputs for production (Thornton, 2010; Tarawali et al., 2011; Udo et al., 2011; Reardon 
et al., 2019). Although India has achieved self-sufficiency in grain and milk production, 
agriculture has become resource-intensive, raising severe sustainability issues at the 
country level regarding increased water stress, desertification, and land degradation 
(FAO, 2018, Government of India, 2019). Studies by Moni (2009), Pingali (2012), and 
Thapa et al., (2012) also report that transitions towards intensified crop-livestock 
production have not benefitted all rural communities in India. 

These shortcomings raise questions about the suitability of intensive 
agricultural systems, with specific reference to the dryland regions of India, as these 
regions are inherently bio-physically vulnerable. Though considerable research at the 
farm level about agricultural transitions has been carried out globally (Robinson et al., 
2015; Bui et al., 2016), there is limited knowledge about the different facets of 
agricultural transitions at the farm and regional-level perspectives encompassing 
social aspects and natural resource use in India. Hence, research in this direction is still 
needed. 

2.2 Agricultural transitions and rural development policy 

Agricultural transitions are primarily induced by development policies and programs. 
In the case of India, development programs with integrated approaches, such as the 
watershed development programs, have been the foremost driver for agricultural 
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transitions, particularly for dryland regions (Puskur et al., 2004; Sharma et al., 2005, 
Malik and Bhat, 2014). The governmental investment in this program was about four 
billion US dollars per year between 2009 and 2012 (Reddy and Syme, 2015) and 
continues to be a component in a more extensive umbrella program1 with a similar 
scale of funding. The aim of the program is to improve the availability of natural 
resources, enhance agricultural production, create sustainable livelihoods, and 
capacitate local communities to manage and govern their own resources. The program, 
since its initiation, has rendered much success in terms of increased availability of 
water resources, agricultural production, and incomes in dry regions of India (Joshi et 
al., 2008; Wani et al., 2008a; Palanisami and Kumar, 2009). However, it is unknown and 
seldomly researched how the watershed development program has impacted Indian 
society economically, ecologically, and socially. Though some studies by Batchelor et 
al., (1999); Bouma and Scott (2006); Bharucha et al., (2014) indicate sub-optimal 
outcomes of these programs. Systemic research on the economic or ecological 
performance of agricultural transitions triggered by this program in dryland regions 
in India is still a knowledge gap.    

2.3 Intensive and specialized farming systems, water resource availability, and dryland 
environments  

Along with food self-sufficiency, India is also facing rapid changes in agricultural 
landscapes and increased pressure on groundwater resources. World Bank (2012) 
states that India is the world’s largest groundwater user (230 cubic km/year ) and 
65% of this groundwater is used to produce half of the country’s food (Rosegrant et 
al., 2009). With a large percentage of land being arid and semi-arid in India, the 
continued growth of intensive agricultural production in these regions is bound to 
have several social and environmental implications. Despite a wealth of studies 
illustrating the detrimental impact of intensive agricultural production on the 
availability of water resources in India (Jayanthi et al., 2000; Batchelor et. al., 2003; 
Singh et. al., 2004; Bouma and Scott, 2006; Blummel et al., 2009; Clement et. al., 2010; 
Haileslassie et al., 2011; Perrin et al., 2012; Barucha et. al., 2014; Ariyama et al., 2019; 
Singh and Saravanan, 2020) policies and programs continue to promote agricultural 
intensification as a means of poverty alleviation.  

A missing perspective in this context is about the coupled interaction between 
water used by different farming systems and the water availability within a watershed. 
This is a critical aspect as watersheds are a social-ecological entity: where the farming 
systems and people constitute the social component while the watershed and the 
natural resources comprise the ecological component. Therefore, research that 

 
1 https://dolr.gov.in/programme-schemes/pmksy/watershed-development-component-pradhan-
mantri-krishi-sinchai-yojana-wdc-pmksy 
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provides insights into farming systems development and their demand for water in a 
watershed context can mitigate unintended social and ecological effects. It is also 
expected that such studies could offer opportunities for sustainable intensification of 
agriculture in dryland regions, where intensification of production is perhaps 
inevitable.   

2.4 Farming systems development in dryland areas and climate change vulnerability 

The Central Research Institute of Dryland Agriculture (2011) states that agricultural 
transitions in dryland regions have increased farmers’ vulnerability to climate risks. 
This is because it has led to lowered soil fertility, groundwater depletion, and a build-
up of pests and disease attacks. Agriculture being highly climate-sensitive and with 
82% of the agrarian population being small and marginal farmers, addressing 
vulnerability to climate change is imperative. Such conditions, coupled with volatile 
markets and the fragile bio-physically environments, make the rural poor most 
vulnerable to climate change (Banerjee, 2014; Singh et al.,2017; Kuchimanchi et al., 
2019) in these regions.  

Rao et al., (2019) report that variations in climate (temperature and rainfall 
patterns) can have more adverse impacts on ecosystem services in dryland regions of 
India, putting the livelihoods of millions at risk. The authors also state that 
precipitation variations over the semi-arid regions of India will further intensify the 
aridity indices highlighting the need for better adaptation and mitigation planning. 
D’Odorico et al., (2013) and Berg et al., (2016) added that increase in aridity, along with 
widespread intensive land-use practices, can lead to severe land degradation as it will 
amplify near-surface climatic changes. Such changes, according to various IPCC 
reports (2014, 2018, 2019), will enhance water scarcity and food insecurity in dryland 
regions. Although Adhikari and Taylor (2012) and Singh et al., (2016b) reported that 
awareness, investments in adaptation, and further development of a national policy to 
combat climate change has increased - the differentiation from “development-as-
usual” programs are still challenging and remains minimal in practice. 
 Furthermore, though considerable research on various aspects of climate 
change vulnerability, adaptation, related policies, and livestock and climate change 
exist for India (Taylor, 2013; Banerjee, 2014; Dubash and Jogesh, 2014; Singh et al., 2014; 
Udmale et al., 2014; Dhanya and Ramachandran, 2016; Maiti et al., 2017; Kuchimanchi 
et al., 2019; Singh et al., 2019a; Thornton et al., 2009; Nardone et al., 2010; Thornton, 
2010; Alemayehu and Fantahun, 2012; Weindl et al., 2015), there continues to be a 
knowledge gap on vulnerability research at the farming systems level and the 
interactions between them and farm development pathways at the regional level. Such 
research is even more limited in the context of dryland ecosystems. 
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3. The thesis: The problem statement, conceptual framework, and the 
chapters   

In line with the above, this Ph.D. research explores the various facets of transitions of 
farming systems occurring in dryland ecosystems as they are inherently biophysically 
vulnerable. The overall objective of this research, therefore, is to: 

“Understand the transitions in farming systems and gain insight into the 
sustainability implications they have at farm and watershed level,  

in a dryland region in India.” 

To achieve this, a set of four sub-objectives are analyzed as follows:  

Sub-objective 1: Identify and describe transitions in farming systems in a region 
in Telangana (India) and their effects on livestock rearing and 
smallholder livelihoods with particular attention to different 
caste groups and women. 

Sub-objective 2:  Characterize the existing farming systems in the region, 
determine their economic performance and identify explanatory 
variables of such results. 

Sub-objective 3:  Estimate the water use of the existing farming systems in the 
region and assess their impact on water resource availability at 
a watershed level. 

Sub-objective 4: Explore the vulnerability, farming strategies, and farm 
development pathways of the current farming systems in the 
region under climate change prospects. 

As dryland regions in India have considerable heterogeneity in farming systems 
(Dikshit and Birthal, 2013) and a social hierarchical system, reliance on a single 
theoretical perspective would be insufficient. Therefore, a combination of farming 
systems research (FAO, 2000) and social-ecological systems (SES) theory (Walker et al., 
2004) is used as a base for conducting the research. Therefore, a watershed was 
considered as the social-ecological entity within which the overall objective and the 
sub-objectives are studied. Figure 2 is a typical map of a watershed indicating the 
natural drainage lines that carry surface water and sediments on the earth’s surface 
within which social system also exists. The size of a watershed may vary from 500 ha 
to several thousand hectares, such as the Himalayan watersheds, implying that all 
ecosystems comprise of watersheds.  

To analyze the research objectives, mixed methods—both qualitative and 
quantitative in combination —were employed to gather the information. Broadly, the 
methods   employed   included   HH   surveys,   focused   group   discussions,   timeline 
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Figure 2: Illustration of a typical watershed  

mapping exercises, a longitudinal survey, secondary data collection, GIS methods 
with ground-truthing to confirm land use land cover changes, and statistical analyses 
as appropriate. 

In chapter 2, the research starts by mapping farming systems transitions in the 
study region from 1997 to 2015 and their effect on smallholder livelihoods to set the 
context. A detailed description of how the transitions occurred and what the key 
drivers of change are, were identified. The impact of transitions on smallholder 
livelihoods in general, and particularly on backward caste groups and women was 
also studied. In chapter 3, the research was taken further by characterizing the current 
farming systems and assessing the economic performance of three farming systems 
that provide consistent agricultural income to the HHs in the region. In this chapter, 
the outcomes of farming systems transition from a watershed development policy 
perspective were also discussed. In chapter 4, a study on the impact of the current 
farming systems on water availability at the watershed level was undertaken. The 
social and environmental impacts of these systems in a drylands context were also 
discussed. Finally, in chapter 5 we gain a deeper understanding of the farm strategies 
and development pathways of HHs within the three farming systems adopted and 
their vulnerability to climate change. Finally, in chapter 6, I summarize the research 
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findings to provide reasoning for why dryland regions may need a paradigm shift in 
policies, particularly for food production and summarize the outcomes of this research 
towards sustainable intensification for dryland regions in general.   

4. The study site  

This research was conducted in a region in the southern state of Telangana, India. In 
brief, the geographical area of the state is 112,077 sq. km. It is the twelfth largest state 
in the country in terms of both area and population size. Most of the state’s population 
lives in rural areas, the primary occupation being agriculture; thus, the agriculture 
sector plays an essential role in the state’s economy. The gross irrigated area under 
crop production is 2,998,798 ha, of which 70% is irrigated by groundwater and 27% by 
surface water (Government of India Census, 2011). The average agricultural land size 
holding 1.1 ha in the state, of which marginal and smallholdings constitute 85.9% of 
total agricultural holdings (Government of India Census, 2011). The major crop in the 
state is rice, which is the staple. Other crops include maize, sorghum, pulses, 
groundnut, and cotton. The state also has significant livestock resources and stands 1st 
in sheep population, 3rd in poultry population, and 9th in buffalo population (20th 
livestock census, 2019). In terms of water resources, the state is landlocked. Almost 
80% of the state is underlain by gneissic complex (hard rock formations), characterized 
by low infiltration rates, while the remaining area is underlain by a structural fill of 
sedimentary formations and meta-sedimentary formations. Though the Government 
of India, Groundwater yearbook (2019–2020) shows an improvement in groundwater 
levels in the state its availability is still an issue from the agricultural production 
viewpoint.  

For this research, two watersheds were selected in Rangareddy and Nagarkurnool 
districts of the State (Figure 3). Both these watersheds fall in different mandals (the 
smallest administrative unit within a district) namely Talakondapalle and Veldanda. The 
study watersheds cover 27,814 ha, and 6,572 HHs across seven villages. From this, only 
17,164 ha of watershed area and a sample of 3006 HHs were considered for conducting 
the research. Hence, watershed-1 (WS-1) covers four villages inhabited by 1820 HHs 
and a total geographic area of 9,463 ha. While the second (WS-2) covers three villages 
inhabited by 1186 HHs and has a total geographic area of 7,701 ha. Both watersheds 
fall in the Deccan Plateau and Eastern Ghat agro-ecological sub-region (AESR) 7.2. The 
climate is characterized by hot and moist summers and mild and dry winters, with an 
aridity index of 0.2 ≤ AI < 0.5 (Rao et al., 2019) and therefore classified as a semi-arid 
region. AESR 7.2 is broadly characterized by deep loamy and clayey mixed red and 
black soils, with medium to very high available water capacity and a growing season 
duration of 120–150 days (Gajbhiye and Mandal 2000). The districts where the 
watersheds are located are drought-prone, with an annual rainfall of 500–700 mm. 
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Figure 3: Location map of the study region in India  
(A) Location of the state of Telangana in India. (B) Map of Telangana indicating the location of the 
study districts (C) The two watersheds within which the villages are distributed. Source: ISRO 
BHUVAN portal (htpps://bhuvan.nrsc.gov.in/bhuvan_links.php, accessed 2016) 
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Abstract 

Increasing food demands are causing rapid transitions in farming systems, often 
involving intensified land and resource use. While transitioning has benefits regarding 
poverty alleviation and food outputs, it also causes environmental and social issues 
over time. This study aims to understand the transitions in farming systems in a region 
in Telangana, from 1997 to 2015, and their effect on livestock rearing and smallholder 
livelihoods. We also examine the impact of the transitions on lower caste groups and 
women in particular. We collected data using a combination of methods, i.e. a 
household survey, focus group discussions, and secondary data sources, to build a 
comprehensive picture of the transitions in the region. We found that subsistence 
mixed farming systems transitioned to market-orientated specialized systems over a 
short time span. As the transition process gained momentum, households either 
intensified their production or got marginalized. Technological interventions, 
development programs with integrated approaches, and market demand for certain 
agricultural produce triggered increased regional production but also led to the 
scarcity of water, land, and labor. The transitions marginalized some of the 
households, changed the role of livestock in farming, and have been inclusive of both 
lower caste groups and women in terms of increased ownership of large ruminants 
and access to technologies. However, for women specifically, further increase in 
workload in the context of farming is also found. 
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1. Introduction 

Many developing countries have policies to transition from subsistence farming 
systems into market-oriented systems in response to the increased demand for animal 
source food. This transition is often associated with the processes of specialization and 
intensification of farming systems, as well as increased use of resources, such as 
biomass, land, and water (Tarawali et al., 2011; Alexandratos and Bruinsma, 2012; 
Bharucha et al., 2014). While such transitions have benefits in terms of increased food 
output, they may also cause environmental issues, e.g. overexploitation of natural 
resources, and social issues such as farmer dependency on external inputs and 
marginalization of communities (Lebacq et al., 2013; Clay et al., 2020). 

Agroecosystems in dryland areas, which are predominant regions in developing 
countries, face harsh agro-climatic conditions and scarce infrastructure and support 
services, and host diverse farming practices (i.e. pastoral, agropastoral, rainfed, and 
irrigated crop production). These regions are also hotspots for land degradation, low 
crop yields, and poverty (van Ginkel et al., 2013; Chander et al., 2014). In India, 69% of 
the territory is classified as dryland. To develop these regions socio-economically, 
several development initiatives have been implemented among which integrated 
watershed development programs (WDPs) have been and continued to be the 
forefront strategy (GoI 2008; Smyle et al., 2014). WPDs have resulted in the 
modernization of farming systems in dryland areas. This meant that traditional mixed 
crop-livestock farming systems, using local livestock breeds and crops, generally 
transitioned to more intensive market-oriented and specialized farming systems, 
using imported breeds and new crop varieties (Puskur et al., 2004; van Ginkel et al., 
2013; Tian et al., 2014; Amjath-Babu and Kaechele, 2015; Behera et al., 2016; Gathorne-
Hardy, 2016). While the transitions in farming systems have increased overall 
agricultural output (Rao 2000; Government of India 2006; Joshi et al., 2008; Wani et al., 
2008; Palanisami and Kumar, 2009), some unfavorable side effects such as the 
exclusion and marginalization of some social groups (Puskur et al., 2004; Pingali 2012; 
Kannan 2015), increased workload on women (van Ginkel et al., 2013), and overuse of 
natural resources (Batchelor et al., 2003; Bharucha et al., 2014) have also been reported. 

Development programs like WDPs, which have integrated approaches, are 
dynamic and known to trigger rapid changes in farming systems that can involve 
trade-offs and need to be understood further (van Ginkel et al., 2013; Reddy and Syme, 
2015) Moreover, research on transitions in farming systems is largely focused on farm-
level studies (Robinson et al., 2015; Bui et al.,2016; Gaita´n-Cremaschi et al., 2019). 
Regional studies of transitions by Dorward (2013), Jayne et al., (2014) Pretty and 
Bharucha (2014), and DiCarlo et al., (2018) reported how farming systems developed, 
how they interact during the transitions, and how the transition affected natural 
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resource use. To our knowledge, there are no scientific publications about regional 
aspects of transitions in India. 

Hence, the aim of this study was to understand the transitions in farming systems 
in a region in Telangana from 1997 to 2015 that has witnessed over three decades of 
several development initiatives including WDPs. We look closely at how transitions 
have occurred and their effect on livestock rearing and smallholder farming systems. 
We also look at the impact of transitions on different caste groups and women. 

2. Materials and Methods 

2.1 Study location 

In this study, a watershed (WS) is considered as the unit of analysis as it is a part of a 
larger study that looks at the impact of transitions in farming systems on smallholder 
livelihoods and the environment. This paper is the first study in the series where the 
WS is not only considered as a hydrological unit but more as a social-ecological entity, 
which plays a crucial role in determining food, social, and economic security to rural 
people (Reddy and Syme, 2015). We selected two WSs for the study to understand if 
the transitions were uniform or if substantial variation existed. WS-1 is in 
Talakondapally Mandal (the smallest administrative unit within a district), covering 
four villages. WS -2 is in Veldanda Mandal, covering three villages. These Mandals 
are in the Rangareddy and Nagarkurnool districts of Telangana State (Figure 1). The total 
geographic area of WS-1 is 14,120 hectares (ha), and the boundary of the villages under 
study covered 9,463 ha. WS-2 spans 13,694 ha, with 7,701 ha falling within the study 
village boundary. Hence, for secondary data sources, we considered the boundaries 
of the villages as the secondary data were aligned more with administrative 
boundaries than with hydrological ones. 

Both watersheds fall in the Deccan Plateau (Telangana) and Eastern Ghat agro-
ecological sub-region (AESR) 7.2. This sub-region is broadly characterized by deep 
loamy and clayey mixed red and black soils, with medium to very high available 
water capacity, and a growing season duration of 120–150 days. The climate is hot 
and moist in summer and mild and dry in winters, with an aridity index of 0.2 - 0.5 
AI (Rao et al., 2019). Hence, it is classified as a semi-arid region. The districts are 
drought-prone, with an annual rainfall of 500–700 mm, which follows a seasonal 
pattern (Gajbhiye and Mandal, 1983). 

2.2 Data collection 

To achieve the aim of this research, we collected data using multiple methods 
sequentially to build a comprehensive picture of the transitions and their effects on 
farming HHs in the region. First, we started with a HH survey to obtain an overview 
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Figure 1: Location map of the study region in India.  
A) Location of the state of Telangana in India  B) The study region (districts) within the state of 
Telangana, C) The two watersheds within which the study villages are demarcated. Source: ISRO 
BHUVAN portal (htpps://bhuvan.nrsc.gov.in/bhuvan_links.php, accessed 2016) 

of HHs in the region. The HH survey was conducted in both watersheds covering a 
sample of 3006 HHs. Surveys were face-to-face meetings with the HH head and were 
performed using a survey format. The survey provided an overview of information 
about the population, farm sizes, and categories i.e. large farmers ( <  4 ha), medium 
farmers (2–4 ha), small farmers (1–2 ha), and marginal farmers (up to 1 ha); types of 
livestock; and different caste groups. The caste system in India is a social hierarchical 
system that has its origins in ancient India. This system, however, has been 
transforming since medieval times to several social reforms in modern India today (de 
Zwart 2000; Bayly, 2001). Although several laws exist, stratification continues to exist 
in various forms. In modern India, the various castes are categorized into 4 main 
groups, i.e. forward caste (FC), backward caste (BC), scheduled caste (SC), and 
scheduled tribes (ST), which were also captured through the survey. 

Second, using the above data, seven focused group discussions (FGDs) were 
organized. The objective of the first FGD was to obtain qualitative information on the 
overall narrative of how transitions occurred in the region pre-1997 to 2015, along with 
the drivers of change and its impact on HHs in the region. To achieve this, we selected 
HHs that had been in the region for the past 30–40 years. This was done in consultation 
with the head of each village council of all study villages. A village council in India is 
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known as a Gram Panchayat, a local self-governance unit. From the list of potential 
participant HHs, 35 HHs were randomly selected and invited for the FGD. Further, 
we ensured that all farmer categories and caste groups, along with a representation of 
members of different age categories, i.e. old (<60 years old), middle-aged (40–45 years 
old), and young (>25 years old) were present. If the representation of one of these 
groups/categories was lacking, we substituted a randomly selected HH from the 
overrepresented group. This FGD was a mixed-gender group, with a total of 37 
participants, of whom only four were women. This was followed up by organizing the 
next five FGDs with HHs belonging to different farming system typologies in the 
region, identified through the HH survey data (Kuchimanchi et al., 2021c). The aim of 
these FGDs was like the first FGD in terms of mapping transitions and understanding 
their characteristics but with specific reference to the farming system. The five farming 
system typologies were crop without livestock (CWL), crop with dairy (CD), landless 
with livestock (LWL), crop with small ruminants (CSR), and crop with diverse 
livestock (CWDL). Within each farming system typology, 30 HHs were randomly 
selected. Adequate representation from all farm size categories and social groups was 
ensured. These FGDs were again mixed-gender groups, and the actual participation 
varied from 25 to 30 members per FGD. 

Although women participated in all six FGDs, an additional FGD was organized 
exclusively with women. Owing to socio-cultural reasons, women in India tend to 
participate in low numbers or do not voice their opinions in mixed-gender meetings. 
The objective of this FGD was to get a deeper understanding of how transitions 
affected women with specific reference to farming systems and practices, as 
transitions in farming systems could have different impacts on both genders. This 
FGD was organized as part of a monthly women’s selfhelp group meeting in one of 
the villages, as women of all age groups, castes, and farmer categories are usually 
present at such meetings. A total of 46 women participated in the FGD. 

All seven FGDs lasted for 3–4 h, and the discussions were conducted in the local 
language, Telugu. For all FGDs a participatory timeline mapping tool (Hekkert and 
Negro, 2009) supported with a list of questions to guide the discussions was used to 
achieve the objective of each FGD. The key questions in the FGDs were about major 
changes in farming systems, crops cultivated, livestock reared, fertilizer usage, 
livestock products, animal health, fodder resources, land use, and water resources. 
For the five FGDs specific to farming system typologies, questions related to the 
characteristics of farming systems and changes within each system were discussed. 
Concerning the impact on caste groups and women, along with the above, additional 
questions on aspects related to access to resources and challenges faced due to 
changes in farming systems were asked. 

 



Understanding transitions in farming systems 

19 

Considering the diversity in social status, farmer categories, caste, and gender 
in the FGDs, an experienced facilitator was present to moderate the discussions. The 
facilitator helped avoid domination by the wealthy, elderly, or socially forward 
groups and provide adequate time to document information in detail. All the 
discussions were documented on chart papers to maintain transparency and enhance 
interaction with the participants. As no major differences in narratives were perceived 
among FGDs, the documented information from all FGDs was summarized into a 
macro-picture of how transitions took place in the region, highlighting major aspects 
across a timeline as illustrated in Table 2. Further, the specific impacts on caste groups 
and women have also been highlighted in Table 2, in the results section and described 
separately in the subsequent section. 

Third, and lastly, to contrast and triangulate the information from the HH 
survey data and FGDs, we collected secondary government data from both local 
department offices and online government websites and land use land cover (LULC) 
evolution in the. The various government data sources consisted of the population 
census 2001, 2011, crop statistics at the sub-district level between 1996 and 2015, the 
Agriculture at a Glance-Telangana state report - 2018, statistics from the Agricultural 
and Processed Food Products Export Development Authority (APEDA), 2019, and 
livestock census data for 2007, 2012, the Basic Animal Husbandry Statistics, 2019, and 
the reports of Central Ground Water Boards published between 1997 and 2020. For 
the LULC evolution analysis, land classes identified and mapped in the study area 
were according to the National Remote Sensing Agency (NRSA, 2006) as defined 
below in brief: 

– Settlement area: An area of human habitation that has a cover of buildings and 
basic infrastructure. 

– Cropland-irrigated: Cropland under irrigation or lands that are cropped for two 
or more seasons in a year, as is often associated with irrigation. 

– Cropland-rainfed: Cropland associated with rainfed crops under dryland 
farming with no irrigation (synonymous with areas with the cropping season-
extending between June and October). 

– Fallow land: Lands that are cultivated temporarily or kept uncropped for one 
or more seasons but not less than one year. 

– Wasteland: Degraded or underutilized land that is deteriorating for lack of 
appropriate water and soil management but where key functions can be 
restored. 

– Plantations: Areas under tree crops (agricultural/non-agricultural) planted 
adopting certain management techniques. 

– Water bodies: Areas with surface water, e.g. ponds, lakes, and reservoirs or 
flowing as streams, rivers, canals, etc. 
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Agricultural crops in India are grown throughout the year in two main seasons. 
The LULC maps were combined for both seasons in an annual LULC map for the 
years 1997, 2005, and 2015. For this, only the total geographic area falling within the 
village boundaries within both watersheds was considered. Before processing the 
satellite imagery, a ground-truthing exercise was performed to identify samples of 
different land classes present in the villages using the global positioning system. 
Details of the data sources for the satellite imagery used are provided in Table 1. 

Table 1: Data sources of satellite imagery used for the LULC study 

Year Season Acquisition date Sensor Path row Resolution 
(m) 

1997 Kharif-monsoon 
Rabi -winter 
Zaid -summer 

05 October 1997 
07 & 20 February 1997 
07 April 1997 

IRS 1C—LISS III—
National Remote 
Sensing Centre, 
Hyderabad 
 

100/69 30 

2005 Kharif-monsoon 
Rabi-winter 
Zaid-summer 
 

01 September 2005 
17 November 2005 
02 March 2005 

LANDSAT- Thematic 
Mapper (TM)–from 
USGSa 

144/48 30 

2015 Kharif-monsoon 
Rabi-winter 
Zaid-summer 

12 October 2015 
17 December 2015 
03 April 2015 

LANDSAT- satellite 
image operational             
land imager (OLI) from 
USGSa 

144/48 30 

a Source: http://glcf.umd.edu/data/landsat/ 

2.3 Calculations and statistical analyses 

We performed statistical tests to understand the impact of transitions on certain 
parameters (i.e. land and herd size) across caste groups and between watersheds. The 
statistical analyses were performed using the statistical program GenStat (GenStat 
Committee 2000) using the HH survey data. First, to compare land sizes and herd 
sizes of HHs between the watersheds, we used the Mann–Whitney U test because the 
data were not normally distributed. In these cases, the median and 25th and 75th 
percentiles are reported. The effect of the watershed and caste of the local 
communities on the variables land size and herd size was analyzed using the 
generalized linear model procedure, by the model: 

Yij = μ + αi + βj + αi × βj + εij 

Where Yij is land or herd size per HH, i is explained by the mean (μ); watershed i (αi) 
and caste j (βj) are the fixed factors; and (αi × βj) is the interaction between watershed 
× caste, and (εij) is the residual error. 

Pairwise post hoc comparisons between treatment means were done using 
Fisher’s least significant difference method. Dependent variables showed a skewed 
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distribution and were converted to their natural logarithm. To ensure the 
transformation of values of 0 into natural logarithm, we added one unit to all values. 
Once the tests were run, the mean values and confidence intervals were then back-
transformed (Johnson et al., 1994) and subtracted by one unit. Herd size was expressed 
in tropical livestock units (TLU). The conversion factors were cattle = 0.7 TLU, buffalo 
= 1.5 TLU, sheep/goats = 0.1 TLU, and poultry = 0.01 TLU. 

3. Results  

3.1 Transitions in farming systems from 1997 to 2015 

The transition in farming systems described here is a macro-picture of how transitions 
have occurred in the study region from 1997 to 2015 (Table 2) also with significant 
events as collected from the HH survey and the various FGDs conducted. 

Participants in the first FGD shared that the transitions in farming systems 
started gradually since 1997, with major shifts occurring after the year 2000. 
Subsistence mixed farming systems were predominant before 1997, and almost all 
HHs had livestock then. Crop production was mostly rainfed, while livestock farming 
was grazing-based. Poultry keeping was mainly with indigenous scavenging birds, 
and every HH had a few. Farming was subsistence-oriented, and only surplus 
products were sold at local markets. Irrigated crop farming began in the late 1990s 
when village electrification and borewell technology emerged. Irrigated crops such as 
cotton, maize, groundnut, vegetables, fruits, and fodder crops like Napier grass 
(Pennisetum purpureum) and fodder sorghum replaced rainfed food crops such as 
castor, sunflower, pearl millet, and native variety of sorghum. These trends could be 
corroborated by crop production data provided by the agriculture department at the 
sub-district level for WS-2 (data for WS-1 were not available) for the period of 1996–
2015. Major changes were seen in a few crops, e.g. the cropped area under sorghum 
dropped from 1081 ha in 1996–1997 to 20 ha by 2014–2015. The cultivation of pearl 
millet was around 103 ha, which completely disappeared by 2015. Similar trends were 
found for cotton and maize. In 1996, the area under cotton was 186 ha and no maize 
was cultivated. By 2015, the area under cotton had increased to 1548 ha and 419 ha, 
respectively.  Vegetable cultivation also increased from just 30 ha in 1996 to 245 ha by 
2015. The area under fodder sorghum increased from 3 to 38 ha in the same period. 

In the same FGD, participants further shared that keeping livestock in the pre-
19971 period had multiple purposes such as providing food, manure, fuel, and 
draught power. They mentioned that ownership of good cattle breeds (identified as 
Ongole, Deoni, Red Sindhi, and Krishna Valley) was linked to having resources in terms 

 
1 Livestock population trends pre-1997 at village level could not be triangulated with secondary data 
due to data gaps, hence trends from 2007 to 2012 only have been presented. 



 

 

22 Table 2: Overall narrative of transitions in farming systems from before 1997 to 2015 in the study region 
 
Time 
-line 

Farming  
systems  

Crops  Fertilizers Livestock Livestock  
products  

Animal  
health  

Fodder 
resources  

Land use  Water  
resources  

< 
1997 

Rainfed mixed 
crop-livestock 
farming 
system was 
the most 
prevalent.  
Livestock 
rearing was 
grazing based  
Farming was 
mostly 
subsistence 
oriented 

Food crops, 
e.g. castor, 
sunflower, 
pearl millet, 
and sorghum, 
dominated 

Manure was 
abundant and 
was used 
more than 
inorganic 
inputs for crop 
production  
 

All households 
kept livestock, and 
different native 
breeds existed.  
Large ruminants 
were mainly kept 
by forward castes, 
while lower social 
groups reared 
small livestock. 
Role of cattle to 
produce bullocks 
for draught 
purposes declined 

Wide range of 
livestock 
products for 
HHs and sale 
at village 
markets  

Disease 
incidence was 
low.  
Use of 
traditional 
medicine was 
prevalent 

Common 
property 
resources and 
crop residues 
were 
abundant  

More common 
property 
resources, less 
land under crop 
production 

Natural water 
bodies and open 
wells were the 
main source. 
After 1995, 
borewells 
emerged due to 
village 
electrification 

1997
–

2000 

Irrigated crop 
production with 
borewells 
started.  
Farming 
become more 
market 
orientated 

New crops 
and fodder 
varieties 
introduced 

Subsidies for 
inorganic crop 
inputs 
introduced  

Flock sizes of 
sheep started to 
reduce specifically 
impacting the BC 
caste group 
  

Decline in 
milk products 
(e.g. curd, 
khoa, ghee) 
and wool  
Focus on milk 
and meat 
production 
started  

 Grazing 
restrictions in 
forests 

Wastelands 
converted to crop 
lands benefitting 
all lower caste 
groups in terms of 
gaining land for 
crop production 
Common property 
resources start to 
reduce – 
impacting all caste 
groups but poorer 
HHs and women 
who reared small 
ruminants and 
indigenous cattle  

Borewell water 
available at 18–
30 m, which 
became the 
main source of 
irrigation. Open 
wells declined 
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2001
–

2006 

 
 
Farming 
systems 
became more 
specialized, 
with single 
species of 
livestock 
inclusive of all 
caste groups  
Farming 
systems with 
no livestock 
started to 
emerge  
 

 
 
Shift to water-
intensive cash 
crops, e.g. 
cotton, maize, 
groundnut, 
and green 
fodder crops; 
reduction in 
food crops. 
Mechanizatio
n in crop 
production 
initiated 

 
 
Reduction in 
farmyard 
manure due 
to reduction in 
indigenous 
cattle per 
household led 
to a gradual 
increase in 
the use of 
inorganic 
fertilizers 

 
 
Improved and 
exotic livestock 
breeds introduced. 
Increasing trend in 
milch cattle among 
all caste groups. 
 
Livestock services 
(fuel and draught) 
replaced by 
cooking gas and 
vehicles 
 
  

 
 
Focus on 
liquid milk and 
sale of live 
small 
ruminants 
increased.  
 

 
 
New breeds 
introduced 
with higher 
disease 
incidence. 
Higher 
production 
costs due to 
the use of 
modern 
medicine. 
More 
healthcare 
and insurance 
available for 
larger 
ruminants  

 
 
Cultivated 
fodder, post-
harvest crop 
lands, and 
crop residues 
became 
sources of 
fodder  

 
 
Increased land 
under crop 
production, which 
continues to 
expand  

 
 
Decline in water 
resources began 
in both surface 
and 
groundwater 

2007
–

2015 

Shift to 
specialized 
livestock 
farming and 
semi-intensive 
system with 
high market 
orientation 
among all 
caste groups 
who had 
access to 
water 
 

High focus on 
cash crops 
and vegetable 
and fruit 
production  

Shortages of 
manure due 
to decrease in 
livestock per 
HH. Use of 
inorganic 
fertilizers 
increased  

Goat rearing 
turned into a 
seasonal activity 
for all poor HHs 
irrespective of 
caste.  
Sheep and goats 
being raised on 
leased lands. 
Improved and 
exotic livestock 
breeds, e.g. 
Holstein–Friesian 
and Murrah, 
replacing 
indigenous cattle 
and buffaloes.  
Native poultry 
reduced; 
commercial poultry 
farms increased  

Establishment 
of government 
and private 
dairies 
increased.  
New markets 
for exotic/ 
crossbred 
cattle and 
small 
ruminants 
emerged 

  Increased use 
of external 
feed for cattle.  
Leasing lands 
for grazing 
started 

Lands converted 
to other uses, e.g. 
real estate, 
increased 
settlement area, 
orchards  

80% Natural 
water bodies 
disappeared. 
Borewell depth 
increased to 
180–250 m. 
Leasing of 
borewells by 
livestock 
keepers for 
water  

Source: Compiled from information obtained from seven FGDs with different farmer categories and caste groups conducted in the year 2015. HHs–households
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of land, water, and finances. Large ruminants were predominantly owned by FCs, 
while lower caste groups reared small ruminants and poultry. As the mechanization 
of crop production and motorization of transport increased, the importance of bullocks 
decreased. Consequently, keeping reproductive cattle to produce bullocks reduced. To 
this, FGD participants from the CD system added that exotic dairy cattle breeds such 
as Jersey and Holstein–Friesian started to replace indigenous cattle breeds in 2004 and 
2010, respectively. Similar was the case with buffaloes; indigenous buffaloes were 
replaced by Murrah buffaloes since 2002. This trend described in the FGDs was 
consistent with the government livestock census reports of 2007 and 2012 at the WS 
level as it indicated a 28% increase in exotic/crossbred cattle and a decrease in 
indigenous cattle and buffaloes by 40% and 38%, respectively. The participants further 
added that while changes in breeds increased production and subsequently income, 
disease incidence in livestock is a drawback. Before 1997, animal disease incidence was 
low, and the diseases were easily cured with traditional medicines. However, with the 
introduction of exotic breeds, new diseases were reported, and traditional medicines 
were no longer useful. While animal health services are present, access to these services 
was reported to be better for large ruminants than for small ruminants. Insurance 
schemes are also in place but not considered functional by FGD participants due to 
low accessibility and laborious processing procedures. 

In the case of small ruminants, FGD participants from the CSR system 
mentioned that changes took place both in terms of flock sizes and rearing systems 
since 1997. Traditionally, sheep were reared by HHs belonging to a livestock-keeping 
community called Gollas in the state, who are classified as BCs. Sheep rearers in the 
FGD reported that flock sizes have reduced from 5000 animals per HH in the past to 
100–300 animals per HH. The adjustment in flock sizes was dependent on the 
availability of grazing lands and labor per HH, both of which have reduced over the 
years. Hence, more HHs keep sheep now than in the past, albeit in smaller flocks. 
Sheep migration has also stopped and is resorted to only under severe drought 
situations. Deccani was the dominant sheep breed pre-1997. This breed has been 
replaced with the Red Nellore sheep breed from coastal regions since 2000.  

Sheep farmers indicated that they prefer Red Nellore over Deccani as the former 
gains weight faster despite fodder scarcity. Participants shared that goats were reared 
by all caste groups but predominantly by women, poor and landless HHs. The breeds 
reared were native breeds, of which one was extinct, and could not be identified due 
to a limited database of local breeds in India. In the past, goat rearing was described 
as a year-round activity by many HHs. It is now a need-based activity for HHs, often 
done during the summer season or to cope with crop loss, loan repayment, or a sudden 
need for money. Government livestock census reports from 2007 to 2012 also report a 
drop-in sheep population (-41%), which could be related to dwindling flock sizes over 
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time, while the goat population shows an increase (26%) as it has turned into a seasonal 
activity for many HHs. While a general decrease in livestock population is seen at the 
HH level in the region, whether this change increased the economic value per unit is 
to be researched upon. Participants in all FGDs indicated that indigenous poultry was 
kept by all HHs in the past and was an important source of food and income security 
for the poor, landless, and women. This trend is also indicated by the livestock census 
where native poultry rearing showed a drop of 82% between 2007 and 2012. 

Further, the trends in both crop and livestock production described in all the 
FGDs do not seem to be limited to the study region but are seen across the state of 
Telangana. The Basic Animal Husbandry Statistics of 2019 indicate that livestock 
population changes in the region are similar to the trends at the state level except for 
sheep and goats which show a substantial increase. This could be due to (i) a lack of 
data for the study area before 2007 and (ii) small ruminant populations being linked 
to the presence of certain caste groups or influenced by HH needs. Similarly, 
concerning the state’s cropping patterns, the state’s Agriculture at a Glance report 
indicates a trend towards the cultivation of non-food crops, as the area under food 
crops came down from 3.39 to 2.62 million ha between 2001 and 2016. 

Additionally, participants from different farming systems FGDs reported a 
change in the kind of livestock products being sold, as the demand for raw milk 
increased. For instance, traditional farm-processed products like curd, buttermilk, khoa 
(thickened condensed milk), and ghee are not sold by HHs in local markets anymore. 
This role has been taken over by the government and private dairy units, to which the 
HHs now supply only raw milk. Moreover, dairy farmers shared that they prefer cows 
to buffaloes, owing to the better reproductive performance of the former (shorter inter-
calving periods), which eventually results in higher income per year. Similar was the 
case with small ruminants and associated products, particularly for sheep. The 
demand for wool and other co-products diminished, and sales are currently limited to 
live animal sale for meat. These trends are aligned with state government data and 
APEDA, which show a nominal increase in wool production between 2001 and 2015 
(i.e. 3.02 to 4.56 million kgs), while the state of Telangana (erstwhile Andhra Pradesh, 
before 2014) ranks first in sheep production nationally since 2008. 

Lastly, Table 3 reports changes in LULC from 1997 to 2015, which further 
triangulates data from the FGDs. LULC changes indicated an increase in irrigated and 
rainfed cropland area by 734 ha and 3693 ha, respectively, mainly at the expense of 
wastelands, which decreased by 5330 ha.  

This could be due to an increase in population in the region, as the settlement 
area has increased from 36 to 475 ha between 1997 and 2015. Further, the reduction in 
wastelands that were used for grazing livestock resulted in reduced fodder availability 
for many HHs rearing livestock. This situation worsened further around the year 2002,  
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Table 3: Changes in land use and land cover from 1997 to 2015 in both watersheds 
combined 

Land classification LULC 1997 
area (ha) 

LULC 2005 
area (ha) 

LULC 2015 
area (ha) 

 
Settlement area 

 
     36 

 
  253 

 
      475 

Crop land: irrigated    999 2427     1733 
Crop land: rainfed  8807 7841 12 500 
Plantations      52   612       612 
Waste land  7093 5925     1763 
Surface waterbodies    177   105        80 
    17 164    17 164 17 164 
Source: Satellite imagery from National Remote Sensing Centre - 1997 & LANDSAT -2005 and 2015 
(refer to Table1); LULC area is the area within the village boundaries in both watersheds 

as grazing restrictions were also levied on nearby forest areas. 
Reduction in access to grazing resources along with a sharp increase in 

cropland, both irrigated (ca. 75%) and rainfed (ca. 40%), not only impacted the 
availability of fodder for livestock but also livestock rearing in general. Participants 
from the farming system FGDs shared that currently almost half of the HHs in the 
villages do not own livestock, also indicated by the HHs survey as 48%. The FGD  
participants in the CD system stated that dairy producers managed this situation by 
cultivating perennial fodder crops due to fodder seed subsidies provided by the 
government and dairy cooperatives. Hence, grazing-based cattle systems eventually 
changed into semi-stallfed systems, with some grazing on fallow croplands or 
wastelands if available. 

Based on information shared by participants from the CSR system, it is 
indicated that small ruminant farming transformed into a modern grazing-based 
system. Earlier, small ruminants were raised entirely on village common lands or 
wastelands, with surface water bodies as water sources. Now, cropland, orchards, 
private lands, and borewells for water are leased to rear small ruminants. According 
to the participants, sheep rearers could find lands to graze their animals more easily 
than goat rearers, as goats are browsers, and require lands with tree cover. Goat 
keepers  stated   that  the  availability  of   wastelands  with  tree  cover has  decreased 
considerably. Hence, goats are now reared in small flocks in seasons when crop 
farming is low or absent or as per need, rather than as a year-round activity as in the 
past. Small ruminant rearers added that only HHs that could invest in leasing lands 
and borewells now continue small ruminant rearing with large flocks as a fulltime 
occupation. The traditional barter systems between small ruminant farmers and crop 
farmers, where crop residues were bartered against manure, no longer exist. 

The participants from all FGDs also stated that while these changes in crop and 
livestock production took place, water scarcity in the region has also increased. Before 
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2010, borewells were 18–30 m deep. However, currently, borewells yield water only 
at 180–250 m depth. Natural surface water bodies have also disappeared, affecting 
small ruminant keepers the most, as they now must invest in buying water for 
livestock. Both these findings can be corroborated by data from the Central Ground 
Water Board (2019), as the region has moved from semi-critical to critical status in 
2013–2017, indicating the overuse of groundwater. Similarly, the LULC study also 
indicates that water bodies have been reduced by 79% in the region (Table 3). 

3.2 Impact of transitions on caste groups 

In continuation to the above section, we further analyze the impact of transitions on 
different caste groups in the study region, particularly to gain insight into differences 
in land and herd size between castes and watersheds. Figures 2 and 3 present the land 
and herd sizes of the different caste groups. We found a significant interaction 
between watersheds and caste groups, which is explained by the differences observed 
between watersheds for the ST caste group. We found that the FC communities had 
the highest land size per HH (2.6 ha) in both watersheds, whereas SC communities in 
both watersheds had the smallest land sizes (average of 1.0 ha/HH). The ST and BC 
communities had higher land sizes in WS-1 than in WS-2. Similar was the case with 
herd size, where the FC communities had the highest herd size per HH, except for the 
STs in WS-1 (average of 2.3 TLUs/HH), followed by the rest. These results align with 
the information from the FGDs discussed above, wherein land and herd sizes 
generally still followed the caste hierarchy. However, a change in ownership patterns 
for large ruminants is observed, in contrast to the past, where lower castes also own 
dairy cattle. with livestock rearing had increased since the year 2000. This was 
attributed to the increased participation of women in government-initiated self-help 
groups in their villages. According to them, participation in self-help groups helped 
women gain access to new technologies and own livestock. However, they also 
reported an increased workload regarding farming and responsibility in terms of loan 
repayments. 

3.3 Impact of transitions on women 

According to the women participants, who attended all FGDs, improvements 
regarding access to livestock, livestock ownership, and decision-making associated 
with livestock rearing had increased. This was attributed to the increased 
participation of women in government-initiated self-help groups in their villages. 
According to them, participation in self-help groups helped women to gain access to 
new technologies and own livestock. However, they also reported an increased 
workload regarding farming and responsibility in terms of loan repayments. 
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Figure 2: Land size (in ha) across caste groups (Scheduled tribe, ST; Scheduled caste, 
SC; Backward caste, BC; and Forward caste, FC) in both watersheds. Source: HHs 
survey, 2015  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Herd size (in TLUs, Tropical Livestock Units) across caste groups 
(Scheduled tribe, ST; Scheduled caste, SC; Backward caste, BC; and Forward caste, 
FC) in both watersheds. Source: HHs survey, 2015  

Concerning the increase in workload, women expressed that rearing improved 
cattle in stallfed systems demanded more time, e.g. for feeding, cleaning sheds, and 
animal health care, when compared to rearing cattle in grazing-based systems. 
Similar sensitivities were shared by women regarding changes in crop production. 
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For instance, the shift from rainfed food crops to irrigated cash and vegetable crops 
increased the workload as it involved several tasks including multiple harvests to 
packing - as it is carried out exclusively by women.  Regarding the rearing of small 
livestock, women shared that the rearing of goats and poultry by them has 
particularly decreased compared to the past. According to them, reduced access to 
grazing lands and tree cover in the region due to land use changes (Table 3) meant 
longer grazing hours and hence avoided by older women and women with young 
children. Meanwhile, the reduction in native poultry rearing was due to 
developments in settlement areas and closer proximity of houses within the 
settlement areas, which led to reduced scavenging areas for chickens and conflicts 
among HHs. 

4. Discussion  

4.1 Characteristics of transition 

Our study aimed at describing transitions in farming systems at a regional scale and 
analyzing their impacts on livestock rearing and smallholder livelihoods, along with 
insights on caste groups and women. The findings from the FGDs, HH survey data, 
LULC data (Table 3), and statistical tests (Figs. 2 & 3) all indicated that trends of how 
the transitions in farming systems occurred in both watersheds were similar. They were 
completely in the direction of market orientation and happened in a relatively short 
period. Matthei and Smith (2008) and Butler et al., (2014) show that such transitions are 
possible despite the diversity of social groups within a region. Here, community 
aspirations to improve living standards tend to overcome the social and cultural 
identities bringing in flexibility to adapt to changing circumstances.  

Farming systems before 1997 were mostly subsistence-oriented, with mixed crop-
livestock production and livestock having diverse functions (Ali, 2007; Kumar and 
Singh 2008). Between 1997 and 2015, the subsistence farming system disappeared, and 
specialized and market-oriented production systems emerged. The multiple roles of 
livestock in mixed farming systems got reduced to the role of food production mainly. 
In these new systems, the investments, cost of production, and input use have become 
relatively high, e.g. inputs for cultivating cash crops, leasing land for grazing livestock 
or growing fodder, leasing, or drilling borewells for water, farm mechanization, 
purchase of feed, and animal health- care (Singh et al., 2014; Gathorne-Hardy, 2016; 
Ghosh et al., 2017; Kuchimanchi et al., 2021c). Further, these changes do not seem to be 
limited to the study region as similar trends in changes in agricultural landscapes, 
livestock holdings, and cropping patterns are reported in Telangana (Reddy et al., 2016) 
and across India (Government of India 1997, 2002, 2007, 2012; Amjath-Babu and 
Kaechele, 2015; Behera et al., 2016). Such a relatively fast and region-wide transition 
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from subsistence farming to market-oriented farming has also been reported in Africa, 
Latin America, and Asia by Reardon et al., (2019). 

4.2 Drivers of transition 

The transitions in farming systems from 1997 to 2015 in the two watersheds were 
driven by technological interventions, development programs promoting green and 
white revolution technologies with integrated approaches, and increased market 
demand for cash crops and certain livestock products (Behera et al., 2016; Gathorne-
Hardy, 2016). An important technological intervention that triggered the transition 
process is village electrification, which prompted the use of motor pumps for 
extracting water from borewells, thereby facilitating water-intensive crop and 
livestock production (Tian et al., 2014). Further, we find that the sudden increase in 
water availability in dryland regions, due to the development programs with 
integrated approaches, e.g. watershed development, seemed to be a lucrative 
incentive for smallholders to adopt new technologies and diversify faster (van Ginkel 
et al., 2013) facilitating rapid transitions in farming systems. 

The major market for the study region is Hyderabad, one of the biggest cities 
in India, growing from 3.6 million inhabitants in 2001 to 11.5 million in 2018. While 
the population growth in itself was an important reason for the increased demand, 
the income growth of the urban population also adds to this by influencing changes 
in food consumption patterns (Oosting et al., 2014; Kumar et al., 2017; Van der Lee et 
al., 2018; Reardon et al., 2019). Hyderabad has the highest food consumption 
expenditure per month in Telangana, of which the highest share comprises animal 
products (32% of the total) (Kumar et al., 2017), indicating a huge and possibly 
growing demand in this sector. 

While FGDs identified several drivers that triggered the transitions, this is not 
an exhaustive list. Other drivers might have also played an important role, such as 
the influence of external policy situation, input of remittances, or differences in 
education and knowledge gains between castes or gender (Thompson et al., 2007; 
Reardon et al., 2019). The contribution of these other aspects to farming systems 
transitions needs further study. 

4.3 Impacts of the transitions in farming systems on smallholder livelihoods 

While transitions in farming systems across India and the study watersheds might be 
beneficial in some ways, not all is positive (George, 1986, 2014; Pingali, 2012; Hinz et 
al., 2020). Programs with integrated approaches e.g. WDPs make development 
dynamic and involve trade-offs as well (van Ginkel et al., 2013). For example, the 
transitions in the study region favored the expansion of croplands, increased use of 
green revolution technologies, and more focus on milk production. It also reduced the 
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production of other livestock products, reduced diversity within farming systems, 
and eroded animal genetic diversity. This is a trend generally reported in the literature 
in transitions from subsistence to market-oriented farming systems (Puskur et al., 
2004; Jayne et al., 2014; van Ginkel et al., 2013; Oosting et al., 2014; Gathorne-Hardy 
2016). 

Further, increased production by some farmers in the study area has triggered 
regional changes in water, land, and labor scarcity for others, making it compulsory 
for all to intensify production. The transition, therefore, was not a free process but a 
compulsory adaptation, inclusive of social and cultural differences due to changing 
circumstances (Matthei and Smith, 2008). This can be inferred because the HHs 
without agricultural activities or with the traditional subsistence mixed farming 
system together is around 10% in both watersheds. This implies that once the 
transition process gained momentum, farmers could either join in or step out from 
agriculture and is in line with Dorward et al., (2009) and Reardon et al., (2019). An 
additional marginalization was also witnessed in our study watersheds: we observed 
that only a limited fraction (38%) of HHs could maintain both crop and dairy cattle, 
while half of the HHs (48%) did not rear livestock owing to inadequate water 
resources, which is already a problem in dryland regions. This dramatic change 
further implies that the majority of the HHs are susceptible to risk due to the lack of 
diversification at the HH level, particularly the absence of livestock. The lack of crop-
livestock integration may also have negative implications on agricultural production 
and revenue in the long term (Kuchimanchi et al., 2022c). Increasing water scarcity in 
the region as reported by the respondents is also in line with Sishodia et al., (2016) and 
the Central Ground Water Board’s report (2017), which indicates a decrease in 
groundwater levels both within the study region and across the state. 

Despite the considerable increase in cropland area, land size per HH has likely 
reduced over time due to fragmentation of land, e.g. by the division of property 
among siblings, as both settlement area and HH population (Government of India 
2001, 2011) in the watersheds show an increase by 12.2% and 16%, respectively. This 
trend seems to be across the state; the agricultural statistics report of Telangana (2016) 
shows that the average landholding in the state in 2010–11 was 1.12 ha against the all-
India average of 1.16 ha. Hence, it is likely that many HHs in the study region have 
become marginalized during the transition process and have migrated, changed their 
occupations, or become wage laborers. 

4.4 Effect on caste groups and women 

Many of the approaches of the green and white revolutions are still being out -scaled 
through development policies and programs as a means of poverty alleviation, e.g. 
integrated WDPs, self-help group movements, or agricultural subsidies and schemes. 
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In this context, the transitions in the two watersheds showed that lower caste groups 
now own improved cattle (Figs. 2 and 3) and have consequently moved up the 
livestock ladder (Udo et al., 2011). We also found some exceptions where the STs in 
WS-1 had both land and herd sizes as high as those of the FCs. These changes among 
lower caste groups can be attributed to several government-sponsored schemes 
(Reddy et al., 2016) which are specifically designed for their upliftment (Government 
of India, 2008). Nevertheless, our study shows that FCs continue to own the largest 
land sizes and cattle herd sizes, as in the past. 

The transition towards intensification and market orientation was women-
inclusive, as women had increased access to technologies, information, and livestock 
resources. However, a perceived increase in workload for women was reported in 
our study which is in line with other studies in India (Vepa 2005; van Ginkel et al., 
2013; Pattnaik et al., 2017). In this case, this was in the form of the shift from grazing-
based livestock rearing to stallfed market-oriented systems (Kohler-Rollefson, 2012) 
and from rainfed food crops to irrigated cash and vegetable crops. This perception of 
increased workload existed as certain activities in crop-livestock production is 
predominantly done by women, along with the already existing traditional roles 
within the home (Lastarria-Cornhiel and Bank, 2008). Furthermore, a general 
reduction in small livestock rearing and poultry rearing by women is seen, depriving 
them of potential activities to gain financial and nutritional security (Conroy et al., 
2005; Chatterjee and Rajkumar, 2015). 

5. Conclusions 

Studying transitions in farming systems at a regional level highlighted various 
interactions in the study region, i.e. between diverse farming systems, between 
farming system development and natural resource use, and between regional 
transition and different social groups. We demonstrate how these elements impacted 
the development trajectory of a region with a dual effect of both enhanced incomes 
and marginalization of some farming HHs therein. We found that the regional 
transitions in farming systems have occurred in a short period, and subsistence mixed 
farming systems have almost completely transformed into market-orientated 
specialized systems in the region. Further, the function of livestock in farming 
changed from a multi-purpose role in the past to a market-oriented food production 
role. The major drivers of the transitions were found to be technological interventions, 
development programs with integrated approaches, and market demand for certain 
agricultural produce. While the transitions led to increased production by some HHs, 
it also led to the scarcity of water, land, and labor for others. The transition, therefore, 
was not a free process but a compulsory adaptation, inclusive of social and cultural 
differences among the HHs in the region. The HHs had to either intensify production 
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to adapt to the transforming prospects or get marginalized. The implications of these 
transitions were progressive in the case of lower caste groups, as they have moved 
up the livestock ladder and gained assets. However, in the case of women, it was 
perceived unfavorable in terms of increased workloads and reduced food and 
financial security. Our study, thus, provides deeper insights into how transitions 
impact multiple aspects of smallholder livelihoods. Finding from this study could 
contribute to the strengthening of rural development policies to reduce risks in 
agricultural production, e.g. water scarcity stemming from already operational 
programs. 
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Abstract  

Farming systems are transitioning from a subsistence orientation to market orientation 
in response to changing food demands, technologies, and policies. In India’s dryland 
regions, watershed development, among several other initiatives, has been a critical 
driver of these transitions, but their outcomes are poorly understood. The present 
paper investigates the characteristics and economic performance of current farming 
systems in a region in Telangana, India, that has undergone a rapid transition from 
subsistence orientation to market orientation. We surveyed 3006 farms, followed by a 
farm-economics study involving 75 households belonging to the three major farming 
systems. The gross margin was low for all systems but most inadequate for the crop-
without-livestock system, highest for the crop-with-small-ruminants system, and 
intermediate for the crop-with-dairy system. Economic risks and natural-resource 
scarcity threaten the sustainability of current farming systems, and the reassessment 
of watershed development policies is recommended. 
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1. Introduction 

Globally, farming systems are transitioning from subsistence-orientation to intensive 
or specialized market-oriented systems in response to several factors, including 
increasing food demands, availability of technology and inputs for production, and 
development policies (Tarawali et al., 2011; Udo et al., 2011; Reardon et al., 2019). 
While transitions towards intensification and specialization in agriculture have 
increased food output and income for some households (HHs), concerns about 
environmental and socio-economic sustainability are growing (Lebacq et al., 2013; 
Clay et al., 2019). Transitions in farming systems have been particularly rapid in Asia 
and Africa (Alexandratos and Bruinsma, 2012; Masters et al., 2013; Reardon, 2015; 
Reardon et al., 2019). These continents are predominantly dryland regions and are 
paradigmatic examples, where transitions occur in agro-climatically and biophysically 
challenging environments, where diverse farming systems and practices are present, 
and where inadequate rural infrastructure and support services exist (UNITED 
NATIONS, 2011; IPCC, 2019).  

India clearly represents such a situation, where the dryland areas cover 69% of 
the geographic area and support 40% of the nation’s population (Ahmad et al., 2011), 
and where farming systems have been subjected to transitions for over two decades 
(Government of India, 2012; Puskur et al., 2004; Tian et al., 2014; Amjath-Babu and 
Kaechele, 2015; Government of India, 2020; Kuchimanchi et al., 2021a). A range of 
development initiatives to support small-holder agriculture exist in India. Of those, 
the watershed development program (WDP) has been the most employed strategy 
since the 1990s and has focused on socio-economic development through modernizing 
agricultural production in India’s drylands (Rao, 2000; Kerr, 2002; Government of 
India, 2008; Wani et al., 2008a, 2008b). The annual investments in WDPs were 
approximately 4 billion USD between 2009 and 2012 (Reddy and Syme, 2015; 
Government of India, 2021), indicating the program’s magnitude. Currently, it is 
amalgamated into a larger program1 under the ministry of land resources with a 
similar scale of funding. WDPs encourage the promotion of intensive production 
systems (e.g. use of hybrid seeds, crossbred and exotic livestock, inorganic inputs, farm 
mechanization, and irrigation infrastructure), which are perceived as ideal for 
developing countries (Chand et al., 2015; Groot and Van’t Hooft, 2016). WDPs, 
therefore, have been identified as key drivers triggering rapid transitions in farming 
systems (Batchelor et al., 2003; Puskur et al., 2004; Sharma et al., 2005; Bouma and Scott, 
2006; van Ginkel et al., 2013).  

 
1 Watershed Development Component of Pradhan Mantri Krishi Sinchayee Yojana (WDC-PMKSY); 
https://dolr.gov.in/en/programme-schemes/pmksy/water shed-development-component-pradhan-mantri-
krishi-sinchai-yojana-wdc-pmksy. 
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A recent study (conducted by the authors, see Kuchimanchi et al., 2021a) 
mapped the transitions in agriculture and farming systems in a region in Telangana 
(India). It also analyzed the effect of transitions in farming systems on smallholder 
livelihoods in the last 20 years. The study region was subject to various development 
programs, of which WDPs were the predominant one2. That study, in line with other 
literature (see, e.g. Ali, 2007; Kumar and Singh, 2008a; Herrero et al., 2013; Gathorne-
Hardy, 2016), indicate that farming systems before 1997 were primarily subsistence-
oriented, with mixed crop-livestock production and where livestock had diverse 
functions (e.g. supporting agriculture, providing transportation, food, fuel, manure, 
and a banking asset). However, the subsistence farming system dwindled between 
1997 and 2015, and specialized and market-oriented production systems emerged. The 
role of livestock became limited to the food production function. This was also 
accompanied by a significant change in land use, where croplands increased by 45% 
at the expense of wastelands that decreased by 75%. Increased regional production 
with land-use change led to groundwater scarcity in the region (Batchelor et al., 2003; 
Shiferaw et al., 2008; Calder et al., 2008; van Ginkel et al., 2013; Thomas and 
Duraisamy, 2018; Duraisamy et al., 2018). In the end, the study also reported that some 
HH broke the socio-economic and cultural barriers to climb the “livestock ladder” 
(Sones and Dijkman, 2008; Udo et al., 2011) to engage in, e.g. dairy farming. However, 
other HHs became marginalized and/or dropped out of the agricultural sector.  

A plethora of articles have been published in the early 2000s on the agricultural 
and economic benefits of WDPs (Joshi et al., 2008; Wani et al., 2008a, 2008b; Palanisami 
and Suresh Kumar, 2009). Later articles indicated sub-optimal program outcomes due 
to various social, technical, and institutional issues (Bouma and Scott, 2006; Shiferaw 
et al., 2008; Calder et al., 2008; van Ginkel et al., 2013; Bharucha et al., 2014; Reddy and 
Syme, 2015). However, there is little information about the characteristics of the 
emergent farming systems and their economic and/or environmental performance. As 
indicated by Kuchimanchi et al. (2021a), the fact that rapid transitions have occurred 
in the area, that more intensive forms of agriculture with altered crop-livestock 
interactions have led to higher input use, production costs, and investments (Singh et 
al., 2014; Gathorne-Hardy, 2016; Ghosh et al., 2017); or that development usually entail 
multiple trade-offs and undesired effects (van Ginkel et al., 2013), calls for further 
research.  

Therefore, the aim of this study is to gain insight into the characteristics of 
emerging farming systems and their economic performance in a dryland region of 
Telangana,  India,  that  has  undergone  rapid  transitions  in  farming  systems.  This  
  

 
2 https://iwmp.telangana.gov.in/WebReports/Content/Programmes.html 
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knowledge will help enhance the customization of WDPs and other development 
programs and ensure that their impact is sustainable. 

2. Materials and Methods  

2.1 Study location  

The two study watersheds are in the Rangareddy and Nagarkurnool districts of 
Telangana, India (Figure 1). For this research, we considered the administrative 
boundaries of the villages falling within the watershed, given that the secondary data 
are aligned with administrative boundaries. The first watershed (WS-1) covers four 
villages inhabited by 1820 HHs, and the second (WS-2) covers three villages inhabited 
by 1186 HHs. The HHs in the region are primarily agrarian (91.7%), and 8.5% are 
engaged in non-agricultural activities due to higher education or acquiring non-farm 
skill sets. The predominant land category in the study region is cropland (Household 
survey, 2015 (this study and Kuchimanchi et al., 2021a; Government Census Data, 
2011). The study region falls within the Deccan Plateau (Telangana) and Eastern Ghat 
agro-ecological sub-region (AESR) 7.2. The area is characterized by deep loamy and 
clayey mixed red and black soils, with medium to very high available water capacity 
and a growing season duration of 120–150 days. The climate is characterized by hot,  
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Location map of the study region in India  
(A) Location of the state of Telangana in India. (B) The study region is within the state of Telangana. 
(C) The two watersheds within which the villages are distributed and the study village 
Talakondapalle (highlighted in gray). Source: ISRO BHUVAN portal (htpps://bhuvan.nrsc.gov.in/ 
bhuvan_links.php, accessed 2016)  
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moist summers and mild, dry winters, with an aridity index (AI) of 0.2 ≤AI <0.5 (Rao 
et al., 2019). It is therefore classified as a semi-arid region. These districts are drought-
prone, with an annual rainfall of 500–700 mm (Gajbhiye and Mandal, 1983). 

2.2 Data collection and analysis  

We collected data in a stepwise approach to characterize the farming systems existing 
within the study region. The first step consisted of conducting a HH survey in both 
study watersheds in 2015 (n =3006 HHs, i.e. 46% of the total HHs). It involved face-to-
face interviews with household heads using a structured questionnaire. The data 
collected in the survey provided an overview of the population: types of livestock 
reared and herd sizes; farm sizes and categories of farming HHs (i.e. large farmers: >4 
ha; medium farmers: 2–4 ha; small farmers: 1–2 ha; and marginal farmers: up to 1 ha); 
and caste groups present in the region. The caste system in India is a social hierarchical 
classification of communities based on occupation, which has evolved since ancient 
times. Based on the government classification, we considered the four main groups: 
forward castes (FC), backward castes (BC), scheduled castes (SC), and scheduled tribes 
(ST). Of the 3006 HHs surveyed, 241 (8% of the sample) had no cropland or reared 
livestock, and they were excluded from the study.  

In the second step, we used the data from the household survey to classify the 
HHs according to the farming system. Our classification method was adapted from 
studies by Ser´e and Steinfeld (1996), Kruska et al. (2003), Notenbaert et al. (2009), 
Robinson et al. (2011), and Alvarez et al. (2018). The classification was based on two 
variables: (a) ownership of cropland and (b) dominant livestock species reared. We 
identified the following farming systems: crop without livestock (CWL), crop with 
dairy (CD), landless with livestock (LWL), crop with small ruminants (CSR), and crop 
with diverse livestock (CWDL), as described further in the Results section.  

We conducted five focus group discussions, in the third step, one for each 
farming system. The participating HHs were randomly selected from the survey list 
(n =2765). These discussions were intended to gather information on various 
qualitative characteristics of each farming system. Within each farming-system 
category, 30 HHs were randomly selected, and 1–2 members of each household were 
invited to participate. The gender composition of the focus groups was mixed, with 
participation varying from 25 to 30 people per group. Measures were taken to ensure 
proper representation from all farm-size categories and social groups mentioned 
above. If the representation of one of these categories was lacking, we substituted a 
randomly selected household from the over-represented group with one from the 
under-represented group.  

Each focus group discussion lasted 2–3 hours and was conducted in the native 
language (Telugu). To ensure that the objective of the discussions would be met, a 
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detailed list of questions was used to guide the discussions. The key questions 
involved characteristics of current farming systems, including cropping and livestock-
holding practices, farm infrastructure and use, off-farm jobs, access to fodder and 
water resources, livestock markets, and animal healthcare. The presence of different 
groups in each focus group discussion allowed to contrast potential divergent views 
between groups ‘in situ’. However, and to avoid domination by the wealthy, elderly, 
or socially forward groups, and to ensure that sufficient time was allocated for 
documenting information, each focus group discussion was moderated by an 
experienced facilitator. All discussions were documented on charts to maintain 
transparency and enhance interaction with participants. We ultimately combined the 
quantitative data from the household survey with qualitative data from the five focus-
group discussions to characterize the different farming systems (Table 1 in the Results 
section). 

In the final step, we collected data on the economic performance of various 
farming systems in the study region. Although five farming systems were identified 
and characterized, we limited economic data collection to the three systems with 
consistent income from agriculture (CWL, CD, and CSR; n =2554), based on the 
information derived from the focus-group discussions. The HHs to be surveyed were 
selected according to a two-stage sampling process. In the first stage, we selected the 
village in each watershed with the highest presence of all farming systems. From the 
selected village i.e. Thalakondapalle, 75 HHs (i.e. 25 HHs per farming system) were 
randomly selected from the complete household list. The selection for the survey was 
finalized only after HHs expressed their willingness to participate. Those declining to 
participate were replaced by new HHs until a sample of 25 HHs per farming system 
was reached. We compared the distribution of castes and farm size among selected 
HHs to ensure that they were representative of the total regional population. Data on 
the economic performance of the 75 HHs were monitored once every fortnight from 
August 2015 to August 2016 across all agricultural seasons in India: monsoon season 
(July–September), winter (October–March), and summer (March–June). Each 
household was provided with a data-collection booklet to record data, which data 
collectors cross-checked at regular intervals. The following parameters were assessed, 
based on a structured form supplemented with related qualitative information:  

(i) Farm and household characteristics: farm size, herd size, caste, type of 
family (nuclear or joint), level of education, sources of income, status of 
loans (taken and repaid).  

(ii) Land use and crop production: types of crops grown per agricultural season, 
area under each crop, types of crops produced, the quantity of crop produce 
sold, input costs per crop, hired labor costs, rented farm machinery costs, 
and the sale price of produce sold.  
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(iii) Livestock production: total milk or small ruminants sold, sale prices of milk 
and small ruminants, cost of animal healthcare, types, quantities of feed 
(both purchased and grown), and cost of leasing land and hired labor. 

2.3 Calculations and statistical analyses 

Herd size was expressed in tropical livestock units (TLU). The conversion factors were 
cattle (0.7 TLU), buffalo (1.5 TLU), sheep/goats (0.1 TLU), and poultry (0.01 TLU). 
Labor was analyzed according to family type (i.e. nuclear or joint), assuming two 
working units for nuclear families and five working units for joint families. For the 
caste grouping prevalent in India, we considered the four main groups: FC, BC, SC, 
and ST, based on the Indian government classification.  

We estimated total revenue, costs of production, and gross margins (GMs) at 
the household level as follows. The total revenue earned by a household was 
calculated based on the total quantity of different crop and livestock products sold 
multiplied by the market price, as obtained from the survey. The total costs of 
production were calculated based the total input costs for crop or livestock production, 
hired labor, and rented farm machinery costs, but excluding capital costs. The total 
GM was obtained by subtracting total costs of production from total revenue. All 
economic calculations were performed in Indian rupees (INR) and then converted to 
US dollars (USD) at an exchange rate of 71 INR.  

The statistical analysis was to determine differences among farming systems 
and to gain insight into factors determining economic performance of those systems. 
The statistical analyses were performed using the statistical program GenStat (GenStat 
Committee, 2000), with a significance level of 0.05. To explore whether land use or 
herd size of HHs would differ across the farming system and/or between watersheds, 
we performed some preliminary statistical analysis (involving a GLM; see 
Supplementary Material). That analysis showed relevant differences across farming 
systems only, but not between watersheds. Hence, we performed an ANOVA with a 
post hoc Tukey test to identify differences in terms of land use and herd size across 
farming systems.  

To explore the economic performance of the three farming systems and gain 
insight into the factors contributing to it, we undertook a two- step approach: ANOVA 
with post hoc Tukey test to identify differences in economic performance (i.e. GM) 
across farming systems, and a general linear model (GLM) for each farming system to 
identify factors contributing to the GM. In the GLM model, the dependent variable 
was GM, with the independent variables of herd size, farm size, caste, and family type 
(as a proxy for labor), along with all two-way interactions. Caste, labor, and their two-
way interactions were not significant in any of the farming systems, and they were 
therefore removed from the model. Given the skewed distribution indicated by the 
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GLM, we followed the approach described by Kuchimanchi et al. (2021a) for the 
statistical analyses, converting the values into their natural logarithms. To ensure that 
values of 0 would also be transformed, we added one unit to all values. Once the tests 
were run, the mean values and confidence intervals were then back-transformed 
(Johnson et al., 1994) and one unit was subtracted from each value.  

3. Results  

3.1 Types of farming systems found in the region  

Data from the household survey and five focus-group discussions revealed the 
presence of five types of farming systems in the region, as described below (also see 
Table 1). Native poultry was kept for subsistence food needs across all farming 
systems, and it was therefore considered part of all systems.  

3.1.1 Crop without livestock (CWL)  
This system accounted for the highest proportion of HHs (48%). Most of these HHs 
were either marginal (40%) or small farmers (37%), with medium farmers constituting 
21% and large farmers constituting only 2%. The HHs in this system owned very few 
borewells, which were seasonally functional. Cropping was thus predominantly rain-
fed, with limited irrigated crop production. Low water availability limited crop 
farming in this system to one agricultural season per year. Monocropping of cash crops 
(e.g. maize and cotton) was predominant. Farmers reported that cropping practices 
were intensive and required higher investments, as they grew mainly cash crops, 
rented farm machinery, and used hybrid seeds and inorganic fertilizers. They added 
that cash crops were preferred to food crops, given their higher market value. These 
HHs mainly sold the produce, and the crop residues were either burnt or tilled back 
into the soil. Participants in the focus groups added that increased drought conditions 
over the years had led to failed crops, reduced yields, and increasing debts. These HHs 
owned no livestock due to diminishing common property resources for grazing, less 
family labor, or limited capacity to hire labor or invest in leasing lands for grazing or 
borewells. The limited availability of water resources further inhibited them from 
taking up dairy production. A lack of livestock resulted in greater use of inorganic 
inputs in crop farming, as livestock manure was unaffordable. Many HHs, therefore, 
opted to take off-farm jobs in order to earn income, although they noted that such jobs 
were not adequately available. Most of the HHs also depended on the public food-
distribution system to meet their food needs, as they cultivated mainly cash crops.  

3.1.2 Crop with dairy (CD) 
The second most prevalent category was the CD system (38% of all HHs). Most of the 
HHs  in  this  system  were  medium  (42%)  and  small   farmers  (31%),  with  marginal  



 

 

44 Table 1: General farming-system characteristics, as derived from the household survey and focus group discussions  

Types of  
farming systems  

Crop without   
livestock (CWL) 

Crop with dairy  
(CD) 

Landless with 
livestock (LWL) 

Crop with small 
ruminants (CSR) 

Crop with diverse 
livestock (CWDL) 

  n = 1326  n = 1063  n = 188  n = 165 n = 23 

Ownership of land  Y  Y X Y Y 

Ownership of livestock X Y Y Y Y 

Distribution per farm type      

Marginal (>1 ha) 40% 15%  20% 21% 
Small      (1–2 ha) 37% 31%  32% 26% 
Medium  (2–4 ha) 21% 42%  32% 48% 
Large      (>4 ha)    2% 12%  30%   4% 

Cropping characteristics  Rain-fed, Limited 
irrigation, Monocropping 

Irrigated, Continuous 
irrigation, Mixed cropping 

 Rain-fed; Limited 
irrigation, Monocropping 

Rain-fed, 
Mixed cropping 

Crops Predominantly cash 
crops 

Cash & food crops with 
residues, green fodder 

 Predominantly cash 
crops 

Predominantly food 
crops 

Livestock characteristics 
(dominant species) 

Native poultry Large ruminants 
crossbred/exotic 

cattle/buffalo 

Native poultry and small 
ruminants 

Small ruminants Diverse livestock 
species 

Crop - livestock practices Intensive specialized 
technologies 

Intensive specialized 
technologies 

Traditional, subsistence Intensive specialized 
technologies 

Traditional, 
subsistence 

   Depend on CPRs for 
grazing 

Depend on CPRs for 
grazing 

Depend on CPRs for 
grazing 

Farm infrastructure Traditional/basic Use farm machinery Traditional/Basic Use farm machinery Traditional/basic 

Source: Household survey and focus-group discussions, 2015; CPR – common property resources 
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farmers constituting 15% and large farmers constituting 12%. The HHs in this system 
grew cash crops in combination with food crops and perennial green fodder. 
Participating farmers reported choosing cash crops that provided additional crop 
residues for livestock (e.g. maize, groundnuts, rice, or vegetables), depending on the 
availability of water for irrigation. These HHs also practiced intensive crop farming, 
with drip and sprinkler systems for irrigation, farm machinery, and better housing for 
livestock. They also owned multiple borewells that were functional throughout the 
year and invested heavily in groundwater extraction. In this system, dairy farming 
was market-oriented, using predominantly crossbred or exotic dairy cattle (Jersey or 
Holstein breeds). Farmers mentioned having many opportunities to engage in and 
develop dairy farming through government schemes, subsidies, and bank initiatives. 
They added that despite the high production investments required for dairy farming, 
the consistent and reliable income that it provided led them to continue. In addition, 
they noted that exotic breeds required particularly high production costs, due to their 
greater susceptibility to diseases and the need for high-quality feed and more water 
resources. The farmers also reported managing scarce water resources by limiting crop 
production to one season and by diverting the water for dairying. According to them, 
dairy farming was far more reliable than crop farming, and it was therefore sought by 
many farmers. In general, HHs in the CD system did not engage in off-farm work for 
additional income. 

3.1.3 Landless with livestock (LWL)  
The third most prevalent category was the LL system (6.8% of all HHs). In this system, 
the primary source of income was from agricultural wage work or off-farm jobs. 
Agricultural activities that primarily involved rearing livestock was need-based, and 
the number of livestock raised depended on anticipated income needs. The livestock 
reared consisted mainly of native poultry (97%) or goats (5%). Farmers considered goat 
rearing as challenging, due to a lack of common property resources in the villages and 
the inability to lease shrublands for grazing goats. According to the respondents, 
native poultry rearing has decreased, due to limited scavenging area and the increased 
incidence of conflicts among HHs because of infrastructural developments within the 
settlement areas.  

3.1.4 Crop with small ruminants (CSR)  
The fourth most prevalent category was the CSR system (6.0% of all HHs). The 
majority of HHs in this system comprised medium (32%) and small farmers (32%), 
followed by marginal (20%) and large farmers (13%). These HHs cultivated both rain-
fed and irrigated crops, which provided suitable residues for livestock. The CSR 
system was the only system that cropped for two agricultural seasons per year. Crop- 
management practices were intensive, but predominantly using livestock manure. 
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Like the CWL farmers, these HHs also owned few borewells, which were functional 
mostly in the monsoon. They also owned only basic farm implements, but they were 
able to rent farm machinery if needed. In contrast to the HHs in the CD system, these 
housed leased borewells instead of deepening or digging new ones. In this system, 
both sheep and goats were reared, but sheep rearing was dominant. HHs rearing 
sheep were part of the traditional livestock- keeping community of Telangana state 
(known as Gollas) and belonged to the BC caste group. Although goats were reared 
irrespective of caste, they were mostly reared by impoverished HHs belonging to the 
SC and ST caste groups. The herd sizes for sheep averaged 125 sheep per household. 
As noted by focus-group participants, the costs of sheep rearing have increased, given 
the need to rent private lands and borewells for grazing and water resources. They 
added that flock sizes were determined by resource availability, which caused annual 
variability, as competition for land resources for grazing in the region was increasing. 
Farmers resorted to migration only during severe drought conditions. Goat rearing 
was a largely seasonal activity, and it was more predominant in the summer or taken 
up based on the income needs of individual HHs. Herd sizes ranged from 10 to 55 
goats per household, depending on whether goat rearing was a primary or 
supplementary source of income. Focus-group participants stated that goats were 
grazed mainly on lands with tree and shrub cover. Large goat flocks would require 
large tracts of grazing land (according to farmers, about 25–30 ha for a flock of 55–60 
goats). The scarcity of such land has therefore reduced goat keeping. Sheep-rearing 
HHs rarely depended on off-farm labor, whereas those rearing goats frequently 
depended on off-farm labor or agricultural wage work. HHs also depended on 
markets or the public food- distribution system to meet their food needs, although 
dependence was greater for goat-rearing HHs.  

3.1.5 Crop with diverse livestock (CWDL) 
The least prevalent category was the CWDL system (0.8% of all HHs). Most HHs in 
this category were medium farmers (48%), followed by small (26%) and marginal 
farmers (21%). Only 4% were large farmers. Crop production in this system veered 
towards food crops, using seasonally available water resources, and limited external 
inputs. In this case, livestock keeping was integrated and intended to support crop 
production. According to the participants in the focus groups, this had been the most 
prevalent system in the 1990s. Diverse livestock species (predominantly local breeds 
of cattle, buffaloes, goats, and poultry) were reared in this system. Crop and livestock 
products were consumed predominantly at home, and only surplus production, if 
available, was sold. The primary source of income for these HHs consisted of 
remittances from family members working in cities.  

Land  and  herd  sizes  are  presented  in  Table 2.  Land  and  herd sizes  differed  
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Table 2: Comparison of land (in ha) and herd sizes (in TLUs) across farming 
systems 

Farming system n Land size Herd size 

Crop without livestock (CWL) 1326 1.2 (0.0) b 0.03 (0.0) d 

Crop with dairy (CD) 1063 2.1 (0.1) a 3.21 (0.1) b 

Landless with livestock (LWL)   188 0.0 (0.0) c 0.25 (0.9) d 

Crop with small ruminants (CSR)   165 1.9 (0.1) a 4.74 (0.5) a 

Crop with diverse livestock system (CWDL)     23  1.7 (0.2) ab 1.85 (0.2) c 

Note: Different superscripts within a column (land size or herd size) indicate significant differences  
(p < 0.05); Source: Household survey, 2015  

across systems. HHs in the CSR system had the highest herd size in comparison to all 
systems. The CD, CSR, and CWDL systems had comparable land sizes. The LWL 
system was not comparable to any system in both land and herd sizes 

3.2 Economic performance of farming-systems 

In this section, we present the results of the economic-performance study of only the 
CWL, CD, and CSR systems (92% of the sample), as they provided consistent income 
from agriculture. The revenue, costs of production, and total GM per household are 
displayed in Table 3 for all three systems under study. For HHs in the CD and CSR 
systems, GM comprised income from crop and livestock production. For those in the 
CWL system, it consisted of crop production and off-farm activities. The economic 
performance of crop production is explained by the various crop management and 
input requirements across systems. As indicated in the focus-group discussions, the 
CWL and CD systems limited crop production to the monsoon agricultural season 
each year, while the CSR system managed crop production for both monsoon and 
winter seasons each year. In terms of inputs, the CWL system incurred the highest 
crop- production costs, followed by the CSR system and then the CD system. The 
differences were due to the types of crops grown, with cash crops having higher costs, 
associated inputs, and the availability of livestock manure, which replaced expenses 
for inorganic inputs.  

Detailed information about the production costs for livestock rearing is 
presented in Table 4. The costs for dairy farming were substantially higher than those 
for small ruminants. The high production costs in dairy farming were attributed to 
feed purchased from external markets (accounting for 88% of the total production costs 
per annum). The CD system also exhibited the greatest variation in the GM. Some of 
the HHs in this system had negative GMs in the summer due to low milk production 
combined with high feed requirements by the cattle. The CSR system was the most  
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Table 3: Economic performance (in USD) of three farming systems (i.e. CWL, CD, 
and CSR) in the study region 

Income 
sources 

Agricultural 
seasons1 

Revenue2 Cost of 
production3 

Total  
Gross Margin 

Crop without livestock (CWL) 
  Crop  Monsoon     309.7 (286.5) 224.4 (197.7) 87.4 (96.6) 

Winter - - - 
Summer - - - 

  Off-farm  
  livelihood 

Monsoon   56.9 (36.6) -  56.9 (36.6) 

Winter   51.7 (34.9) -  51.7 (34.9) 
Summer 107.0 (52.4) - 107.0 (52.4) 

   Total 
 

   525.2 (359.2) 224.4 (197.7) 303 (210.4) 

Crop with dairy (CD) 

  Crop Monsoon 1171.8 (2208.3) 138.9 (222.3) 1032.8 (1994.1) 

Winter - - - 

Summer - - - 

  Livestock  Monsoon 1324.1 (1037.8) 1174.3 (163.4) 149.7 (260.0) 
Winter 2176.0 (1892.8) 1059.3 (925.6) 1116.6 (1461.3) 

Summer 889.6 (788.7)   1570.0 (1659.2) -680.4 (1270.9) 

  Total 
 

5561.4 (5927.6) 3924.7 (3870.6) 1618.7 (4992.2) 

Crop with small ruminants (CSR) 

  Crop  Monsoon 1012.9 (1383.4) 194.0 (216.8)   818.8 (1313.0) 
Winter 441.4 (557.7) 210.9 (235.0) 444.9 (495.1) 
Summer - - - 

  Livestock  Monsoon 245.9 (449.1)  298.9 (170.2) -53.1 (443.5) 
Winter 1255.5 (1770.8)   176.7 (127.9) 1078.7 (1772.2) 
Summer 1567.9 (1422.9) 154.4 (77.3) 1413.2 (1382.3) 

   Total 
 

4738.1 (5720.5) 1040.8 (736.9) 3538.2 (5302.0) 
Note: Figures in USD; conversion factor used: INR 71; SD: standard deviation values in brackets. 
Source: Household-level longitudinal study 2015–2016.  
1Monsoon agricultural season (July–September); winter agricultural season (October–March); summer 
agricultural season (March–June) 
2Sale price of milk 0.36 USD/kg & Sale price of meat 3.5 USD/kg at farmgate.  
3Cost of production of crops includes costs of land preparation (rent of machinery/bullocks), hired 
labor, and input; the cost of production for livestock includes costs of animal healthcare, leasing lands 
for grazing, purchased fodder, hired labor, and fodder production in owned land.  

profitable farming system, due to low feed costs (as compared to dairy production) 
and high market price for meat (3.5 USD/kg). The highest costs per annum in the 
CSR system were for animal health care and for leasing grazing lands. These factors   
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Table 4: Production costs (in USD) for livestock rearing in crop with dairy (CD) and 
crop with small ruminant systems (CSR) 

Farming system Agricultural seasons3 

Crop with dairy (CD) Monsoon Winter Summer Total 

Production details1     

Animals in milk (#/HH)  5.0 (3.0) 4.0 (3.1) 4.0 (3.1) 4.3 (3.1) 

Average milk prod. (l/HH) 3550.4 (2875.7) 5942.2 (5168.6) 2429.3 (2154.7) 2153.7 (3973.9) 

Costs (USD/HH/y)     

Healthcare2  75.0 (59.2) 57.2 (50.3) 48.6 (53.1) 180.9 (117.7) 

Feed and fodder (purchased)  1050.2 (967.1) 1478.3 (1664.1) 945.6 (877.2) 3474.0 (3297.7) 

Fodder production (own)  28.1 (31.4) 73.4 (48.5) 57.1 (30.1) 179.0 (99.6) 

Other: leasing land for grazing  78.2 (85.3) - - 84.4 (109.3) 

Total  1234.0 (1143.1) 1608.9 (1762.8) 1051.3 (960.3) 3914.9 (3624.3) 

Crop with small ruminants (CSR) Monsoon Winter Summer Total 
Production details1 

    

Average flock size (#/HH) 87.2 (61.1) 88.2 (62.9) 74.1 (45.7) 83.2 (55.1) 

Average animals sold (#/HH) 19.5 (12.2) 32.5 (23.8) 25.9 (26.2) 25.9 (20.7) 

Costs (USD/HH/y)     

Healthcare2 120.2 (72.8) 179.5 (133.9) 131.6 (69.9) 143.8 (31.4) 

Feed and fodder (purchased) - 36.7 (19.0) 40.9 (28.1) 77.6 (51.6) 

Fodder production(own) - - -        0.0 

Other: leasing land for grazing 219.0 (134.1) - - 219.0 (134.1) 

   Total   339.4 (206.9) 216.2 (152.9) 172.5 (99.0) 440.4 (217.1) 
Note: Figures in USD; conversion factor used: INR 71; standard deviation values in brackets. Source: 
Household-level longitudinal study 2015–2016  
1Units: USD/HH/y.  
2Includes veterinarian fees, medicines, and other treatment-related costs. 
3Monsoon agricultural season (July–September); winter agricultural season (October–March); summer 
agricultural season (March–June) 

nevertheless did not seem to impair economic performance. The CSR system managed 
to obtain a high GM in the summer, the most unproductive season in dryland regions 
due to high temperatures and water shortages.  

Another factor addressed in the survey was loan access and repayment. The 
findings revealed that HHs took loans from multiple sources to continue farming. 
Among the three systems, CD HHs had the most loans from cooperative banks (80%), 
local pawnbrokers (64%), and self-help groups (40%) simultaneously. The loan values 
were also higher in comparison to those of HHs in the other two systems. In the CWL 
system, HHs accessed government crop loans (84%), self-help group loans (60%), and 
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government schemes (16%) to manage crop production. In contrast, only 50% of CSR 
HHs took loans, and only from cooperative banks. Focus group discussions indicated 
that loans from self-help groups were entirely availed by women, however, loans from 
banks were from both genders, as women also had access to banks. Despite formal 
credit sources, informal credit sources (pawnbrokers) are still being accessed 
particularly by the CD HHs. This situation can be related to the high investment and 
production costs in dairying farming, where formal credit options work due to 
pending loan repayment. 

The GM of the HHs in the CSR system was statistically higher than that of those 
obtained by HHs in the CD and CWL systems (p <0.05). There were no statistical 
differences between the CD and CSR groups (p >0.05). The linear regression analysis 
revealed that factors explaining the GM were dependent on the farming system. First, 
caste and family type (as a proxy for labor availability) were not significant in any of 
the farming systems. For the CWL system, land size was the only statistically 
significant variable (p <0.001) clarifying the GM. For the CSR system, both herd size (p 
<0.001) and land size (p <0.05) were significantly and positively correlated with GM. 
For the CD system, however, none of these variables was statistically significant (p
>0.05). In Figure 2 below, we further illustrate the relationship between herd size and 

Figure 2: The relationship between herd size (in TLUs) and gross margins (in USD) 
for the three farming systems under study 
Note: Only the regression line for the CSR system is plotted because it was the only farming system in 
which herd size resulted in a significant factor for gross margin. Note: crop without livestock (CWL), 
crop with dairy (CD), and crop with small ruminant (CSR) farming systems. Source: Economic 
performance study of three farming systems (2016–2017, n =75)
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GM, which helps to explain why herd size is an explanatory variable for the CSR 
system, but not for the CD system. For the CSR system, GM increased along with herd 
size, as indicated by the significant regression line. In contrast, the CD system 
exhibited high variation, as CD farms with low herd size obtained both negative and 
positive GMs, while those with large herd sizes obtained only moderate to low GMs. 
The CWL system had the lowest gains and no livestock. 

4. Discussion 

The characterization of farming systems in the study region revealed that the CWL, 
CD, and CSR systems were variants of intensive, specialized, and market-oriented 
farming systems, while the LWL and CWDL were variants of subsistence farming 
systems. The majority of the HHs in the region (86%) fell into two farm categories: 
CWL and CD. The CSR system, although lucrative, was dominated by the BC 
communities (the Gollas) in the region, given that sheep, rearing has been their 
traditional occupation for generations. For LWL and CWDL systems, livestock rearing 
was a need-based livelihood activity, and it usually involved poultry and seasonal 
goat rearing. Although the CWDL system was the most prevalent in the past, the 
majority of HHs have now transitioned away from this system (Kuchimanchi et al., 
2021a).  

Further analysis of the three systems revealed that the CWL system is a 
medium-input/low-output system, the CD system is a high-input/high-output 
system, and the CSR system is a medium-input/medium-output system. In terms of 
economic performance, the CSR system showed the best performance, as explained by 
the low water requirements and low feed production costs (e.g. leasing croplands and 
use of existing CPRs). The profitability of this system was further enhanced by 
growing market demand and the current market price for small ruminant meat. The 
system also adapted to the dynamic context by adjusting herd sizes to the decreasing 
availability of common property resources (Kuchimanchi et al., 2021a). All these 
factors make the CSR system suited to the dryland context. Despite having the highest 
revenues, the CD system was less profitable, due to high production costs. This system 
exhibited high variability in GMs from moderate to substantially negative records 
across HHs (Fig. 2). This variability might have been due to the influence of other 
factors not included in this study (e.g. knowledge of dairy management, management 
practices, embeddedness in supply chains for feed supply or milk collection, or access 
to credit schemes and subsidies) (Oosting et al., 2014; Van Der Lee et al., 2018). In 
addition, the consistent income obtained from dairy farming came at the expense of 
crop production in the winter season, as scarce water resources were diverted for 
dairying. This strategy resulted in the loss of additional income for CD HHs, in 
contrast to those in the CSR system, which cultivated crops for two seasons each year, 
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in addition to rearing small ruminants (see Table 3). These findings thus suggest that 
engaging in dairy production may not be a resilient option for HHs in semi-arid 
regions (Chand et al., 2015; Ghosh et al., 2017; Clay et al., 2019). The CWL system 
consistently exhibited low economic performance, with low revenues attributable 
primarily to higher production costs for cash crops and market volatility (Thapa, 2009; 
Kumar, 2014).  

In line with other studies such as, Sallu et al. (2010); Ten Napel et al. (2011); 
Ayeb-Karlsson et al. (2016); Kuchimanchi et al. (2021b) we find that the trend of 
intensification and specialization in farming, particularly in the CWL and CD systems, 
has increased generic risks and decreased flexibility for coping with disturbances and 
shocks. For example, the CWL system (the most dominant system) reflected the 
absence of crop diversity and livestock and was dependent on off-farm employment, 
which was not regularly available. The lack of crop- livestock integration at the farm 
level increases dependence on inorganic fertilizers (Kuchimanchi et al., 2021b), which 
reduces soil-carbon levels, subsequently affecting soil fertility, crop productivity, and 
revenue in the long term (Herrero et al., 2010; Thornton and Herrero, 2015). These 
factors make HHs in this system more reliant on external inputs and market conditions 
to continue farming, leading to higher risks in the long term. 

The CD system (the second most prevalent system) was the most desired by 
HHs in the region, as it provided consistent income throughout the year (Kuchimanchi 
et al., 2021a, 2021b). However, this system had compromised GMs and can be seen as 
entailing high risk, as dairy farming is heavily dependent on external markets for feed 
resources, scarce water resources and milk collection. Small landholdings limit feed 
production and increase the amount of external feed that HHs are forced to purchase 
to guarantee production. Further, as reported in studies by Sishodia et al. (2016) and 
the Central Ground Water Board (2017, 2019), the region is currently experiencing high 
water scarcity, and the situation is likely to worsen. In addition to being risky, 
therefore, the CD system may be economically unviable in dryland regions (Ghosh et 
al., 2017; Clay et al., 2019), contrary to general perceptions. For this reason, the 
promotion of dairy farming among poor HHs should be a point of concern for 
development programs, especially in dryland regions. In the farming systems 
examined, higher revenues were associated with higher costs due to increased use of 
purchased inputs, credit, and animal healthcare services (Udo et al., 2011). If these 
costs cannot be limited, they offset revenues, hinder profits, and perpetuate the 
‘poverty trap’ (Tittonell and Giller, 2013). In this study, this situation is illustrated by 
the fact that HHs in the CWL and CD systems had high levels of credit and debt, due 
to insufficient income and low profits (Tables 3 & 4). Increasing credit and debt thus 
pose a risk, as they are likely to become intertwined with farming strategies aimed at 
simply adopting a system and continuing to farm. Over time, this situation often leads 
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to a range of social-ecological consequences (e.g. marginalization, inequality, low 
adaptive capacity, high infrastructure investments, and regional water scarcity), all of 
which perpetuate vulnerability to climate change (Taylor, 2013; Ramprasad, 2019; 
Kuchimanchi et al., 2021a,b).  

Lastly, WDPs tend to promote specific farming systems (i.e. dairy farming), that 
has induced changes in land use, cropping patterns, and livestock rearing in terms of 
herd size, animal type, and purpose (Puskur et al., 2004; Sharma et al., 2005). While 
these changes have a positive effect on the ability of lower caste groups to attain 
resources and engage in dairy farming (this study; Reddy et al., 2016; Kuchimanchi et 
al., 2021a), it also shows that 48% of the HHs participating in this study had no 
livestock, and 6.8% kept livestock only temporarily in contrast to the past 
(Kuchimanchi et al., 2021a). This also suggests that those who cannot afford intensive 
livestock production tend to reduce their livestock rearing or to rear small ruminants 
as needed, thus indicating marginalization (see Tables 3 and 4 on current expenditure 
& Kuchimanchi et al., 2021a). In view of the above, it is necessary to re-assess current 
approaches in ongoing WDPs as intensification and specialization, do not necessarily 
result in higher economic performance, especially in biophysically constrained 
environments such as dryland areas (in line with various scholars e.g. Benoit et al., 
2009; Ryschawy et al., 2012; and Ripoll- Bosch et al., 2014). Our reason for emphasizing 
the biophysical aspect is that, despite the better standards of socio-economic and 
infrastructural conditions in Telangana (Indian National Human development report, 
2018), the lower economic performance in farming is still observed and across all 
farming systems (this study, Kuchimanchi et al., 2021a,b). We, therefore, suggest 
considering alternative development strategies for HHs, such as “area-wide 
integration”, feed self-sufficiency, or farm diversification to trigger better economic 
results or enhance the viability of farms in the long term (Oosting et al., 2014; Thornton 
and Herrero, 2015; Van Der Lee et al., 2018), particularly in environmentally 
constrained regions (Udo et al., 2011; Ripoll-Bosch et al., 2014). Further, to manage the 
dynamics of intensification and specialization in farming systems (Jayne et al., 2014; 
Amjath-Babu and Kaechele, 2015; Thornton and Herrero, 2015), the institutional 
capacity-building at the village level in WPDs should be strengthened with new 
information and approaches. This is well demonstrated by some civil society 
organizations, using community engagement approaches and tools3. Such 
approaches, combined with science-based evaluations of ongoing programs, could 

 
3 http://www.fao.org/climate-smart-agriculture-sourcebook/enabling-frameworks/module-c1-capacity-
development/c1-case-studies/case-study-c111-the-andhra-pradesh-farmer-managed-groundwater-systems-
apfamgs-project/en/ 
http://fes.org.in/source-book/groundwater-game-practitioners-manual.pdf  
https://wotr-website-publications.s3.ap-south-1.amazonaws.com/ 
156_Making_the_Invisible_Visible_A_Manual_for_Preparing_the_CoDriVE_Visual_Integrator.pdf   
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help avoid the implementation of conflictive technological development (Nedumaran 
et al., 2014) and create knowledge about complex social-ecological processes. This 
approach could also facilitate an interactive learning space and promote local 
innovations by tapping local or traditional knowledge systems to improve the 
management of dryland environments (Tamou et al., 2018).  

In all, we urge the need for interdisciplinary research (particularly in dryland 
ecosystems) to assess the relative feasibility of varied farming systems in dryland 
conditions, the socio-economic impact of agricultural intensification in dryland 
ecosystems e.g. indebtedness and access to credit, HH dietary diversity or gender 
implications. Also, we encourage the implementation of mechanisms that can facilitate 
continuous research on farming systems development and their economic and 
environmental performance. This will help to better anticipate farming systems 
trajectories and the potential (undesired) effects of development strategies, also those 
within the WDP operational framework.  

5. Conclusion  

The current study investigates the characteristics and economic performance of the 
farming systems that emerged in the last decades in the dryland region of Telangana, 
India. The characterization studies revealed the presence of five distinct farming 
systems, based on agricultural activity and tenure of livestock type. These farming 
systems were crop without livestock (CWL), crop with dairy (CD), landless with 
livestock (LWL), crop with small ruminants (CSR), and crop with diverse livestock 
(CWDL). The farming systems represented variants of specialized, intensive, and 
market-oriented farming (i.e the CWL, CD, and CSR systems), and variants of 
subsistence farming (LWL and CWDL systems). The majority of the HHs in the region 
that had consistent income from agriculture fell into the three intensive types of 
farming systems, i.e. CWL, CD, and CSR. The economic performance study of these 
three systems revealed that intensive, specialized, and market- oriented farming did 
not always result in high economic results. This was evident in the case of the two 
dominant systems (CWL and CD), which showed low and highly variable 
performances. Moreover, these two systems were subject to various types of risks and 
lacked the flexibility needed to cope with disturbances and shocks. Despite exhibiting 
the best economic performance and being the most suitable system for dryland 
regions, the CSR system is likely to be constrained by dwindling grazing resources in 
the future. Our results suggest that intensive and specialized farming systems may 
impair the potential of development strategies, such as WDP, aimed at environmental 
conservation and may pose a risk for HHs regarding their ability to cope with 
disturbances in the long term. These outcomes are the opposite of what WDPs seek to 
achieve. We infer that an inadequate understanding of the effects of current farming 
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systems and how they manifest over time has generated these unintended 
consequences. Therefore, we recommend that the current approaches of the WDPs 
should be overhauled by better understanding and further continuous research on the 
characteristics of current farming systems, their impacts in socio-economic and 
environmental terms, and the anticipation of their future development trajectories. 
Likewise, further research should address the potential (undesired) effects of 
development strategies, such as impacts on natural resources and on HH livelihoods, 
including role of financial mechanisms or effects on dietary variety. Further research 
and monitoring, and the changes in development mechanisms, shall pave the way 
forward for the implementation of sustainable development programs in rapidly 
changing socio-ecological systems. 
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Supplementary Material  
In this supplementary material, we present an additional statistical analysis of the two 
watersheds under study where we compared the variables land size and different 
farming systems.  

Material and Methods 
Land size and herd size are widely used variables to characterize smallholder HHs 
and have a large influence on-farm productivity and economic performance (Rahman 
et al., 2007; Oosting et al., 2014; Ripoll-Bosch et al., 2014). Hence, to understand 
whether the land size and herd size were affected by the watershed or farming system 
type we used a general linear model (GLM) on the general sample of HH (n= 2554). 

The statistical analysis was performed using the statistical program GenStat 
(GenStat Committee, 2000). We used a significance level of 0.05. The GLM model 
consisted of the dependent variables land or herd size per HH, the independent 
variables were watershed and farming system (i.e. crop without livestock (CWL), crop 
with dairy (CD), landless with livestock (LWL), crop with small ruminants (CSR) and 
crop with diverse livestock (CWDL), and the interaction watershed × farming systems. 
Pairwise post hoc comparisons between treatment means were performed using 
Fisher’s least significant difference method. 

The dependent variables in the GML analysis showed a skewed distribution. 
To perform the statistical analysis, we followed the same approach as in Kuchimanchi 
et al., (2021a). We first converted the values into their natural logarithm and to ensure 
the transformation of values of 0 into natural logarithm, we added one unit to all 
values. Once the tests were run, the mean values and confidence intervals were then 
back-transformed (Johnson et al., 1994) and subtracted by one unit.  

Results 
We analyzed whether the land size and herd size of HHs were affected by the farming 
systems identified or the watershed. Figures 1 and 2 present the land and herd sizes 
of the different farming system typologies in the study watersheds. The statistical 
analysis revealed a significant interaction between farming systems and watersheds 
for the herd and land size. The interaction is only explained by the slightly different 
behaviors of specific farming systems per watershed. For instance, WS-1 usually 
showed larger land and herd sizes per HH across farming systems, but not always: as 
no differences in land size between watersheds were observed for the LWL system 
and largely for CWDL, or in herd size for the CWL, LWL and CWDL systems. In terms 
of land use the CSR, CD, and CWDL systems had the largest land size, especially in 
WS1. HHs in the CWL system had the smallest land size/HH in both watersheds.  
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Figure 1: Land size per household per watershed and farming system typology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Herd size per household per watershed and farming system typology 
Note for both figures: The statistical differences are on logarithmical scale, while numbers represented 
are not. Source: HH survey, 2015 
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 Abstract  

Intensification of agriculture in India has increased food self-sufficiency. However, it 
has also led to unwanted environmental impacts, particularly the increased pressure 
on groundwater resources. These impacts are most severe in the dryland regions of 
the country. Therefore this paper aims to understand the impact of intensified forms 
of agriculture on the availability of water resources in a dryland watershed in 
Telangana, India. To achieve this, we first assessed the water use of three main farming 
systems in the study region. We then calculated the water balance at the watershed 
level to understand the agricultural impact on groundwater availability within the 
watershed. The three farming systems studied were the crop without livestock system 
(CWL; 48% of households), the crop-dairy system (CD; 38% of households), and the 
crop with small ruminants system (CSR; 6% of households). The results indicated that 
the CD system used the highest quantity of water (8122 m3/household/y), followed 
by the CSR (2869 m3/household/y) and CWL (1833 m3/household/y). CWL and CD 
systems comprise 86% of the households, making these systems the largest water 
users. Finally, the water balance of the whole watershed showed a deficit of – 0.8 
Mm3/y. Cultivation of water-demanding non-dryland crops, increased specialization 
of farming systems, and management practices in current farming systems are the 
factors causing over-utilization of water and subsequent groundwater depletion. We 
also realize that the current policy environment and other drivers such as decreasing 
landholdings and market forces also induce increased water use in production. We, 
therefore, conclude that there is a need to promote agro-ecologically suitable farming 
strategies, improve the existing technological options and introduce new policies that 
reduce the over-use of water resources for sustainable agricultural production in 
dryland regions. 
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1. Introduction  
Transitions in farming systems are occurring rapidly worldwide due to increasing 
population, income growth, urbanization, and development policies (Reardon et al., 
2019). Such transitions are also happening in India, where extensive traditional mixed 
farming systems are transitioning towards intensive farming systems (Amjath-Babu 
and Kaechele, 2015; Kuchimanchi et al., 2021a).  These intensive farming systems are 
characterized by high use of inputs such as land and water, specialize in crop or 
livestock production as the primary income source, and are market-oriented (Udo et 
al., 2011; Oosting et al., 2014; Kuchimanchi et al., 2021b). While intensification of 
agriculture in India has increased food self-sufficiency, it has also led to rapid changes 
in agricultural land use and affected water availability and water use. Landscape 
changes have led to high precipitation runoff, low groundwater infiltration, and 
increased groundwater use for irrigation, particularly in dryland environments 
(Thomas and Duraisamy, 2019; Duraisamy et al., 2019; Jain et al., 2021).   

India is the world's largest groundwater user (Jain et al., 2021; Paria et al., 
2021), using around 230 km3 of groundwater per year (World Bank, 2012). According 
to Rosegrant et al., (2009), about 65% of that groundwater is used to produce half of 
the country's food. However, the prospects of climate change indicate a negative 
impact on the future availability of water resources and a threat to India's food 
security (Kumar and Kumar, 2013; IPCC, 2014). Sixty percent of India is classified as 
dryland, i.e. arid and semi-arid (UNCCD, 2010), where water is already scarce. The 
continued growth of intensive agricultural production in these regions (Kuchimanchi 
et al., 2021 a,b), coupled with growing water demand from population growth and 
industrial sectors, is likely to result in severe water scarcity in India in the near future 
(Kumar and Kumar, 2013).  

The impact of agricultural production on the use of water resources in India has 
been studied from a range of perspectives and using different methods, such as crop-
livestock water productivity (Jayanthi et al., 2000; Singh et al., 2004; Blümmel et al., 
2009; Haileslassie et al., 2011; Clement et al., 2010; Bekele et al., 2017), surplus water 
use in farming and growing water scarcity in dry regions (Batchelor et al.,2003; Bouma 
and Scott, 2006; Barucha et al., 2014), and water resource auditing and/or modeling at 
watershed level (Perrin et al., 2012; Ariyama et al., 2019; Singh and Saravanan, 2020). 
All these studies deliberate on the impact of excessive water use at a landscape or 
regional level or analyze crop-livestock water productivity, water use, and water 
availability at a watershed level in isolation. Hence, to our knowledge,  there are no 
studies that look at coupled interactions between water use by different farming 
systems at the farm level and its relation to the water availability at the watershed level 
in India. 
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Therefore, the current paper aims to understand the impact of water use by 
current dominant forms of intensified agriculture on the availability of groundwater 
resources in a dryland watershed in Telangana, India. To achieve this, we first assess 
the water use of the three main farming systems in the study region. We then calculate 
the water balance at the watershed level to understand the agricultural impact on 
groundwater available within the watershed. Gaining insight into water use by the 
different farming systems, their practices, and their effect on water availability could 
help anticipate future water scarcity and, therefore, better planning (Kuchimanchi et 
al., 2021a, b, 2022c). In the discussion section, we reflect on the possible social and 
economic implications of the current developments in farming systems on water 
resource availability in dryland regions. 

2. Material and Methods  

2.1 Background and study area 

The current study was a part of a larger research project that studied the transition of 
farming systems, covering aspects of characterization of emergent farming systems, 
assessment of their economic performance, and analysis of their vulnerability to 
climate change (Kuchimanchi et al., 2021, a, b, 2022c). The research project was 
conducted in two watersheds: the Rangareddy and Nagarkurnool districts in the 
southern state of Telangana, India (Figure 1), covering a sample of 3006 households 
(HHs; 46% of the total population) in both watersheds.  

The watersheds fall in a drought-prone area (Manickam et al., 2012). The annual 
rainfall is 500–700 mm, distributed around the South-West (June to September) and 
the North-East (October to November) monsoon seasons. The aridity index of the 
region is 0.2 ≤ AI < 0.5 (Rao et al., 2019) and is therefore classified as semi-arid. The 
mean maximum temperature in the area varies from 43 °C in May to the mean 
minimum temperature of 13 °C in December. The length of the growing period for 
crops ranges from 120 to 150 d/y.  The watersheds are situated in the agro-ecological 
sub-region 7.2, characterized by deep loamy and clayey mixed red and black soils with 
medium to very high available water holding capacity (Gajbhiye and Mandal, 1983). 
These soils are classified as Group -B soils which have a minimum infiltration rate of 
3.8 - 7.5 mm/h. The water transmission of such soils is identified as moderate rate, 
ranging from 0.15 to 0.30 mm/h (US SCS soil classification standards, SCS, 1956). The 
geology of the study region is dominated by crystalline basement rock (Archaean 
granite  and  Gneiss).  A  region  with  this  type  of  geology  is  characterized  by  low 
porosity or sediment and has a low ability to store water, resulting in frequent failures 
in both installation of borewells and water withdrawal after the installation.  
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Farming systems in both watersheds have similar characteristics (Kuchimanchi 
et al., 2021a, 2022c), and therefore the current study was conducted only in watershed 
1 (WS-1; Figure 1). The total geographic area of WS-1 is 9463 hectares (ha), covering 
four villages and a population of 1820 HHs, of which 1688 HHs (92%) were into 
agriculture-based livelihoods. The average farm size in the region is 1.0 ha, and the 
average herd size is 1.6 Tropical Livestock Units1 (TLU) (Government Census Data, 
2011; Kuchimanchi et al., 2021a).  

Within WS-1, Thalakondapalle was chosen as the representative village for data 
collection (Table 1). Although five farming systems were present in the village, data 
collection was limited to the three farming systems obtaining consistent income from  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: (A) Location map of the study region in India. (B) The study region is within the state of 
Telangana. (C) The study watershed and the representative village Talakondapalle (circled) overlayed on 
land use and land cover base. Source: Ortho rectified Resourcesat-2 Data from LISS-III sensor of 3 
seasons pertaining to 2015-16 (Monsoon season-Kharif: Aug-Oct, Post-monsoon-Rabi: Dec-Mar, Pre-
Monsoon-Zaid: Apr-May) 

 
1 Where 1 TLU =average live weight of 250 kg therefore 1 adult cow = 0.7 TLU, 1 adult buffalo = 1.5 
TLU, sheep/goat =0.1 TLU  
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Table 1: Distribution of households in farming systems across four villages in 
 WS-1  

Villages Farming systems Total 
 Crop 

Without 
Livestock 

Crop 
with 
Dairy 

Crop with 
Small 

Ruminants 

Landless With 
Livestock 

Crop With 
Diverse 

Livestock  
Thalakondapalle* 304 232 32  22 1   591 

Chandradana 189 193 16  10 1   409 

Rampur 147 102   8  85 0   342 
Veljal 195 115 13  16 7   346 

 835 642 69 133 9 1688 
Source: Kuchimanchi et al. 2021a, 2022c; * is the selected village for the study 
 

Table 2: General characteristics of the farming systems under study in WS-1 

 Crop Without 
Livestock (CWL) 

Crop with  
Dairy (CD) 

Crop with Small 
Ruminants (CSR) 

Farmers (n)  835  642  69 

Average land size (ha)   1.3    2.1     2.4 

Average herd size (TLUs)     
Large ruminants  0    3.4   0 
Small ruminants  0 0     5.5 

Distribution per farm size     
Marginal   (<1ha) 35% 13%   16% 
Small        (1-2 ha) 38% 30%   19% 
Medium    (2.01-4 ha) 21% 45%   42% 
Large        (>4 ha)  6% 12%   23% 

Cropping characteristics 
 

Rain-fed, Limited 
irrigation, 
Monocropping 

Irrigated,  
Mixed cropping 

Rain-fed, Limited 
irrigation, 
Monocropping  

Crops  Cotton, Maize Rice, Pulses, 
Vegetables, Green 
fodder 

Cotton, Maize, 
Groundnut 

Dominant livestock 
species 

Native poultry Large ruminants: 
crossbred/exotic 
cattle/buffalo 

Small ruminants 

Crop - livestock practices Intensive practices Intensive, specialized 
technologies 

Intensive, specialized 
technologies 

   Depend on common 
lands for grazing 

Farm infrastructure Traditional/basic Use farm machinery Traditional/basic 

Source: Kuchimanchi et al., 2022c   
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agriculture (Kuchimanchi et al., 2022c), i.e. the Crop Without Livestock (CWL), Crop 
with Dairy (CD), and the Crop with Small Ruminants (CSR). These systems were the 
most widespread and covered 92% of the HHs in the region. A brief description of the 
three farming systems under study is provided in Table 2 (for further information, see 
Kuchimanchi et al., 2022c).  

 
2.2 Framework of analysis and data collection  

In this study, a watershed is the unit of analysis. It is considered a social-ecological 
entity wherein the farming systems and people constitute the social component, and 
the watershed and its natural resources comprise the ecological component (Reddy 
and Syme 2015). Figure 2 shows the framework for data collection and analysis that 
was followed to calculate the water balance in the study watershed. In brief, we first 
collected data about agricultural water use at the farm level by conducting borewell 
pump discharge tests and a longitudinal survey for the three main farming systems in 
the region. Second, we collected data on domestic water use by HHs at the watershed  

 
Figure 2: Framework for data collection and data analysis   
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level using secondary data sources. Agricultural and domestic water use together 
comprise of the water consumed by all HHs at the watershed level. Third, we used 
secondary data sources to estimate water availability at the watershed level. Finally, 
we calculated the water balance at the watershed level by subtracting the water 
consumed (WC) from the water available (WA). 

2.3 Data collection of water use in different farming systems at the farm level  

We estimated the water use at HH level for the different farming systems by first 
conducting borewell pumping tests and second by conducting a longitudinal study. 
As borewells were the main source of irrigation in the region, the average operation 
time (AOT) and average pump discharge (APD) of borewells needed to be determined. 
Hence the pumping tests were conducted in the summer season, using five 
representative borewells selected across the watershed. The selection of borewells, 
running the pump discharge tests, and determining the average discharge rate of 
borewells in the region was done with the help of a hydro-geologist and according to 
the standard methodologies used for groundwater monitoring studies (CGWB, 2019). 
Additional details about pumping test procedures can be found in Balasubramanium 
(2017).  

For the longitudinal study, 75 HHs (i.e. 25 HHs per farming system) were 
randomly selected from the complete household list of the representative village 
Thalakondapalle. The HH sample for the study was finalized after the selected HHs 
expressed their willingness to participate. Those declining to participate were replaced 
by new HHs until a sample of 25 HHs per farming system was reached. We also 
controlled the distribution of castes and farm size among selected HHs to ensure that 
the sample was representative of the total regional population. If the representation of 
one of these groups/categories was lacking, we substituted a randomly selected HH 
from the overrepresented group. 

After selecting the HHs, the longitudinal study was performed using a 
structured questionnaire between August 2015 and August 2016. The questionnaire 
was field-tested and amended before use. The final version for the actual data 
collection was then printed into booklets. Farmers were trained on how to fill the 
booklet with the data required. The data collection process was monitored fortnightly 
by data collectors and once a month by the first author of this manuscript to ensure 
accuracy, consistency and to assist the farmers in data collection. The data collected in 
the booklets were as follows:  
- General HH Profile – Respondent name, farm typology (i.e. CWL, CSR, CD 

system), and land size 
- Crop data – types of crops grown during each agricultural season, the area for each 

crop and green fodder (ha), the area under irrigation (ha), and crop yield (kg). 
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- Livestock data – type of livestock owned (cattle: indigenous, crossbred, exotic, 
bullocks; buffalo: indigenous and graded; sheep, goat), physiological stage of 
animal (i.e. young/adult, dry, heifer, in milk), herd size, total milk produced (l/d 
per animal) and animals sold per household (type and number). 

- Water-use data: borewells owned and used (n), water storage structures used (i.e. 
water troughs and tubs, utensils), and their sizes (l). 

- Water used for livestock production, i.e. drinking and animal management (e.g. 
cleaning and cooling animals) for large and small ruminants (l/d). 

Groundwater from borewells was used as drinking water for animals, as 
surface water bodies in the region were dry. Therefore, the water consumed by 
animals for drinking was calculated by estimating the water capacity of the containers 
(e.g. troughs, plastic tubs or drums, steel utensils) used to provide water to animals 
in each HH. This was done by giving water to the animals by type (large or small 
ruminants) in different physiological stages (dry and in milk) to determine the exact 
water intake. This value was then multiplied by the times the animals were provided 
with water per day. This procedure was done daily every other week during the 
longitudinal study. In the case of small ruminants, in the summer season, when 
borewells were completely dysfunctional on their farms, shepherds leased borewells 
from other farmers in the region who were willing to share water resources. The same 
procedure given above was followed. Further, to avoid duplication, care was taken 
that water from storage structures, though owned by very few HHs ( i.e only 12 out 
of 25 HHs in the crop-dairy system) was not used for drinking water. This was also 
reconfirmed by farmers as stored water was not provided to the animals. 

2.4 Data collection of domestic water use at the watershed level    

The domestic water use, including water used for cooking, bathing, sanitation needs, 
and washing clothes by HHs (i.e. 55 l/d/person), was derived from secondary 
government data sources - the government census data (2011) for population details 
and the National Rural Drinking Water Program (NRDWP) guidelines (2013). 

2.5 Data collection of groundwater use and availability at the watershed level   

The groundwater availability in the region was estimated using secondary data 
sources. The average rainfall data in the region was obtained from the Indian 
Meteorological Department database (accessed in 2018). Data regarding the total 
geographical area (e.g. runoff water, see section 2.6.3) and predominant land 
categories in the region was obtained from the government census (2011). We assumed 
that water stored in surface water bodies was 20% of the surface runoff in the region. 
This was based on ground realities found in Kuchimanchi et al. (2021 or chapter 2, see 
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table 3 indicating a significant lower area), field visits that indicate shallow depth, and 
literature on potential evapotranspiration for the region (Rao et al., 2012).  

2.6 Calculations  

Using the data from the longitudinal study and the secondary data, we calculated the 
water groundwater consumption and availability in the study watershed in four steps: 
2.6.1) estimating water consumed in different farming systems at the farm level, 2.6.2) 
estimating domestic water use at the watershed level, 2.6.3) estimating groundwater 
availability at the watershed level, and finally, 2.6.4) calculating the water balance at 
the watershed level. As the watershed covers four villages, these calculations were also 
done at the village levels using the same method to understand the variation in water 
use and groundwater available across villages .   

2.6.1 Estimating water used in different farming systems at the farm level  

Using the average operation time (AOT) and average pump discharge (APD) obtained 
from the borewell pumping tests (see section 2.3), the total groundwater extracted per 
HH (GWhi) was determined. Here the difference in the number of active borewells 
owned by HHs was the main factor determining the total groundwater extracted per 
HH (GWhi). Therefore the general equation for this is: 

   GWhji = AOTj * APD * nhi               [1] 

Where: 
GWhji = the groundwater extracted by all active borewells per HH h in farming system j in season i (l/d) 
AOTj = the annual average operational time of  borewells per HH in farming system j (h/d)  
APD  =  the average pump discharge per borewell (l/h)  
nhi          = number of active borewells owned by HH h in season i (longitudinal study) 
h  =  the farms/households in farming system j 
j =  the type of farming system i.e. CWL, CD or CSR  
i = season (monsoon -20 weeks, winter – 20 weeks, summer – 12 weeks) 
 
a) Estimation of water use in the different farming systems  
After estimating the groundwater extracted per HH we calculated how the water 
extracted is used for crop and livestock production by the different farming systems 
under study. The equation therefore is: 
                                              𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑗𝑗𝑗𝑗 =  𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑗𝑗𝑗𝑗 + 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑗𝑗𝑗𝑗       [2] 

Where: 
GWphji = the groundwater used for agricultural production in HH h in farming system j in season i (l/d) 
GWlphji  =  the groundwater used in HH h for livestock production in farming system j in season i (l/d) 
GWcphji =  the groundwater used for crop production in HH h in farming system j in season i (l/d) 
h  =  the farms/households in farming system j 
j  =  the type of farming system i.e. CWL, CD or CSR 
i  = season (monsoon -20 weeks, winter – 20 weeks, summer – 12 weeks) 
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in the above equation [2] GWlphji  was calculated by :  
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑗𝑗𝑗𝑗 = 𝐴𝐴𝐴𝐴𝐺𝐺𝐴𝐴ℎ𝑗𝑗𝑗𝑗  ∗ 𝑛𝑛𝐴𝐴ℎ𝑗𝑗𝑗𝑗 + 𝐴𝐴𝐴𝐴𝐺𝐺𝐴𝐴ℎ𝑗𝑗𝑗𝑗  ∗ 𝑛𝑛𝐴𝐴ℎ𝑗𝑗𝑗𝑗 +  𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑗𝑗𝑗𝑗          [2.1] 

Where: 
GWlphji =  the groundwater used for livestock production in HH h in farming system j in season i (l/d) 
ADWahji= the average drinking water for an adult animal in HH h in farming system j in season i (l/animal/d) 
ADWyhji= average drinking water for a young animal in HH h in farming system j in season i (l/animal/d) 
naijh           = the average number of adult animals in HH h in farming system j in season i (n) 
nyijh       = the average number of young animals in HH h in farming system j in season i (n) 
GWfmhji =  the  groundwater used for farm management in HH h in farming system j in season i (l/d) 
h  =  farms/households in farming system j    
j =  the type of farming system i.e. CWL, CD or CSR 
i = season (monsoon -20 weeks, winter – 20 weeks, summer – 12 weeks) 
 
And GWfmhji  per HH was calculated by: 

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑗𝑗𝑗𝑗 =  �𝑉𝑉𝐺𝐺𝑉𝑉𝑘𝑘ℎ𝑗𝑗𝑗𝑗   ∗   𝑁𝑁𝑉𝑉𝑁𝑁𝑘𝑘ℎ𝑗𝑗𝑗𝑗                                
𝑛𝑛

𝑘𝑘=1

[2.1.1] 

Where : 
GWfmhji =  the  groundwater used for farm management in HH h in farming system j in season i   (l/d) 
VWSkhji  =  the  volume of water in storage structure k in HH h in farming system j in season i (l/d) 
NSEkhji = the number of times storage structure k is emptied in HH h  in farming system j in season i (n/d) 
k             = the  storage structures used to store water during season i 
h = farms/households in farming system j   
j              =  the type of farming system i.e. CWL, CD or CSR 
i              =  season (monsoon -20 weeks, winter – 20 weeks, summer – 12 weeks) 
 

GWcphji per HH is calculated by :  
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑗𝑗𝑗𝑗  = 𝐺𝐺𝐺𝐺ℎ𝑗𝑗𝑗𝑗 − 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑗𝑗𝑗𝑗                                     [2.2] 

Where: 
GWcphji  = the groundwater used for crop production in HH h in farming system j in season i (l/d) 
GWhi  = the groundwater extracted in HH h season i (l/d) (Refer to equation [1] above) 
GWlphji   = the groundwater used for livestock production in HH h in farming system j in season i (l/d) 
 
b) Estimation of water use for farming at the watershed level  
Once the water use in different farming systems was determined, the total water used 
in agricultural production in all farming systems i.e TGWfs was calculated at the 
watershed level. For the systems under study, i.e. CWL, CD, and CSR, farm-level data 
from the longitudinal study was used. To determine the distribution of HH in a 
particular farming system we used the proportions described in Kuchimanchi et al. 
(2022c). That study covered the same area and nearly 50% of the population, and 
determined that 48% of HH belonged to CWL system, 38% to CD system, 6% to CSR 
system. The reminding 8% belonged to Crop with diverse livestock (CWDL) and to 
Landless with livestock (LWL). The same farm-level data from the longitudinal study 
were used to quantify water use in these systems. This was possible as the CWDL had 
a similar cropping pattern. For livestock, the data on herd size was taken from a 
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previously conducted HH survey done by Kuchimanchi et al. (2021a, 2022c). The 
average water requirements for the different livestock species were used from the 
current study. We considered these distributions of HH per farming system and 
governmental census data (2011) to extrapolate to watershed level. For HHs with non-
agricultural activities, only domestic water use was accounted for. Hence, TGWfs is 
calculated by : 

𝑇𝑇𝐺𝐺𝐺𝐺𝑓𝑓𝑓𝑓 =  �𝐺𝐺𝐺𝐺𝐺𝐺𝑓𝑓𝑓𝑓𝑗𝑗    
5

𝑗𝑗=1

                 [3] 

And  GWpfsj  is: 

𝐺𝐺𝐺𝐺𝐺𝐺𝑓𝑓𝑓𝑓𝑗𝑗 = �𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗𝑗𝑗 ∗ 𝑑𝑑𝑗𝑗 ∗  𝑛𝑛𝑗𝑗

3

𝑗𝑗=1

                [3.1]              

Where: 
TGWfs = the total groundwater used in all farming systems at the watershed level (l/y) 
GWpfs = the groundwater used for agricultural production by all HHs of farming system j at the watershed level 

(l/y) 
GWpji = the average groundwater used for agricultural production in a HH h in farming system j in season i (l/d) 

di        = days per season i i.e. 140 days in monsoon, 140 days in winter, and 85 days in the summer  
nj           = total number of households in farming system j  
h        = farms/households in farming system j  ( source Government population census, 2011) 
j         = the type of farming system i.e. CWL, CD, CSR, CWDL, LWL 
I         = season (monsoon -20 weeks, winter – 20 weeks, summer – 12 weeks) 

2.6.2 Estimating domestic water use at the watershed level  

Similarly, the total water used for domestic use per year (GWdu) was calculated by 
multiplying the total population in the watershed (i.e. 15952) by 55 l/person/d 
according to the standard prescribed by NRDWP guidelines (2013). 

2.6.3 Estimating water availability at the watershed level 

The Soil Conservation Service–Curve Number (SCS-CN) method (USDA, 1956; Mishra 
and Singh, 2003, Singh, 2017) was used to estimate water availability within a 
watershed based on the rainfall received in the region. While this method was initially 
developed to estimate direct runoff from rainfall in particular events (e.g. storms) 
(USDA, 1956), posterior developments and modifications have allowed the model to 
be applicable to long-term hydrological simulations (e.g. seasons or years) (Mishra and 
Singh, 2004; Singh, 2017). We follow the approach suggested by Singh (2017). This 
method is based on an empirical approach to the relationship between rainfall (P) and 
ground conditions of the watershed (soils, management, and antecedent moisture 
content). The formula is provided below: 

𝑄𝑄 = (𝑃𝑃−𝐼𝐼𝐼𝐼)2

(𝑃𝑃−𝐼𝐼𝐼𝐼+𝑆𝑆)                  [4] 
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 𝑉𝑉 = (25400/𝐶𝐶𝑁𝑁) − 254        [4.1] 
Where:  
Q   = Runoff Depth is the runoff that directly enters the stream immediately after the rainfall, it includes surface 

runoff, prompt interflow, and rainfall on the surface of the stream (mm)  
P    = average rainfall, i.e. 687 mm for the last 5 years using daily rainfall data obtained from IMD (2018) (mm) 
Ia    = initial abstraction, i.e. 0.3 mm under Indian conditions (Singh, 2017) (mm) 
S    = maximum potential retention, i.e. 84.6 mm (US SCS soil classification standards) (mm)  
CN= 75 given the soil type, land use and cover, antecedent moisture content of the watershed  (US SCS soil 

classification standards, (Singh, 2017)) 
Note: As the whole of the watershed has similar land use and land cover and the major land type is agricultural 
lands (see figure 1 for reference), the Ia and S values were considered the same for the whole watershed 

Once the runoff depth (Q) is calculated, the runoff volume (RV) and groundwater 
recharge2 (GWR) were calculated. The empirical formulas for these are:  

𝑅𝑅𝑉𝑉 = 1000 ∗ 𝐻𝐻0 ∗ 𝐹𝐹                    [5] 
Where:  
RV = runoff volume is the total amount of water expected in a given period of time (in this case, season ) in the 

catchment (in this case, a watershed) (m3/y) 
H0  = runoff depth. In this study, as rain gauge data was not available, the value of H0  =  Q in equation [5] (mm) 
F   = Area (km2) 

𝐺𝐺𝐺𝐺𝑅𝑅 =  𝐶𝐶 ∗ 𝐴𝐴 ∗ 𝑃𝑃 / 10               [6] 
Where:  
GWR = is part of the runoff that gets infiltered into the ground and reaches the groundwater storage in the soil 
(m3) 
C      = runoff coefficient is identified as 7.5 It is an empirical value obtained based on the Ia, considering the soil 

type ( red sand – loam soil ) in the watershed which falls in Group B as (USDA-SCS soil classification , 
Singh, 2017)  

A     = area of the watershed (ha)  
P     = rainfall (mm) 
 
2.6.4 Estimating the water balance at the watershed level  
 
A water balance (WB) was then calculated using the following equation from above: 

WB = WAws – TWC                                         [7] 
Where WAws :   

𝐺𝐺𝐴𝐴𝑤𝑤𝑤𝑤 =  𝐺𝐺𝐺𝐺𝑅𝑅 + 𝐺𝐺𝑤𝑤𝑊𝑊                 [7.1] 
  And TWC :                               

𝑇𝑇𝐺𝐺𝐶𝐶 =  𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺𝑤𝑤 +  𝐺𝐺𝐺𝐺𝑑𝑑𝐺𝐺         [7.2] 

 
2  Source: https://calculator.agriculture.vic.gov.au/fwcalc/information/determining-catchment-
yield-for-planning-farm-dams 
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Where:  
WB = the water balance at the watershed level, i.e. water in surplus or deficit (m3/y) 
WAWS = the water available at watershed level (groundwater + water in surface water bodies) (m3/y) 
TWC = total water consumed (m3/y) 
GWR = Groundwater recharge  (m3) (Equation [6]) 
Wsb = water in surface water bodies (m3) assumed to be 20% of total surface water runoff in the watershed 

based on evapotranspiration values of the region ( Rao, et al., 2012) and ground realities ( see table 3 of 
chapter 2) 

GWdu = the  domestic water use (m3/y) (section 2.6.2) 
TGWfs = the water used by all different farming systems in the region (m3/y) is done by extrapolation using 

government census population data (Equation [3]) 

3. Results  

3.1 Estimating water use in different farming systems in the region 

Pump discharge parameters differed among borewells (Table 3). The high variation in 
the pumping discharge was due to the low recharge capacity of the borewells. The 
borewells' location and depth also determine the functionality and variation. The 
average pump discharge value for borewells in the region was determined as 3464 l/h. 
This value was used as the standard to calculate the total water extracted by borewells 
in each HH. Though electricity in rural areas was available only for seven h/d, the 
study showed that the average time borewells pumped water was 3.2 h/d, amounting 
to extracting 12470 l/d.   

The longitudinal study on water use at the farm level by the three farming 
systems revealed the following (Table 4):  

CWL system (n=25): HHs in this system owned 0.9 (SD 0.3) borewells on 
average, which were functional only in the monsoon season. The average area under 
crops was 1.3 ha (SD 1.1 ha) per HH during the study year. The crops grown by these 
HHs were predominantly maize and cotton. The average water used for crop 
production was 1833 m3 (SD 676 m3) per HH.  

Table 3: Results of borewell pumping tests in WS-1 

Borewell  Discharge rate  
(l/h) 

Pump power  
(HP) 

Pumping time 
(h/d) 

Pumping discharge 
(l/d) 

1 2000 5 1   2000 

2 2964 5 3   8892 

3 3928 5 4 15711 

4 5227 6 5 26133 

5 3205 5 3   9614 

Average  3464    5.2    3.2 12470 

SD (1202)    (0.4)    (1.5)   (9052) 

Source: Borewell pump discharge testing 2016; SD in brackets.  
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Table 4:  Farm characteristics and average (SD) water use per year of the three 
farming systems in the study watershed  

 
Monsoon 
(Jun-Sept) 

Winter 
(Oct-Feb) 

   Summer 
(Mar-May)         Total  

Crop Without Livestock system N=25    

Borewells in working condition (#)   0.9 (0.3) - -  

Area under crops and green fodder (ha)   1.3 (1.1) - -  

Water for crops and fodder (m3/y) 1833 (676)    

Total groundwater used for farm 
production (m3/y) 

1833 (676) 
 

- 1833(676)  

Crop with Small Ruminants system N=25    

Borewells in working condition (#)   1.7 (0.7)   1.0 (1.0) -  

Area under crops and green fodder (ha)   1.2 (1.5)   1.2 (0.5) - 3.0 (2.0) 
Water used for crops (m3/y) 1274 (564) 1472 (685) - 2747 (1249) 
Average herd size (TLUs)   87.2 (61.1)   88.8 (62.9) 74.1 (45.7) 83.2 (56.6) 
Water used for livestock (m3/y)   35.3 (25.5)    49.2 (33.1 )  37.9 (28.2)1  122 (86.8) 
Total groundwater used for farm 
production (m3/y) 

1309 (590)  1522 (718) 37.9 (28.2) 2869 (1336) 

Crop with Dairy system N=25    

Borewells in working condition (#)  4.0 (2.9)   3.2 (1.8)   1.2 (1.9)  

Area under crops and green fodder (ha)  1.2 (1.2)   1.2 (0.5)   1.1 (0.5) 3.5 (2.2) 
Water for crops and fodder (m3/y)  3640 (1929) 2456 (998) 1158 (417) 7254 (3345) 
Herd size (TLUs)  8.6 (5.0)    7.9 (5.3)   5.8 (5.1) 7.4 (5.1) 
Animals in milk (#)  5.0 (3.0)   4.0 (3.1)   4.4 (3.1) 4.3 (3.1) 
Unproductive animals2 (#)  5.5 (3.0)   6.9 (5.1)   6.5 (5.4) 6.3 (4.5) 
Drinking water for animals (m3/y)  63.2 (47.7)   52.8 (49.8)   46.7 (35.7) 163 (134) 
Water used for maintenance (m3/y) 68.7 (269)   278 (460)   361 (403)    708 (1132) 
Water used for livestock (m3/y)  132 (316)   331 (510)   408 (438)    871 (1265) 
Total groundwater used for farm 
production (m3/y) 

3771 (2246) 2792 (1505) 1560 (855) 8122 (4600) 

1 Borewells are leased from other farmers in the region 
2 Unproductive animals include calves, dry animals, and bullocks 

CSR system (n=25): HHs in this system owned an average of 1.7 (SD 0.7), a few 
of which were also functional in the winter season. Hence, some HHs in this system 
cultivated crops for two seasons in a year. The average cropped area per HH was 1.2 
ha (SD 1.5 ha) in the monsoon season and 1.2 ha (SD 0.5 ha) in the winter season. The 
main crops grown were maize and cotton in monsoon and groundnut in the winter 
season. The total water used per HH was 2869 m3  (SD 1335 m3) for crop and small 
ruminant production per year.  
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In this region, farmers used groundwater from borewells to provide drinking 
to their animals because the surface water bodies were almost nil. The water 
consumption for adult sheep or goats was estimated to be 4.6 and 4.8  l/d in the 
monsoon and winter seasons and 5.9 l/d in the summer season. For lambs or kids, the 
values were 1.4 l/d in monsoon, 2.3 l/d for winter, and 3.9 l/d for summer. Therefore, 
the total drinking water was estimated to be 122.4 m3 (SD 86.8 m3) per HH for an 
average herd size of 8.3 (SD 5.6) TLUs per HH.  

CD  system (n=25): HHs in this system had the highest number of borewells, 
4.9 (SD 2.9).  Few of these borewells were in working conditions throughout the year, 
i.e. 3.2 (SD 1.8) in the winter and 1.2 (SD 1.9) borewells in the summer season. These 
HHs were into crop and dairy production, and the average groundwater usage per 
HH was estimated to be 8122 m3 (SD 4600 m3). A large share of this water was used to 
irrigate perennial green fodder. The food or cash crop cultivation (such as rice, maize, 
cotton, and vegetables) was limited to the monsoon season in the study year. The total 
cropped area per HH was 3.5 ha (SD 2.2 ha) for the whole year. The cropped area was 
dedicated to green fodder production in the winter and summer seasons. Farmers 
further indicated that winter and summer season crops were planned based on 
groundwater availability as they preferred to divert water for dairy production during 
these seasons.  

In dairying, water was mainly used as drinking water for animals and livestock 
management activities such as cleaning and cooling animals in the summer. However, 
survey data indicated that only 48% of the HHs in the sample used water for the latter. 
Hence, from the total water used by the CD system (i.e. 8122 m3), only 869 m3 (SD 1261 
m3) was used as drinking water for animals and livestock management activities.  

 
Figure 3: Average drinking water for large ruminants (l/d/animal)  
Source: Longitudinal study 2015-16 
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Figure 3 shows the drinking water estimates for different cattle across breeds and 
physiological states. Among the dairy cattle breeds, the exotic cattle had the highest 
estimates of drinking water, followed by the crossbreds. We also found that a high 
amount of water was used for young animals, such as heifers, calves, dry animals, and 
non-dairy cattle like bullocks (See table 4). The herd size per HH ranged from 4 to 32 
animals and averaged at 7.4 (SD 5.1) TLUs per HH. Of this herd size, an average of 4.3 
(SD 3.1) TLUs were in milk, while 6.3 (SD 4.5) TLUs were unproductive animals.  

3.2 Impact of different farming systems at the watershed level:  

Table 5 presents the estimates of the domestic water use, the water used by the 
different farming systems, and the water availability at the village and the watershed 
level. The water balance table indicates that the water is in deficit at the village and 
watershed levels. The water balance at village level , however, differed between 
villages. This variation can be attributed to variation in proportion of  farming systems 
between villages (see Table 1) and the population density in the villages. The high 
water deficit at the watershed level is explained by i) the excess water consumption by 
farming systems; ii) the region's high surface runoff volume (47.8 Mm3/y) which also 
accounts for the high evapotranspiration in the region (1500-1950 mm); iii) and the low 
infiltration3 capacity of water into the ground (i.e. 4.9 Mm3/y) due to the region's 
geology (classified as the peninsular gneissic complex, i.e. hard rock formation), and 
the land use and cover (which is predominantly croplands) further aggravate surface 
runoff.  
  

 
3 Sikhija et al., (1996), show that the natural direct groundwater recharge in semi-arid regions of India 
with crystalline basement rock or peninsular gneissic complex is  3 -15% of the rainfall in the region 
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Table 5: Water Balance of the four villages and the watershed 
 Thallakondapalle Chandradana Rampur Veljal Total at WS 

WS area in the village (ha) 2718 1897 1604 3244   9463 
Population (n x1000) 5157 2352 3255 5188 15952 
Average rainfall over 5 years (mm/y)   687  687  687   687     687 
Runoff volume1 (Mm3) 13.7 9.6 8.1  16.4   47.8 
Groundwater Recharge2 (Mm3)   1.4 1.0 0.8    1.7     4.9 

Water available (Mm3/y)      
Surface water runoff 12.3 8.6 7.3 14.7 42.9 
Water in surface water bodies3    2.5 1.7 1.5   2.9   8.6 
Water not available as ground or 
surface water for farm production4 

  9.9 6.9 5.8 11.8 34.3 

Water available for use   
(groundwater recharge + surface 
water bodies) 

 3.9 2.7 2.3   4.6 13.5 

Water Use  (Mm3 /year)      
Domestic water use   0.10   0.05   0.03   0.07     0.25 
Water used for farm production5  

     

  Crop Without Livestock  1.1 0.4 0.5 1.2   3.2 
  Crop with Small Ruminants   0.2   0.06   0.05 0.1    0.4 
  Crop with Dairy 3.5 1.9 1.7 3.2  10.5 
  Other farming systems     0    0    0   0.04      0.05 
Total Water Consumed (TWC) 
(Mm3) 

4.9 2.5 2.3 4.6 14.3 

 Water Balance (Deficit/Surplus) 
(Mm3) 

-1.0 0.3 0.0 0.0 -0.8 

1 Runoff Volume is the total amount of water expected in a given period of time ( in this case, season ) 
in the catchment ( in this case, a watershed) 
2 Groundwater recharge is part of the runoff that gets infiltered into the ground and reaches the 
groundwater storage in the soil 
3  Assumption is that only 20% of the total surface water available is stored in surface water bodies as 
they are few and evapotranspiration in the region is high  
4 Is the water stored as soil moisture, evapotranspiration (1500-1950 mm/y), transpired by vegetation, 
and other surface runoff not captured as groundwater or in surface water bodies 
5 Extrapolated to the total number of households in the villages using government population census 
data based on the percentage of households per farming system in the sample  

4. Discussion   

This study, the coupled water use in different farming systems and the water balance 
at different scales (i.e. farming system, village, or watershed), provides a more 
complete understanding of the water available and water use in the region.  

Among the three systems, the CD system used the highest water (8123 
m3/HH/y) than the CSR (2869 m3/HH/y) and CWL (1833 m3/HH/y) systems. 
Further, the livestock systems used more water to produce green fodder in the CD 
system and cultivation of other commodity crops (e.g. groundnut) in the CSR system 
(see Tables 2 and 4) than the CWL system. Groundnut production can complement 
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small ruminant production since crop residues are used as feed (Heuzé et al., 2016). 
However, green fodder production in the CD system is a dedicated feed crop for 
dairying, which increases the water footprint of the system. The groundwater 
abstraction rate by all farming systems is more than the recharge rate of the watershed, 
and consequently a water deficit (see Table 5). The CD and CWL systems, were the 
largest water users as they constituted 86% of the HHs in the region. 

Hence there seems to be an over-utilization of water in the region, which is 
possibly caused by three factors. First, there is a high focus on cultivating non-dryland 
crops such as rice, cotton, fruits, and vegetables. The cultivation of these crops not only 
directly increases the use of water in the region but also reduces the availability of crop 
residues for livestock. The shortage of crop residues has made the CD system to 
cultivate green fodder and invest (up to 80% of farming costs) in fodder from external 
markets (Kuchimanchi et al., 2022c). Hence the reduced availability of crop residues 
increases water use within the region and contributes to high virtual water use for 
fodder production outside the region (Kumar and Singh, 2008; Harika et al., 2016). 
Second, the increasing farm intensification and specialization imply reduced 
circularity in agriculture and sub-optimal integration of crop-livestock production 
within and between farms in the region (Kuchimanchi et al., 2021a, 2022c; Oosting et 
al., 2021).  For instance, the CD system uses a large share of water to grow dedicated 
feed crops for livestock, such as green fodder (Table 4). In less specialized systems, this 
high-water footprint is often lower as the feed for livestock comes partly from crop 
residues grown on the same farm (e.g. CSR system) or from other farms in the region 
without livestock (e.g. CWL system). Third, certain management practices in the 
farming systems lead to high water use. For example, in the CD system, we found HHs 
having large herd sizes with many replacement animals, i.e. calves and heifers (Table 
4), which comprised almost 85% of the TLUs per HH. Although keeping a large herd 
has benefits (e.g. manure availability or income from the sale of animals), a high 
number of female calves and heifers that take two years or more to become productive 
also require water resources. Similarly, in crop production, HHs in the region adopted 
management practices that increased or squandered water use. For instance, the higher 
use of inorganic fertilizers due to the lack of manure (Kuchimanchi et al., 2021a), causes 
soil hardening and loss of soil carbon levels, particularly in course textured semi-arid 
soils (Pahalvi et al., 2021; Edme et.al 2021). In dryland environments, both soil 
hardening and low soil carbon reduce the soil's water holding capacity, necessitating 
more irrigation (Plaza-Bonilla et al., 2015). In addition to this, the free power supply in 
the region also promotes unfavourable irrigation practices by farmers such as flood 
irrigation when not needed.  Little adoption of conservative measures or cover crops 
is also an issue as the majority of the HHs are small and marginal farmers.  
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The over-utilization of water resources may have resulted in the indicated 
water scarcity. As a coping strategy, most HHs (i.e. the CD and CWL systems) have 
limited crop production to one season per year (Table 4), because borewells in the 
region do not function across the year and there is considerable variation in borewell 
pump discharge for summer (2000-5227 l/h) (Table 3). These findings also signify that 
over-utilization of water has led to groundwater scarcity in the region, which is in line 
with Sishodia et al., (2016) and the Central Ground Water Board reports (2017 & 2019-
20). In addition to this, the high presence of croplands in the area (Kuchimanchi et al., 
2021a) is another significant factor that causes groundwater depletion as it leads to 
high runoff due to a low vegetation cover (present study, Thomas and Duraisamy, 
2019; Duraisamy et al., 2020). This phenomenon is illustrated in the water balance 
(Table 5), which shows a high runoff volume of 47.8 Mm3 while the groundwater 
recharge was only 4.9 Mm3 and only 8.6 Mm3 is captured in surface water bodies at 
the watershed level (Table 5). These findings not only indicate the region's low 
groundwater recharge potential but also show that the region's ability to meet the 
water requirements for the current systems of production seems to have exceeded.  

The high water-demanding practices leading to groundwater use and 
depletion, both in the region and across India, can be related to socio-economic 
conditions of farming communities, market demand, access to credit, agricultural and 
infrastructural subsidies, and development policies. Kuchimanchi et al. (2021b) 
showed that small landholdings and market demand for certain agricultural 
commodities impose farming strategies that are water-demanding on rural HHs to 
earn better incomes (e.g. cash or vegetable crops and dairy farming). Financial and 
credit systems may also often boost such water-demanding farm production pathways 
through loans to farm ventures with assumed cash flow and payment capacity (Ripoll-
Bosch and Schoenmaker, 2021; Kuchimanchi et al., 2022c). Along with these, policies 
supporting smallholder agricultural production unintentionally worsen the situation 
further (Shiferaw et al., 2008; Fishman et al., 2014; Sishodia et al., 2016). For example, 
subsidies on power supply, irrigation infrastructure, and agricultural intensification 
accelerate land-use change and excessive water pumping in dry regions when coupled 
with market demand for specific agricultural produce,  as they are usually water-
demanding. Similarly, despite the large-scale promotion of water-efficient systems 
(drip and sprinklers) in India, Fishman et al. (2014) show that the potential of these 
systems to reduce the excessive extraction of groundwater is reduced due to the 
simultaneous increase in irrigated area. Lastly, watershed development program4 
could also be contributing to the same issue due to its incoherent program design. The 
program on one hand promotes agricultural intensification that is water-demanding 

 
4 India’s most extensive development program for drylands focused on improving rural livelihoods through enhancing 
agricultural productivity by increasing the availability of surface and groundwater for agricultural production 
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and counterproductive to the soil moisture conservation measures that increases water 
availability within the same program. Similar findings have been reported by 
Batchelor et al., (2003), Joshi et al., (2004b), and Bouma and Scott (2006).  
  The situation described above may be the case across the dryland states of India 
as the same policies and development programs are implemented. Jain et al. (2021) 
further state that increasing groundwater depletion is expected to reduce cropping 
intensity by 68% in already groundwater-depleted regions. Hence, if current water-
demanding agricultural pathways continue, India's food security might be in jeopardy 
and needs to be addressed. The further expansion or intensification of agriculture may 
also aggravate the social implications linked to depleting natural resources such as 
compromised incomes, high dependence on markets for inputs and feed, and 
increased indebtedness, all inducing marginalization, and vulnerability to climate 
change reported in studies by Reddy (2005), Shiferaw et al., (2008), Taylor (2013) and 
Kuchimanchi et al., (2021a, b, 2022c).Vaidhyanathan (2006) and Chinnasamy et al. 
(2019) have even found a link between groundwater depletion and farmer suicide-
prone zones in some southern Indian states, where groundwater is the only source of 
irrigation for agricultural production. These insights imply that dryland watersheds 
have ecological limits. Agricultural production, therefore, needs to be determined by 
the region's water resources carrying capacity to mitigate the risk of desertification as 
reported in other dryland regions of the world (United Nations, 2011; IPCC, 2019). 

 Considering the above, the promotion of suitable farm strategies, modifying 
existing technological options and introducing new policies to reduce the over-use of 
water resources in food production is warranted. Farming strategies include the 
promotion of circularity in agricultural systems towards efficient use of natural 
resources (Muscat et al., 2021; Oosting et al., 2022) advocating feed and animal 
management options that are suitable to dry regions (e.g. control of herd size and 
structure, with optimal replacement strategies, choice of feed types and quality, 
improve animal health care and suitable animal breeds and purposes) (Descheemaeker 
et al., 2009; Kebebe et al., 2015; Tamou et al., 2018a, b) accentuate agronomic practices 
that maximize soil carbon levels and water holding capacity (e.g. soil and crop residue 
management, use of organic manures, and suitable cropping system designs) (Plaza-
Bonilla et al., 2015; Giller et al., 2021).  

The technological options involve the improvement of existing water 
conservation and use measures (e.g. watershed development, inland lake restoration, 
farm ponds, water-efficient systems) as water scarcity continues to grow, implying 
that the current measures may be inadequate. The first suggestion is to make climate 
science-based alterations in watershed development measures for better capture of 
surface runoff. This is needed as climate change is predicted to significantly influence 
the timing and magnitude of runoff, eventually impacting water supplies, water 
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quality, and aquatic ecosystems of a watershed (Marshall and Randhir, 2008). The 
second would be to mainstream community engagement approaches and tools5 in 
existing local governance structures to facilitate communities to manage their natural 
resources.   

Regarding policies, we realize the necessity for a range of new policies targeting 
sustainable agricultural production in dryland regions. The policies propositions 
include the introduction of regulatory guidelines for the use of land and water 
resources (Shiferaw et al., 2008; Plaza-bonilla et al., 2015; Sishodia et al., 2015; Khair et 
al., 2019) as well as policies that incentivize the up-take of technologies and farm 
strategies for water conservation (Fishman et al., 2015; Shao and Chen, 2022; WRI, 
2022). Region-specific agricultural commodity pricing and favorable financial and 
credit systems that promote the adoption of agro-ecologically suitable integrated crop-
livestock production (Harding et al., 2021; Ripoll-Bosch and Schoenmaker, 2021). It is 
expected that such policies will address the unregulated use of water, reduce the over-
utilization of water, and support suitable dryland farm development pathways. 

This research aimed at gaining insight into how water is consumed in the study 
area by different farming systems, and what could be the implications of farming 
system development at watershed level. In the methodology, we combine different 
quantitative methods. One of the methods applied is the SCS-CN method, to estimate 
the runoff in the watershed. This method was initially developed to estimate direct 
runoff from rainfall in particular events (e.g. storms) and in particular locations in the 
United States of America (USDA, 1956). The convenience of the model, however, made 
it popular and was rapidly modified, improved  and adapted for other locations  
(Ponce and Hawkins, 1996; Garen and Moore, 2007; Ajmal and Kim, 2014; Barlett et al., 
2016) and for long-term studies, such as seasons or years rather than particular events 
(Mishra and Singh, 2004; Singh, 2017). This method has also been adapted to suit 
Indian conditions (suggested by the Ministry and Agriculture, Govt. of India, 1972; 
Singh, 2017). However, the method is still subject to criticism due to the several 
adaptations and because its oversimplification  may compromise the accuracy of the 
results (see references above). Our study used several quantitative methods and 
combined several data sources. The scarcity of data, the assumptions and the 
generalities introduced in some of the calculations may lead to bias in the final figures 
here provided. For instance, population data relies on governmental census, which 
may not be accurate; water pomp discharge was based on experimental data from one 
season, while variations may occur across seasons; and, the assumptions and the 

 
5 https://www.fes.org.in/resources/tools/land-restoration/Composite%20Landscape%20Assessment%20and 
%20Restoration%20Tool%20(CLART).pdf 
http://fes.org.in/source-book/groundwater-game-practitioners-manual.pdf  
https://wotr-website-publications.s3.ap-south-1.amazonaws.com/ 
156_Making_the_Invisible_Visible_A_Manual_for_Preparing_the_CoDriVE_Visual_Integrator.pdf  
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method applied may lead to a high runoff values (hence underestimating the total 
water available). However, we believe that the values fall within an acceptable range. 
Regarding the runoff value, for instance, literature indicates this to be high in arid and 
semi-regions due to the geology and high evapotranspiration rates (Rao et al., 2012). 
According to Sikhija et al., (1996), the natural direct groundwater recharge in semi-arid 
regions of India with crystalline basement rock or gneissic complex  (such as in this 
study watershed) is 3-15% of the rainfall in the region (while our estimate is 
approximately 14%). Other studies in semi-arid regions also indicate low recharge, 
which is also the cause of high runoff (Rejani et al. 2015; Surinaidu et al., 2021). In all, 
due to the limitations of the methodology, the data scarcity and the assumptions, the 
results of this study should be considered as indicative rather than in absolute terms.  

5. Conclusion  

While intensification of agriculture has shown its benefits, particularly in increasing 
total food production, we also find that agricultural intensification in water-limited 
environments may lead to long-term social and ecological effects. In this study, we 
find that the current farming systems seem to use more groundwater than the region 
can infiltrate, likely causing groundwater depletion. Of the three main farming 
systems studied, the CD system used the most water for production, followed by the 
CSR system and the CWL system. However, the widespread presence of the CWL and 
CD farming systems in the region (comprising 86% of HHs) makes them the highest 
water users in the region. The main factors leading to the over-utilisation of water by 
these systems were the cultivation of water-demanding non-dryland crops, increased 
specialization of farming, and current agricultural management practices. The 
estimation of water use at the farm and the availability of groundwater at the 
watershed level shows that sustainable farming in dryland regions will need to be 
developed based on the region’ water resources carrying capacity. We also realise that 
a range of factors aggravates groundwater use and depletion, such as socio-economic 
conditions of farming communities, market demand, access to credit, agricultural and 
infrastructural subsidies, and development policies. Hence, there is a need to promote 
agro-ecologically suitable farming strategies, improve the existing technological 
options and introduce new policies that reduce the over-use of water resources for 
sustainable agricultural production in dryland regions.  
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Abstract  

Climate change projections for the 21st century indicate an increase in India's already 
high number of food-insecure people. While considerable research on vulnerability to 
climate change exists, research about Indian smallholder farming systems, 
encompassing farming strategies and development pathways in this context, is 
limited. Hence, the current study examines the vulnerability of three smallholder 
farming systems, namely, (i) crop without livestock (CWL), (ii) crop with small 
ruminants (CSR), and (iii) crop with dairy (CD), in the context of climate change in 
Telangana, India. A mixed methods approach was used to conduct the research with 
a sample size of ten households per farming system. We found that households of 
different farming systems faced differential vulnerability due to variation in 
perceptions of climate change exposures, access to livelihood capitals, and their 
farming strategies. The CWL households were highly vulnerable to increased 
maximum temperature and erratic rainfall, while households that farmed crops and 
livestock were more vulnerable to the overall reduction in precipitation. Decision-
making related to farming strategies was a complex process involving several factors, 
of which the availability of livelihood capitals provided by government programs was 
the foremost. Due to this, households of the different farming systems pursued 
divergent farming strategies, leading to varying types of adaptation and climate 
change resilience. Among the three farming systems, the households in the CWL 
system had the least access to all livelihood capitals. They also showed the highest 
vulnerability as their farm strategies only helped cope with immediate needs. The 
households in the CD system had access to all critical livelihood capitals, which 
facilitated opting for sustainable farming strategies. However, as these households 
depended on scarce groundwater resources for production, hence, their strategies only 
helped short-term adaption.  Despite having access to limited capitals, the households 
in the CSR system adopted long-term adaptation strategies, which is attributed to 
them being a pastoral ethnic group.  Lastly, despite having an integrated climate 
change policy, state-level development programs continue to focus more on 
agricultural intensification than on climate change adaptation. This stimulates farming 
strategies that are lucrative in the short term but endanger farming system resilience 
to climate change in the long term. Therefore, we recommend policy makers give high 
priority to climate smart development in state development programs and science-
based evaluations of these programs to enable proper climate change adaptation in 
dryland regions that are inclusive of perspectives of different populations.  
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1. Introduction 

The Intergovernmental Panel on Climate Change’s Fifth Assessment Report (2014) on 
adaptation and vulnerability identified water shortage, food shortage, and heat-
related mortality as key risks of climate change in Asia. Climate change will affect food 
security by the middle of the 21st century, with the most significant number of food-
insecure people in South Asian countries, particularly India.  

India has a large population of agrarian poor, who depend on natural resources 
for their livelihood. These populations are already vulnerable and exposed to non-
climatic stressors and multi-dimensional inequalities, making them even more 
susceptible to climate change. Over the past two decades, therefore, considerable 
research has been carried out in India, covering vulnerability, farmers’ adaptation, and 
policies regarding climate change adaptation (Taylor, 2013; Banerjee, 2014; Dubash 
and Jogesh, 2014; Singh et al., 2014; Udmale et al., 2014; Dhanya and Ramachandran, 
2016; Maiti et al., 2017; Kuchimanchi et al., 2019; Singh et al., 2019a). Studies addressing 
livestock and climate change have also been conducted, mainly reviewing livestock 
systems, population dynamics, sustainability of livestock systems, and recent trends 
and prospects of animal production for developing countries at high aggregation 
levels (Thornton et al., 2009; Nardone et al., 2010; Thornton, 2010; Alemayehu and 
Fantahun, 2012; Weindl et al., 2015).  

However, all these studies looked at crop and livestock farming systems in 
isolation. Research about vulnerability, farming strategies, and development 
pathways at the regional level, encompassing different farming systems and their 
interaction, is limited, in general and in India. Such studies are important since 
smallholder farming systems, particularly in dryland regions, compete with each other 
and with other land users for water and land. Often, farmers in dryland regions 
intensify their crop and livestock production to cope with the conditions and to eke 
out a living. However, it is still unclear how climate change interacts with the 
intensification of production and interaction among smallholder farmers (Nardone et 
al., 2010), and such regional level studies may provide insights. 

The present study aims to better understand the vulnerability of three 
smallholder farming systems that provided consistent agricultural incomes to 
households (HHs) in the study region, namely, (i) crop without livestock (CWL), (ii) 
crop with small ruminants (CSR), and (iii) crop with dairy (CD) systems, in the context 
of climate change along with their farming strategies and development pathways. 
Here, we focus on climate change vulnerability, coping and adaptation strategies 
applied by HHs of different farming systems, and the sustainability of their 
development pathway within the socio-ecological system.  
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 To achieve the above, we use the following theoretical framework and 
definitions. In line with Gallopın et al. (2006), we first define a socio-ecological system 
(SES) as a system that includes societal (human) and ecological (biophysical) 
subsystems in mutual interaction. The SES can be specified for any scale, from the local 
community and its surrounding environment to a larger global system. For 
vulnerability, we use the concept of Turner et al., (2003): “vulnerability rests in a 
multifaceted socio-ecological system which is exposed to hazards along with dynamic 
and nonlinear processes operating at different spatiotemporal scales”. The most often-
cited IPCC definition of vulnerability is the degree to which a system is susceptible to 
and cannot cope with adverse effects (of climate change). Turner’s framework was 
chosen because it helps analyze vulnerability and related aspects in a concise form that 
includes the larger systemic character of the problem. The framework consists of three 
broad elements: (i) linkages between human and biophysical conditions and processes 
operating on the system in question; (ii) perturbations and stressors that emerge from 
these conditions and processes; and (iii) the SESs of concern in which vulnerability 
resides, comprising of exposure, sensitivity, and resilience. Exposure refers to the 
nature and degree to which a system experiences environmental or socio-political 
stress. Sensitivity is the degree to which a SES is modified or affected by perturbations 
(Adger, 2006). Resilience is evaluated in terms of the changes a system can undergo 
due to exposure while continuing to remain within the set of natural or desirable 
states. Resilience is the dynamic result of the response of an SES to a perturbation, 
which can be short-term coping or long-term adjustment adaptation. This adaptation 
and the associated adaptive capacity is the ability of a system to evolve in order to 
accommodate environmental hazards or policy change and to expand the range of 
variability with which it can cope (Adger, 2006). Further, to assess the adaptive 
capacity of rural HHs, we used the Sustainable Livelihoods Framework (DFID, 1999) 
approach as it advocates that HH level livelihood objectives and strategies are shaped 
by how people use their asset base, which we refer to as capitals here. The livelihood 
framework identifies five core asset categories or types of capital, i.e. natural capital, 
physical capital, financial capital, social capital, and human capital. Natural capital is 
the term used for the natural resource stocks from which resource flows and services 
useful for livelihoods (e.g. land, water, forests, marine/wild resources, air quality) are 
derived. Physical capital comprises the basic infrastructure and producer goods 
needed to support livelihoods (e.g. affordable transport; secure shelter and buildings; 
adequate water supply and sanitation; and clean, affordable energy. Financial capital 
denotes the financial resources people use to achieve their livelihood objectives such 
as savings, liquid assets like jewelry, credit, and subsidies).  Social capital refers to the 
social resources people use to make livelihoods, such as networks, associations, 
cooperatives, and memberships in formal/informal associations, which bring in 
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connectedness and cooperation. Human capital represents skills, knowledge, ability 
to labor, and good health.  

In this paper, we first describe the socio-economic policy and the environmental 
contexts and processes operating in the study region (sections 3.1, 3.1.1, and 3.1.2). We 
then analyze how the HHs in the three farming systems perceive climate change 
exposure and what sensitivity they face in this coupled human-environment system 
(sections 3.2, 3.2.1, and 3.2.2). We then explore the different development pathways 
that the farming systems choose, in terms of coping and adaptation, in sections 3.3.1 
and 3.3.2. In the discussion, we reflect upon the drivers behind farm strategy choices, 
associated vulnerability to climate change, and what it means for the economic and 
ecological sustainability of the farming systems studied herein. 

2. Material and Methods  

2.1 Study sample and location 

The study was conducted in two watersheds, located in the Rangareddy and 
Nagarkurnool districts in Telangana, India (Figure 1). Agro-climatically, both 
watersheds fall in the Deccan Plateau (Telangana) and Eastern Ghats agro-ecological 
subregion (AESR) 7.2, which is part of the Southern Plateau and Hill region. AESR 7.2 
is broadly characterized by deep loamy and clayey mixed red and black soils with 
medium  to  very  high  available  water  capacity,  and  duration  of  growing  seasons 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Location map of the study region in India.  
(A) The location of the state of Telangana in India. (B) The two districts where the watersheds are located 
within the state of Telangana. (C) The two watersheds, village boundaries and the study village 
Thalakondapalle (highlighted in gray). Source: ISRO BHUVAN portal  
( htpps://bhuvan.nrsc.gov.in/bhuvan_links.php , accessed 2016)  
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ranging from 120 to 150 days. The aridity index (AI) of the region is between 0.2 ≤ to 
< 0.5 (Rao et al. 2019) and is therefore classified as semi-arid. The region is drought-
prone as it falls in the scarce rainfall zone, with an annual rainfall of 500–700 mm, 
which follows a seasonal pattern (Gajbhiye and Mandal, 2000; Manickam et al., 2012).  

This study is a follow-up to a previous study characterizing farming systems in 
the region (Kuchimanchi et al., 2021c). The region has five farming systems (Table 1). 
In the present paper, we study the vulnerability to climate change of only three 
farming systems, i.e. the CWL, CSR, and CD systems, because only these systems 
provided a consistent agricultural income to the HH in the region. The ‘landless with 
livestock’ and ‘crop-diverse livestock farms’ largely depended on off-farm income. A 
two-step sampling process was conducted. First, the village where all farming systems 
were present was selected in the watersheds, i.e. Thalakondapalle. Next, within the 
selected village, 10 HHs per farming system were selected randomly. Within these 
HHs selected, care was taken that all farm sizes and all caste groups in the region were 
present - as these could be determinants of vulnerability (Table 2). The farm sizes 
considered were large farms (>4 ha), medium farms (2–4 ha), small farms (1–2 ha), and 
marginal farms (up to 1 ha).  

The caste system in India is a social hierarchical system that has its origins in 
ancient India. This system, however, has been transforming since medieval times, 
including social reforms in modern India (de Zwart 2000; Bayly 2001). Nevertheless, 
stratification continues to exist in various forms. Currently, according to the 
government of India classification, castes and ethnic groups are categorized into four 
main categories, i.e. forward castes (FC), backward castes (BC), scheduled castes (SC), 
and scheduled tribes (ST).  

In brief, the CWL farming system is characterized by rainfed crop farming as 
borewell irrigation was limited post-monsoon season. Hence crop farming is restricted  

Table 1: Distribution of farming systems across the sample watersheds (n) 

Farming 
system 

Study village 

 
Thalakonda-

palle 
Chandra-

dana 
Rampur Veljala Peddapur Kuppa-

gandla 
Veldanda Total 

 HHs 
CWL system   304 189 147 195 145 165 181 1326 
CD system  232 193 102 115 166 119 136 1063 

CSR system   32  16     8   13   34   49   13   165 

LWL system  22  10   85   16     7   39     9   188 
CWDL system   1   1     0    7     6     0     8     23 
Source: Farming systems characterization database (Kuchimanchi et al. 2021c) 
CWL, crop without livestock; CD, crop with dairy; CSR, crop with small ruminants; LWL, Landless  
with livestock; CWDL, Crop with diverse livestock 
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Table 2:  Distribution of farm sizes and social groups across farming systems in the 
study village 

Farming system  # HHs (%) Farm size1 (%) Social Groups2 (%) 

CWL system   304 (53.5) Large farms        (8.6) 
Medium farms  (20.1) 
Small farms      (42.8) 
Marginal farms (28.6) 

 FC (12.5)  
 BC (45.5)  
 SC (34.2) 
 ST   (7.9) 

CSR system  32 (5.6) Large farms      (25.0) 
Medium farms  (50.0) 
Small farms      (18.8)  
Marginal farms   (6.3) 

 FC   (3.1)   
 BC  (84.4)  
 SC  (12.5) 

                ST    (0) 

CD system   232 (40.8) Large farms      (13.4) 
Medium farms  (37.9)  
Small farms      (31.5)  
Marginal farms (17.2) 

FC   (6.9)   
BC (36.2) 
SC (27.6) 
ST (29.3) 

1Large farms (>4 ha), medium farms (2–4 ha), small farms (1–2 ha), and marginal farms (up to 1 ha) 
2FC- Forward caste, BC- Backward Caste, ST – Schedule Tribes, SC- Schedule Caste 
CWL, crop without livestock; CSR, crop with small ruminants; CD, crop with dairy 
Source: Farming systems characterization database (Kuchimanchi et al. 2020c) 
 
to one agricultural season. These HHs, therefore, relied more on off-farm income such 
as wage labour in government and private construction sites, transportation services, 
and hotels. This system had the highest number of HHs (53.5%), and the majority were 
small farms (42.8%).  The CSR farming system is characterized by rainfed and irrigated 
crop farming with sheep or goat rearing. HHs rearing sheep rarely depended on off-
farm labour. However, in contrast, HHs rearing goats frequently depended on off-
farm labour for additional income. Only 5.6 % of the HHs were present in this system, 
and the majority of them had medium-sized farms (50%). The CD farming system is 
characterized by irrigated crop cultivation and dairying production with high market-
orientation. These HHs had guaranteed water resources, better agricultural farm 
equipment, and were economically self-sufficient. This system had the next highest 
presence of HHs (40.8%), and medium farms were a majority (37.9%)  

Further, we found that all caste groups were present in all farming systems, 
owned land, and were involved in agriculture in the region (Table 2). Among the 
groups, the BCs (44%) dominated in presence, followed by SCs (30.3%), STs (16.4%), 
and FCs (9.3%). The region has two ethnic groups, historically specialised in livestock 
rearing. The first was a traditional livestock-keeping community called the "Gollas" 
classified as BCs (Murty, 1993). The second is the "Banjaras," who are STs who were 
nomadic pastoralists in the past (Roy, 2010) but have now adopted sedentary 
agriculture. 
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2.2 Methodological framework  

A combination of two methods, i.e. a HH survey followed by focus group discussions 
(FGDs), was used to capture the various facets of vulnerability and farming strategies 
and pathways associated with the HHs. While the survey helped quantify and 
measure certain aspects for better justification, the FGD data offered more in-depth 
knowledge, providing a better understanding of ground realities, particularly of short- 
and long-term adaptation and farmer strategy choices. The research work was 
conducted from February to June 2017. 

As a first step, we performed a HH survey across the 30 selected HHs using a 
survey format that covered three principal aspects: (i) the status of livelihood capitals 
across all relevant HH activities, i.e. crop production, livestock production, and non-
farm and forest-dependent activities; (ii) perceptions of climate risks and impacts; and 
(iii) strategies taken to manage these risks and impacts.  
 Next, we organized three FGDs, one for each of the three farming systems, and 
invited two to three members from each HH included in the survey. Therefore, each 
FGD had around 20–25 participants representing men and women of all age groups. 
A semi-structured questionnaire was used to guide the discussions in the FGDs. The 
discussions revolved around perceived climate change exposure, impacts faced, 
farming strategies adopted, and all factors that influenced the farm strategy choices. 
Each FGD lasted for 3–4 hours, and the discussions were conducted in the local 
language ‘Telugu’, which is also the native- tongue of the first author. Care was taken 
to organize the FGDs in such a manner that all participants could share their opinions 
and experiences freely. Key points discussed in the FGDs were documented on charts 
to spot linkages and identify possible drivers of change. Similarly, climate change 
exposures and the months perceived as most risky and troublesome were diagrammed 
to help capture details.  
 As the last step, a desk review of the national and state climate-change policy 
contexts was undertaken. This was done to understand the connections between 
national-level policies to the human and biophysical (environmental) processes 
operating within the study region that influence vulnerability.  

2.3 Data analysis  

The survey data were organized in MS Excel based on three principal aspects used in 
the HH survey, i.e. (i) the status of livelihood capitals, (ii) perceptions of climate risks 
and impacts; and (iii) strategies taken to manage these risks and impacts to identify 
trends and patterns. We also quantified the number of responses per farming system 
to determine high exposure (≥8 responses), medium exposure (5–7 responses), and 
low- exposure (<5 responses) on the perception of climate exposure (Table 3). A similar 
method was used to determine the level of impact of the identified climate change 



Farming systems and vulnerability to climate change 

91 

exposure on the different farming systems (Table 4), where ≥8 responses meant high 
impact, 5–7 responses meant medium impact, and <5 responses meant low impact. On 
the same lines, the status of the livelihood capitals (Table 5) was also assessed as high, 
medium, and low access or ownership based on the responses. High indicated a score 
above 8 responses, showing that the majority of the farmers owned or had access to 
the particular capitals, the medium was a score between 5–7 responses, and low was a 
score of <5 responses. Finally, the adoption of farming strategies (Table 6) was also 
scored based on the number of responses, where ≥8 responses indicate high adoption, 
5–7 responses indicate medium adoption, and <5 is low adoption. These data were 
later corroborated with the FGD data to develop consistent case stories of each farming 
system related to their vulnerability and adaptation.  

3. Results  

3.1 Socio-economic and policy context 

Agriculture, with its allied sectors, is the largest source of livelihood in India. Seventy 
percent of India’s rural HHs depend primarily on agriculture for their livelihood, with 
82% of farmers being small and marginal. While Indian agriculture has achieved self-
sufficiency in grain production, it has become intensive, and serious sustainability 
issues such as increased stress on the country’s water resources, desertification, and 
land degradation have emerged (FAO, 2019). To sustain India’s rapid economic 
growth, many rural development policies and programs exist that address multiple 
objectives to improve the social and economic standards of rural HHs and natural 
resource management. Among these, the Government of India formulated the 
National Action Plan on Climate Change (NAPCC) in 2008, focuses on climate change 
adaptation. The NAPCC encompasses eight national missions, among which the 
National Water Mission (NWM), the National Mission for Sustainable Agriculture 
(NMSA), and the State Level Action Plan on Climate Change (SAPCC) are of relevance 
to this study. However, an exploration of these policies indicates that, though the 
missions are integrated and climate-centric at the central level, the interventions at the 
state–level are aimed at livelihood and regional economic development and not on 
climate change adaptation.  For example, the Rainfed Area Development 
(https://nmsa.dac.gov.in/Default.aspx) a component of the NMSA, is formulated in 
a ‘watershed plus’ framework. It reaches rural HHs through national-level umbrella 
programs1 that focus on holistic agriculture development, allied sectors, and water 
management and are customized at the state level. However, we find that the 
interventions concerning crop-livestock production do not reflect climate smart 
measures and tend to promote green and white revolution technologies or are 

 
1 RKVY:  https://rkvy.nic.in/ , PMKSY:  https://pmksy.gov.in/AboutPMKSY.aspx 
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intensification-oriented. We also find minimal adoption of interventions advocated by 
the Central Research Institute for Dryland Agriculture2 or the SAPCC of Telangana. 
This situation may be due to political dynamics and lack of collaboration among 
policymakers and research, which negatively influences climate change adaptation at 
the local level. This is because the livelihood capitals available at the local level come 
through these programs, schemes, and subsidies, which tend to influence farm 
strategies and adaptation pathways of rural HHs that are not necessarily climate 
adaptive.  

3.2 Environmental context  

Climate-related risks to health, livelihoods, food security, water supply, human 
security, and economic growth are projected to increase with global warming of 1.5°C 
and further by 2°C (IPCC 2018). Chapter 7 of the IPCC AR5 WG II states that there is 
a high probability that developing countries will be negatively affected by climate 
change, particularly food security. This is also predicted for India, where 69% of the 
land area is dryland (arid, semi-arid, and dry sub-humid). India is among the most 
drought-prone regions of the world (Ajai et al., 2009; Banerjee, 2014), and the above-
mentioned transitions toward intensive agriculture continue to progress (Amjath-
Babu and Kaechele, 2015; Behera et al., 2016; Gathorne-Hardy, 2016; Kuchimanchi 
et.al., 2020b submitted). According to IPCC’s Climate change and Land report (2019), 
such transitions to intensification of land and water use will enhance land degradation, 
water scarcity, and food insecurity in drylands. The World Bank report (2012) “Turn 
Down the Heat” indicates that India is already facing water stress conditions, in the 
form of droughts and floods, in many parts of the country. In the future, unusual and 
unprecedented spells of hot weather are expected to occur more frequently. Whereas 
India’s summer monsoon is expected to be highly unpredictable, with frequent 
droughts in some parts of the country (IPCC 2018, Rao et al., 2019). These climate 
change phenomena will further impact agriculture, with already falling water tables. 
Moreover, Reddy et al. (2014) stated that the projected climate change for southern 
Telangana (the study region) coincides with increasing crop water requirements. 
Hence, the future context of agriculture portends higher water requirements, less 
reliable precipitation, and intensified groundwater exploitation.  

3.3 Smallholder farming systems and vulnerability to climate change  

3.3.1 Farming systems and perceived exposure to climate change in the region  
Both FGDs and the HH survey revealed that farmers of all three farming systems 
recognized a change in climate since the year 2000. The main climate change exposures 

 
2 the lead institute and national nodal point for the National Innovations in Climate Resilient 
Agriculture 
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perceived by the respondents (in decreasing order of frequency) were increased 
maximum temperature, erratic rainfall, reduced precipitation, increased frequency 
and length of dry spells, delayed onset of monsoon, warmer winters, and increased 
frequency of high-intensity rainfall (Table 3).  

A high number of farmers (both genders) from all farming systems perceived 
increased maximum temperature, delayed onset of monsoon, and dry spells as climate 
change exposures. CWL farmers highlighted erratic rainfall most frequently, whereas 
CSR and CD farmers noted reduced precipitation most frequently. Less than half of 
the farmers mentioned warmer winters and high-intensity rainfall. Respondents 
further added that, at times, these climate change exposures occurred simultaneously.  

Table 3: Farmer perceptions of major climate change exposures in the region  

Farming system Types of climate change exposures 

 
(n =10/system) 

Increased 
maximum 

temperature 

Delayed 
onset of 

monsoon 

Dry 
spells 

Erratic 
rainfall 

Reduced 
precipitation 

Warmer 
winters 

High-
intensity 
rainfall 

CWL system  H H H H M M M 

CSR system  H H H L H L L 

CD system H H H L H L L 

Source: Household survey 
Note: H: high exposure, score ≥ 8 responses; M: medium exposure, score 5–7 responses; L: low 
exposure; Score <5 responses; CWL, crop without livestock; CSR, crop with small ruminants; CD, crop 
with dairy 
 
3.3.2 Farming systems and perceived sensitivity to climate change in the region  
The major effects of climate change exposure identified by farmers are presented in 
Table 4. The different climate change exposures had different levels of impact on the 
different farming systems. For example, CWL farmers, who only produced crops, 
reported decreasing crop yields, increasing disease and pest attacks, crop losses, 
heating up of soil, and decreasing groundwater levels as the main effects of climate 
change that impacted them greatly. In this aspect men spoke about overall income loss, 
while women referred to negative impacts on food security and on other basic HH 
needs. The CWL farmers further mentioned a medium impact on human health due 
to the increase in maximum temperature and warmer winters. The increase in 
maximum temperature hampered the ability to work for extended hours, especially 
for women as they are the main workforce in vegetable or cash crop cultivation. Many 
respondents noted that in this situation they were not able to offset income loss 
through more alternative wage work or hiring of farm machinery. Higher pest and 
disease incidence, an effect of erratic rainfall, also increased production costs, e.g. 
investments in pesticides and fertilizers. Further, while groundwater depletion is an  
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Table 4: Level of impact of climate change exposure on different farming systems 

Climate change impacts 
 

CWL system 
farmers 

CSR system 
farmers 

CD system 
farmers 

Decrease in crop yields H M H 

Increase in disease and pests in crops  H L M 

Increase in crop losses  H L M 
Inability to grow certain crops  - - L 

Increase in soil heating H L M 

Decrease in vegetation in common property 
resources 

M H H 

Decrease in crop residues  - H M 
Increase in diseases in animals  - H L 

Increase in heat stress in cattle  - - M 

Decrease in groundwater levels H L H 
Decrease in surface water bodies  - H - 

Increase in health issues in humans M - - 

Source: Household survey 
Note: H: high impact, score ≥ 8 responses; M: medium impact, score 5–7 responses; L: low impact,  
score < 5 responses; CWL, crop without livestock; CSR, crop with small ruminants; 
 CD, crop with dairy 

existing problem in the region, changes in climate such as reduced precipitation 
accentuate the issue. Thus, inadequate groundwater limited the area under crop 
production, which reduced crop residue availability and ultimately affected livestock 
rearing. All these factors contributed to the loss of income and food security, especially 
for women and children.  

For CSR farmers, the major effects of climate change reported were increased 
incidence of animal diseases, reduced availability of crop residues, decreased 
availability of surface water bodies, and reduced vegetation in common property 
resources (CPRs). While these problems relate to non-climatic factors, climate change 
exposure compounded the impacts.  According to the farmers in this CSR system, 
these climate change effects impacted small ruminant production considerably 
because the once zero-to-low input production system had to be transformed into a 
high-input system. Both men and women noted that the grazing hours are longer. 
They also shared that the higher production costs are due to increased expenses for 
animal health care, the need to purchase fodder, lease lands, and borewells for grazing 
and watering, respectively. However, for women and poor HHs who cannot afford 
these additional investments, reduced livestock rearing, and become deprived of 
critical nutrients and income. 
 CD farmers listed out many effects but underscored only three that caused the 
most distress, namely, groundwater depletion, lowered crop yields, and decreasing 
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vegetation in CPRs. They reported that over time these climate change effects forced 
them to increase their investments in agriculture, with no guarantee for good returns. 
They further added that climate change has made it difficult to grow certain crops, e.g. 
rice and sorghum. This forced them to produce cash crops such as cotton and maize, 
which provide less food and crop residues for livestock.  

3.4 Farm livelihood capitals and strategies  

Within the above context, the current section describes (i) how farmers belonging to 
the three farming systems have access to livelihood capitals and (ii) the different 
strategies that make up the farming HH’s “resilience.”  

3.4.1 Three farming systems and their access to livelihood capitals  
Table 5 presents the status of livelihood capitals for the three farming systems in the 
region, as emerging from the HH survey. The scoring revealed that farmers in the 
CWL system had the lowest ownership of key natural capital indicators, i.e. land, 
livestock ownership, access to water, irrigated land, forest, and fodder resources for 
livestock. The majority had to leave a considerable part of their cropland seasonally 
fallow, as they had limited capacity to lease additional agricultural land. All the CWL 
farmers cultivated exclusively cash crops and used solely inorganic inputs as they did 
not own livestock. Factors that made rearing livestock difficult were reducing CPRs, 
inadequate water resources, lack of additional labor, and state-imposed ban on forest 
grazing. CWL HHs also had the least physical capital, particularly access and 
ownership to irrigation and agricultural infrastructure. They owned the lowest 
number of borewells, which were merely seasonally functional. They predominately 
owned manual implements and rented farm machinery and bullocks, thereby 
incurring relatively high crop production costs. Regarding financial capital, the CWL 
HHs were most dependent on wage labor and crop insurance. Interestingly, the 
majority of the CWL HHs were members of farmer producer organizations, informal 
farmers’ groups, and women self-help groups (WSHGs) i.e. social capital. With respect 
to human capital, most of the CWL farmers had very limited knowledge of sustainable 
farm management and were the least educated. However, the majority had multiple 
skillsets, i.e. farm-, off-farm-, and traditional occupational skills, at the HH level.  

Among the CSR farmers, some owned irrigated land, while others did not. Like 
the CWL farmers, these farmers also left their croplands fallow in one or more 
agricultural seasons, particularly in bad rainfall years. Regarding cropping patterns, 
these farmers cultivated cash crops that produced crop residues, such as maize or 
groundnut. They used both inorganic fertilizers as livestock manure for crop 
production as they owned livestock. Shrinking CPRs and denied access to forest lands 
for grazing impacted the CSR farmers the most, and hence, the majority leased 
croplands  for  their  small  ruminants.  Some  purchased  fodder  from  markets  when   
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Table 5: Farming systems and their livelihood capital status  

Livelihood capital indicators Status of livelihood capitals per farming 
system  

 
CWL farmers   CSR farmers  CD farmers  

Natural capital indicators 
Land use pattern  

   

Irrigated lands  L M H 
Leased lands L H M 
Seasonal fallow lands  H H L 
Cropping pattern     
Cash crops only H M L 
Cash crops with crop residues & green fodder  NA L H 
Livestock resources    
Mixed livestock  NA L L 
Specialized livestock farming NA H H 
Natural water resources for livestock    
Natural water bodies, seasonal  NA M NA 
Forest resources    
Access to fodder & non-timber forest produce L L NA 
Fodder resources     
Common property resources - L NA 
Grazing on leased land NA H M 
Purchase fodder from markets & other farmers  NA M H 
Reduce crop production and use land for 
grazing 

NA M H 

Grow green fodder  NA L H 
Physical capital indicators 
Irrigation infrastructure    
Own borewells, functionality  L M H 
Lease borewells  nil M L 
Own water-efficient system  nil nil L 
Agriculture infrastructure    
Manual implements H M - 
Bullocks (rented) M M L 
Farm machinery (rented) H H L 
Post-harvest structures  L L M 
Financial capital indicators 
Crop & livestock insurance  M H L 
Crop & livestock subsidies  M H M 
Formal and informal credit  H M H 
Investments in animal health  NA H M 
Wage labor  H L NA 
Social capital indicators 
Membership in farmers’ Groups/animal 
breeders’ Societies/women’s self-help groups M L M 

Human capital indicators 
Knowledge on sustainable crop–livestock 
management 

   

Knowledge levels  L - M 
Have knowledge, do not practice  - H L 
Have knowledge, limited practice L L H 
Access to climate information services L L H 
Presence of traditional knowledge  L H L 
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Table 5: Farming systems and their livelihood capital status (continued) 

Source: Household Survey 
Note: H: high access, score ≥ 8 responses; M: medium access, score 5–7 responses; L: low access, 
score < 5 responses; CWL, crop without livestock; CSR, crop with small ruminants; CD, crop with dairy 

needed. Due to reduced precipitation and dried-up surface water, CSR farmers faced 
limited availability of water for livestock. The CSR farmers themselves owned very 
few borewells, which were mostly seasonally functional, but all were able to lease 
borewells to overcome the problem of water scarcity. Regarding the financial capital, 
CSR farmers reported the highest dependence on crop/livestock insurance and 
subsidies (e.g. investment support schemes, seed, and fertilizer inputs). Some of them 
also indicated dependence on wage work but only under difficult circumstances or 
when in need of extra finances. Regarding human capital, most of the CSR farmers had 
knowledge of sustainable crop-livestock farming practices but did not practice them. 
Almost all farmers reported having traditional knowledge of sheep rearing.  

The CD farmers had the best access to all livelihood capitals. Regarding natural 
and physical capitals, their lands were fully irrigated. They owned multiple functional 
borewells throughout the year, resulting in better incomes. This enabled them to grow 
green fodder and purchase fodder and crop residues from markets. They also leased 
lesser land for grazing than the CSR farmers. They owned more farm machinery 
regarding agricultural infrastructure and used a mix of inorganic fertilizers and 
livestock manure. The CD farmers were also the sole farmers using water-efficient 
systems. As for human capital: most CD farmers had high levels of education, 
knowledge of sustainable crop-livestock management, and good access to climate 
information services. 

We found that all farming systems had HHs from all social groups and farm 
sizes. However, SCs and HHs with small farms had a higher prevalence in the CWL 
system, in which HHs had the lowest livelihood capitals. The CD and CSR systems 
were dominated by BCs and HHs with medium-sized farms and had more access to 
livelihood capitals. This included the STs; though lowest in the caste hierarchy, they 

Livelihood capital indicators Status of livelihood capitals per farming 
system 

 CWL farmers   CSR farmers  CWL farmers   
Human capital indicators (continued)    
Alternate skill sets/farm/off-farm  

   

Only farm-based skills  H H H 
Have both farm and off-farm skills H L L 
Traditional occupational skills  L H L 
 
Education  

   

School dropouts  H H L 
Completed schooling  L L M 
Higher education L L M 
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had a higher prevalence in the CD system. Similar was the case with BCs, who had the 
highest presence in the CSR system (Table 2). Hence, social groups with ethnic 
identities linked to livestock rearing (the STs – Banjaras and the BCs - Gollas) seemed 
to fare better, as shown by their relatively good access to livelihood capitals. 

Concerning women, the impact was mixed. On one side, having higher social 
capital increased their access to livelihood capitals, providing loans, livestock assets, 
and technologies through the government WSHGs program. However, climate change 
impacts on crop-livestock production (Table 4) that caused income loss made loan 
repayment difficult, especially for the WSHGs formed by lower caste women 
compared to the FC women. 

3.4.2 Farming systems and their farming strategies  
CWL farmers reported that their choice of cash crop production (notably cotton) over 
food crops had been an unavoidable strategy (Table 6). Cash crops had higher market 
values and guaranteed a better income to cover immediate needs than food crops. It 
enabled them to cope with decreasing land sizes. For example, CWL farmers 
mentioned that cotton production saved time and enabled them to take up other 
livelihood activities. The cotton crop required limited fieldwork and provided 
reasonable yields even under rainfed/less irrigated conditions. Some CWL farmers 
noted that they tried to simultaneously grow cash and food crops but discontinued it 
as the income earned was insufficient. Furthermore, as climate change exposure led to 
variable yields, farmers became highly dependent on intermediaries, willing to buy 
low-quality and low quantities of produce. As the CWL HHs now grew only cash 
crops, they became highly reliant on the markets and the public food distribution 
system for their food needs.   

To enhance crop productivity, CWL farmers increasingly used inorganic 
inputs. Most sampled farmers knew that high use of inorganic fertilizers was not 
sustainable, but they claimed they had no other option as they lacked livestock and 
the means to purchase manure. They did, however, apply farm mechanization, using 
tractors and crop harvesters. This increased production costs, but they noted that it 
enabled HHs to work extended hours under increasingly high temperatures. CWL 
farmers increasingly resorted to government subsidies and formal and informal credit 
to pay the high production costs. As crop production became troublesome, many CLW 
farmers started to lease out their fallow croplands as a source of revenue.  In difficult 
circumstances, these farmers reported selling assets as one of their main strategies to 
cope and manage loan cycles. Respondents noted this was an effective strategy to 
overcome temporary risks but marginalized them over time. As crop production had 
become highly unpredictable, increased engagement with wage work became a crucial 
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Table 6. Farming strategies adopted by respondents of different farming systems  

Farming strategies to cope with effects of 
climate change  

CWL 
farmers 

CSR 
farmers 

CD  
farmers 

Crop production related     
Shifted to commercial crops  H L L 
Shifted to cash crops with residue  - H H 
Partially shifted to cash and food crops  L - M 
Increased usage of inorganic inputs  H M L 
Adopted farm mechanization  H H H 

Water-use related     
Invested in borewells M M H 
Leased borewells for livestock   H - 
Adopted water efficient system  - - M 
Alternative crops, less water intensive - - M 
Reduced crop cultivation, diverted for dairying  - - H 

Livestock production-related     
Improved management of livestock  - H H 
Improved fodder management  - L H 
Left crop lands fallow for grazing - H H 
Purchased fodder from markets/other farmers  - H M 
Leased land for grazing - H H 
Increased investment animal health care  - H H 
Infrastructure for Livestock  - L M 

Food, assets, and livelihood related    
Increased dependence on govt subsidies  H H H 
Used crop insurance/livestock insurance  M H L 
Dependence on formal/informal credit  H M H 
Increased dependence on wage work  H L - 
Migration  L - - 
Leased out land for others H - - 
Sold assets H - L 
Dependence on middlemen  H H M 
Increased dependence for food on markets and 
public food distribution system.  

H H M 

Source: Household survey and FGDs. 
Note: H: high adoption, score ≥ 8 responses; M: medium adoption, score 5–7 responses; L: low 
adoption, score < 5 responses; CWL, crop without livestock; CSR, crop with small ruminants; CD, crop 
with dairy  

livelihood strategy. However, to their dissatisfaction, high daytime temperatures 
impeded more wage work, causing health issues. 

Furthermore, as agricultural work opportunities were inadequate, HHs also 
resorted to migration. Lastly, though the CWL HHs had the highest social capital it 
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did not increase their networking or knowledge levels.  Low education levels (human 
capital) compounded by low financial capital rendered it ineffective. 

Like CWL farmers, CSR farmers also grew cash crops. They opted for maize 
and groundnut crops as the cost of production was low and provided crop residues 
for livestock. Their use of inorganic fertilizers was relatively low as they owned 
livestock. Like the CWL farmers, the adoption of farm mechanization was a well-
known strategy to manage crop and small ruminant farming. CSR farmers showed 
high concern for their small ruminants. To cope with reduced CPRs for grazing and 
fodder scarcity, CSR farmers leased croplands and bought crop residues from other 
farmers and markets. In times of water shortage and unpredictable or delayed 
monsoons they also deliberately left croplands to fallow for more grazing area. To 
ensure drinking water for their livestock, CSR farmers chose not to invest in new 
boreholes, as the success rate to get a functional borewell was low, and they instead 
leased borewells from other farmers. This, however, made them dependent on the 
willingness of other farmers to share water with them. CSR farmers reported heavily 
investing in animal health care because climate change exposure led to many health 
issues. They complained, however, that animal health services hardly catered to small 
ruminants. CSR farmers in this region had always relied on middlemen for animal 
sales and still did. Further, like the CWL farmers, CSR farmers also highly depended 
on government subsidies and insurance, and they obtained their food from the 
markets and the public food distribution system.  

CD farmers displayed rather distinctive farming strategies. They cultivated 
cash crops that simultaneously provided crop residues for feed and even grew food 
crops. This reduced their dependence on the public food distribution system. CD 
farmers owned some farm machinery and demonstrated the highest level of farm 
mechanization. They claimed it was an effective strategy to manage the labor shortages 
and increasing wage labor costs experienced in the region. They, however, invested 
heavily in new borewells, though they were aware that continuous digging of new 
borewells was not a sustainable option. Hence, structural water shortage stimulated 
them to adopt water-efficient systems, e.g. drip irrigation. Many respondents noted 
that they reduced the cropping area to save water for their dairy livestock, as the latter 
guaranteed a more stable income. CD farmers forwarded various strategies to manage 
their livestock and fodder scarcity, such as buying locally bred exotic cattle, relocating 
cattle to areas with more fodder and water resources, and cultivating fodder varieties 
with lower water requirements such as fodder sorghum. CD farmers also highly invest 
in livestock infrastructure, e.g. water troughs and storage tanks, chaff cutters, and 
cattle sheds. They are less dependent on middlemen as they have access to town and 
city markets. 
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4. Discussion 

4.1 Climate change vulnerability, farming strategies, and HH resilience connect 

The frequently cited definition of vulnerability is the degree to which a system is 
susceptible to and is unable to cope with the adverse effects of climate change (Adger, 
2006). In this study, we found that farmers from different farming systems faced 
differential vulnerability owing to differences in perceptions of climate change 
exposure, experienced sensitivity, and coping or adaptation strategies (Amamou et al., 
2018; Mubiru et al., 2018). HHs in all three farming systems reported a change in 
maximum temperature, delayed onset of monsoon, and dry spells due to higher 
intensity of the exposure, but while CWL farmers highlighted the impact of erratic 
rainfall, warmer winters, and high-intensity rainfall events, CSR, and CD farmers 
rather underscored reduced precipitation as the prime climate risk. The difference in 
perceptions between farming systems was highly linked to their contrasting farming 
focus and related sensitivity. For example, CWL farmers mainly depended on crop 
farming; hence, their production was highly sensitive to events such as erratic rainfall, 
warmer winters, and high-intensity rainfall events. CSR and CD farming systems, on 
the other hand, relied more on livestock and consequently were less sensitive to the 
weather events mentioned by the CWL HHs. However, CSR and CD farming systems 
needed good overall precipitation to ensure adequate grazing and water resources for 
their livestock.  

The study also revealed that decision-making in farming and the choice of a 
certain farm strategy is a complex process. Factors such as differential sensitivity to 
climate change, access to livelihood capitals, and market forces like distinctive market 
prices between cash and food crops or demand for certain animal products all 
influenced how HHs of different systems chose their farming strategies (Singh et al., 
2016; Li et al., 2016; Tripathi and Mishra, 2017; Amamou et al., 2018; Mubiru et al., 
2018). Though exposure to climate change was felt by HHs in the region the study 
showed that the vulnerability of HHs mainly depended on the lack of certain HH 
livelihood capitals which were provided by ongoing national-level programs. The 
main capitals were the availability of water resources, ownership of livestock, access 
to grazing lands (CPRs and post-harvest croplands), adequate financial capital both in 
the form of investment flow and subsidies, higher education, and knowledge of 
sustainable agricultural practices. 

The CWL HHs had no or limited access to all these essential capitals and hence 
showed the highest vulnerability. To cope, they chose to grow high-value cash crops 
over food crops in small landholdings. The lack of CPRs inhibited them to keep 
livestock; hence, they depended on inorganic inputs, off-farm jobs, or sold assets for 
survival. Low income prevented them from leasing lands and water resources. Finally, 
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low education levels limited their networking abilities for accessing suitable subsidies 
or finances, further limiting their adaptation capacity. In all, the strategies opted for 
helped them to cope and meet their immediate needs but reduced their long-term 
resilience.  

The CD HHs had access to all critical capitals mentioned above. However, the 
high human capital, i.e. relatively high level of education and extensive network 
contacts enabled them to get the necessary finance, subsidies, and relevant knowledge. 
Possessing high human capital facilitated the HHs to engage in more sustainable 
farming strategies such as the adoption of water-efficient systems, use of climate 
information services, shift to alternative crop varieties that used less water, improved 
livestock, animal healthcare, and improved feed management (Table 5). These 
strategies helped CD HHs to adapt and prosper in the short term. However, there 
exists a long-term risk of the borewells becoming defunct as water is a non-renewable 
resource.  

The CSR HHs presented a different story as they belonged to a specific category 
(Gollas), with a long history and strong identity as traditional livestock keepers. This 
identity, traditional knowledge, and high appreciation of livestock farming made them 
opt for different farming strategies compared to CWL and CD HHs. They chose to 
invest in livestock health, selected cash crops that provided crop residues, and leased 
grazing areas and borewells instead of digging new ones. These strategies made them 
less sensitive to climate change exposure and other non-climatic stressors in the region 
and seemed an effective long-term adaptation strategy.  

From the social perspective, the SCs and HHs with small farms were the most 
vulnerable as they had the lowest access to capitals. Their presence was also highest 
in the CWL system which is the most vulnerable among all three farming systems 
(Table 2). Further, the STs (Banjaras) and the BCs (Gollas) had a high human capital 
related to livestock farming, which made them less vulnerable. Ethnic identity and 
traditional knowledge played a key role for HH resilience for both these groups 
(Kuchimanchi et. al.,2019). For the STs it helped access necessary capitals and attain 
better social status in comparison to the SCs. The BCs (Gollas) however, were far more 
resilient as they seemed to just modify their farm strategies while keeping their 
original occupation, unlike the STs who transitioned from nomadic pastoralists to 
settled dairy farmers.  

Concerning gender, while both men and women had similar perceptions of 
climate change exposure, they were impacted differently due to their gender-specific 
farm and domestic responsibilities (Morchain et al., 2015; Rao et al., 2019). We found 
existing difficulties women face in farming are compounded by climate exposure. 
First, the loss of income and increased indebtedness due to the impacts of climate 
change on farm production drive men to migrate for work opportunities. This 
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undermines the well-being of women in various ways (Rao et al., 2019) and leads to 
the feminization of farm work (Vepa 2005; Pattnaik et al., 2017). Longer working hours 
under maximum daytime temperatures are likely to translate into more heat-related 
health implications for women. Similarly, decreasing availability and loss of 
vegetation in CPRs, coupled with reduced crop residues have higher implications for 
women, since prolonged grazing hours interfere with domestic responsibilities while 
social norms prevent them to invest in fodder or leasing land. Lastly, though WSHGs 
created opportunities for livelihood diversification, climate change impacts on farm 
production (Table 5) increase the risk of loan repayment, especially for poor HHs. 
These factors together. 

We thus conclude that the resilience of HHs in the study region depended on 
the concomitant availability of several livelihood capitals. We found that human 
capital, in the form of higher education levels and networking abilities helped CD HHs 
to articulate their adaptation pathways. Traditional knowledge and culture played a 
critical role in defining the adaptation strategy for the BC and ST HHs in the CSR and 
CD systems respectively and is possibly the reason why these castes had different 
responses to similar climate exposure (Crane, 2010; Adger et al., 2012). We therefore 
infer that farming strategies, livelihood capitals, and culture mutually influence each 
other, leading to specific development paths and climate change resilience for the HHs 
in these three farming systems (Figure 2).  

4.2 Development policies in India drive farming strategies of rural HHs 

India’s policies have a long-term perspective on climate change adaptation, and the 
state and district-level programs aligned under these policies could positively 
influence availability and access to livelihood capitals in the form of schemes, 
subsidies, or development projects at various aggregation levels. However, several 
gaps exist. For example, in the study region, we find various development programs 
(see section 3.2) and market forces that continue to promote green and white 
revolution practices. These drive agricultural transitions towards highly water-
intensive production systems, despite the projected negative climate change impacts 
for semi-arid regions (see sections 3.3.1 & 3.3.2). The CD system is a classic example of 
how an outcome of livelihood strategies promoted by development programs 
increases HHs’ vulnerability to climate change exposure, as this farming system is 
highly sensitive to water and fodder shortages and increasing temperatures (Seo and 
Mendelsohn, 2007; Thornton et al., 2009; Porter et al., 2014; Rojas-Downing et al., 2017). 
The presence of such water-intensive farming systems, particularly in dryland regions, 
poses a risk as it can cause marginalization of many HHs over time due to 
groundwater depletion (Sishodia et. al., 2016; Shulkla et al., 2019). Furthermore, certain 
measures  of  development  programs,  e.g.  conversion of  wastelands into  croplands, 
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Figure 2: Components of a social-ecological system that influence farm 
development pathways, adaptation, and resilience  

reduce CPRs and change land-use patterns, impacting the scope for small ruminant 
production in the future. Although traditional livestock keepers continue to adapt to 
such changes, climate exposures in the region exacerbate the existing problems in 
terms of further loss in vegetation cover in CPRs.  Such long-term impacts are often 
not realized by ongoing state development programs and work out to be 
counterproductive to national climate change policy ambitions (Dubash and Jogesh, 
2014; Adam, 2015; Gajjar et al., 2019; Singh et al., 2019b).  

Hence, we highlight that ongoing state-level development programs need re-
evaluation not only in the light of climate-related sensitivities faced by rural HHs, but 
also regarding the economic and ecological sustainability of current farming systems. 
Similarly, further research will be required to predict farm development pathways and 
their short-, medium-, and long-term impacts, as dryland regions are already bio-
physically vulnerable ecosystems (Singh, et al., 2019a).  
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4.3 Research to improve climate change interventions and sustainability of farm development 
pathways  

Substantial research efforts and development approaches have been undertaken to 
support climate change adaptation but with limited impact. Wise et al. (2014) 
attributed this to the lack of a broader understanding of ‘‘adaptation pathways.” 
Hence, in this study, we combined quantitative and qualitative research methods to 
get in-depth insights into adaptation pathways for informed policymaking. The use of 
mixed methods research provided perspectives on how development policies and 
programs stimulated or constrained farm development pathways, indicating varying 
short-, medium-, and long-term impacts. Quantitative research gives insight into the 
relative importance of phenomena, while qualitative research helps to identify the 
reasons behind a phenomenon for example farm strategies can be explained by the 
actual farm situation, while qualitative inquiry indicated the identity and aspirations 
of a farmer (Crane et al., 2008). Thus, mixed research methods enabled us to get a more 
holistic perspective on how certain trends evolve and why. We, therefore, recommend 
using mixed methods to understand the contextual nature of adaptation and help fine-
tune adaptation policy and execution at the local level. 

5. Conclusion 

The present study aimed to enhance our understanding of the mutually influencing 
farming strategies, farm development pathways, and associated climate change 
vulnerability of three smallholder farming systems in the study region, namely, (i) 
crop without livestock (CWL), (ii) crop with small ruminants (CSR), and (iii) crop with 
dairy (CD) systems. The mixed methods research enabled us to understand the 
contextual nature of HH-level adaptation. The study shows that HHs belonging to 
different farming systems face differential vulnerability due to variations in 
perceptions of and sensitivity to climate change exposures and access to livelihood 
capitals. The CWL HHs system were highly vulnerable to increased maximum 
temperature and erratic rainfall. These factors affected crop farming and hindered 
their ability to take up wage work for long hours. However, HHs in the CD and CSR 
systems were more vulnerable to the overall precipitation reduction as it affected 
grazing possibilities and water resources for their livestock.  

Though HHs in the region felt climate exposure, we found that market forces 
for cash crops and specific animal products and the accessibility of livelihood capitals 
provided by development programs highly influenced farming strategies. 
Consequently, HHs of different farming systems followed different development 
pathways and had different levels of climate change resilience. Among the three 
farming systems, the CWL system HHs had the least access to all livelihood capitals 
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and showed the highest vulnerability. Their farming strategies only enabled to cope, 
meeting immediate needs at the expense of long-term resilience. In the CD system, 
HHs had access to all critical capitals, allowing them to opt for more sustainable 
farming strategies. However, these farming strategies will only last if HHs can benefit 
from their boreholes, extracting non-renewable water resources; hence the adaptation 
is not sustainable in the long run. The CSR HHs belonged to a specific ethnic group. 
This identity and traditional knowledge made them opt for low-risk farming 
strategies, leasing lands and water resources for a modified small ruminant 
production, and supporting long-term adaptation.  

From the social group perspective, we found the HHs belonging to the SC 
group and those with small farms were mainly present in the CWL system and most 
vulnerable. The ethnic identity and traditional knowledge played a vital role in 
selecting farming strategies and adaptation pathways for the ST – Banjaras and BC – 
Gollas. In terms of gender, we found that men and women have similar perceptions of 
exposure but are impacted differently. Climate change tends to expose women more 
to exiting issues from transition and feminization of agriculture, while social norms 
prevent them from applying critical adaptation strategies.  

Lastly, the case study showed that despite the integrated climate change policy 
at the national level, state-level development programs show a misalignment, focusing 
more on agricultural intensification than climate change adaptation. This situation 
stimulates farming strategies that are lucrative in the short term but endanger farming 
system resilience in the long term. Therefore, we recommend policymakers to give 
high priority to climate smart development, in close attunement of state development 
programs, and science-based evaluations of these programs if they aim to achieve 
economic development and climate change adaptation objectives in dryland regions. 
In the future, contextual studies that bring in more understanding of entwined farming 
development pathways of various dryland farming systems are warranted. 
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1. Introduction 

India has witnessed widespread agricultural transitions in recent decades, including 
the dryland regions (Ehrlich and Pingle, 2008; Amjath-Babu and Kaechele, 2015). 
Improved agrarian production owing to technological and infrastructural 
developments has helped alleviate poverty and achieve food self-sufficiency (Fan et 
al., 2000; FAO, 2018, Government of India, 2019). However, depleting soil fertility, 
diminishing groundwater, and the growing vulnerability of farmers to climate risks 
are persistent concerns (CRIDA, 2011). These impacts are likely to be amplified in the 
dryland regions of India due to its inherent biophysical vulnerability. 

In this context, this thesis explores the transitions in farming systems in a 
dryland region in the southern state of Telangana, India, along with the subsequent 
risks and impacts of agricultural transitions on smallholder livelihoods and the local 
environment. Specifically, this thesis gains insight into the characteristics of the 
transitions from 1997 to 2015, the economic performance of emergent farming 
systems, and the impact of these systems on water resource availability in the region 
and their vulnerability to climate change. 

This  chapter  first  presents  the   main   findings   of   the  research  (Figure 1), 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Transitions in farming systems – Drivers, Implications, and 
Consequences  
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followed by a discussion of the benefits and caveats of the methodologies followed 
Then, the implications of agricultural transitions in drylands are addressed. Finally, 
possibilities for sustainable intensification in such areas are explored.  

2. Main findings of the research  

2.1 Transitions in farming systems  

Chapter 2 shows that at the regional level, the traditional subsistence mixed farming 
systems transitioned rapidly into intensive and specialized systems with high market 
orientation. The foremost drivers of these rapid changes were technological 
interventions, integrated development programs, proximity to a growing 
metropolitan city, and increasing market demand for certain agricultural products.  

The transitions caused an extensive land-use change, where cropland 
increased by 45% and wastelands and natural surface water bodies reduced by 75% 
(chapter 2, Table 3). The transitions also triggered significant changes in land, water, 
and labour availability due to intensive market-oriented and water-demanding crop–
livestock production. The transition process was inclusive and progressive for lower 
caste groups; for women the impact was dual.  

The main inference of chapter 2 is that benefits aside, transitions into more 
intensive and specialized forms of agriculture have also contributed to the scarcity of 
natural resources, marginalization of many HHs, and an increased burden on 
women in agriculture. 

2.2 Current farming systems: characteristics and economic performance 

Chapter 3 explores the impact of transitions in farming systems by characterizing the 
new farming systems and assessing their economic performance. Five farming 
systems were identified in the region, namely, crop without livestock (CWL), crop 
with dairy (CD), crop with small ruminants (CSR), landless with livestock (LWL), 
and crop with diverse livestock (CWDL) systems. Of these, the CWL, CD, and CSR 
systems were variants of specialized, intensive, and market-oriented farming. They 
comprised of 92% of the HHs in the region and provided a consistent income from 
agriculture. The LWL and CWDL systems were variants of subsistence farming.  

The CD system had the highest revenues. The high production costs, however, 
offset the gross margins earned and sometimes led to negative gross margins. The 
CWL system had the lowest gross margin due to high production costs of cash crop 
cultivation and market price fluctuations. The CSR system showed the best economic 
performance. This was attributed to low production costs, high commodity prices, 
and market demand. HHs in the CWL and CD systems also had the highest credit 
and debt levels.  
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 Overall, this chapter endorses, that intensification or specialization of farming 
in environmentally constrained regions does not always result in higher economic 
performance. Moreover, different farming systems perform differently where the 
CWL systems are at high risk due to low opportunities for diversification. The CD 
system showed the least consistent economic performance despite the specialization 
and consistent income. Meanwhile, the CSR system showed the highest economic 
performance as it adapted best to circumstances.  

2.3 Intensive farming systems, water use, and dryland environments  

In chapter 4, I analysed the impact of the three main intensive farming systems—
CWL, CD, and CSR—on water resource availability at a watershed level. The CD 
system used the highest quantity of water, followed by the CSR and CWL systems. 
The CWL and CD systems comprised 86% of the HHs, making these two systems the 
prominent water users. Overutilization of water resources was evident due to the 
deficit in the watershed’s water budget. This water overutilization and groundwater 
depletion is a fallout of the cultivation of water-demanding non-dryland crops, 
increased specialization of farming systems, and current agricultural practices. The 
main implication of this chapter is that current intensive farming systems and 
practices exceed the biophysical capacity of watersheds for long-term sustainability. 
Hence, farming systems need to be tune with the water resource–carrying capacity of 
the region. 

2.4 Vulnerability, farming strategies, and farm development pathways of smallholders  

Finally, in chapter 5, I analysed the farm strategies and farm development pathways 
of the three intensive farming systems to understand their vulnerability to climate 
change. We found that HHs in different farming systems faced differential 
vulnerability. This variation was due to differences in perceptions of climate change 
exposure in the region and differential access to the five livelihood capitals1 (DFID, 
1999). Although HHs in the region felt climate exposure, their farming strategies 
were influenced by access to and availability of livelihood capitals and market forces 
for certain agricultural produce. 

Consequently, HHs of different farming systems followed different 
development pathways and had different levels of climate change vulnerability. The 
CWL system HHs had the least access to all livelihood capitals. This led them to 
choose farm strategies that only helped in meeting immediate needs, rendering them 

 
1 Sustainable Livelihoods Framework (DFID, 1999) advocates that HH-level livelihood objectives and 
strategies are shaped by how people use their asset base. The framework identifies five core asset 
categories or types of livelihood capitals, i.e. natural capital physical capital, financial capital, social 
capital, and human capital 
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the most vulnerable. The CD system HHs, despite having access to all critical 
livelihood capitals, opted for a few sustainable farming strategies (e.g. water-efficient 
technologies). However, these strategies supported only short-term adaptation, as 
these HHs depended on dwindling groundwater resources for production and 
viability. Meanwhile, CSR system HHs, despite having limited access to livelihood 
capitals, showed long-term adaptation, attributable to traditional knowledge linked 
to their ethnic identity. The small farmer category and the Scheduled caste (SC) 
groups were the most vulnerable. Contrastingly, caste groups with a strong ethnic 
identity2 and traditional knowledge were most resilient. The effects of transitions 
and the feminization of agriculture exposed women more than men to climate 
change impacts.  

In summary, farmer decision-making and development pathways are complex 
and driven by available livelihood capitals. Despite the presence of an integrated 
climate change policy continued to focus on economic development endangers the 
resilience of farming systems to climate change, particularly in dryland regions.  

3. Methodology 

In India, the social diversity in terms of social groups (caste) and farming system 
typologies is diverse. How these factors interact and affect the natural resource base 
is therefore complex. Hence, in this research, I chose to use a watershed as the unit of 
analysis as it makes an ideal social–ecological entity to study the various facets of 
agricultural transitions.  

The watershed and its natural resources comprise the ecological components 
providing ecosystem services to the social component, i.e. rural populations and their 
farming systems (Wani et al., 2008; Reddy and Syme, 2019). Two watersheds were 
selected for the study, covering 27814 ha, 6572 HHs, and seven villages. From these 
seven villages, 17164 ha and 3006 HHs were chosen as representative samples to 
conduct the research. 

As the social–ecological interactions within a watershed, given the sizable 
region and a large sample of HHs, can be complex, the reliance on a single method 
was insufficient. Hence, as a first step, a phenomenological study approach was 
adopted to make a deep dive into the region to describe, analyse, and understand the 
system. Subsequently, in all chapters, a combination of qualitative, quantitative, 
secondary data sources (e.g. government statistics), and geographic information 
systems (GIS) (when needed, e.g. in chapter 2) was used to triangulate results to 

 
2 In the study region, two distinct ethnic groups were present: the Banjara, categorised as Scheduled 
tribes, and the Gollas, categorised as backward class communities. Both these groups have a strong 
history of livestock keeping 
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obtain a larger and more consistent picture (Tamou, 2017). While quantitative 
research revealed the relative importance of the phenomena, qualitative research 
helped identify the reasons behind the phenomena. For example, the quantitative 
survey identified different farming systems or farm strategies adopted by HHs. 
Simultaneously, the qualitative inquiry indicated the identity, aspirations, and course 
of decision-making within farming HHs in the region (Crane et al., 2008). The use of 
a combination of methods allowed for a better understanding of agriculture 
transitions and their impacts. The approach provided a holistic perspective on how 
specific trends evolve. It also provided insights into the contextual nature of farming 
system development pathways and adaptation to climate change at a local level.  

However, the choice of methodologies had a few caveats. The first concerns 
the focused group discussions (FGDs). I opted for a heterogeneous group of 
participants (i.e. both genders, different caste groups, ages, farm types, and 
landholding sizes) instead of a homogenous group approach. The inclusion of 
different groups and both genders in each FGD was intended to capture the nuances 
and divergent views of groups in the region and discuss potential discrepancies on 
the spot (Engel and Salomon, 1997; Hekkert and Negro, 2009). Heterogeneous FGDs, 
however, may entail the risk of certain groups (e.g. forward casts, wealthy, elderly or 
male participants) dominating the discussion. Hence, in this case, the use of an 
experienced facilitator helped avoid this and enabled the participation of all groups 
and members present. Despite the diverse participants, the uniformity in the 
transitions and adaptation strategies described across the groups was perplexing 
(chapters 2 and 4). This situation showed that the social diversity in the FGDs did 
not play a major role in identifying the expected nuanced narratives across groups. 
This could be attributed to the progression and development across India, which 
may have reduced caste hierarchy and related aspects in more developed states, like 
Telangana. The generalised economic drivers and the homogeneity in people’s 
aspirations (regardless of the status) may also explain why the transitions described 
were uniform, as described by Matthei and Smith (2008) and Butler et al., (2014). 
However, in the case of women, a homogenous women-only FGD was conducted. 
This seemed necessary as the socio-cultural barriers in India inhibit women from 
openly voicing their opinion. A separate FGD helped capture their personal 
perceptions in-depth, understand how agricultural transitions impacted them and 
brought out how different their perceptions are from men. 

Other aspects that may have caused biases in this research were the large 
sample size and the closeness of the study region to the city. While having a large 
sample size allows better extrapolation/prediction of certain parameters like 
transitions characteristic, farm development pathways, and statistical accuracy, there 
were limitations. Data collection on parameters such as labour, the contribution of 
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financial systems, and the valuation of fixed assets in production costs were limited 
and could not be researched in-depth. Nonetheless, the longitudinal study with a 
sample of 75 HHs provided good opportunities to gain better insights. 

 The proximity of the study region to Hyderabad, Telangana’s capital and one 
of the fastest-growing metropolitan cities, could have influenced the pace of 
transitions. Hence, I tried to include data from various sources for triangulating 
trends, to understand if the transition process was similar at state and national levels. 
Although similar trends were found across India, recent and reliable data on farming 
systems in India were limited. Therefore, generic insights into transitions across 
India have not been obtained yet. 

Despite the various complexities in agriculture discussed above, the research 
findings have clarified how transitioning to intensive and specialized farming 
impacts smallholder livelihoods, livestock rearing, and the environment, particularly 
in biophysically constrained regions. This approach is therefore applicable across 
India’s dryland regions, as well as other Asian and African countries where 
development policies are steering similar agricultural transitions. 

4. The process and impacts of agricultural transitions, livelihoods, and 
drylands  

4.1 The process 

The transitions in farming systems from 1997 to 2015 in the region happened rapidly, 
surpassing social and cultural diversity in the Indian agricultural context. These 
transitions caused significant regional changes in the availability of land, water, and 
labour. These changes pushed HHs to intensify production. Therefore, the transitions 
were completely unidirectional in terms of becoming intensive and specialized with 
high market orientation. Currently, 92% of the HHs were variants of intensive 
systems, compared to traditional mixed farming systems in the past (see chapter 2). 
HHs without agricultural activities or following traditional subsistence (mixed) 
farming were fewer than 10% in the region. This shows that once the transition 
process gained momentum, farmers had to either join in or step out of agriculture 
(Dorward et al., 2009; Reardon et al., 2019).  

A deeper analysis in chapter 2 revealed that several concurrent drivers led the 
transitions in this region. Technological interventions such as village electrification 
and borewell technologies facilitated water-intensive crop and livestock production 
(Tian et al., 2014). Integrated development programs (e.g. watershed development) 
hastened transitions in farming systems by introducing agricultural intensification 
technologies. The availability of water due to watershed development measures in 
dryland regions encouraged smallholders to adopt new technologies and diversify 
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faster (van Ginkel et al., 2013). Additionally, the increased market demand for 
specific crops and livestock products (Behera et al., 2015; Gathorne-Hardy, 2016) 
increased specialization in farming. Lastly, Hyderabad, the fastest-growing metro 
city in India, is a major market for the study region. While population growth itself is 
an important reason for the increased food demand the income growth of the urban 
population also influences food consumption patterns (Oosting et al., 2014; Kumar et 
al., 2017; Van der Lee et al., 2018; Reardon et al., 2019). 

Besides the drivers identified in this study, other factors that might have 
played a significant role in causing the transitions include: the influence of external 
policy situations, reception of remittances, or differences in education and 
knowledge gains between castes or gender (Thompson et al., 2007; Reardon et al., 
2019). While I discuss some of these aspects in the sections below, the scope for 
further research on these aspects remains. 

4.2 Transitions towards intensive and specialized farming—mixed outcomes 

The agricultural transitions in the study region resulted in a mixture of outcomes. 
Although regional agrarian production increased, the economic benefits were limited 
and came at the cost of the environment, while the social impact was two-fold.  

4.2.1 Economic impact 
The farming systems transitions in the region caused extensive land-use changes that 
favoured the expansion of croplands. Croplands increased at the expense of 
wastelands used for livestock grazing. This led to an overall reduction in livestock 
rearing by 48% of HHs in the region (chapter 2). While decreased livestock rearing 
by HHs per se is not a problem, it is a valid concern in dry regions, which are plagued 
by frequent droughts in conjunction with high temperatures (i.e. up to 45 °C) for 2-3 
months a year. Such conditions limit biomass productivity and agronomic 
production (Srinivasrao et al., 2013). In such circumstances, the absence of livestock 
means a loss of a critical buffer for HHs in drought or dry spells, when crop 
production is unpredictable (Thornton, 2010; Herrero et al., 2013). Reduced livestock 
keeping also translates into decreased dietary diversity during lean periods (Fraval et 
al., 2020).  

The increased availability of croplands hastened the transition to intensive 
and specialized farming as it facilitated the adoption of intensive agricultural 
practices. This resulted in the emergence of new farming systems. However, these 
intensive systems showed low economic performance, increased risks, and decreased 
flexibility to cope with disturbances and shocks (chapters 3 and 5). A situation like 
this arises because intensification and specialization reduce the circularity in farming 
that safeguards communities from risks inherent to dryland environments (FAO, 
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2008; Koohafkan and Steward, 2008). For example, reduced agricultural circularity 
breaks traditional production chains, barter systems, and other benefits that grazing 
systems provide to keep drylands resilient (FAO, 2008; IIED, 2010; Hodges, 2014; 
Notenbaert et al., 2012). Further, the increased market demand for certain livestock 
products, e.g. milk, reduced the production of other livestock products that 
otherwise brought additional income. This reduced the diversity within farming 
systems and eroded local animal genetic diversity, increasing the dependence on 
external markets for inputs and ultimately, raising production costs. Those who 
could not continue agriculture resorted to non-farm employment which was limited 
and led to income losses (chapters 2 and 3). Such trends have been reported in the 
literature on agricultural transitions in India, Asia, and Africa (Puskur et al., 2004; 
Jayne et al., 2014; van Ginkel et al., 2013; Oosting et al., 2014; Gathorne-Hardy, 2016). 

Signs of a ‘poverty trap’ (Tittonell and Giller, 2013) were evident in the region. 
High production costs led to high levels of debt, as the current systems were not 
economically viable (chapter 3). Further, land in dryland regions is not as productive 
as lands in sub-humid and humid regions. Therefore, shrinking landholdings due to 
property division among siblings or urbanisation (chapter 2) will reduce economic 
viability further in the future. Shiferaw et al. (2008), Taylor (2013), and Ramprasad 
(2019) have emphasized that such factors tend to become intertwined with HH 
farming strategies to sustain intensive farming in dryland regions, eventually leading 
to vulnerability to climate change (chapter 5).  

4.2.2 Environmental impact 
Transitions in agriculture can give rise to environmental issues (e.g. 
overexploitation of natural resources) and social issues (e.g. farmer dependency on 
external inputs and marginalization of communities) (Lebacq et al., 2013; Clay et al., 
2020). The study region, an already water-scarce region, also witnessed depleted 
ground and surface water availability. Borewell depths dropped from pre-2010 
levels of 18–30 m to 180–250 m. The water budget of the study watershed showed a 
deficit of −3.78 Mm3/y (chapter 4). These findings align with the Central Ground 
Water Board’s report (2019) that the region moved from a semi-critical to critical 
status between 2013 and 2017. 

The groundwater depletion caused by the over-utilization of water resources 
driven by the cultivation of non-dryland crops, increased farm intensification and 
specialization, and farm management practices of the current systems (chapter 4). 
The dominance of croplands in the area (chapter 2) further aggravated the situation 
due to the low natural vegetation cover on these lands (Thomas and Duraisamy, 
2019; Duraisamy et al., 2020). Together, these factors could have contributed to most 
HHs limiting crop production to one season per year as a coping mechanism 
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(chapter 4). Batchelor et al., (2003), Joshi et al., (2004b), Sharma et al., (2005), Bouma 
and Scott (2006), Shiferaw et al., (2008), Reddy et al., (2007), and Calder et al., (2008) 
also report similar findings of water over-utilization in dryland regions across India. 
These insights assert that dryland watersheds have ecological limits, and production 
in these regions should be determined by the water resource–carrying capacity of the 
region. Otherwise, the risk of increasing desertification looms large, as reported in 
other dryland regions of the world (United Nations, 2011; IPCC, 2019).  

4.2.3 Social impact 
The social impact of the transitions was two-fold. There were notable positive 
changes in the convoluted social hierarchical (caste) system. Lower caste groups 
progressed by moving up the livestock ladder (Udo et al., 2011), gaining assets, and 
stepping out of caste-based occupations (chapter 5). Although Forward Castes (FCs) 
continued to dominate the agricultural setting, as, in the past, exceptions were found. 
For instance, in some cases, Scheduled Tribes (STs) had land and herd sizes as large 
as those of the FCs (chapter 2). Importantly, all caste groups were present in all 
farming systems and owned land (chapter 5). These developments in lower caste 
groups can be attributed to several government-sponsored schemes (Reddy et al., 
2016) specifically designed for their upliftment (Government of India, 2008). We also 
found that the STs and Backward Castes (BCs) showed the lowest vulnerability to 
climate change compared to all other caste groups (chapter 5). The low vulnerability 
is due to their high human capital in livestock farming, originating from their 
traditional knowledge linked to their ethnic3 groups. This traditional knowledge 
helped STs access necessary livelihood capitals and attain better social status than the 
SCs. However, the BCs (Gollas) were most resilient; their traditional and tacit 
knowledge assisted in retaining their original occupation while transforming it into a 
modernized sheep rearing system. Conversely, the STs transitioned from nomadic 
pastoralists to settled dairy farmers.  

 On the other hand, however, the majority of the HHs, i.e. the CWL and CD 
systems, showed high to medium vulnerability to climate change, with reduced 
long-term resilience (chapter 5). In the case of the CWL system, for instance, HHs 
had no or limited access to essential livelihood capitals, e.g. grazing lands, livestock 
ownership, and water resources. Therefore, their farm strategies were limited to 
meeting daily needs and were risky, e.g. cultivating high-value cash crops over food 
crops in small landholdings, high dependence on inorganic inputs, off-farm jobs, or 
selling assets for survival. Diminishing common property resources, low HH labour, 

 
3 In the region, the BCs are a traditional livestock-keeping community called the ‘Gollas’, while the STs 
are the ‘Banjaras’, who were nomadic pastoralists in the past but have now adopted sedentary 
agriculture 
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and less income prevented them from keeping livestock—a critical safety net for 
poor HHs in dry regions. Low levels of education limited their networking abilities 
for accessing suitable subsidies or finances. For the CD system, in turn, HHs had 
access to all essential livelihood capitals, which helped choose a few sustainable 
strategies (e.g. drip irrigation). Nonetheless, their adaptation was short-term as they 
were highly dependent on water, a scarce resource. 

In the case of women, the transitions in farming systems increased their access 
to technologies, information, and livestock resources. However, on the flip side, their 
workloads increased, because women are the primary labour force in agriculture in 
India (Vepa, 2005; van Ginkel et al., 2013; Pattnaik, et al., 2017). A general reduction 
in women’s small livestock and poultry rearing was observed due to increased 
workloads, depriving them of financial and nutritional security (Conroy et al., 2005; 
Chatterjee and Rajkumar, 2015). Women had similar perceptions of exposure as men 
but were impacted differently due to their gender-specific farm and domestic 
responsibilities (Morchain et al., 2015; Rao et al., 2019). Further, we found that 
climate change tends to expose women more than men due to existing issues from 
transitions in farming systems and feminization of agriculture (Vepa, 2005; Pattnaik 
et al., 2017). The social norms prevent them from applying critical adaptation 
strategies. Together, these factors undermine the well-being of women in various 
ways (Rao et al., 2019), now and in the future.  

Reardon and Timmer (2014) display how the presence of five ‘interlinked 
transformations’ namely intensification of farm technology, agri-food system 
transformation, rural factor market transformation, urbanisation, and diet change, 
can transform the economy of a region as a whole rather than in parts or 
independently. Although my study looks at fragmented parts of these interlinkages, 
the findings can be related to the theory they present. Therefore, as Reardon and 
Timmer (2014) point out sustainable intensification of agricultural production and 
food security depend on the interdependence of several factors within these 
‘interlinked transformations’. Hence agricultural production strategies must 
encompass all these aspects in this era of large urban markets and rural–urban 
linkages because farm intensification and commercialization are closely 
interconnected.  

5. Policies drive smallholder farming system pathways 

The results in this study lead to a critical inference that prevailing policies tend to 
determine smallholder farming system pathways. For instance, India’s socio-
economic development priorities for its vast and growing population and political 
dynamics tend to influence policy formulation (United Nations, 2019; Brown et al., 
2021), and central government budgets. These budget provisions steer development 
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programs and subsidies that promote agricultural intensification and other 
technologies to increase food production and nutritional security. A recent example 
is the 2021 central government budget, which proposes doubling India’s annual milk 
processing capacity from 53.5 million tonnes (mt) to 108 mt by 2025 (Government of 
India, 2020-21) despite the projections of growing land degradation, water scarcity, 
and climate risks across the country’s dryland regions (World Bank, 2012; Kumar 
and Kumar, 2013; IPCC, 2019). Such provisions exemplify how development 
programs like Watershed Development Programs (WDPs4) continue to promote 
agricultural intensification for agricultural and livelihood enhancement. Moreover, 
such interventions become counterproductive to the water and land restoration 
measures of WDPs the effects of which we see in chapters 3 & 4 (i.e. overuse of 
scarce water resources, groundwater depletion, and others). Studies by Batchelor et 
al., (2003); Joshi et al., (2004b); Sharma et al., (2005); and Bouma and Scott, (2006) also 
report such findings across India. 

Furthermore, the need to address multiple objectives to sustain India’s rapid 
economic growth also gives naissance to policy incoherence. This reflects in the form 
of a lack of integrated action between policies and the resultant conflicting or 
unintended outcomes (Weitz et al., 2017; Muscat et al., 2021). For instance, policies 
supporting smallholder agrarian production, such as power subsidies and irrigation 
infrastructure (Shiferaw et al., 2008; Fishman et al., 2014; Sishodia et al., 2016), 
accelerate excessive groundwater pumping and irreversible land-use change in dry 
regions (Thomas and Duraisamy, 2019; Duraisamy et al., 2020) when coupled with 
agricultural intensification, and market demand. Hence, while a taking multiple 
objective approaches—which is often the case for developing countries—coordinated 
action is critical to avoid unintended social and ecological consequences. 

Similar policy incoherence is evident in India’s recent climate change policy. 
Although India has a clear climate change mandate at the central level, the state-level 
interventions still aim at livelihood and regional economic development and not 
climate change adaptation. This incoherence has resulted in unintended 
consequences at the local level such as the increased vulnerability of rural HHs to 
climate change (Gajjar et al., 2019; Singh et al., 2019b). This is because critical 
livelihood capitals (e.g. availability of water resources, ownership of livestock, and 
access to common property resources (CPRs; see chapter 5), that HHs must possess 
to stay resilient in the region have been altered, overused, or inadequate as 
agricultural transitions evolved in the region (chapters 2–4). Therefore, most of the 

 
4 WDPs are India’s most extensive development program for drylands focused on improving rural 
livelihoods through enhancing agricultural productivity by increasing the availability of surface and 
groundwater for agricultural production 
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HHs in the area (mainly the CWL and CD systems) showed higher vulnerability to 
climate change. 

Along the same lines, agricultural credit and financial systems also play a 
crucial role in agricultural development, particularly in developing countries (Benton 
et al., 2021; Bernards, 2022). As food production at a higher level is moulded by the 
need to produce cheaper food economic structures are often tuned to produce food at 
lower costs (Benton et al., 2021). For this to happen, agricultural credit and financial 
systems are made available for certain types of farming, often fostering 
intensification, marketization, and commercialization of agriculture (Bernards, 2022; 
Ripoll-Bosch and Schoenmaker, 2021). In dryland regions, this could be detrimental 
in the long run as these ecosystems are fragile and resource-constrained. 

6. Developed and developing countries: differences and similarities in 
agricultural development pathways 

The findings of this thesis are not isolated phenomena. Rapid and region-wide 
transitions from subsistence farming to market-oriented farming are reported across 
drylands in Asia (Green and Vokes, 1997; Reardon et al., 2019; Vishwanathan et al., 
2021; Zao et al., 2022), Latin America (Gazzano et al., 2019), and Africa (Senbet and 
Simbanegavi, 2017; Van der Lee et al., 2018; Jayne et al., 2019). These studies show 
similar transition pathways and both beneficial and undesirable impacts, comparable 
to those found in this thesis. Location-specific insights notwithstanding, all studies 
show that policies for food production, proximity to cities, urban population growth, 
and market demand for certain products incentivize farmers to intensify production 
and adopt modern inputs. Although the intensification of farming systems increased 
the overall production in the region, this was accompanied by higher competition for 
and scarcity of natural resources, generating dissimilar benefits across households.  

Such transitions are not just limited to developing countries but have also 
occurred in industrialized countries. In fact, this continues to happen. Take for 
instance the agricultural intensification and specialization in the European Union 
(EU) since WWII (Ripoll-Bosch and Schoenmaker, 2021). This intensification was 
aimed at increasing food production based on the economic model of high outputs at 
low margins per unit product. Therefore, the EU’s agricultural production is among 
the most intensive globally, yet with a large environmental burden, such as high 
GHG emissions (EuroStat, 2017), soil acidification, eutrophication, and reduced agro-
biodiversity (Bais-Moleman et al., 2019). From a social perspective, people employed 
in agriculture dropped by 30% in the last 15 years, and the declining trend continues 
(Schuh et al., 2019). Despite well-developed technological and infrastructural 
frameworks, sustainable farming in the EU remains challenging in the face of 
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barriers to production, distribution, and consumption (Bais-Moleman et al., 2019; 
Baldock and Buckwell, 2021). 

Such insights from developed countries indicate that critical action is needed 
for sustainable development in dryland regions. The urgency for sustainable 
intensification pathways in these regions is most pressing as they largely fall in 
developing countries that are undergoing rapid agricultural transitions. Further, 
these regions are highly sensitive to environmental changes compared to other agro-
climatic regions. Hence, the absence of favourable natural resources will impact the 
economic development and stability of agrarian-based livelihoods (Rao, 2008; Moni, 
2009; Wale and Dejenie, 2013; Robinson et al., 2015; Lu et al., 2018) of a large 
proportion of the poor population rapidly. While current agricultural systems may 
already be under pressure, climate change prediction adds another layer of adversity 
in the form of erratic precipitation, increasing aridity, droughts, and floods (IPCC, 
2018). Hence, continued transitions toward the intensification of land and water use 
will only exacerbate land degradation, water scarcity, and food insecurity in 
drylands (IPCC, 2019). Prăvălie et al. (2019) state that except for Europe and South 
America, all continents have experienced a net expansion of arid environments in the 
recent climate database, and Asia is in the lead with the maximum increase in 
dryland areas.  

7. Sustainable agricultural intensification and dryland environments: 
the way forward  

In line with the above, current policies may need to be overhauled in terms of 
context, foresight, and coherence (Dubash and Jogesh, 2014; Adam, 2015; Gajjar et al., 
2019; Muscat et al., 2022). In addition, integral approaches that go beyond policy may 
be needed to tackle current environmental and social issues (Reardon and Timmer, 
2014; Bais-Moleman et al., 2019; Baldock and Buckwell, 2021; Runhaar, 2021). 
Therefore, in this section, I deliberate on the possible directions toward sustainable 
agricultural intensification, synthesized through discussions with communities, the 
longitudinal study with farming HHs, secondary data, and published literature.  

7.1 A plethora of information: the need for a change in outlook 

It is clear that dryland watersheds have limits to the services they can provide, with 
implications for food production and livelihoods. From a livestock perspective 
chapters 3 and 4 elucidate how sedentarisation of livestock in dryland regions (e.g. 
the CD system) may be unsustainable and can lead to land degradation and 
excessive water use. Ekaya (2005) and Brikse et al. (2015) reported similar findings in 
South Asia and Africa. Therefore, maximizing provisioning services, like food 
production, through agricultural intensification, occurs at the cost of other 
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regulatory, supporting, and cultural ecosystem services that are unique to dryland 
environments (MEA, 2005; Wale and Dejenie, 2013; Costanza et al., 2017; Lu et al., 
2018). Therefore, food production strategies in dryland regions need to be carefully 
weighed. 

Studies advocating the importance of ecosystem services state that 
appropriate agricultural practices can ameliorate the disservices from intensive 
agriculture (Dale and Polasky, 2006; Power, 2010; Bowman and Zilberman, 2013). A 
strong knowledge base about the evolution of farming systems in dryland regions, 
benefits of mobile livestock farming systems, native livestock breeds and ecological 
processes, and traditional knowledge systems of pastoralists exists (Marty, 2005; 
Thornton et al., 2007; Hodges et al., 2014; Nori et al., 2008; IIED, 2010; Köhler-
Rollefson and Mathias, 2010; Notenbaert et al., 2012; Hodges, 2014; Tamou et al., 
2019; FAO, 2021). There is also considerable literature on the biophysical attributes of 
dryland ecosystems (Gajbhiye and Mandal, 1983; Millennium Ecosystem 
Assessment, 2005; UNEP, 2011). Despite such a plethora of research, only some of 
which is cited here, limited uptake or mainstreaming of interventions in policies and 
practice are observed. 

 This knowledge could be used to develop sustainable food production 
strategies for resource-constrained regions. Launching studies on how pastoral and 
agro-pastoral systems have evolved and are surviving across Asia and Africa could 
also yield valuable solutions. For example, this study showcases how the CSR 
system, a mobile production system, has transformed into an intensive modernized 
system by traditional livestock keepers themselves. This system also demonstrated 
the best economic performance and displayed a high capacity to adapt according to 
the dynamic context of the region. HHs in this system also exhibited the highest 
resilience to adapt to climate change compared to the other two emergent systems 
(CWL and CD systems). This ability stemmed from the traditional knowledge they 
had (chapters 2, 3, & 5). Accordingly, supporting existing pastoral systems would be 
fortuitous as they are economically and ecologically more compatible with dryland 
regions (Nori et al., 2008; IIED, 2010; Krätli and Schareika, 2010; Notenbaert et al., 
2012; Kauffman et al., 2019). Alternatively, where not possible, strategies that reduce 
the over-utilization of water resources could be promoted to make intensification 
more sustainable. Some examples could be the promotion of circularity in 
agricultural systems (Muscat et al., 2021; Oosting et al., 2022); dryland suitable feed, 
and animal management options (Descheemaeker et al., 2009, Kebebe et al., 2015, 
Tamou et al., 2018a, b); accentuate agronomic practices that maximize soil carbon 
levels (Plaza-Bonilla et al., 2015; Giller et al., 2021), and higher area-wide integration 
between farmers (Kumar and Singh, 2008; Udo et al., 2011; Oosting et al., 2014; 
Ripoll-Bosch et al., 2014; Kannan, 2015; Van der Lee et al., 2018) (see chapters 3 & 4). 
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 Although a range of solutions exists, numerous barriers inhibit the adoption 
of more ecologically sustainable food systems (this study and Runhaar, 2017, 2021; 
Gliessman, 2020). Therefore, I discuss a few structural changes that could address 
existing challenges and bring about a paradigm shift. 

7.2 Strengthening the science-policy interface  

Like other developing countries, India has several rural development initiatives 
supported by bilateral partnerships to alleviate poverty through improved agrarian 
livelihoods. Although the operational framework of these programs is well-intended, 
knowledge gaps and implementation issues result in counterproductive outcomes. 
Findings in chapters 3–5 indicate that these problems could be overcome by 
strengthening the science-policy interface. For instance, in chapter 4, the water 
budget at the watershed level showed a high surface runoff in the region. However, 
despite the deployment of watershed management measures in the region the runoff 
remains considerably high. This is likely caused by climate change, as changes in 
climate influences the timing and magnitude of runoff (Marshall and Randhir, 2008). 
A prudent science–policy interface would integrate appropriate run-off prevention 
measures such as suitable agronomic practices (e.g. cover crops, mulching) and 
facilitate climate science-based alterations in the watershed engineering structures 
(e.g. check dams, gully plugs, percolation tanks, contour trenches, etc.) to mitigate 
the consequences seen in this study. Similarly, in chapter 5, policy analysis revealed 
that climate-smart agricultural production within existing development programs is 
limited or absent. This gap has long been cited as a critical barrier in India and many 
developing countries (Tanner et al.,2006; Sietz et al., 2011; Chowdhury et al., 2021; 
Lee et al., 2022). A robust science-policy interface for development planning is 
essential to facilitate knowledge diffusion and empower government institutions. In 
addition, more interdisciplinary research on dryland ecosystems is warranted. 
Future research should assess the relative feasibility of varied farming systems in 
dryland conditions and the associated socio-economic impact of agricultural 
intensification, e.g. indebtedness and access to credit, HH dietary diversity, or 
gender implications. 

Another aspect a good science-policy interface should enable is improving 
monitoring and evaluation mechanisms for the continuous process of improvement. 
In chapter 5 we found the absence of a feedback mechanism on how policies or 
program interventions respond in the short, medium, and long term. That resulted in 
unintended consequences. In the same chapter, we realised that the use of mixed 
methods and science-based evaluations in implementation (i.e. monitoring and 
evaluation) can help understand the contextual nature of development pathways. 
Therefore, strengthening the current monitoring and evaluation mechanism of 
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development programs with mixed methods research will facilitate the progression 
of appropriate farming pathways; maintain policy coherence; fine-tune 
implementation gaps, thereby mitigating counter-productive outcomes. 

Lastly, developing countries typically follow developed countries in adopting 
the path of agricultural intensification to increase productivity. It may be imperative 
to shift gears and learn from the failures the EU is facing due to high levels of 
agricultural intensification. As agriculture in developing countries has not yet 
transitioned fully, and elements of circularity, diversity, and traditional knowledge 
still exist - strong science–policy interface through bilateral partnerships could help 
optimize existing production systems and support the dissemination of appropriate 
knowledge.  

7.3 Fostering partnerships to support sustainable farm development pathways 

A shift to sustainable agriculture takes time and varies under different agroecological 
and socioeconomic conditions. Therefore, incentives and benefits through 
appropriate public-private partnerships are vital to buffer this gap period. A few 
options emerging from this research are (1) new policies that incentivize the uptake 
of farm strategies for water conservation (Fishman et al., 2015; Shao and Chen, 2022; 
WRI, 2021), (2) the introduction of region-specific agricultural commodity pricing, (3) 
favourable financial and credit systems promoting the adoption of suitable 
agroecological crop-livestock production (Harding et al., 2021; Ripoll-Bosch and 
Schoenmaker, 2021), (4) new investments in the development of low-cost 
technologies (e.g. bio-fertilizers and pesticides), and (5) the repurposing of subsidies 
to boost the shift and uptake of sustainable practices (Bowman and Zilberman, 2013; 
WRI, 2022).  

These measures are critical because, as described by Runhaar (2021), path 
dependencies and ‘lock-ins’ in industrial food systems, which are growing globally, 
limit farmers' own choices on what to produce, how, and for whom. This is triggered 
by the ongoing pressure to intensify, specialise and scale-up, coupled with the export 
orientation of many food systems. Though industrial systems are limited in India, 
similar lock-ins were observed in chapters 4 and 5 where farming strategies and 
development pathways of rural HHs are strongly driven by policies and programs 
driving agricultural intensification. Therefore along with a science–policy interface, 
public–private partnerships also needs to be fostered to make the shift smooth and 
viable. 

7.4 Mainstreaming community-led resource management 

With a strong science-policy interface and public-private partnerships, the 
anticipated change would not be possible without community stakeholdership, a 
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cornerstone for sustainable development. Institutional capacity-building at the 
village level needs to be further strengthened with new information and approaches 
beyond the dynamics of intensification and specialization in farming systems (Jayne 
et al., 2014; Amjath-Babu and Kaechele, 2015; Thornton and Herrero, 2015). Some 
such initiatives, e.g. community engagement approaches and tools,5 though well 
demonstrated by civil society organizations, tend to remain pigeon-holed. However, 
when backed by science-based evaluations, these approaches can avoid conflicting 
interests while implementing technological development (Nedumaran et al., 2014). 
Such tools can generate knowledge about complex social–ecological processes, 
facilitate an interactive learning space, and promote local innovations by tapping 
local or traditional knowledge systems to improve the management of dryland 
environments (Tamou et al., 2018).  

In addition to this, Nandi and Nedumaran (2021) highlighted the importance 
of the aspirations of farming communities in shaping their activities and 
investments. The rapid and unidirectional transitions (chapter 2) and farm 
development pathways (chapter 5) seen in this study align with the need to consider 
communities. Nandi and Nedumaran (2021) further state that intergenerational 
aspirations and corresponding investment plans in agriculture are usually at odds, 
calling for changes in these barriers. This could be another potential area to bring 
about a necessary shift to sustainable agriculture as high aspirational populations 
visualize and engage in forward-looking behaviour (Dalton et al. 2016; Kosec and 
Mo, 2017).  

In this chapter, I raise a range of issues that calls for a paradigm shift at 
multiple levels, i.e. an enhanced science-policy interface, a strengthened public-
private partnership, and the involvement of local communities. While this is 
challenging, alternative methodologies and ways of working, such as “co-creation,” 
can help address the described gaps. Co-creation is a popular and widely spreading 
concept globally (Osborne et al., 2016; Brandsen et al., 2018; Leino and Puumala, 
2021). Co-creation allows breaking down hierarchies between concerned 
stakeholders, such as local governments, the business sector, universities, and 
communities. It moves away from the classical dichotomy of a top-down or bottom-
up process and strives for a multi-directional approach to problem-solving (Leino 

 
5 http://www.fao.org/climate-smart-agriculture-sourcebook/enabling-frameworks/module-c1-
capacity-development/c1-case-studies/case-study-c111-the-andhra-pradesh-farmer-managed-
groundwater-systems-apfamgs-project/en/ 
http://fes.org.in/source-book/groundwater-game-practitioners-manual.pdf   
https://www.fes.org.in/resources/tools/land-restoration/Composite%20Landscape%20 
Assessment%20and%20Restoration%20Tool%20(CLART).pdf 
https://wotr-website-publications.s3.ap-south-1.amazonaws.com/156_Making_the_Invisible_ 
Visible_A_ Manual_for_Preparing_the_CoDriVE_Visual_Integrator.pdf  
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and Puumala, 2021). In developing countries, that are predominantly dryland 
regions, co-creation may fit well as it is an adaptive and emergent process (Keeys 
and Huemann,2017). While it brings together stakeholders, e.g. local governments, 
researchers, or business sectors, it most importantly will get on board local/ethnic 
communities who have a distinct presence in these regions. Incorporation of their 
traditional knowledge, views, and aspirations may ideally lead to the design of more 
inclusive and sustainable futures. 
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Summary  

Despite three decades of agricultural transitions in India, studies on the 
consequences of such transitions at the regional and farming system level remain 
limited. Furthermore, the impacts of agricultural intensification are likely to be more 
acute in dryland states of India, due to its inherent biophysical vulnerability. 
Therefore, this study was conducted in a region in the southern state of Telangana; 
one of the seven dryland states of the country. The aim of this thesis was to 
“understand transitions in farming systems and gain insights into the sustainability 
implications they have at a farm and watershed level in a dryland context”. Within 
this background, this thesis gains insight into the characteristics of the transitions, the 
economic performance of emergent farming systems, the impact of these systems on 
water resource availability in the region, and their vulnerability to climate change. 

To address the research objectives, mixed methods—both qualitative and 
quantitative approaches—were employed to gather and analyse the information. 
Broadly, the methods employed included household surveys, focused group 
discussions (FGDs), timeline mapping exercises, a longitudinal survey, secondary 
data collection, and Geographic Information Systems (GIS) methods with ground-
truthing to confirm land use land cover changes, and statistical analyses as 
appropriate. As this research is embedded in social–ecological systems theory, a 
watershed was taken as the unit of analysis. Watersheds can be considered an ideal 
social–ecological entity to study the various facets of agricultural transitions. This is 
because, the watershed and its natural resources comprise the ecological components 
providing ecosystem services to the social component, i.e., rural populations and 
their farming systems. The two study watersheds cover 27,814 ha, 6,572 HHs across 
seven villages in a region in Telangana. From this, 17,164 ha and 3,006 HHs were 
selected as a representative sample to conduct the research. 

Chapter 2 showed that a concomitant presence of various drivers such as 
technological interventions, development programs with integrated approaches, 
proximity to a growing metropolitan city, and increasing market demand for certain 
agricultural products led to rapid changes in farming systems in the region. While 
agricultural production increased at a regional level, significant changes in land, 
water, and labor availability also occurred.  The transitions favored an increase in 
croplands by 45% at the cost of wastelands and natural surface water bodies that 
decreased by 75%. Water-demanding cash and commercial food crops replaced 
traditional dryland crops. The function of livestock in farming changed from a multi-
purpose role (i.e. drought power, provision of fuel, manure, additional income from 
animal by-products and animal source foods) to a market-oriented food production 
role. Thus, the transitions in farming systems were completely unidirectional, 
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becoming intensive and specialized with high market orientation. The transitions 
also surpassed the social and cultural diversity in the region, as it was inclusive of 
lower caste groups. For women, both benefits (e.g. opportunity to engage in livestock 
production, ownership of livestock, access to finance and technologies) and 
drawbacks (e.g. increased workload) were found. The generalised opportunities to 
engage in farming and intensify production indicate that once the transition process 
gained momentum, farmers had to either join in or step out of agriculture. Therefore, 
the study confirms that, aside from increasing overall food production, transitions 
into more intensive and specialized forms of agriculture also trigger the scarcity of 
natural resources, and therefore marginalization of HHs in the long term. 

In chapter 3, the characterization of the new farming systems and assessing 
their economic performance revealed the presence of five farming systems namely: 
crop without livestock (CWL; 48% HHs), crop with dairy (CD; 38% HHs), crop with 
small ruminants (CSR; 6% HHs), landless with livestock (LWL; 6.8% HHs), and crop 
with diverse livestock (CWDL; 0.8 %) systems. Of the five, the CWL, CD, and CSR 
systems were variants of specialized, intensive, and market-oriented farming, while 
the LWL and CWDL systems were variants of subsistence farming. The traditional 
mixed farming systems had completely disappeared as the CWDL system was the 
only remnant. Among these, only three systems (i.e., CWL, CD, and CSR) provided a 
consistent income from agriculture and comprised 92% of the HHs. The economic 
performance study showed that the CD system had the highest revenues. However, 
the high production costs, offset the gross margins earned and sometimes led to 
negative gross margins. The CWL system had the lowest gross margin due to high 
production costs of cash crop cultivation and market price fluctuations of the 
products. The CSR system showed the best economic performance due to its high 
adaptability to changing circumstances. This was attributed to low production costs, 
high commodity prices, and market demand. Further, most of the HHs (86% of the 
sample) fell in the CWL and CD systems that had an average daily per capita income 
below the World Bank extreme-poverty threshold (2018) of USD 1.9 day/person. 
These systems also showed high credit and debt levels, along with increased risks 
and decreased flexibility to cope with disturbances and shocks. The factors causing 
this situation were: low opportunities for diversification, reduced crop-livestock 
diversity within farming systems, erosion of local animal genetic diversity, and 
diminishing grazing resources. These factors, in turn, increased the dependence on 
external inputs and the market, which ultimately raised production costs and 
associated risks. Overall, findings validate that intensification or specialization of 
farming in dryland regions may not always result in higher economic performance.  

In chapter 4, the impact of the three dominant farming systems (i.e. CWL, CD, 
and CSR) on water resource availability at a watershed level was assessed. The 
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coupled interaction of the water use in different farming systems and the water 
budget at different scales (i.e., farming system, village, or watershed), provided an 
enhanced understanding of the water availability and use in the region. The highest 
quantity of water was used by the CD system (8,122 m3/HH/y), followed by the CSR 
(2,869 m3/HH/y) and CWL (1,833 m3/HH/y). The CWL and CD systems (86% HHs) 
were the most prominent water users. Signs of overutilization of water resources 
were evident as the watershed’s water budget showed a deficit of −3.78 Mm3/y. The 
water overutilization can be explained by the cultivation of water-demanding non-
dryland crops, increased specialization of farming systems, and current agricultural 
practices.  

The over-utilization of water resources may have resulted in water scarcity, as 
borewell depths had increased, their functionality across the year reduced, and 
considerable variation in borewell pump discharge (2,000-5,227 l/h) was found. This 
is probably why most HHs (i.e., the CD and CWL systems) were found to have 
limited crop production to one season per year as a coping strategy. Thus, the main 
conclusion of this chapter is that current intensive farming systems are not in tune 
with the water resource–carrying capacity of the region.  

Finally, in chapter 5, a vulnerability assessment of the three dominant farming 
systems (i.e. CWL, CD, and CSR) was undertaken. HHs in different farming systems 
faced differential vulnerability which was due to differences in perceptions of 
climate change exposure and variance in access to the five livelihood capitals. 
Despite climate exposure in the region, HH farming strategies were influenced by 
access to and availability of the five livelihood capitals1 and market forces for certain 
agricultural produce. Consequently, HHs of different farming systems followed 
different development pathways and had different levels of climate change 
vulnerability. Of the three systems, the CWL HHs had the least access to all 
livelihood capitals. This led them to choose farm strategies that only helped in 
meeting immediate needs, rendering them the most vulnerable. HHs in the CD 
system, despite having access to all critical livelihood capitals, opted for a few 
sustainable farming strategies (e.g. water-efficient technologies). However, these 
strategies supported only short-term adaption, as they depended on dwindling 
groundwater resources for production. Meanwhile, CSR HHs, despite having limited 
access to livelihood capitals, showed long-term adaptation, attributable to traditional 
knowledge linked to their ethnic identity. Among the social groups, the small farmer 
category, the SCs caste group, and women were the most vulnerable. In contrast, 

 
1Sustainable Livelihoods Framework (DFID,1999) advocates that HH-level livelihood strategies are 
shaped by how people use their asset base. The framework identifies five core asset categories or 
types of livelihood capitals, i.e. natural capital, physical capital, financial capital, social capital, and 
human capital.  
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caste groups with a strong ethnic identity2 and traditional knowledge showed the 
highest resilience. In the case of women, the effects of transitions and the 
feminization of agriculture exposed them more to climate change impacts when 
compared to men. At the policy level, despite the presence of an integrated climate 
change policy, the continued focus on economic development endangers the 
resilience of farming systems to climate change, particularly in dryland regions.  

All the studies in this thesis point out that transitions to more intensive and 
specialized forms of agriculture also trigger the scarcity of natural resources and 
marginalization of HHs. This is likely more rapid in dryland regions owing to the 
inherent biophysical limitations. Literature shows similar findings in other regions 
across India. Similar results are also reported in Asian and African countries, which 
are predominantly drylands. Moreover, such transitions are not just limited to 
developing countries but have also occurred in industrialized countries (and 
continue to happen). Despite well-developed technological and infrastructural 
frameworks, sustainable farming in the EU, for instance, is also challenging due to 
existing barriers to changing current production, distribution, and consumption. 
Such insights from other developing, but also developed countries, indicate that 
critical action is needed for sustainable development of farming systems, and 
particularly in dryland regions due to its casuistry. The urgency for sustainable 
intensification pathways in these regions is most pressing as they largely fall in 
developing countries, host largely poor populations, and are undergoing rapid 
agricultural transitions.  

Therefore, while current policies may need to be overhauled, there is a need 
for integral approaches that go beyond policy to tackle current environmental and 
social challenges. This research, synthesized through studies at various levels, 
including engagement with local communities, suggests directions towards 
sustainable agricultural intensification. First, there is a need to change the outlook 
when developing sustainable food production strategies in resource-constrained 
regions. This is because, despite a plethora of research on drylands and their 
associated aspects, it is seldom used in policy formulation or practice. Second, for a 
shift in paradigm, certain structural changes need to occur, such as strengthening the 
science-policy interface, fostering partnerships that support sustainable farm 
development pathways, and mainstreaming community-led resource management. 
For these to materialise “co-creation” of policies and programs for sustainable 
intensification of dryland regions is the need of the hour.  

2 In the study region, two distinct ethnic groups were present: the Banjara, categorised as Scheduled 
tribes, and the Gollas, categorised as backward class communities. Both these groups have a strong 
history of livestock keeping.  



131 

References 
Adam, H., 2014. Mainstreaming adaptation in India – the Mahatma Gandhi National Rural Employment 

Guarantee Act and climate change. Climate and Development, 7(2), pp.142-152, DOI: 
10.1080/17565529.2014.934772. 

Adger, W., 2006. Vulnerability. Global Environmental Change, 16(3), pp.268-281, DOI: 
10.1016/j.gloenvcha.2006.02.006. 

Adhikari,B., and  Taylor,K., 2012. Vulnerability and adaptation to climate change: A review of local actions 
and national policy response, Climate and Development, 4:1, 54-65, DOI: 10.1080/17565529.2012. 
664958 

Ahmad, J., Alam, D. and Haseen, S., 2011. Impact of climate change on agriculture and food security in India. 
International Journal of Agriculture Environment and Biotechnology, 4(2), pp.129–137. 

Ahmad I, Verma, V. and Verma, M.K., 2015.  Application of Curve Number Method for Estimation of Runoff 
Potential in GIS Environment. 2nd International Conference on Geological and Civil Engineering, 
IPCBEE, 80, DOI: 10.7763/IPCBEE.2015.V80. 

Ajai, R.R., Arya, A.S., Dhinwa, P.S., Pathan, S.K. and Raj, K.G., 2009. Desertification/land degradation status 
mapping of India. Current Science, 97(10), pp.1478–1483. 

Ajmal , M. and Kim T. W., 2014. Quantifying Excess Stormwater Using SCS-CN–Based Rainfall Runoff 
Models and Different Curve Number Determination Methods. Journal of Irrigation Drain Engineering. 
American Society of Civil Engineers. DOI: 10.1061/(ASCE)IR.1943-4774 

Alemayehu, K. and Fantahun, T., 2012. The effect of climate change on ruminant livestock population dynamics 
in Ethiopia. Livestock Research for Rural Development, 24(10). 

Alexandratos, N., and Bruinsma, J., 2012. World agriculture towards 2030/2050: the 2012 revision. ESA 
Working paper No. 12–03. Rome: Food and Agriculture Organization of the United Nations. 

Ali, J., 2007. Livestock sector development and implications for rural poverty alleviation in India, Livestock 
Research for Rural Development, 19(2). 

Alvarez, S., Timler, C., Michalscheck, M., Paas, W., Descheemaeker, K., Tittonell, P., Andersson, J. and 
Groot, J., 2018. Capturing farm diversity with hypothesis-based typologies: An innovative methodological 
framework for farming system typology development. PLOS ONE, 13(5), p.e0194757. 

Amamou, H., Sassi, M., Aouadi, H., Khemiri, H., Mahouachi, M., Beckers, Y. and Hammami, H., 2018. 
Climate change-related risks and adaptation strategies as perceived in dairy cattle farming systems in Tunisia. 
Climate Risk Management, 20, pp.38-49, DOI: 10.1016/j.crm.2018.03.004. 

Amjath-Babu, T.S., and Kaechele, H., 2015. Agricultural system transitions in selected Indian states: What do 
the related indicators say about the underlying biodiversity changes and economic trade-offs?. Ecological 
Indicators, 57, pp.171-181, DOI: 10.1016/j.ecolind.2015.04.029. 

Amjath-Babu, T.S., Krupnik, T. J., Kaechele, H., Aravindakshan, S., Sietz, D. 2016. Transitioning to 
groundwater irrigated intensified agriculture in Sub-Saharan Africa: An indicator-based assessment. 
Agricultural Water Management, 168, 125–135 pp. DOI: doi.org/10.1016/j.agwat.2016.01.016 

Andualem, T.G., Demeke, G.G., Ahmed,I., Dar, M.A., Yibeltal,M., 2021. Groundwater recharge estimation 
using empirical methods from rainfall and streamflow records. Journal of Hydrology: Regional Studies, 
Volume 37, 100917, ISSN 2214-5818, https://doi.org/10.1016/j.ejrh.2021.100917. 

Ang, A. and Aldaba, F. 2012. Towards Convergence in Social Protection Policies and Programmes. ILO Asia–
Pacific Working Paper Series, Geneva: International Labour Organisation. 

APEDA, 2019. India Production of Sheep Meat. [online] APEDA Agri Exchange. Available at: 
<http://apeda.in/agriexchange/India%20Production/India_Productions.aspx?cat=%20LiveStock
&hscode=1025> [Accessed 26 May 2022]. 

Ariyama, J., Boisramé, G. and Brand, M., 2019. Water Budgets for the Delta Watershed: Putting Together the 
Many Disparate Pieces. San Francisco Estuary and Watershed Science, 17(2), DOI: 
10.15447/sfews.2019v17iss2art3. 

Attri, S.D. and Tyagi, A., 2010. Climate profile of India. Met Monograph No. Environment Meteorology-
01/2010, New Delhi: India Meteorological Department, Ministry of Earth Sciences. 



References 

132 

Ayantunde, A.A., de Leeuw, J., Turner, M.D., Said, M., 2011. Challenges of assessing the sustainability of 
(agro)-pastoral systems, Livestock Science, 139( 1–2). pp 30-43, https://doi.org/10.1016/ 
j.livsci.2011.03.019. . 

Ayeb-Karlsson, S., van der Geest, K., Ahmed, I., Huq, S. and Warner, K., 2016. A people-centered 
perspective on climate change, environmental stress, and livelihood resilience in Bangladesh. Sustainability 
Science, 11(4), pp.679-694, DOI: 10.1007/s11625-016-0379-z. 

Baldock, D. and Buckwell, A., 2021. Just transition in the EU agriculture and land use sector. [online] Brussels: 
Institute for European Environmental Policy. Available at: https://ieep.eu/uploads/articles/ 
attachments/8d472ed3-cc73-428c-b9cd-da67e1e229c2/Just%20transition%20in%20the%20EU 
%20agriculture%20land%20use%20sector%20-%20IEEP%20(2022).pdf?v=63809716825> [Accessed 
24 May 2022]. 

Bais-Moleman, A., Schulp, C. and Verburg, P., 2019. Assessing the environmental impacts of production- and 
consumption-side measures in sustainable agriculture intensification in the European Union. Geoderma, 
338, pp.555-567, DOI: 10.1016/j.geoderma.2018.11.042. 

Banerjee, A. and Kuri, P.K., 2015. Development Disparities in India, New Delhi: Springer. 
Banerjee, R.R., 2015. Farmers’ perception of climate change, impact and adaptation strategies: a case study of 

four villages in the semi-arid regions of India. Natural Hazards, 75(3), pp.2829–2845, DOI: 
10.1007/s11069-014-1466-z. 

Batchelor, C.H., Rao, M.S.R.M and Rao, S.M., 2003. Watershed development: A solution to water shortages in 
semi-arid India or part of the problem?. Land Use and Water Resources Management, 3, pp.1–10. 

Bartlett, M.S., A.J. Parolari, J.J. McDonnell, and A. Porporato (2016): Beyond the SCS-CN method: 
Theoretical framework for spatially-lumped rainfall-runoff response. Water Resources Research 52(6): 4608-
4627. DOI: 10.1002/2015WR018439 

Bayly, S., 2001. Caste, society and politics in India from the eighteenth century to the modern age. Cambridge: 
Cambridge University Press. 

Behera, R., Nayak, D., Andersen, P. and Måren, I., 2015. From jhum to broom: Agricultural land-use change 
and food security implications on the Meghalaya Plateau, India. Ambio, 45(1), pp.63-77, DOI: 
10.1007/s13280-015-0691-3. 

Bekele, M., Mengistu, A., and Tamir, B., 2017. Livestock and feed water productivity in the mixed crop-
livestock system. Animal, 11(10), pp.1852–1860, DOI: 10.1017/S1751731117000416. 

Benoit, M., Tournadre, H., Dulphy, J., Laignel, G., Prache, S. and Cabaret, J., 2009. Is intensification of 
reproduction rhythm sustainable in an organic sheep production system? A 4-year interdisciplinary study. 
Animal, 3(5), pp.753-763, DOI: 10.1017/s1751731109004133. 

Benton, T., Bieg, C., Harwatt, H., Pudasaini, R. and Wellesley, L., 2021. Food system impacts on biodiversity 
loss. [online] London: Chatham House. Available at: <https://www.chathamhouse.org/ 
sites/default/files/2021-02/2021-02-03-food-system-biodiversity-loss-benton-et-al_0.pdf> 
[Accessed 24 May 2022]. 

Berg, A., Findell, K., Lintner, B. Giannini, A., Seneviratne, S.I., van den Hurk, B., Lorenz, R., Pitman, A., 
Hagemann, S., Meier, A.,Cheruy, F., Ducharne, A., Malyshev S.,  Milly P. C. D. 2016. Land–
atmosphere feedbacks amplify aridity increase over land under global warming. Nature Climate 
Change 6, 869–874 (2016). https://doi.org/10.1038/nclimate3029 

Bernards, N., 2021. The World Bank, Agricultural Credit, and the Rise of Neoliberalism in Global Development. 
New Political Economy, 27(1), pp.116-131, DOI: 10.1080/13563467.2021.1926955. 

Bharucha, Z., Smith, D. and Pretty, J., 2014. All Paths Lead to Rain: Explaining Why Watershed Development 
in India Does Not Alleviate the Experience of Water Scarcity. The Journal of Development Studies, 50(9), 
pp.1209-1225, DOI: 10.1080/00220388.2014.928699. 

Birthal, P. and Taneja, V., 2006. Livestock sector in India: opportunities and challenges for small holders. In: 
ICAR-ILRI international workshop. [online] New Delhi. Available at: <https://cgspace.cgiar.org/ 
handle/10568/27769> [Accessed 27 May 2022]. 



References 

133 

Blümmel, M., Samad, M., Singh, O.P. and Amede, T., 2009. Opportunities and limitations of food–feed crops 
for livestock feeding and implications for livestock–water productivity. The Rangeland Journal, 31, pp.207–
213. 

Bouma, J. and Scott, C., 2006. The Possibilities for Dryland Crop Yield Improvement in India’s Semiarid 
Regions: Observations from the Field. CA Discussion Paper 3, Colombo: International Water 
Management Institute. 

Bowman, M. S., and D. Zilberman. 2013. Economic factors affecting diversified farming systems. Ecology and 
Society 18(1): 33. http://dx.doi.org/10.5751/ES-05574-180133 

Brandsen, T., Steen, T., and Verschuere, B., (eds) .2018. Co-Production and co-Creation. Engaging Citizens 
in Public Services. New York and London: Routledge. 

Briske, D., Zhao, M., Han, G., Xiu, C., Kemp, D., Willms, W., Havstad, K., Kang, L., Wang, Z., Wu, J., 
Han, X. and Bai, Y., 2015. Strategies to alleviate poverty and grassland degradation in Inner Mongolia: 
Intensification vs production efficiency of livestock systems. Journal of Environmental Management, 152, 
pp.177-182, DOI: 10.1016/j.jenvman.2014.07.036. 

Brown, K.A.,  Srinivasapura, N., Murthy, V., Law, C., Harris,F., Kadiyala, S., Shankar, B., Mohan,S., 
Prabhakaran, D., Knai,C. 2021.Moving towards sustainable food systems: A review of Indian food policy 
budgets. Global Food Security. 28. Pp. 100-462, https://doi.org/10.1016/j.gfs.2020.100462. 

Bui, S., Cardona, A., Lamine, C. and Cerf, M., 2016. Sustainability transitions: Insights on processes of niche-
regime interaction and regime reconfiguration in agri-food systems. Journal of Rural Studies, 48, pp.92-
103, DOI: 10.1016/j.jrurstud.2016.10.003. 

Butler, J., Suadnya, W., Puspadi, K., Sutaryono, Y., Wise, R., Skewes, T., Kirono, D., Bohensky, E., 
Handayani, T., Habibi, P., Kisman, M., Suharto, I., Hanartani, Supartarningsih, S., Ripaldi, A., 
Fachry, A., Yanuartati, Y., Abbas, G., Duggan, K. and Ash, A., 2014. Framing the application of 
adaptation pathways for rural livelihoods and global change in eastern Indonesian islands. Global 
Environmental Change, 28, pp.368-382, DOI: 10.1016/j.gloenvcha.2013.12.004. 

Calder, I., Gosain, A., Rao, M., Batchelor, C., Garratt, J. and Bishop, E., 2007. Watershed development in 
India. 2. New approaches for managing externalities and meeting sustainability requirements. Environment, 
Development and Sustainability, 10(4), pp.427-440, DOI: 10.1007/s10668-006-9073-0. 

Central Ground Water Board, 2017. National Compilation on Dynamic Ground Water Resources of India. 
River Development & Ganga Rejuvenation, Ministry of Jal Shakti, Government of India. 

Central Ground Water Board, 2019. Ground Water Yearbook. Telangana State, River Development & Ganga 
Rejuvenation, Ministry of Jal Shakti, Government of India. 

Chand, P., Sirohi, S. and Sirohi, S., 2015. Development and application of an integrated sustainability index 
for small-holder dairy farms in Rajasthan, India. Ecological Indicators, 56, pp.23-30, DOI: 
10.1016/j.ecolind.2015.03.020. 

Chander, G., Wani, P.S., Sahrawat, L.K., Dixit, B.S., Venkateswarlu, B., Rajesh, C., Narsimha Rao, P. and 
Pardhasaradhi, G., 2014. Soil test-based nutrient balancing improved crop productivity and rural 
livelihoods: case study from rainfed semi-arid tropics in Andhra Pradesh, India. Archives of Agronomy and 
Soil Science, 60, pp.1051–1066. 

Chatterjee, R.N. and Rajkumar, U., 2015. An overview of poultry production in India. Indian Journal of 
Animal Health, 54, pp.89–108. 

Chinnasamy, P., Hsu, M. and Agoramoorthy, G., 2019. Groundwater Storage Trends and Their Link to 
Farmer Suicides in Maharashtra State, India. Frontiers in Public Health, 7, DOI: 
10.3389/fpubh.2019.00246. 

Chowdhury, M., Hasan, M. and Islam, S., 2021. Climate Change Adaptation in Bangladesh: Current Practices, 
Challenges and Way Forward. The Journal of Climate Change and Health, p.100108, DOI: 
10.1016/j.joclim.2021.100108. 

Clay, N., Garnett, T. and Lorimer, J., 2019. Dairy intensification: Drivers, impacts and alternatives. Ambio, 
49(1), pp.35-48, DOI: 10.1007/s13280-019-01177-y. 



References 

134 

Clement, F., Haileslassie, A., Ishaq, S., Blümmel, M., Murty, M., Samar, M., Dey, S., Das, H. and Khan, 
M., 2011. Enhancing water productivity for poverty alleviation: roles of capital and institutions in the Ganga 
basin. Experimental Agriculture, 47(S1), pp.133-151, DOI: 10.1017/s0014479710000827. 

Conroy, C., Sparks, N. and Chandrasekaran, D., 2005. Improving Backyard Poultry-keeping: A case study 
from India. Agricultural Research and Extension Network, 146, pp.1–16. 

Costanza, R., de Groot, R., Braat, L., Kubiszewski, I., Fioramonti, L., Sutton, P., Farber, S. and Grasso, 
M., 2017. Twenty years of ecosystem services: How far have we come and how far do we still need to go?. 
Ecosystem Services, 28, pp.1-16, DOI: 10.1016/j.ecoser.2017.09.008. 

Crane, T., Roncoli, C., Breuer, N., Broad, K., Paz, J., Fraisse, C., Ingram, K., Zierden, D., Hoogenboom, 
G. and O'Brien, J., 2008. Collaborative approaches to the development of climate-based decision support 
systems: what role for social sciences. In: Proceedings of the 88th American Meteorological Society 
annual meetings, New Orleans, Louisiana, pp.20–24. 

Crane, T., 2010. Of Models and Meanings: Cultural Resilience in Social-Ecological Systems. Ecology and 
Society, 15(4), DOI: 10.5751/es-03683-150419. 

CRIDA, 2011. VISION 2030. Hyderabad: Central Research Institute for Dryland Agriculture, p.31. 
Dale .V., and Polassy.S., 2006. Measures of the effects of agricultural practices on ecosystem services.   

Ecological Economics, 64, pp. 286-296 
Dalton, P. S., Ghosal, S., and Mani, A. (2016). Poverty and aspirations failure. The Economic Journal. 126, 

165–188. doi: 10.1111/ecoj.12210 
Dikshit A.K. and Birthal, P.S. 2013. Positive Environmental Externalities of Livestock in Mixed Farming 

Systems of India. Agricultural Economics Research Review, Agricultural Economics Research 
Association (India), 26(1), pp.21–30. 

Descheemaeker, K., Amede, T. and Haileslassie, A., 2009. Livestock and water interactions in mixed crop-
livestock farming systems of Sub-Saharan Africa. Colombo: International Water Management Institute. 
IWMI Working Paper 133. 44p. 

Dhanya, P. and Ramachandran, A., 2015. Farmers' perceptions of climate change and the proposed agriculture 
adaptation strategies in a semi-arid region of south India. Journal of Integrative Environmental Sciences, 
13(1), pp.1-18, DOI: 10.1080/1943815X.2015.1062031. 

DFID, 1999. Sustainable Livelihoods Guidance sheets. [online] London: Department for International 
Development. Available at: <https://www.ennonline.net/attachments/871/dfid-sustainable-
livelihoods-guidance-sheet-section1.pdf>. 

DiCarlo, J., Epstein, K., Marsh, R. and Maren, I., 2018. Post-disaster agricultural transitions in Nepal, 
Ambio, 47, pp.794–805. 

Dorward, A., 2013. Agricultural labour productivity, food prices and sustainable development impacts and 
indicators. Food Policy, 39, pp.40-50, DOI: 10.1016/j.foodpol.2012.12.003. 

D’Odorico,P., Bhattachan, A., Davis, K.F., Ravi, S., Runyan,C.W., 2013. Global desertification: Drivers and 
feedbacks, Advances in Water Resources, 51, pp 326-344, 
https://doi.org/10.1016/j.advwatres.2012.01.013. 

Dorward, A., Anderson, S., Bernal, Y.N., Vera, E.S., Rushton, J., Pattison, J. and Paz, R., 2009. Hanging 
in, stepping up and stepping out: Livelihood aspirations and strategies of the poor. Development in Practice, 
19, pp.240–247. 

Dubash, N. and Jogesh, A., 2014. From Margins to Mainstream? State Climate Change Planning in India as 
a 'Door Opener' to a Sustainable Future. SSRN Electronic Journal, DOI: 10.2139/ssrn.2474518. 

Duraisamy, V., Bendapudi, R. and Jadhav, A., 2018. Identifying hotspots in land use land cover change and 
the drivers in a semi-arid region of India. Environmental Monitoring and Assessment, 190(9), DOI: 
10.1007/s10661-018-6919-5. 

Ehrlich, P.R. and Pingle, R.M., 2008. Where does biodiversity go from here? A grim business-as-usual forecast 
and a hopeful portfolio of partial solutions. Proceedings of the National Academy of Sciences, 105, 
pp.11579–11586. 



References 

135 

Ekaya W.N., 2005. The shift from mobile pastoralism to sedentary crop-livestock farming in the drylands of 
eastern Africa: Some issues and challenges for research. [online] African Crop Science Conference 
Proceedings, 7, pp.1513-151, Available at: <http://erepository.uonbi.ac.ke/handle/11295/35782>. 

Engel, P. and Salomon, M., 1997. Facilitating innovation for development. Amsterdam: KIT. 
Euro Stat. 2017. Regional Year Book. European Union. https://ec.europa.eu/eurostat/documents/ 

3217494/8222062/KS-HA-17-001-EN-N.pdf/eaebe7fa-0c80-45af-ab41-0f806c433763?t= 
1505201643000 

Fan, S., Hazell, P. and Haque, T., 2000. Targeting public investments by agro-ecological zone to achieve growth 
and poverty alleviation goals in rural India. Food Policy, 25(4), pp.411-428. DOI: 10.1016/S0306-
9192(00)00019-1. 

FAO, 2000. A history of farming systems research. Rome: CABI Publishing and Food and Agriculture 
Organization of the United Nations. 

FAO, 2002. Cattle and small ruminant production systems in sub-Saharan Africa: A systematic review. Rome: 
Food and Agriculture Organization of the United Nations, p.109. Available at: 
<http://www.fao.org/ag/againfo/resources/en/publications/agapubs/AGAL-Y4176E.pdf>. 

FAO. 2011. Women In Agriculture - Closing the gender gap for development. The State of Food and Agriculture, 
Rome: Food and Agriculture Organization of the United Nations. 

FAO, 2018. India at a glance. [online] Available at: <http://www.fao.org/india/fao-in-india/india-at-a-
glance/en/> [Accessed 25 May 2022]. 

Fishman,. R., Devineni,. N., Raman, S.2015. Can improved agricultural water use efficiency save India's 
groundwater? Environmental Research Letters, 10 (8),pp. 40- 22 https://iopscience.iop.org 
/article/10.1088/1748-9326/10/8/084022/pdf 

Fraval, S., Yameogo, V., Ayantunde, A., Hammond, J., de Boer, I.J.M., Oosting, S.J. and van Wijk, M.T., 
2020. Food security in rural Burkina Faso: the importance of consumption of own-farm sourced food versus 
purchased food. Agriculture & Food Security, 9(2), DOI: 10.1186/s40066-020-0255-z. 

Gaitan-Cremaschi, D., Klerkx, L., Duncan, J., Trienekens, J.H., Huenchuleo, C., Dogliotti,  S., Contesse, 
M.E. and Rossing, W.A.H., 2019. Characterizing diversity of food systems in view of sustainability
transitions: A review. Agronomy for Sustainable Development. 39(1), DOI: 10.1007/s13593-018-0550-
2.

Gajbhiye, K.S. and Mandal, C., 1983. Agro-Ecological Zones, their Soil Resource and Cropping Systems. Status 
of Farm Mechanization in India, National Bureau of Soil Survey and Land Use Planning, Nagpur. pp.1–
32.  

Gajjar, S., Singh, C. and Deshpande, T., 2018. Tracing back to move ahead: a review of development pathways 
that constrain adaptation futures. Climate and Development, 11(3), pp.223-237, DOI: 
10.1080/17565529.2018.1442793. 

Gallopín, G.C., 2006. Linkages between vulnerability, resilience, and adaptive capacity. Global Environmental 
Change, 16(3), pp.293–303, DOI: 10.1016/j. gloenvcha.2006.02.004. 

Garen, D.C. and Moore, D.S. 2005. Curve Number Hydrology in Water Quality Modeling: Uses, Abuses, and 
Future Directions. Journal of the American Water Resources Association, 41, 377-388. 
http://dx.doi.org/10.1111/j.1752-1688.2005.tb03742.x  

Gathorne-Hardy, A., 2016. The sustainability of changes in agricultural technology: The carbon, economic and 
labour implications of mechanisation and synthetic fertiliser use. Ambio, 45(8), pp.885-894, DOI: 
10.1007/s13280-016-0786-5. 

Gazzano, I., Achkar, M. and Díaz, I., 2019. Agricultural Transformations in the Southern Cone of Latin 
America: Agricultural Intensification and Decrease of the Aboveground Net Primary Production, Uruguay’s 
Case. Sustainability, 11(24), p.7011, DOI: 10.3390/su11247011. 

George, J. 1986. White Revolution in India: Myth or Reality?. Economic and Political Weekly, 21(49), pp. 
2147–2150. 

George, T., 2014. Why crop yields in developing countries have not kept pace with advances in agronomy. Global 
Food Security, 3(1), pp.49-58. 



References 

136 

Ghosh, N., Tripathi, A., Rajeshwor, M. and Singh, R., 2017. Do producers gain from selling milk?. Economic 
and Political Weekly, 52(25-26), pp. 88–96. 

Gibon, A., Sibbald, A., Flamant, J., Lhoste, P., Revilla, R., Rubino, R. and Sørensen, J., 1999. Livestock 
farming systems research in Europe and its potential contribution for managing towards sustainability in 
livestock farming. Livestock Production Science, 61(2-3), pp.121-137, DOI: 10.1016/s0301-
6226(99)00062-7. 

Giller. K.E, Hijbeek R., Andersson, .J.A.,  Sumberg .J.,  2021. Regenerative Agriculture: An agronomic 
perspective, Outlook on Agriculture. Vol 50 ( 1) pp 13-25. https://doi.org/10.1177/0030727021998063 

Gliessman, S., 2020. Transforming food and agriculture systems with agroecology. Agriculture and Human 
Values, 37(3), pp.547-548, DOI: 10.1007/s10460-020-10058-0.  

Goldin, T., 2016. Groundwater: India’s drought below ground. Nature Geoscience, 9, pp.98–98. 
https://doi.org/10.1038/ngeo2648 

Government of India, 1996–2015. Yearly Crop Data at village level from 1996 to 2015. Telangana: Department 
of Agriculture. 

Government of India, 1997. 16th Livestock Census. New Delhi: Department of Animal Husbandry and 
Dairying, Ministry of Fisheries, Animal Husbandry, and Dairying, Government of India. 

Government of India, 2001. District Census Handbook - Mahabubnagar, Andhra Pradesh, India. New Delhi: 
Directorate of Census Operations, Government of India. 

Government of India, 2002. 17th Livestock Census. New Delhi: Department of Animal Husbandry and 
Dairying, Ministry of Fisheries, Animal Husbandry, and Dairying, Government of India. 

Government of India. 2006. Report of the Technical Committee on Watershed Programmes in India: From 
Hariyali to Neeranchal. New Delhi: Department of Land Resources Ministry of Rural Development, 
Department of Land Resources, Government of India. 

Government Of India, 2007a. Report of the Working Group On Animal Husbandry And Dairying For The 
Eleventh Five Year Plan (2007-2012). New Delhi: Planning Commission. Available at: 
<https://niti.gov.in/planningcommission.gov.in/docs/aboutus/committee/wrkgrp11/wg11_rpa
nim.pdf>. 

Government of India, 2007b. 18th Indian Livestock Census. New Delhi: Department of Animal Husbandry 
and Fisheries, Ministry of Agriculture, Government of India. 

Government of India, 2008. Common guidelines for watershed development projects. National Rainfed Area 
Authority, Planning Commission & Departments of Land Resources. Available at: 
<https://dolr.gov.in/ documents/guidelines> [Accessed 25 August 2019]. 

Government of India, 2011. District Census Handbook - Mahabubnagar, Andhra Pradesh, India. New Delhi: 
Directorate of Census Operations, Government of India. 

Government of India, 2012. 19th Livestock Census. New Delhi: Department of Animal Husbandry and 
Dairying, Ministry of Fisheries, Animal Husbandry, and Dairying, Government of India. 

Government of India, 2013. National Rural Drinking Water Programme. New Delhi: Ministry of Drinking 
Water & Sanitation, Government of India. Available at: https://jalshakti-ddws.gov.in/ 
sites/default/files/NRDWP_Guidelines_2013.pdf. 

Government of India, 2019. Basic Animal Husbandry Statistics. New Delhi: Department of Animal Husbandry 
and Dairying, Ministry of Fisheries, Animal Husbandry, and Dairying, Government of India. 

Government Of India, 2019. Rainfed Livelihoods – Progressive Paradigms. New Delhi: National Rainfed 
Area Authority, Ministry of Agriculture & Farmers Welfare, Government of India. Available at: 
<https://www.nraa.gov.in/Publication.aspx>.  

Government of India, 2020. Pocket Book of Agriculture Statistics. New Delhi: Ministry of Agriculture & 
Farmers Welfare, Department of Agriculture, Cooperation & Farmers Welfare, Government of India. 

Government of India, 2021. Department of Land Resources. Ministry of Rural Development, New Delhi, 
India accessed December 2021. https://dolr.gov.in/en/programme-schemes/pmksy/watershed-
development-component-pradhan-mantri-krishi-sinchai-yojana-wdc-pmksy/ 

Government of India . 2022-23. Budget at a Glance, Ministry of finance Accessed January 2022, 
https://www.indiabudget.gov.in/doc/Budget_at_Glance/budget_at_a_glance.pdf 



References 

137 

Government of Telangana, 2016. Agriculture at a Glance-Telangana (2015–16). Hyderabad: Directorate of 
Economics and Statistics, Planning Department, Government of Telangana. 

Government of Telangana, 2018. Agriculture at a Glance-Telangana (2017). Hyderabad: Directorate of 
Economics and Statistics, Planning Department, Government of Telangana. 

Green, D. and Vokes, R., 1997. Agriculture and the Transition to the Market in Asia. Journal of Comparative 
Economics, 25(2), pp.256-280, DOI: 10.1006/jcec.1997.1465. 

Groot, M. and van’t Hooft, K., 2016. The Hidden Effects of Dairy Farming on Public and Environmental Health 
in the Netherlands, India, Ethiopia, and Uganda, Considering the Use of Antibiotics and Other Agro-
chemicals. Frontiers in Public Health, 4, p.12, DOI: 10.3389/fpubh.2016.00012. 

Haileslassie, A., Blümmel, M., Clement, F., Descheemaeker, K., Amede, T., Samireddypalle, A. and 
Khan, M.A., 2011. Assessment of the livestock-feed and water nexus across A mixed crop-livestock system's 
intensification gradient: An example from the indo-ganga basin. Experimental Agriculture, 47(S1), pp.113–
132. DOI: 10.1017/S0014479710000815.

Harding T,  Herzberg J, Kuralbayeva K. 2021. Commodity prices and robust environmental regulation: 
Evidence from deforestation in Brazil. Journal of Environmental Economics and Management, 108, p 
102-452. https://doi.org/10.1016/j.jeem.2021.102452.

Harika, R., Pandey, D., Sharma, A. and Sirohi, S., 2015. Water footprint of milk production in Andhra 
Pradesh. Indian Journal of Dairy Science, 68(4). 

Harriss-White, B. (2008). Introduction: India's rainfed agricultural dystopia. The European Journal of 
Development Research, 20(4), pp.549–561, DOI:10.1080/09578810802493291. 

Healy, R.W., Winter, T.C., LaBaugh, J.W., and Franke, O.L., 2007. Water budgets: Foundations for effective 
water-resources and environmental management. U.S. Geological Survey Circular, 1308, p.90. 

Hekkert, M.P. and Negro, S.O., 2009. Technological Forecasting & Social Change Functions of innovation 
systems as a framework to understand sustainable technological change: Empirical evidence for earlier claims. 
Technological Forecasting & Social Change, 76, pp.584–594. 

Herrero, M., Grace, D., Njuki, J., Johnson, N., Enahoro, D., Silvestri, S. and Rufino, M.C., 2013. The roles 
of livestock in developing countries. Animal, 7, pp.3–18. DOI: 10.1017/S1751731112001954. 

Herrero, M., Thornton, P., Notenbaert, A., Wood, S., Msangi, S., Freeman, H., Bossio, D., Dixon, J., 
Peters, M., van de Steeg, J., Lynam, J., Rao, P., Macmillan, S., Gerard, B., McDermott, J., Seré, C. and 
Rosegrant, M., 2010. Smart Investments in Sustainable Food Production: Revisiting Mixed Crop-Livestock 
Systems. Science, 327(5967), pp.822-825, DOI: 10.1126/science.1183725. 

Hinz, R., Sulser, T., Huefner, R., Mason‐D’Croz, D., Dunston, S., Nautiyal, S., Ringler, C., Schuengel, J., 
Tikhile, P., Wimmer, F. and Schaldach, R., 2020. Agricultural Development and Land Use Change in 
India: A Scenario Analysis of Trade‐Offs Between UN Sustainable Development Goals (SDGs). Earth's 
Future, 8(2), DOI: 10.1029/2019ef001287. 

Hodges, J., Foggin, M., Long, R. and Zhaxi, G., 2014. Globalisation and the sustainability of farmers, livestock-
keepers, pastoralists and fragile habitats. Biodiversity, 15(2-3), pp.109-118, DOI: 
10.1080/14888386.2014.931247. 

Heuzé, V., Thiollet, H., Tran, G., Edouard, N., Bastianelli, D. and Lebas, F., 2017. Peanut hulls. [online] 
Feedipedia. Available at: <http://www.feedipedia.org/node/696> [Accessed 26 May 2022]. 

IIED, 2010. Modern and Mobile: The future of livestock production in Africa’s drylands. London: International 
Institute for Environment and Development and SOS Sahel International UK. 

Indian National Human development report, 2018. Based on Sub-national HDI - Area Database - Global 
Data Lab. hdi.globaldatalab.org. Retrieved October 24, 2018. 

IPCC, 2014. Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. Pachauri 
and L.A. Meyer (Eds.)]. Geneva: IPCC, p.151. 



References 

138 

IPCC, 2018. Summary for Policymakers. In: Global Warming of 1.5◦C. An IPCC Special Report on the impacts 
of global warming of 1.5◦C above pre-industrial levels and related global greenhouse gas emission pathways, 
in the context of strengthening the global response to the threat of climate change, sustainable development, 
and efforts to eradicate poverty [Masson-Delmotte, V., Zhai, P., Portner, H.O., Roberts, D., Skea, J., 
Shukla, P.R., Pirani, A., Moufouma-Okia, W., Pean, C., Pidcock, R., Connors, S., Matthews, J.B.R., 
Chen, Y., Zhou, X., Gomis, M.I., Lonnoy, E., Maycock, T, Tignor, M. and Waterfield, T. (Eds.)]. 
Geneva: World Meteorological Organization, p.32. 

IPCC, 2019. Climate Change and Land: An IPCC Special Report on Climate Change, Desertification, Land 
Degradation, Sustainable Land Management, Food Security, and Greenhouse Gas Fluxes in Terrestrial 
Ecosystems [Shukla, P.R., Skea, J., Calvo Buendia, E., Masson-Delmotte, V., Portner, H.O., Roberts, 
D.C., Zhai, P., Slade, R., Connors, S., van Diemen, R., Ferrat, M., Haughey, E., Luz, S., Neogi, S., 
Pathak, M., Petzold, J., Portugal Pereira, J., Vyas, P., Huntley, E., Kissick, K., Belkacemi, M. and 
Malley, J. (Eds.)] Geneva: IPCC. 

IPCC, 2019. Technical Summary. In: Climate Change and Land: an IPCC special report on climate change, 
desertification, land degradation, sustainable land management, food security, and greenhouse gas fluxes in 
terrestrial ecosystems [Shukla, P.R., Skea, J., Calvo Buendia, E., Masson-Delmotte, V., Portner, H.O., 
Roberts, D.C., Zhai, P., Slade, R., Connors, S., van Diemen, R., Ferrat, M., Haughey, E., Luz, S., Neogi, 
S., Pathak, M., Petzold, J., Portugal Pereira, J., Vyas, P., Huntley, E., Kissick, K., Belkacemi, M. and 
Malley, J. (Eds.)], Geneva: IPCC. 

Jain, M., Fishman, R., Mondal, P., Galford, G., Bhattarai, N., Naeem, S., Lall, U., Balwinder-Singh and 
DeFries, R., 2021. Groundwater depletion will reduce cropping intensity in India. Science Advances, 7(9), 
DOI: 10.1126/sciadv.abd2849. 

Jayanthi, C., Rangasamy, A. and Chinnusamy, C., 2000. Water budgeting for components in lowland 
integrated farming systems. Madras Agricultural Journal, 87(7-9), pp.411-414.  

Jayne, T., Chamberlin, J. and Headey, D., 2014. Land pressures, the evolution of farming systems, and 
development strategies in Africa: A synthesis. Food Policy, 48, pp.1-17, DOI: 
10.1016/j.foodpol.2014.05.014. 

Jayne, T., Muyanga, M., Wineman, A., Ghebru, H., Stevens, C., Stickler, M., Chapoto, A., Anseeuw, W., 
Westhuizen, D. and Nyange, D., 2019. Are medium‐scale farms driving agricultural transformation in sub‐
Saharan Africa?. Agricultural Economics, 50(S1), pp.75-95, DOI: 10.1111/agec.12535. 

Jodha, N, 1986. Common Property Resources and Rural Poor in Dry Regions of India. Economic and  Political 
Weekly, 21(27), pp.1169-1181. 

Johnson, N., Kotz, S. and Balakrishnan, N., 1995. Continuous univariate distributions. 2nd ed. New 
York: Wiley. 

Joshi, P.K., Jha, A.K., Wani, S.P., Sreedevi, T.K. and Shaheen, F.A., 2008. Impact of Watershed Program and 
Conditions for Success: A Meta-Analysis Approach. Global Theme on Agroecosystems, Report no. 46, 
Patancheru: International Crops Research Institute for the Semi-Arid Tropics and Ministry of 
Agriculture and Ministry of Rural Development. 

Kalsi, R., 2007. Distribution and Management of Galliformes in Arid and Semi-arid Zones of India. In: S. 
Sathyakumar and K. Sivakumar, (Eds.), Galliformes of India, 10(1), Dehradun: Wildlife Institute of 
India, pp.101-104. 

Kannan, E., 2015. Trends in agricultural incomes: An analysis at the select crop and state levels in India. Journal 
of Agrarian Change, 15, pp.201–219. 

Kebebe, E.G., Oosting, S., Haileslassie, A., Duncan, A.J., and De Boer, I.J.M., 2015. Strategies for improving 
water use efficiency of livestock production in rain-fed systems. Animal, 9(5), pp.908–916. DOI: 
10.1017/S1751731114003115. 

Keeys, L.A. and Huemann, M., 2017. Project benefits co-creation: Shaping sustainable development benefits. 
International Journal of Project Management, 35(6), pp.1196-1212. DOI: 
doi.org/10.1016/j.ijproman.2017.02.008. 

Kerr, J.M., Pangare, G. and Pangare, V.L., 2002. Watershed Development Projects in India - An Evaluation, 
Washington, DC: International Food Policy Research Institute. 



References 

139 

Khair. S.M., Mushtaq. S., Reardon-Smith. K., Ostini .J., 2019.  Diverse drivers of unsustainable groundwater 
extraction behaviour operate in an unregulated water scarce region, Journal of Environmental 
Management, V - 236,  340-350, https://doi.org/10.1016/j.jenvman.2018.12.077. 

Kishore, K., and Köhler-Rollefson, I., 2020. Accounting for pastoralists in India. [online] Ober-Ramstadt, 
Germany: League for Pastoral Peoples and Endogenous Livestock Development. Available at: 
<http://www.pastoralpeoples.org/wp-content/uploads/2020/09/Accounting4pastoralists-
IN.pdf>. 

Krätli, S., & Schareika, N. 2012. Living off uncertainty: the intelligent animal production of dryland pastoralists. 
In L. Mol & T. Sternberg (Eds.), Changing Deserts: Integrating People and their Environment. pp. 
154–175. http://www.jstor.org/stable/j.ctv289dv9s.13 

Köhler-Rollefson, I., 2012. Invisible guardians: Women manage livestock diversity. FAO Animal Production 
and Health Paper No. 174, Rome: Food and Agriculture Organization of the United Nations. 

Köhler-Rollefson, I. and Mathias, E., 2010. Animating Diversity: Supporting endogenous development of 
livestock keepers. Development, 53(3), pp.425-428. 

Kosec, K., and Mo, C. H., 2017. Aspirations and the role of social protection: evidence from a natural disaster 
in rural Pakistan. World Development . 97, 49–66. doi: 10.1016/j.worlddev.2017.03.039 

Koohafkan, P. and Stewart, B., 2009. Water and cereals in drylands. Rome: Food and Agriculture 
Organization of the United Nations. 

Koutroulis,A.G., 2019. Dryland changes under different levels of global warming, Science of The Total 
Environment, 655, pp482-511,https://doi.org/10.1016/j.scitotenv.2018.11.215. 

Krajewski, A., Sikorska-Senoner, A., Hejduk, L. and Banasik, K., 2021. An Attempt to Decompose the Impact 
of Land Use and Climate Change on Annual Runoff in a Small Agricultural Catchment. Water Resources 
Management, 35(3), pp.881-896, DOI: 10.1007/s11269-020-02752-9. 

Kruska, R.L., Reid, R.S., Thornton, P.K., Henninger, N. and Kristjanson, P.M., 2003. Mapping livestock-
oriented agricultural production systems for the developing world. Agricultural Systems, 77(1), pp.39–63. 

Kuchimanchi, B., Bosch, R., De Boer, I. and Oosting, S., 2022c. Understanding farming systems and their 
economic performance in Telangana, India: Not all that glitters is gold. Current Research in Environmental 
Sustainability, 4, p.100120, DOI: 10.1016/j.crsust.2021.100120. 

Kuchimanchi, B., De Boer, I., Ripoll-Bosch, R. and Oosting, S., 2021a. Understanding transitions in farming 
systems and their effects on livestock rearing and smallholder livelihoods in Telangana, India. Ambio, 50(10), 
pp.1809-1823, DOI: 10.1007/s13280-021-01523-z. 

Kuchimanchi, B., Nazareth, D., Bendapudi, R., Awasthi, S. and D’Souza, M., 2019. Assessing differential 
vulnerability of communities in the agrarian context in two districts of Maharashtra, India. Climate and 
Development, 11(10), pp.918-929, DOI: 10.1080/17565529.2019.1593815. 

Kuchimanchi, B., van Paassen, A. and Oosting, S., 2021b. Understanding the Vulnerability, Farming 
Strategies and Development Pathways of Smallholder Farming Systems in Telangana, India. Climate Risk 
Management, 31, p.100275, DOI: 10.1016/j.crm.2021.100275. 

Kumar, A., and Singh, D.K., 2008a. Livestock production systems in India: An appraisal across agro-ecological 
regions. Indian Journal of Agricultural Economics, 63, pp.577–597. 

Kumar, M.D. and Singh, O.P., 2008b. Groundwater stress due to irrigation in semi-arid and arid regions: is 
dairying a boon or a bane? In: Kumar, Dinesh, M. (Eds.), Managing Water in the Face of Growing 
Scarcity, Inequity, and Declining Returns: Exploring Fresh Approaches. Proceedings of the 7th 
Annual Partners Meet, 1, Colombo: International Water Management Institute, pp.202–213. 

Kumar, R., 2014. Elusive empowerment: price information and disinter-mediation in soybean markets in Malwa, 
India. Development and Change, 45(6), pp.1332–1360, DOI: 10.1111/dech.12131. 

Kuivanen, K., Alvarez, S., Michalscheck, M., Adjei-Nsiah, S., Descheemaeker, K., Mellon-Bedi, S. and 
Groot, J., 2016. Characterising the diversity of smallholder farming systems and their constraints and 
opportunities for innovation: A case study from the Northern Region, Ghana. NJAS: Wageningen Journal 
of Life Sciences, 78(1), pp.153-166, DOI: 10.1016/j.njas.2016.04.003. 

Kurian, N.J., 2007. Widening economic & social disparities: implications for India. Indian Journal of Medical 
Research, 126(4), pp.374–380. 



References 

140 

Lastarria-Cornhiel, S. 2008. Feminization of Agriculture: Trends and Driving Forces. Background Report to 
the World Development Report, Washington, DC: World Bank. Available at: 
https://openknowledge.worldbank.org/handle/10986/9104. 

Lebacq, T., Baret, P.V. and Stilmant, D., 2013. Sustainability indicators for livestock farming. A review. 
Agronomy for Sustainable Development, 33, pp.311–327. 

Lee, S., Paavola, J. and Dessai, S., 2022. Towards a deeper understanding of barriers to national climate change 
adaptation policy: A systematic review. Climate Risk Management, 35, p.100414, DOI: 
10.1016/j.crm.2022.100414. 

Leino, H., and Puumala, E., 2021. What can co-creation do for the citizens? Applying co-creation for the 
promotion of participation in cities. Politics and Space 39(4).pp. 781–799 

Li, S., Juhász-Horváth, L., Harrison, P., Pintér, L. and Rounsevell, M., 2017. Relating farmer's perceptions 
of climate change risk to adaptation behaviour in Hungary. Journal of Environmental Management, 185, 
pp.21-30, DOI: 10.1016/j.jenvman.2016.10.051. 

Maiti, S., Jha, S.K., Garai, S., Nag, A., Bera, A.K., Paul, V. and Deb, S.M., 2017. An assessment of social 
vulnerability to climate change among the districts of Arunachal Pradesh, India. Ecological Indicators, 77, 
pp.105–113, DOI: 10.1016/j.ecolind.2017.02.006. 

Malik, M.I., Bhat, M.S., 2014. Integrated Approach for Prioritizing Watersheds for Management: A Study of 
Lidder Catchment of Kashmir Himalayas. Environmental Management 54, pp 1267–1287 
https://doi.org/10.1007/s00267-014-0361-4 

Manickam, V., Sree, K.S. and Krishna, I.V.M., 2012. Study on the vulnerability of agricultural productivity 
to climate change in Mahabubnagar District, Andhra Pradesh. International Journal of Environmental 
Science and Development, 3(6), pp.528–532, DOI: 10.7763/IJESD.2012.V3.280. 

Manoj, K. and Kumar, P.P., 2013. Climate Change, Water Resources, and Food Production: Some Highlights 
from India's Standpoint. International Journal of Environment Sciences, 2(1), pp.79–87. 

Marshall, E., Randhir, T. Effect of climate change on watershed system: a regional analysis. Climatic 
Change 89, 263–280 (2008). https://doi.org/10.1007/s10584-007-9389-2 

Marty, J., 2005. Effects of Cattle Grazing on Diversity in Ephemeral Wetlands. Conservation Biology, 19(5), 
pp.1626-1632, DOI: 10.1111/j.1523-1739.2005.00198.x. 

Masters, W., Djurfeldt, A., De Haan, C., Hazell, P., Jayne, T., Jirström, M. and Reardon, T., 2013. 
Urbanization and farm size in Asia and Africa: Implications for food security and agricultural research. 
Global Food Security, 2(3), pp.156-165, DOI: 10.1016/j.gfs.2013.07.002. 

Mathias, E. and Mundy, P., 2010. Adding value to livestock diversity : marketing to promote local breeds and 
improve livelihoods. FAO animal production and health paper, XIV, p.142. 

Matthei, L.M. and Smith, D.A. 2008. Flexible ethnic identity, adaptation, survival, resistance: The Garifuna in 
the world-system. Social Identities, 14, pp.215–232. 

Mausch, K., Harris, D., Heather, E., Jones, E., Yim, J. and Hauser, M., 2018. Households’ aspirations for 
rural development through agriculture. Outlook on Agriculture, 47(2), pp.108-115. 

Mendelsohn, R., 2003. The challenge of conserving indigenous domesticated animals. Ecological Economics, 
45, pp.501–510. 

Mishra, S.K. and Singh, V.P., 2003. Soil Conservation Service Curve Number (SCS-CN) Methodology. 
Dordrecht: Kluwer Academic Publishers. 

Mishra, S.K and Singh, V.P., 2004. Long-term hydrological simulation based on the Soil Conservation Service 
curve number . Hydrological processes , volume 18 issue 7. https://doi.org/10.1002/hyp.1344 

Misquitta, K. and Birkenholtz, T., 2021. Drip irrigation as a socio-technical configuration: policy design and 
technological choice in Western India. Water International, 46(1), pp.112-129, DOI: 
10.1080/02508060.2020.1858696. 

Mo, C., 2012. Essays in Behavioral Political Economy: The Effects of Affect, Attitudes, and Aspirations. Thesis 
(Ph.D.). Stanford University. Available at: <https://searchworks.stanford.edu/view/9623096>. 



References 

141 

Moni, M., 2009. Impact of economic reforms on Indian agricultural sector: Application of geomatics technology 
to reduce marginalisation and vulnerability of small farmers in India. [online] Geospatial World, Available 
at: https://www.geospatialworld.net/article/impact-of-economic-reforms-on-indian-agricultural-
sector-application-of-geomatics-technology-to-reduce-marginalisation-and-vulnerability-of-small-
farmers-in-india/ [Accessed 27 May 2022]. 

Morchain, D., Prati, G., Kelsey, F. and Ravon, L., 2015. What if gender became an essential, standard element 
of Vulnerability Assessments?. Gender & Development, 23(3), pp.481-496, DOI: 
10.1080/13552074.2015.1096620. 

Mosse, D., 2018. Caste and development: Contemporary perspectives on a structure of discrimination and 
advantage. World Development, 110, pp.422-436, DOI: 10.1016/j.worlddev.2018.06.003. 

Mubiru, D., Radeny, M., Kyazze, F., Zziwa, A., Lwasa, J., Kinyangi, J. and Mungai, C., 2018. Climate 
trends, risks and coping strategies in smallholder farming systems in Uganda. Climate Risk Management, 
22, pp.4-21, DOI: 10.1016/j.crm.2018.08.004. 

Muscat, A., de Olde, E., Ripoll-Bosch, R., Van Zanten, H., Metze, T., Termeer, C., van Ittersum, M. and 
de Boer, I., 2021. Principles, drivers and opportunities of a circular bioeconomy. Nature Food, 2(8), pp.561-
566, DOI: 10.1038/s43016-021-00340-7. 

Nardone, A., Ronchi, B., Lacetera, N., Ranieri, M.S. and Bernabucci, U., 2010. Effects of climate changes on 
animal production and sustainability of livestock systems. Livestock Science, 130(1–3), pp.57–69, DOI: 
10.1016/j.livsci.2010.02.011. 

Nandi, R. and Nedumaran, S., 2021. Understanding the Aspirations of Farming Communities in Developing 
Countries: A Systematic Review of the Literature. The European Journal of Development Research, 33, 
pp.809–832. DOI: 10.1057/s41287-021-00413-0. 

Nedumaran, S., Shiferaw, B., Bantilan, M., Palanisami, K. and Wani, S., 2013. Bioeconomic modeling of 
farm household decisions for ex-ante impact assessment of integrated watershed development programs in 
semi-arid India. Environment, Development and Sustainability, 16(2), pp.257-286, DOI: 
10.1007/s10668-013-9476-7. 

Nori, M., Taylor, M. and Sensi, A., 2008. Browsing on fences and adaptation to climate change. Russell The 
Journal Of The Bertrand Russell Archives, 148. 

Notenbaert, A., Davies, J., De Leeuw, J., Said, M., Herrero, M., Manzano, P., Waithaka, M., Aboud, A. 
and Omondi, S., 2012. Policies in support of pastoralism and biodiversity in the heterogeneous drylands of 
East Africa. Pastoralism: Research, Policy and Practice, 2(1), p.14, DOI: 10.1186/2041-7136-2-14. 

Notenbaert, A., Herrero, M., Kruska, R., You, L., Wood, S., Thornton, P. and Omolo, A., 2009. Classifying 
Livestock Production Systems for Targeting Agricultural Research and Development in a Rapidly Changing 
World. Discussion Paper No. 19, p.41, Nairobi: International Livestock Research Institute. 

NRSA (2006) National Remote Sensing Agency; National Land Use and Land Cover Mapping Using 
Multi-Temporal AWiFS Data National Land Use and Land Cover Mapping Using Multi-Temporal 
AWiFS Data. 

Oosting, S., Udo, H. and Viets, T., 2014. Development of livestock production in the tropics: farm and farmers’ 
perspectives. Animal, 8(8), pp.1238-1248, DOI: 10.1017/s1751731114000548. 

Oosting, S., van der Lee, J., Verdegem, M., de Vries, M., Vernooij, A., Bonilla-Cedrez, C. and Kabir, K., 
2021. Farmed animal production in tropical circular food systems. Food Security, 14(1), pp.273-292, DOI: 
10.1007/s12571-021-01205-4. 

Osborne, S.P., Radnor, Z., and Strokosch K ., 2016. Co-production and the co-creation of value in 
publicservices: A suitable case for treatment? Public Management Review 18(5) pp. 639–653. 

Palanisami, K. and Kumar, S.D, 2009. Impacts of Watershed Development Programmes: Experiences and 
Evidence from Tamil Nadu. Agricultural Economics Research Review, 22, pp.387–396. 

Pattnaik, I., Lahiri-Dutt, K., Lockie, S. and Pritchard, B., 2017. The feminization of agriculture or the 
feminization of agrarian distress? Tracking the trajectory of women in agriculture in India. Journal of the 
Asia Pacific Economy, 23(1), pp.138-155, DOI: 10.1080/13547860.2017.1394569. 



References 

142 

Paria, B., Pani, A., Mishra, P. and Behera, B., 2021. Irrigation-based agricultural intensification and future 
groundwater potentiality: experience of Indian states. SN Applied Sciences, 3(4), DOI: 10.1007/s42452-
021-04417-7.

Parr, J., Stewart, B., Hornick, S. and Singh, R., 1990. Improving the Sustainability of Dryland Farming 
Systems: A Global Perspective. Advances in Soil Science, pp.1-8, DOI: 10.1007/978-1-4613-8982-8_1. 

Pendke, M.S., Asewar, B.V., Samindre, M.S., Chary, G.R., and Narsimlu, B., 2018. Water Budgeting of 
Babhulgaon Micro Watershed under Deficit Rainfall Years. Indian Journal of Dryland Agricultural 
Research and Development, 33(2), pp.43-44. DOI: 10.5958/2231-6701.2018.00019.2. 

Perrin, J., Ferrant, S., Massuel, S., Dewandel, B., Maréchal, J. C., Aulong, S. and Ahmed, S., 2012. 
Assessing water availability in a semi-arid watershed of southern India using a semi-distributed model. 
Journal of Hydrology, 460-461, pp.143-155. DOI: 10.1016/j.jhydrol.2012.07.002. 

Pham, L.V. and Smith, C., 2014. Drivers of agricultural sustainability in developing countries: a review. 
Environ Systems and Decisions, 34, pp.326–341, DOI: 10.1007/s10669-014-9494-5. 

Pingali, P.L., 2012. Green Revolution: Impacts, limits, and the path ahead. Proceedings of the National 
Academy of Sciences, 109, pp.12302–12308. 

Plaza-Bonilla, D., Arrúe, J., Cantero-Martínez, C., Fanlo, R., Iglesias, A. and Álvaro-Fuentes, J., 2015. 
Carbon management in dryland agricultural systems. A review. Agronomy for Sustainable Development, 
35(4), pp.1319-1334, DOI: 10.1007/s13593-015-0326-x. 

Ponce, V.M., and Hawkins, R.H. (1996) Runoff Curve Number: Has It Reached Maturity?. Journal of Hydrol 
Eng 1(1):11–19. 

Porter, J.R., Xie, L., Challinor, A.J., Cochrane, K., Howden, S.M., Iqbal, M.M. and Jordan, J., 2015. Food 
security and food production systems. In: Climate Change 2014: Impacts, Adaptation and Vulnerability. Part 
A: Global and Sectoral Aspects, Contribution of Working Group II to the Fifth Assessment report of the 
Intergovernmental Panel on Climate Change. Cambridge: Cambridge University Press, pp. 485–534. 

Prăvălie,R.,2016.Drylands extent and environmental issues. A global approach, Earth-Science Reviews, 161, 
pp 259-278, https://doi.org/10.1016/j.earscirev.2016.08.003. 

Prăvălie, R., Bandoc, G., Patriche, C. and Sternberg, T., 2019. Recent changes in global drylands: Evidences 
from two major aridity databases. CATENA, 178, pp.209-231, DOI: 10.1016/j.catena.2019.03.016. 

Pretty, J. and Bharucha, Z., 2014. Sustainable intensification in agricultural systems. Annals of Botany, 
114(8), pp.1571-1596, DOI: 10.1093/aob/mcu205. 

Puskur, R., Bouma, J. and Scott, C., 2004. Sustainable livestock production in semi-arid watersheds. Economic 
and Political Weekly, 39, pp.3477–3483. https://www.jstor.org/stable/4415343 

Rahman. A, Duncan, A.J ., Miller, D.W., Clemens.J., Frutos,P.,  Gordon, I.J., Baig, R.A., Ali ,F., Wright. 
I.A., 2008. Livestock feed resources, production, and management in the agro-pastoral system of the Hindu
Kush – Karakoram – Himalayan region of Pakistan: The effect of accessibility. Agricultural Systems, 96, pp
26–36

Ramarao, M.V.S., Sanjay, J., Krishnan, R., Mujumdar, M., Bazaz, A. and Revi, A.. 2019. On observed aridity 
changes over the semiarid regions of India in a warming climate. Theoretical and Applied Climatology, 
136, pp.693–702. 

Ramprasad, V., 2019. Debt and vulnerability: indebtedness, institutions, and smallholder agriculture in South 
India. The Journal of Peasant Studies, 46(6), pp.1286–1307. 

Rao, B.B., Sandeep, V.M., Rao, V.U.M. and Venkateswarlu, B. (2012). Potential Evapotranspiration 
estimation for Indian conditions: Improving accuracy through calibration coefficients. Tech. Bull. No 
1/2012. All India Co-ordinated Research Project on Agrometeorology, Central Research Institute 
for Dryland Agriculture, Hyderabad. 60p.  

Rao, C., Lal, R., Prasad, J., Gopinath, K., Singh, R., Jakkula, V., Sahrawat, K., Venkateswarlu, B., Sikka, 
A. and Virmani, S., 2015b. Potential and Challenges of Rainfed Farming in India. In: D. Sparks (Ed.),
Advances in Agronomy. San Diego: Elsevier, pp.113-181.

Rao, C.H., 2000. Watershed development in India: Recent experiences and emerging issues. Economic and 
Political Weekly, 35, pp.3943–3947. 



References 

143 

Rao, G.S.L.H.V.P., Rao, G.G.S.N. and Rao, V.U.M., 2010a. Climate Change and Agriculture over India. New 
Delhi: PHI Learning Private Limited, New Delhi, p.328. 

Rao, K.P.C., 2008. Changes in dryland agriculture in the semi-arid tropics of India, 1975-2004. The European 
Journal of Development Research, 20(4), pp.562–578. DOI: 10.1080/09578810802469366.  

Rao, N., Lawson, E.T., Raditloaneng, W.N., Solomon, D. and Angula, M.N., 2019. Gendered vulnerabilities 
to climate change: insights from the semi- arid regions of Africa and Asia. Climate and Development, 11(1), 
pp.14–26. DOI: 10.1080/17565529.2017.1372266. 

Reardon, T., 2015. The hidden middle: the quiet revolution in the midstream of agrifood value chains in 
developing countries. Oxford Review of Economic Policy, 31(1), pp.45–63, DOI: 
10.1093/oxrep/grv011.  

Reardon, T., Echeverria, R., Berdegue, J., Minten, B., Liverpool-Tasie, S., Tschirley, D. and Zilberman, 
D., 2019. Rapid transformation of food systems in developing regions: highlighting the role of agricultural 
research and innovations. Agricultural Systems, 172, pp.47–59. DOI: 10.1016/j.agsy.2018.01.022. 

Reddy, A., Rani, C., Cadman, T., Reddy, T., Battarai, M. and Reddy, A., 2016. Rural Transformation of a 
Village in Telangana, A Study of Dokur since 1970s. International Journal of Rural Management, 12(2), 
pp.143-178, DOI: 10.1177/0973005216665944. 

Reddy, K.S., Kumar, M., Maruthi, V., Umesha, B., Vijayalaxmi and Nageswara Rao, C.V.K., 2014. Climate 
change analysis in southern Telangana region, Andhra Pradesh using LARS-WG model. Current Science, 
107(1), pp.54–62, DOI: 10.18520/cs/v107/i1/54-62. 

Reddy, R.V. and Syme, G.J. (Eds.) 2015. Integrated assessment of scale impacts of watershed intervention: 
Assessing hydrogeological and bio-physical influences on livelihoods. Amsterdam: Elsevier. 

Rejani, R., Rao, K.V., Osman, M. Chary G.R, Reddy S.K, Rao Ch. S,  2015.  Spatial and temporal 
estimation of runoff in a semi-arid microwatershed of Southern India. Environ Monit Assess 187, 540  

Ripoll-Bosch, R., Joy, M. and Bernués, A., 2014. Role of self-sufficiency, productivity and diversification on 
the economic sustainability of farming systems with autochthonous sheep breeds in less favoured areas in 
Southern Europe. Animal, 8(8), pp.1229-1237, DOI: 10.1017/s1751731113000529. 

Robinson, L., Ericksen, P., Chesterman, S. and Worden, J., 2015. Sustainable intensification in drylands: 
What resilience and vulnerability can tell us. Agricultural Systems, 135, pp.133-140, DOI: 
10.1016/j.agsy.2015.01.005. 

Robinson, T.P., Thornton P.K., Franceschini, G., Kruska, R.L., Chiozza, F., Notenbaert, A., Cecchi, G., 
Herrero, M., Epprecht, M., Fritz, S., You, L., Conchedda, G. and See, L., 2011. Global livestock 
production systems. p.152, Rome: Food and Agriculture Organization of the United Nations and 
International Livestock Research Institute. 

Rojas-Downing, M., Nejadhashemi, A., Harrigan, T. and Woznicki, S., 2017. Climate change and livestock: 
Impacts, adaptation, and mitigation. Climate Risk Management, 16, pp.145-163, DOI: 
10.1016/j.crm.2017.02.001. 

Rosegrant, M. W., Ringler, C., & Zhu, T. (2009). Water for Agriculture: Maintaining Food Security under 
Growing Scarcity. Annual Review of Environment and Resources, 34(1), pp.205–222, DOI: 
10.1146/annurev.environ.030308.090351. 

Roy Burman, J., 2010. Ethnography of a denotified tribe. New Delhi: Mittal Publications. 
Runhaar, H., 2021. Four critical conditions for agroecological transitions in Europe. International Journal of 

Agricultural Sustainability, 19(3-4), pp.227-233, DOI: 10.1080/14735903.2021.1906055. 
Ryschawy, J., Choisis, N., Choisis, J.P., Joannon, A., and Gibon, A., 2012. Mixed crop-livestock systems: an 

economic and environmental-friendly way of farming?. Animal, 6(10), pp.1722–1730. 
Safriel, U., Adeel, Z., Niemeijer, D., Puigdefabregas, J., White, R., Lal, R., Winslow, M., Ziedler, J., Prince, 

S., Archer, E. and King, C., 2005. Ecosystems and human well-being. Washington, DC: The Island Press, 
pp.625-656. 

Sallu, S., Twyman, C. and Stringer, L., 2010. Resilient or Vulnerable Livelihoods? Assessing Livelihood 
Dynamics and Trajectories in Rural Botswana. Ecology and Society, 15(4), p.3, DOI: 10.5751/es-03505-
150403. 



References 

144 

Sanjiv Kumar, S., Kumar, A.R., Dhandapani, N., Meena, P.C., Sivaramane, and Radhika, P., 2017. Food 
Consumption Pattern in Telangana State-2017. Hyderabad: ICAR-National Academy of Agricultural 
Research Management. 

SAPPLPP, 2010. Rapid Appraisal of Agriculture Knowledge Systems (RAAKS) - A Multi-Stakeholder 
Process for Building Consensus and Joint Strategies for Fodder Development and Resource Management. 
[online] New Delhi: South Asia Pro-Poor Livestock Policy Programme. Available at: 
http://www.sapplpp.org/publications/good-practice-notes-briefs/cpr-livestock/SAGP15-
building-consensus-and-joint-strategies-for-fodder-development-and-resource-management.html# 
.YpN2mOxByLo. 

Schimel, D., 2010. Drylands in the Earth System. Science, 327(5964), pp.418-419. 
Schuh, B., Maucorps, A., Munch, A., Brkanovic, S., Dwyer, J., Vigani, M., Khafagy, A., Coto Sauras, M., 

Deschellette, P., Lopez, A., Severini, S. and Antonioli, F., 2019, The EU farming employment: current 
challenges and future prospects. AGRI Committee, Brussels: Policy Department for Structural and 
Cohesion Policies, European Parliament. Available at: https://eprints.glos.ac.uk/7629/1/ 
IPOL_STU(2019)629209_EN.pdf. 

SCS ,1956, In Hydrology, National Engineering of Handbook, Soil Conservation Service. Supplement A, 
Section 4, Chap. 10, USDA, Washington DC. 

Senbet, L. and Simbanegavi, W., 2017. Agriculture and Structural Transformation in Africa: An Overview. 
Journal of African Economies, 26(suppl_1), pp.i3-i10, DOI: 10.1093/jae/ejx012. 

Seo, S.N. and Mendelsohn, R., 2007. The impact of climate change on livestock management in Africa: A 
structural Ricardian Analysis. Policy Research Working Paper No. 4279, Washington, DC: World Bank, 
pp.1–48. 

Seré, C. and Steinfeld, H., 1996. World livestock production systems: current status, issues and trends. Animal 
Production and Health paper, no. 127, Geneva: Food and Agriculture Organization of the United 
Nations. 

Sharma, B.R., Samra, J.S., Scott, C.A. and Wani, S.P., 2005. Watershed Management Challenges - Improving 
Productivity, Resources and Livelihoods. Colombo: International Water Management Institute, p.336. 

Shao, Y., Chen, Z., 2022. Can government subsidies promote the green technology innovation transformation? 
Evidence from Chinese listed companies, Economic Analysis and Policy, 
https://doi.org/10.1016/j.eap.2022.03.020. 

Shiferaw, B., Reddy, V.R., Wani, S.P., 2008. Watershed externalities, shifting cropping patterns and 
groundwater depletion in Indian semi-arid villages: the effect of alternative water pricing policies. Ecological 
Economics, 67(2), pp.327–340, DOI: 10.1016/j.ecolecon.2008.05.011. 

Sietz, D., Boschütz, M.,  Klein, R. J. T., 2011 Mainstreaming climate adaptation into development 
assistance: Rationale, institutional barriers and opportunities in Mozambique. Environmental Science 
and Policy, 14(4). https://doi.org/10.1016/j.envsci.2011.01.001 

Shin, D., 2010. Convergence and divergence: Policy making about the convergence of technology in Korea. 
Government Information Quarterly, 27(2), pp.147-160. 

Singh, C., Dorward, P. and Osbahr, H., 2016. Developing a holistic approach to the analysis of farmer decision-
making: Implications for adaptation policy and practice in developing countries. Land Use Policy, 59, 
pp.329–343. 

Singh, C., Solomon, D., Bendapudi, R., Kuchimanchi, B., Iyer, S. and Bazaz, A., 2019a. What shapes 
vulnerability and risk management in semi-arid India? Moving towards an agenda of sustainable adaptation. 
Environmental Development, 30, pp.35-50, DOI: 10.1016/j.envdev.2019.04.007. 

Singh, D., Kumar, S., Singh, B. and Bardhan, D., 2014. Economic losses due to important diseases of bovines 
in central India. Veterinary World, 7(6), pp.403–407, DOI: 10.14202/vetworld.2014.579-585. 

Singh, L. and Saravanan, S., 2020. Simulation of monthly streamflow using the SWAT model of the Ib River 
watershed, India. Hydro Research, 3, pp.95-105, DOI: 10.1016/j.hydres.2020.09.001. 

Singh, N., Bantilan, C. and Byjesh, K., 2014. Vulnerability and policy relevance to drought in the semi-arid 
tropics of Asia – A retrospective analysis. Weather and Climate Extremes, 3, pp.54-61, DOI: 
10.1016/j.wace.2014.02.002. 



References 

145 

Singh, N., Anand, B., Singh, S. and Khan, A., 2019b. Mainstreaming climate adaptation in Indian rural 
developmental agenda: A micro-macro convergence. Climate Risk Management, 24, pp.30-41, DOI: 
10.1016/j.crm.2019.04.003. 

Singh, O.P., Sharma, A., Singh, R., and Shah, T., 2004. Virtual Water Trade in Dairy Economy: Irrigation 
Water Productivity in Gujarat. Economic and Political Weekly, 39(31), pp. 3492-349. 
https://www.jstor.org/stable/4415345 

Singh, V.P., 2017. Handbook of Applied Hydrology, Second Edition. RUNOFF, Chapter.  McGraw-Hill 
Education: New York, Chicago, San Francisco, Athens, London, Madrid, Mexico City, Milan, New 
Delhi, Singapore, Sydney, Toronto, 2017.  

Sishodia, R. P., Shukla, S., Graham, D., Wani, S.P., and Garg, K.K., 2016. Bi-decadal groundwater level 
trends in a semi-arid south indian region: Declines, causes and management. Journal of Hydrology: 
Regional Studies, 8, pp. 43–58. 

Smyle, J., Lobo, C., Milne, G. and Williams, M. 2014. Watershed Development in India: An Approach 
Evolving through Experience, Agriculture and Environmental Services, Discussion Paper 04, Washington, 
DC: World Bank. 

Sones, K. and Dijkman, 2008. The livestock revolution – revisited. SOFA 2008 Background Paper, Rome: 
Food and Agriculture Organization of the United Nations. 

Srinivasarao, C., Venkateswarlu, B., Lal, R., Singh, A. and Kundu, S., 2013. Sustainable Management of 
Soils of Dryland Ecosystems of India for Enhancing Agronomic Productivity and Sequestering Carbon. 
Advances in Agronomy, pp.253-329, DOI: 10.1016/b978-0-12-407685-3.00005-0. 

Strange, E., Fausch, K. & Covich, A., 1999. Sustaining Ecosystem Services in Human-Dominated Watersheds: 
Biohydrology and Ecosystem Processes in the South Platte River Basin. Environmental Management, 24, 
pp.39–54, DOI: 10.1007/s002679900213. 

Suhag, R., 2016. Overview of Ground Water in India. Working Paper, eSocialSciences. 
Tamou, C., Ripoll-Bosch, R., Boer, I. and Oosting, S., 2018. Pastoralists in a changing environment: The 

competition for grazing land in and around the W Biosphere Reserve, Benin Republic. Ambio, pp.340-354, 
DOI: 10.1007/ s13280-017-0942-6. 

Saha ,A., Ghosh , M., Pal S.C., 2022. Estimation of rainfall–runoff using SCS‐CN method and GIS 
techniques in drought‐prone area of Upper Kangsabati Watershed, India Sustainable Water 
Resources Management 8:130 https://doi.org/10.1007/s40899-022-00731-z. 

Satheeshkumar, S., Venkateswaran, S. & Kannan, R. Rainfall–runoff estimation using SCS–CN and GIS 
approach in the Pappiredipatti watershed of the Vaniyar sub basin, South India. Model. Earth Syst. 
Environ. 3, 24 (2017). 

Sukhija, B., Nagabhushanam, P. and Reddy, D. 1996. Groundwater Recharge In Semi-Arid Regions Of India: 
An Overview Of Results Obtained Using Tracers. HYJO 4, 50–71 https://doi.org/10.1007 
/s100400050089. 

Sutradhar, H. (2018). Surface Runoff Estimation Using SCS-CN Method in Siddheswari River Basin, Eastern 
India. Journal of Geography, Environment and Earth Science International. . 

Surinaidu, F.L., Rahman, A.,  Ahmad,S.2021. Distributed groundwater recharge potentials assessment based 
on GIS model and its dynamics in the crystalline rocks of South India. Sci Rep 11, 11772 (2021). 
https://doi.org/10.1038/s41598-021-90898-w 

Tanner, T., Wilkinson, E.,  Mitchell, T., 2006. Overcoming the barriers: Mainstreaming climate change 
adaptation in developing countries. 10.13140/RG.2.2.17956.37765. Millennium Ecosystem Assessment 
Board, 2005. Ecosystems and Human Well-Being: Desertification Synthesis. Available at: 
https://wedocs.unep.org/20.500.11822/8719. Ministry of Labor and Employment, 2017. 
Government of India. retrieved on July 20, 2020, from. https://labour.gov.in/.  

Tarawali, S., Herrero, M., Descheemaeker, K., Grings, E. and Blümmel, M., 2011. Pathways for sustainable 
development of mixed crop livestock systems: Taking a livestock and pro-poor approach. Livestock Science, 
139 (1-2), pp.11–21, DOI: 10.1016/j.livsci.2011.03.003. 

https://labour.gov.in/


References 

146 

Taylor, M., 2013. Liquid Debts: credit, groundwater and the social ecology of agrarian distress in Andhra 
Pradesh, India. Third World Quarterly, 34(4), pp.691-709, DOI: 10.1080/01436597.2013.786291. 

ten Napel, J., van der Veen, A., Oosting, S. and Koerkamp, P., 2011. A conceptual approach to design 
livestock production systems for robustness to enhance sustainability. Livestock Science, 139(1-2), pp.150-
160, DOI: 10.1016/j.livsci.2011.03.007. 

Thapa, G.B, Routray, J.K, Mokbul, M.A., and Viswanathan, K., 2012. Agrarian Transition and Emerging 
Challenges in Asian Agriculture: A Critical Assessment. Economic and Political Weekly, 47(4). 

Thomas, R. and Duraisamy, V., 2018. Hydrogeological delineation of groundwater vulnerability to droughts 
in semi-arid areas of western Ahmednagar district. The Egyptian Journal of Remote Sensing and Space 
Science, 21(2), pp.121-137, DOI: 10.1016/j. ejrs.2016.11.008. 

Thompson, J., Millstone, E., Scoones, I., Ely, A., Marshall, F., Shah, E. and Stagl, S., 2007. Agri-food System 
Dynamics: Pathways to sustainability in an era of uncertainty. STEPS Working Paper 4, Brighton: STEPS 
Centre. 

Thornton, P., 2010. Livestock production: recent trends, future prospects. Philosophical Transactions of the 
Royal Society B: Biological Sciences, 365(1554), pp.2853-2867, DOI: 10.1098/rstb.2010.0134. 

Thornton, P. K., and Herrero, M., 2010. The Inter-linkages between Rapid Growth in Livestock Production, 
Climate Change, and the Impacts on Water Resources, Land Use, and Deforestation. Background Report to 
the World Development Report, Washington, DC: World Bank. Available at: 
https://openknowledge.worldbank.org/handle/10986/9223. 

Thornton, P. and Herrero, M., 2015. Adapting to climate change in the mixed crop and livestock farming 
systems in sub-Saharan Africa. Nature Climate Change, 5(9), pp.830-836, DOI: 10.1038/nclimate2754. 

Thornton, P, Herrero, M., Freeman, A., Okeyo, A.M., Rege, E., Jones, P.G. and McDermott, J., 2007. 
Vulnerability, Climate change and Livestock – Research Opportunities and Challenges for Poverty Alleviation. 
Journal of Semi-Arid Tropical Agricultural Research, 4(1), pp.1–23. 

Thornton, P., van de Steeg, J., Notenbaert, A. and Herrero, M., 2009. The impacts of climate change on 
livestock and livestock systems in developing countries: A review of what we know and what we need to know. 
Agricultural Systems, 101(3), pp.113-127, DOI: 10.1016/j.agsy.2009.05.002. 

Tian, H., Banger, K., Bo, T., and Dadhwal, V.K. 2014. History of land use in India during 1880-2010: Large-
scale land transformations reconstructed from satellite data and historical archives. Global and Planetary 
Change, 121, pp.78–88. DOI: 10.1016/j.gloplacha.2014.07.005. 

Tittonell, P. and Giller, K., 2013. When yield gaps are poverty traps: The paradigm of ecological intensification 
in African smallholder agriculture. Field Crops Research, 143, pp.76-90, DOI: 10.1016/j.fcr.2012.10.007. 

Tonah, S. ,2002. Fulani Pastoralists, Indigenous Farmers and the Contest for Land in Northern Ghana. Africa 
Spectrum, 37(1), pp.43-59. http://www.jstor.org/stable/40174917 

Tow, P., Cooper, I., Partridge, I. and Birch, C. (Eds.), 2012. Rainfed Farming Systems. Dordrecht: Springer 
Science+Business Media B.V. 

Tripathi, A. and Mishra, A., 2017. Knowledge and passive adaptation to climate change: An example from 
Indian farmers. Climate Risk Management, 16, pp.195-207, DOI: 10.1016/j.crm.2016.11.002. 

Turner, B.L., Kasperson, R.E., Matson, P.A., McCarthy, J.J., Corell, R.W., Christensen, L., Eckley, N., 
Kasperson, J.X., Luers, A., Martello, M.L., Polsky, C., Pulsipher, A. and Schiller, A., 2003. A framework 
for vulnerability analysis in sustainability science. Proceedings of the National Academy of Sciences, 
100(14), pp.8074–8079, DOI: 10.1073/pnas.1231335100. 

Udmale, P., Ichikawa, Y., Manandhar, S., Ishidaira, H. and Kiem, A., 2014. Farmers׳ perception of drought 
impacts, local adaptation and administrative mitigation measures in Maharashtra State, India. International 
Journal of Disaster Risk Reduction, 10, pp.250-269, DOI: 10.1016/j.ijdrr.2014.09.011. 

Udo, H.M.J., Aklilu, H.A., Phong, L.T., Bosma, R.H., Budisatria, I.G.S., Patil, B.R., and Bebe, B.O., 2011. 
Impact of intensification of different types of livestock production in smallholder crop-livestock systems. 
Livestock Science, 139, pp.22–29. 

United Nations Environment Management Group, 2011, Global Drylands: A UN system-wide response, 
Prepared by the Environment Management Group 131p https://catalogue.unccd.int/ 
40_Global_Drylands_Full_Report.pdf 



References 

147 

USDA. (1972). Soil Conservation Service, National Engineering Handbook. Hydrology Section 4 Chapters 
4-10.Washington, D.C: USDA. 

van der Lee, J., Klerkx, L., Bebe, B., Mengistu, A. and Oosting, S., 2018. Intensification and Upgrading 
Dynamics in Emerging Dairy Clusters in the East African Highlands. Sustainability, 10(11), p.4324, DOI: 
10.3390/su10114324. 

van Ginkel, M., Sayer, J., Sinclair, F., Aw-Hassan, A., Bossio, D., Craufurd, P., El Mourid, M., Haddad, 
N., Hoisington, D., Johnson, N., Velarde, C., Mares, V., Mude, A., Nefzaoui, A., Noble, A., Rao, K., 
Serraj, R., Tarawali, S., Vodouhe, R. and Ortiz, R., 2013. An integrated agro-ecosystem and livelihood 
systems approach for the poor and vulnerable in dry areas. Food Security, 5(6), pp.751-767, DOI: 
10.1007/s12571-013-0305-5. 

Viswanathan, P. K., Thapa, G. B., Routray, J. K., and Ahmad, M. M. (2012). Agrarian Transition and Emerging 
Challenges in Asian Agriculture: A Critical Assessment. Economic and Political Weekly, 47(4), 41–50. 
http://www.jstor.org/stable/41419764 

Vepa, S.S., 2005. Feminisation of Agriculture and Marginalisation of Their Economic Stake. Economic and 
Political Weekly, 40(25), pp.2563-2568.  

VSN International. 2019. Genstat for Windows, 20th ed. Hemel Hempstead: VSN International. 
Wale H.A. and Dejenie T., 2013. Dryland Ecosystems: Their Features, Constraints, Potentials and 

Managements. Research Journal of Agricultural and Environmental Management, 2(10), pp.277-288. 
Walker, B. et al., 2004. Resilience , Adaptability and Transformability in Social – ecological Systems. 

Ecology And Society, 9(2), p.5. Available at: http://fiesta.bren.ucsb.edu/ 
~gsd/resources/courses/Walker.pdf. 

Wani, S.P., Joshi, P.K., Raju, K.V., Sreedevi, T.K., Wilson, J.M., Shah, A., Diwakar, P.G., Palanisami, K., 
Marimuthu, S., Jha, A.K., Ramakrishna, Y.S., Sundaram, S.S.M. and D’Souza, M., 2008b. Community 
Watershed as a Growth Engine for Development of Dryland Areas: A Comprehensive Assessment of 
Watershed Programs in India. Global Theme on Agroecosystems, Report No. 47, Patancheru: 
International Crops Research Institute for the Semi-Arid Tropics and Ministry of Agriculture and 
Ministry of Rural Development, p.156.  

Wani, S.P., Sreedevi, T.K., Reddy, T.S.V., Venkateshvarlu, B. and Prasad, C.S., 2008a. Community 
watersheds for improved livelihoods through consortium approach in drought prone rainfed areas. Journal of 
Hydrological Research and Development, 23, pp.55-77. 

Weindl, I., Lotze-Campen, H., Popp, A., Müller, C., Havlík, P., Herrero, M., Schmitz, C. and Rolinski, 
S., 2015. Livestock in a changing climate: production system transitions as an adaptation strategy for 
agriculture. Environmental Research Letters, 10(9), p.094021, Doi: 10.1088/1748-9326/10/9/094021. 

Wise, R., Fazey, I., Stafford Smith, M., Park, S., Eakin, H., Archer Van Garderen, E. and Campbell, B., 
2014. Reconceptualising adaptation to climate change as part of pathways of change and response. Global 
Environmental Change, 28, pp.325-336, DOI: 10.1016/j.gloenvcha.2013.12.002. 

World Bank, 2012. Turn Down the Heat: Why a 4°C Warmer World Must Be Avoided. Washington, DC: 
World Bank. Available at: <https://openknowledge.worldbank.org/handle/10986/11860>. 

World Bank, 2018. Poverty and Shared Prosperity 2018: Piecing Together the Poverty Puzzle. Washington, 
DC: World Bank. Available at: <https://openknowledge.worldbank.org/bitstream/handle/ 
10986/30418/9781464813306.pdf>. 

World Resources Institute. 2021. Smart Agricultural Subsidies Can Restore Degraded 
Farms And Rural Economies. https://files.wri.org/d8/s3fs-public/2021-08/summary-repurposing-
agricultural-subsidies-restore-degraded-farmland-grow-rural-
prosperity.pdf?VersionId=r2GMn96MpKyXPE6c2sqLiZCeVyoyR2Jh 

Zhao, Y., Zhang, Y., Li, X. and Qian, C., 2022. Assessment on Land-Water Resources Carrying Capacity of 
Countries in Central Asia from the Perspective of Self-Supplied Agricultural Products. Land, 11(2), 
p.278, DOI: 10.3390/land11020278. 

Zwart, F., 2000. The Logic of Affirmative Action: Caste, Class and Quotas in India. Acta Sociologica, 43(3), 
pp.235-249  



References 

148 



 

149 

Acknowledgements  
 
My PhD journey has been a journey of a lifetime!  
 
I say this as my first attempt to get enrolled was in the year 1998 immediately after the 
Master's program. Although efforts started back then, there were many challenges on 
the way, until I finally registered at Wageningen University and initiated work in 2014-
15. Here is my story in brief, with sincere thanks to the many people who played a 
crucial role in helping me achieve my end goal. 

My initial attempt to get enrolled into a PhD program was in 1998, but like every 
other Indian girl back then, I was expected to get married first. In fact, only a fraction 
of my female batchmates went beyond pursuing a Master’s degree. The same year I 
did get married, and the wishful seed of wanting to pursue a PhD lay dormant for 
several years. I started work in the Development sector and worked under the broad 
umbrella of rural development. Over a period of time, the field of livestock 
development became the closest to my heart. As work progressed, I became more 
involved in this arena and at least had one livestock-related project in the larger 
portfolio of work. The seed (for higher studies) germinated in 2005, and I attempted to 
reapply for PhD registration. I looked for opportunities within India but did not find 
anything suitable to the topic I had in mind. The seed, however, grew into a seedling via 
the sprinkling of knowledge I had gained.  

As the journey progressed, from writing concept notes to applying for 
scholarships, I met several people who assisted me in my trials and tribulations, some 
of whom I sincerely acknowledge as I would not have come this far without them. 
Topping the list is Dr. Mohamed Osman, Principal Scientist at the Central Institute for 
Dryland Agriculture, India. He guided me on a fodder development project for small 
ruminants in 2006. Due to my immense interest in livestock-based livelihoods and a 
keen inclination towards pursuing a PhD, he introduced me to the Late Dr. Michael 
Blümmel, a renowned scientist at the International Livestock Research Institute. Since 
2006 Dr. Blümmel was a strong pillar of support to me, till he left India in 2014. He 
introduced me to international PhD opportunities, taught me how to develop research 
proposals, provided me with the necessary contacts to apply for such projects, and was 
always there to be a local supervisor if needed. It deeply pains me that he is no more, 
now when I have finally graduated.  

Despite so much perseverance and mentoring support, a successful PhD 
registration still eluded me. However, the efforts continued and between 2005 to 2014, 
there were dry spells, drought years, and some opportunities too! The young seedling 
grew into a sturdy shrub, with a few strong branches, some feeble ones and several new shoots. 



Acknowledgements 

150 

The least I know was that some of the people I met and the events that unfolded would 
eventually help me towards the getting a PhD. 

In India, during those days the livestock projects were mostly supported by 
Swiss foundations, and almost all specialists or capacity building experts were Dutch; 
so, my association started with them way back in 2004. Several foreign students would 
come to my workplace for their internships and whoever I worked with were always 
Dutch! One of them was Ms. Charlotte van der Tak. We continued to stay in touch and 
have been good friends since 2005. We made a wishful pact to meet up exactly 10 years 
from then in Europe. I had no inkling, whatsoever, that Charlotte would be the start 
point to my PhD journey 10 years later!  

As routine life and work continued, I came across the Big Five in my 
professional workspace! These five people played a key role in enhancing my 
knowledge on all the social and technical aspects of animal sciences outside a 
classroom. The first is Mr. Kamal Kishore, Ex. Scientist, Central Sheep & Wool 
Research Institute, who taught me everything about animal production as we 
interacted with livestock keepers across seven dryland states of India. The diversity in 
animal production amazed me. The second is Prof. Dr. N. Kandasamy, retired 
professor of animal genetics from Tamil Nadu Veterinary and Animal Sciences 
University. A very strict but extremely passionate teacher at heart. He provided me 
with literature and survey formats I needed as well as guided me on the do’s and 
don’ts of data collection. Since 2009, both have been and continue to be my unofficial 
supervisors and my sounding board throughout my thesis work. The third is Dr. 
Punendu Kavoori, a former fellow at the Institute of Development Studies, India and 
a retired. professor from Azim Premji University. His lectures on the anthropological 
aspects of livestock keeping and pastoralism in an already complex social setting of 
India were immensely captivating. His lectures drew me further into the subject. Next 
on the list is Dr. Nitya Ghotge, a veterinarian by training and the Executive Director of 
an all women run NGO Anthra. She introduced me to the different aspects of animal 
health and beyond. Last but not the least is Dr. Ilse Köhler Rollefson, also a 
veterinarian, but known more for her dedicated work around camels in India for over 
35 years. She introduced me to a whole new side of understanding pastoralism. My 
heartfelt thanks to each one of them as several aspect of my proposal and thesis 
stemmed from our interactions. This time period saw the resilient shrub grow into a lean 
tree, as an interesting research proposal kept building in my head! 

“Only when the student is ready, the teacher appears” - a saying in Buddhism 

Around 2010, through Dr. Blümmel, I met many others at ILRI and through Dr. Birgit 
Boogaard I met my supervisor, Prof. Dr. Simon Oosting, and Prof. Dr. Imke de Boer in 



Acknowledgements 

151 

2011 virtually! Yet again, despite everything being in place in terms of support grant, 
supervisors, a research proposal, opportunities came and went with no luck. In 2013, 
all doors to financial aid closed permanently, as I wasn’t eligible for any scholarships 
having crossed the age eligibility criterion. I seemed to have hit a dead end after all. It 
was indeed a dream unfulfilled, but importantly with no regrets.  

Suddenly out of the blue, in 2014, thanks to Ilse, I got an opportunity to attend 
a meeting in Brussels. This one opportunity, the universe gifted, got me another chance 
to pursue my dream. From Brussels I travelled to Netherlands to meet Charlotte!  I 
reached Europe a year earlier and we laughed at the pact we made almost a decade 
ago. I emailed Dr. Simon that I wanted to meet him, and Charlotte took me to 
Wageningen as she was an alumnus of that university. The purpose was just to meet 
Simon face to face and thank him for all the extended support; but things turned out 
quite unexpectedly. Simon shared that Wageningen University had made the rules 
more flexible for external PhD candidates and that I should not give up. He helped me 
work out a schedule around the finances I had. To say that I was in state of total 
disbelief, would be an understatement.  
 
“The universe does conspire”  
 
Although it appeared doable, being able to travel and stay in the Netherlands still 
seemed difficult. Yet again, Charlotte showed me the way forward and introduced me 
to her parents Vera and Johan, who stay in Bennekom. They hosted me for every trip 
to the Netherlands and if not for their love, care, and support none of this would have 
been possible. Another happy coincidence is that Vera and my mother are the same 
age and share the same birthday too!!! While getting a foreign PhD degree is a high in 
itself, I now have Dutch parents too. I am very grateful for their support.  

While the three important men in my life; my father, my father-in-law and my 
husband offered to crowdfund my studies, I decided to take care of the finances 
myself. Finally in 2015 the actual work on the PhD started. I thank my former boss Dr. 
Marcella D’Souza at the Watershed Organization Trust for allowing me to do the thesis 
work alongside my job. This offered the much-needed flexibility I wanted.  I thank 
Marcella for this considerate gesture. I thank my team back then namely Chennaiah, 
Srujan, Thirupati and Anil for working those extra hours on conducting household 
and longitudinal surveys. I also extend a very special thank you to Divya Nazareth, 
Sivaranjini Umapathi, Renie Thomas and Vijaysekaran Duraisamy for technical and 
moral support during my thesis work. I also thank Marije Wilting for conducting the 
survey for Chapter 5 which was a part of her internship here in India. Working with 
her was a treat as she saw things differently and her perceptions added value. Towards 
the last fag and most critical phase of the thesis work (post 2019) I thank Mr. Jagdeesh 



Acknowledgements 

152 

Puppala, former Executive Director of Foundation for Ecological Security (FES) for 
providing me with a suitable work opportunity. A special mention to all my other 
colleagues at FES namely Rahul, Pratiti, Himani, and Mr. Sanjay Joshie, the current 
Executive Director, who gave me that much needed space and support to balance work 
and study. I thank each one of them whole heartedly.  

A very special thanks goes to both my supervisors: Prof. Dr. Simon Oosting; I 
thank him for taking up this responsibility, believing that I could do it and 
handholding me till the very end. I find it hard to fathom that a person can trust and 
teach a foreign student, who has no financial aid and whom he hardly knew. A rare 
and admirable quality, which was the single biggest reason which kept the fire in my 
belly burning. I thank him for all his patience, repeatedly telling me not be an NGO 
activist while writing, working around my job schedule, and always clearing the 
muddle in my head – as I transitioned away from a practitioner way of thinking.  

Next, I thank my co-supervisor Dr. Raimon Ripoll-Bosch. I’m immensely 
grateful for his supervision and support at the most critical time. Apart from work 
related to my thesis, I can’t help but compliment him for being a very perceptive 
person and being able to council students through their journey, which often a 
supervisor may not do. Though I didn’t know many a time how to express myself he 
always knew exactly what I needed to hear and pitched in at the right time. He was 
always cheerful and easy to approach, undoubtedly the best supervisor one can have. 

Dr. Annemarie van Paassen gets the next heartfelt thanks. It was a pleasure 
working with her as she guided me through my thesis chapter 5. As I was using mixed 
methods, I had a tough time merging the social methods with natural science ones. 
Discussions with her were very helpful as she pointed towards the right kind of 
literature that helped connect the two in the right way. I thoroughly enjoyed working 
with her and thank her for supervising me. It’s surprising, but the fifth chapter was 
the one that got published first!  

I thank Prof. Dr. Imke de Boer, who despite her very busy schedule, always 
made time to interact and supervise when I was in the Netherlands. She was warm 
and encouraging and told me that if I ever had difficulty in finding accommodation, I 
could fall back on her. This was indeed very reassuring. I also take this opportunity to 
thank Dr. Eddie Bokkers, for helping me out with the MOOC course and that finally 
helped completing my hanging TSP.  

Though my stints at the Animal Production Systems (APS) Group were very 
short, colleagues at APS made me feel very much a part of the Department. I thank 
Abigail, Windi, Titis, Ollie, Akke, Aart, Sally, Brain, Evelyn, Alejandro, Margret, 
Corina, Iris, Simon, Theo and Laura. But a special thanks goes to Abigail and Windi, 
among all. 



Acknowledgements 

153 

Among everyone at APS, Ms. Lia Verheijen and Ms. Fokje Steenstra have been 
my pillars of support. Lia made sure I had a desk in her room, never once complained 
that the room felt like a “furnace” as I couldn’t tolerate the cold. She made sure I got 
up from my desk occasionally. Window shopping, coffee, and pastry breaks with her 
were the most enjoyable and relaxing. Fokje, on the other hand played several roles, 
she was my go-to person from day one. While it was professional at first it has grown 
into a friendship that will last forever. She took time to call me very regularly, which 
really helped particularly during the Covid period. What I appreciate the most is how 
she designed my thesis, and which is in a watercolor paint style as that’s one of my 
hobbies. A huge thank you from the bottom of my heart to both of you for being always 
there for me.  

Apart from this, a few associates namely Dr. Anjal Prakash, Dr. Chandni Singh 
and Dr. Sunaina Singh helped me cross many difficult terrains. A sincere thanks to 
them for their timely help, inputs and constant encouragement.  

Right in the end, the biggest thank you is reserved for my husband Murali and 
daughter Aditi for putting up with me. The long absences from home both for work 
and studies, not being able to attend important family and personal events, and the 
list is never ending. A sincere thank you to my parents and my in-laws also, both of 
whom have been my biggest support always stepping in and managing things for me 
at home so I could focus on the goal I had set.  
 
The tree has finally bloomed and is bearing fruit! 



154 



155 

About the Author  

Bhavana is a native of Hyderabad, the capital city 
of the southern state of Telangana, India. In 1998 
she obtained her Master’s degree in Agricultural 
Sciences from G.B. Pant University of Agriculture 
and Technology, India, subsequent to which she 
got into the development sector. As a 
development professional, Bhavana’s core 
experience has been in the practice domain 
primarily in natural resources management. 
Although natural resources management 
encompasses a variety of disciplines, her core 
interests and experience lie in agricultural systems, livestock-based livelihoods, and 
climate change adaptation. Bhavana has a keen interest in strengthening the research 
and practice interface and conducting research for impact. 

While pursuing her job in India, she enrolled as a part-time PhD student at the 
Animal Production Systems group at Wageningen University and has been 
conducting her research under the supervision of Prof. Simon. J. Oosting and Dr. 
Raimon Ripoll-Bosch. Her thesis explores the impact of agricultural transitions on 
smallholder livelihoods and on the environment within the context of dryland 
ecosystems.  

She is currently working as a Sr. Research Fellow with the Foundation for Ecological 
Security (FES), an India-based non-governmental organization that works towards 
maintaining ecological security, as it is the foundation of sustainable and equitable 
development.  

 



156 

Publications 

Journals 

Chorran, T., Kuchimanchi, B.R., Karmakar, S., Sharma, H., Ghosh, D., Priyadarshini, P. 
(2021). Understanding How Local-level Environment Stewardship Initiatives Increase 
Livelihood Resilience to Climate Change, Insights from Rajasthan, India  , Ecology, 
Economy and Society – INSEE  https://ecoinsee.org/journal/ojs/index.php/ees/ 
article/view/376 

Dasigi, S., Kuchimanchi , B.R. (2008). Establishing Linkages Among Stakeholders For 
Sustainable NTFP-Based Livelihoods in Community Forestry: A Case Study from Andhra 
Pradesh, India. published in Insights: notes from the field, Issue 3, RECOFTC & SNV a 
Netherlands Development Organisation. http://www.forestrynepal.org/publications/ 
reports/2810 

D’Souza, M., Kuchimanchi, B. R., Awasthi, S. (2016). Community-driven vulnerability 
assessment and resilience-building: Cases from development contexts –A chapter in the 
publication “Enhancing Adaptation to Climate Change in Developing Countries Through 
Community-Based Adaptation: Think Globally and Act Locally”. African Centre for 
Technology Studies (ACTS), Nairobi, Kenya'.  

Kuchimanchi, B.R., De Boer, I.J.M., Ripoll-Bosch, R., Oosting, S.J. (2021). Understanding 
transitions in farming systems and their effects on livestock rearing and smallholder 
livelihoods in Telangana, India. Ambio DOI:10.1007/s13280-021-01523-z 

Kuchimanchi, B.R., Mathur M. (2012). Watershed Development and Livestock Rearing, 
Experiences from the WOTR in rainfed areas of Maharashtra, India”. Publisher: South 
Asia Pro-Poor Livestock Policy Programme, a joint initiative of NBBD & FAO. 
http://sapplpp.org/goodpractices/cpr-livestock/watershed-development-and-
livestock-rearing.html#.Yrstd5BBzk0 

Kuchimanchi B.R., Mishra. S (2010). Conflict Mitigation in Fodder Resource Development & 
Management using RAAKS as an MSP” Publisher: South Asia Pro-Poor Livestock Policy 
Programme , a joint initiative of NBBD & FAO. http://sapplpp.org/goodpractices/ 
CPRLivestock/SAGP15-building-consensus-and-joint-strategies-for-fodder-
development-and resource-management/ 

Kuchimanchi, B.R., Nazareth, D., Bendapudi , R., Awasthi, S., D’Souza, M.,  (2019). Assessing 
differential vulnerability of communities in the agrarian context in two districts of 
Maharashtra, India, Climate and Development, 11:10, 918-929, DOI: 
10.1080/17565529.2019. 1593815 



Publications 

 157 

Kuchimanchi, B.R., Ripoll-Bosch, R., de Boer, I.J.M, Oosting, S.J. (2022). Understanding 
farming systems and their economic performance in Telangana, India: Not all that glitters 
is gold. Current Research in Environmental Sustainability. DOI: 
10.1016/j.crsust.2021.100120 

 
Kuchimanchi, B.R., van Paassen , A., Oosting ,S.J. (2021). Understanding the vulnerability, 

farming strategies and development pathways of smallholder farming systems in 
Telangana, India, Climate Risk Management. https://doi.org/10.1016/j.crm.2021.100275 

 
Singh, C., Solomon, D., Bendapudi, R., Kuchimanchi, B., Iyer. S., Bazaz. A. (2019). What 

shapes vulnerability and risk management in semi-arid India? Moving towards an 
agenda of sustainable adaptation. Environmental Development 30 (2019) 35–50. 
https://www.sciencedirect.com/science/article/pii/S2211464518301520?via%3Dihub 

 
Singh, C., Iyer, S., New, M.G., Few, R., Kuchimanchi, B., Segnon, A.C., Morchain , D., (2021). 

Interrogating ‘effectiveness’ in climate change adaptation: 11 guiding principles for 
adaptation research and practice, Climate and Development, DOI: 
10.1080/17565529.2021. 1964937  

 

Reports & other publications 
 
Bendapudi, R., Kuchimanchi, B., Kishore, K., Kandasamy, N. (2016). Improving Animal 

Health Services:  Understanding morbidity and mortality losses due to diseases in 
livestock from five Indian States, A Farmer’s Perspective. 
https://wotr.org/system/files/research_outputs/IMPROVING%20ANIMAL 
%20HEALTH%20SERVICES_WOTR_6%20June%5B1%5D_0.pdf 

 
Bendapudi, R., Sharma, V., Kuchimanchi. B.R., Mukerji. R. (2008). Climate Resilient 

Development – Towards Adaptation to Climate Change. A peer-reviewed publication 
released at the National Policy Dialogue on Adaptation to Climate Change, New 
Delhi,10-11 November 2008. Intercooperation /Swiss Agency for Development and 
Cooperation.  

 
Kuchimanchi, B.R., Awasthi, S., Rajapure, G., D’Souza , M. (2013). Handbook of a Tool for 

WOTR on Incorporating Vulnerability to Climate Change into Project. Design and 
Implementation CoDriVE-PD: https://wotr.org/publications/ 

 
Kuchimanchi B.R., Bendapudi, R. (2013). WOTR’s Position Paper on " Livestock Systems, 

vulnerability and climate change – Insights from the grassroots”. 
https://wotr.org/publications/ 

 



Publications 

 158 

Kuchimanchi B.R., Bendapudi, R. (2015). Securing Small Farmer Livelihoods through a 
Group Micro-Irrigation Approach: A Case study of Israipalli, Mahabubnagar district- 
Information Brief No: 2, 2015. https://wotr.org/publications/ 

Kuchimanchi B.R., Zade, D., D’Souza, M., Bendapudi, R. (2013). WOTR’s Position Paper on 
“Towards Resilient Agriculture in the changing climate scenario”. 
https://wotr.org/publications/ 

Kuchimanchi B.R. (2008). Striking a Balance – CPF’s Experiences in bringing –in convergence 
among concerned stakeholders regarding livestock-based livelihoods and use of natural 
resources – March 2004 to July 2008 

Kuchimanchi B.R. (2010). Agriculture Market price fluctuations, changing livestock systems 
and the vulnerability connect – a case of Mhaswandi watershed, Ahmednagar district, 
Maharashtra for WOTR. https://wotr.org/publications/ 

Kuchimanchi B.R., Kattikaren, R., Bajpai. S. (2008). Training Manual on RAAKS and Systems 
Thinking - towards balancing. Livestock –based livelihoods and management & 
development of natural resources – Publisher: The Centre for People’s Forestry 

Zade, D., Kuchimanchi B.R., Bendapudi, R. (2015). Climate Change and Agriculture: Moving 
Towards Resilience for Small Holder Producers-Policy Brief No: 3, 2015. 
https://wotr.org/publications/ 



 159 

Education Certificate  
 
Completed training and supervision plan* 
*One ECTS credit equals a study load of approximately 28 hours 
 
The Basic Package  Institute/Place 3 ECTS 
Course on Scientific Integrity WIAS 2020 

Course on Ethics and Animal sciences WIAS 2020 

Course on essential skills (Frank Little) WIAS 2017 

Disciplinary Competencies 
 

21 ECTS 
PhD proposal  WIAS 2015 

Towards a bio-based society: from principles to 
practices  

WIAS 2021 

Sustainable Food Security - The value of systems 
thinking  

WUR MOOC course 2021 

Vulnerability and Risk assessment Tool  Oxfam & University of Botswana  2018 

Modules on Sustainable Agriculture  The Deutsche Gesellschaft für 
Internationale Zusammenarbeit (GIZ)   

2015 

Modelling the Environment  Swiss Agency for Development and 
Cooperation & Watershed Organisation 
Trust  

2013 

Environmental Impact Assessment for Planning 
Ecologically Sustainable Livestock Production  

Swiss Agency for Development and 
Cooperation – IC  

2007 

Rapid Appraisal of Agricultural Knowledge 
systems (RAAKS) at its application  

ETC, Netherlands & Swiss Agency for 
Development and Cooperation 

2005 

Gender mainstreaming in NRM  Human Institutional Development 
Forum & Timbuktoo Collective  

2002 

Professional Competencies     

 

3 ECTS  
Techniques for Writing and Presenting a 
Scientific Paper  

WUR 2017 

Management Development Program  Indian Institute of Forest Management 2007 

Presentation Skills                   
 

4 ECTS 
Stakeholder Consultation: The future of India’s 
Livestock Sector, Oral  

New Delhi , India  2017 

Adaptation Futures  Conference, - Oral Cape Town, South Africa 2018 

WACASA presentation - Oral  WUR 2019 

Presentation at India land and Development 
Conference - Oral  

Land New Delhi   2019 

Teaching Competencies  
 

2 ECTS 
 MSc Thesis Supervision -1  

 
2017 

Education and Training Total     33 ECTS  

 
  



160 

Colophon 

Photo Credits: Foundation for Ecological Security, Bhavana Rao Kuchimanchi 

Cover design and layout by: Fokje Steenstra  
Thesis Illustrations: Bhavana Rao Kuchimanchi 



 


	Front.pdf
	propositions_v2 (002).pdf
	Thesis Kuchimanchi.pdf
	00aFirst pages v3
	00b Contents v2
	01Ch_1_Gen_Intro v2
	02Ch_2_Transitions v2
	03Ch_3_C & Ep v3
	04Ch 4_revised as per rebuttal19082022final2_rrb fs v2
	05Ch_ 5_Vulnerability v2
	06Ch 6 v3
	07Thesis Summary v2
	08References Final_updated v2
	D’Odorico,P., Bhattachan, A., Davis, K.F., Ravi, S., Runyan,C.W., 2013. Global desertification: Drivers and feedbacks, Advances in Water Resources, 51, pp 326-344, https://doi.org/10.1016/j.advwatres.2012.01.013.
	D’Odorico,P., Bhattachan, A., Davis, K.F., Ravi, S., Runyan,C.W., 2013. Global desertification: Drivers and feedbacks, Advances in Water Resources, 51, pp 326-344, https://doi.org/10.1016/j.advwatres.2012.01.013.

	09Bhavana Acknowledgement finalrevised v4
	10About the author _final v4
	11Publications v3
	12Education Certificate v2

	Back.pdf



