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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.

1. Introduction
Globally, farming systems are transitioning from subsistenceorientation to intensive or specialized market-oriented systems in
response to several factors, including increasing food demands, avail
ability of technology and inputs for production, and development pol
icies (Tarawali et al., 2011; Udo et al., 2011; Reardon et al., 2018).
While transitions towards intensification and specialization in agricul
ture 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.,
2018). 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 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; Gov
ernment of India, 2020; Kuchimanchi et al., 2021a). A range of devel
opment 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 approxi
mately 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,

; HHs, Households; WDP, Watershed Development Program; WS, Watershed; CWL, Crop without Livestock; CD, Crop with Dairy; LWL, Landless with Livestock;
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Total Livestock Units; GM, Gross Margin; GLM, General Linear Model; AESR, Agro -Ecological Sub-region.
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and irrigation infrastructure), which are perceived as ideal for devel
oping 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).
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 one.2 That study, in line with other liter
ature (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; Shi
feraw 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 margin
alized 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, tech
nical, 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 in
teractions have led to higher input use, production costs, and in
vestments (Singh et al., 2014; Gathorne-Hardy, 2016; Ghosh et al.,
2017); or that development usually entail multiple trade-offs and un
desired effects (van Ginkel et al., 2013), calls for further research.
Therefore, the aim of this study is to gain insight into the charac
teristics of emerging farming systems and their economic performance
in a dryland region of Telangana, India, that has undergone rapid
transitions in farming systems. This knowledge will help enhance the
customization of WDPs and other development programs and ensure
that their impact is sustainable.

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 char
acterized 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, 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 re
gion. 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 Seré 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 partici
pate. 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 h and was conducted in the
native language (Telugu). To ensure that the objective of the discussions
would be met, a detailed list of questions was used to guide the dis
cussions. 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 re
sources, livestock markets, and animal healthcare. The presence of
different groups in each focus group discussion allowed to contrast po
tential 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,

2. Materials and methods
2.1. Study location
The two study watersheds are in the Rangareddy and Nagarkurnool
districts of Telangana, India (Fig. 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 bound
aries. 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%
2
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Fig. 1. Location map of the study region in India. (A) The study region is within the state of Telangana. (B) The two watersheds within which the villages are
distributed. (C) The study village Talakondapalle (highlighted in gray). Source: ISRO BHUVAN portal (htpps://bhuvan.nrsc.gov.in/bhuvan_links.php,
accessed 2016).

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 ac
cording 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

Table 1
General farming-system characteristics, as derived from the household survey and focus group discussions.
Types of farming systems

Ownership of land
Ownership of livestock
Distribution per farm type
Marginal (> 1 ha)
Small (1–2 ha)
Medium (2–4 ha)
Large (>4 ha)
Cropping characteristics

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

Y
X

Y
Y

X
Y

Y
Y

Y
Y

40%
37%
21%
2%
Rain-fed, Limited irrigation,
Monocropping
Predominantly cash crops

20%
32%
32%
30%
Rain-fed; Limited irrigation,
Monocropping
Predominantly Cash crops

21%
26%
48%
4%
Rain-fed, Mixed
cropping,

Small ruminants

Diverse livestock
species
Traditional,
subsistence
Depend on CPRs
for grazing
Traditional/basic

Livestock characteristics
(dominant species)
Crop - livestock practices

Native poultry
Intensive specialized
technologies

15%
31%
42%
12%
Irrigated, Mixed cropping,
Continuous irrigation
Cash & food crops with
residues, Green fodder
Large ruminants crossbred/
exotic cattle/buffalo
Intensive specialized
technologies

Farm infrastructure

Traditional/basic

Use Farm machinery

Crops

–

Native poultry and
small ruminants
Traditional,
subsistence
Depend on CPRs for
Grazing
Traditional/basic

Source: Household survey and focus-group discussions, 2015; CPR – common property resources.
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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 agri
cultural 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 col
lectors cross-checked at regular intervals. The following parameters
were assessed, based on a structured form supplemented with related
qualitative information:

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 GLM, we fol
lowed 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.

(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 agri
cultural season, area under each crop, types of crops produced,
quantity of crop produce sold, input costs per crop, hired labor
costs, rented farm machinery costs, and sale price of produce
sold.
(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.

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 subsis
tence food needs across all farming systems, and it was therefore
considered part of all systems.

3. Results
3.1. Types of farming systems found in the region

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. Monocrop
ping 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.

2.3. Calculations and statistical analyses
Herd size was expressed in tropical livestock units (TLU). The con
version 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 nu
clear 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 perfor
mance of those systems. The statistical analyses were performed using
the statistical program GenStat (GenStat Committee, 2000), with a sig
nificance 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 twostep 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

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 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
they 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
4

B.R. Kuchimanchi et al.

Current Research in Environmental Sustainability 4 (2022) 100120

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 pro
duction costs, due to their greater susceptibility to diseases and the need
for high-quality feed and more water resources. The farmers also re
ported 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.

3.1.5. 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 re
mittances from family members working in cities.
Land and herd sizes are presented in Table 2. Land and herd sizes
differed 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.

3.1.3. 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 prop
erty 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.

3.2. 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 cropproduction 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 pro
duction combined with high feed requirements by the cattle. The CSR
system was the most 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 ani
mal health care and for leasing grazing lands. These factors 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.

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. Cropmanagement practices were intensive, but predominantly using live
stock manure. Like the CWL farmers, these HHs also owned few bor
ewells, 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 livestockkeeping 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 bor
ewells 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 predomi
nant 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 fooddistribution system to meet their food needs, although dependence
was greater for goat-rearing HHs.

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)
Crop with dairy (CD)
Landless with livestock (LWL)
Crop with small ruminants (CSR)
Crop with diverse livestock system (CWDL)

1326
1063
188
165
23

1.2 (0.0) b
2.1 (0.1) a
0.00 (0.0) c
1.9 (0.1) a
1.7 (0.2) ab

0.03 (0.0)
3.21 (0.1)
0.25 (0.9)
4.74 (0.5)
1.85 (0.2)

d
b
d
a
c

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

Crop without livestock (CWL)
Crop
Monsoon

Off-farm
livelihood

Winter
Summer
Monsoon
Winter
Summer

Total
Crop with dairy (CD)
Crop
Monsoon

Livestock

Winter
Summer
Monsoon
Winter
Summer

Total
Crop with small ruminant (CSR)
Crop
Monsoon
Winter
Livestock

Summer
Monsoon
Winter
Summer

Total

Revenue**

Cost of
production***

Total gross
margin

309.7
(286.5)
–
–
56.9 (36.6)
51.7(34.9)
107.0(52.4)

224.4 (197.7)

87.4 (96.6)

–
–
–
–
–

525.2
(359.2)

224.4 (197.7)

–
–
56.9 (36.6)
51.7(34.9)
107.0
(52.4)
303
(210.4)

1171.8
(2208.3)
–
–
1324.1
(1037.8)
2176.0
(1892.8)
889.6
(788.7)
5561.4
(5927.6)

138.9 (222.3)

1012.9
(1383.4)
441.4
(557.7)
–
245.9
(449.1)
1255.5
(1770.8)
1567.9
(1422.9)
4738.1
(5720.5)

194.0 (216.8)

–
–
1174.3 (1.63.4)
1059.3 (925.6)
1570.0 (1659.2)
3924.7 (3870.6)

210.9 (235.0)
–
298.9 (170.2)
176.7 (127.9)
154.4 (77.3)
1040.8 (736.9)

Table 4
Production costs (in USD) for livestock rearing in crop with dairy (CD) and crop
with small ruminant systems (CSR).
Farming system
Crop with dairy system
(CD)
Production details*
Animals in milk
(#/Household)
Average milk
production (L/
Household)
Costs: USD/Household/
Year
- Healthcare**
- Feed and fodder
(purchased)
- Fodder production
(own)
- Other: leasing land for
grazing
- Total

1032.8
(1994.1)
–
–
149.7
(260.0)
1116.6
(1461.3)
− 680.41
(1270.9)
1618.7
(4992.2)

Crop with small
ruminant system
(CSR)
Production details*
Average flock size/
Household
Average number of
animals sold/
Household
Costs: USD/Household/
Year
- Healthcare**

818.8
(1313.0)
444.9
(495.1)
–
− 53.1
(443.5)
1078.7
(1772.2)
1413.2
(1382.3)
3538.2
(5302.0)

- Feed and fodder
(purchased)
- Fodder production
(own)
- Other: leasing lands
for grazing
- Total

Note: Figures in USD; conversion factor used: INR 71; SD: standard deviation
values in brackets; source: Household-level longitudinal study 2015–2016.
*Monsoon agricultural season (July–September); winter agricultural season
(October–March); summer agricultural season (March–June); **Sale price of
milk 0.36 USD/kg **Sale price of meat 3.5 USD/kg at farmgate. ***Cost of
production of crops includes costs of land preparation (rent of machinery/bul
locks), 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.

Monsoon

Winter

Summer

Total

5.0 (3.0)

4.0 (3.1)

4.0 (3.1)

4.3 (3.1)

3550.4
(2875.7)

5942.2
(5168.6)

2429.3
(2154.7)

2153.7
(3973.9)

75.0 (59.2)

57.2 (50.3)

48.6 (53.1)

1050.2
(967.1)
28.1 (31.4)

1478.3
(1664.1)
73.4 (48.5)

945.6
(877.2)
57.1 (30.1)

78.2 (85.3)

–

–

1234.0
(1143.1)
Monsoon

1608.9
(1762.8)
Winter

1051.3
(960.3)
Summer

180.9
(117.7)
3474.0
(3297.7)
179.0
(99.6)
84.4
(109.3)
3914.9
(3624.3)
Total

87.2 (61.1)

88.2 (62.9)

74.1 (45.7)

83.2 (55.1)

19.5 (12.2)

32.5 (23.8)

25.9 (26.2)

25.9 (20.7)

120.2
(72.8)
–

179.5
(133.9)
36.7 (19.0)

131.6
(69.9)
40.9 (28.1)

143.8
(31.4)
77.6 (51.6)

–

–

–

0.0

219.0
(134.1)
339.4
(206.9)

–

–

216.2
(152.9)

172.5
(99.0)

219.0
(134.1)
440.4
(217.1)

Note: Figures in USD; conversion factor used: INR 71; standard deviation values
in brackets. *Units: USD/Household/Year. **Includes veterinarian fees, medi
cines, and other treatment-related costs.
Source: Household-level longitudinal study 2015–2016; Monsoon agricultural
season (July–September); winter agricultural season (October–March); summer
agricultural season (March–June).

> 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 Fig. 2 below, we further illustrate the relationship between herd
size and 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 signifi
cant 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.

Another factor addressed in the survey was loan access and repay
ment. 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 selfhelp 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 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

4. Discussion
The characterization of farming systems in the study region revealed
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Fig. 2. The relationship between herd size (in TLUs) and gross margins (in USD) for the three farming systems under study. 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).

that the CWL, CD, and CSR systems were variants of intensive, special
ized, 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/highoutput 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 (Kuchi
manchi 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 sub
sidies) (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, 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 re
gions (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, particu
larly 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 croplivestock integration at the farm level increases dependence on inor
ganic fertilizers (Kuchimanchi et al., 2021b), which reduces soil‑carbon
levels, subsequently affecting soil fertility, crop productivity, and reve
nue 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.
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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 re
sources, 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 illus
trated 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 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,
2021b).
Although the CSR system has adapted into a modernized version of
traditional small ruminant production, it is likely to be subject to further
constraint due to dwindling common property resources and the
decreasing availability of private lands for grazing in the future. More
over, the scarcity of grazing resources has deprived low-income HHs
(the CWL and LWL systems) of alternative and profitable livelihood
opportunities from goat rearing. The decrease in native poultry rearing
is having a similar impact on these HHs, despite the presence of a niche
market (Conroy et al., 2005; Chatterjee and Rajkumar, 2015). In dryland
regions, the current reduction in livestock rearing is leading to income
losses, while also translating into decreased dietary diversity during lean
periods (Fraval et al., 2020; Kuchimanchi et al., 2021b) and the loss of a
critical buffer in times of drought or dry spells, as crop production is
highly vulnerable to such threats (Thornton, 2010; Herrero et al., 2013).
Characterization and economic performance studies like this one thus
provide insight into the socio-economic and ecological dimensions of
farming systems and support a more customized approach to agricul
tural development in dryland regions (Gibbon et al., 1999; Kuivanen
et al., 2016).
Following, we discuss some outcomes from this study under the
perspective of the WDP policy, given that it is India’s leading strategy for
the development of dryland regions. Firstly, this study shows that 86%
of the HHs (i.e., those in the CWL and CD systems) are now practicing
intensive market-oriented farming. Intensive systems are often associ
ated with increased specialization and low integration between crop and
livestock production, resulting in high-water usage (Kumar and Singh,
2008b; Shiferaw et al., 2008; Harika et al., 2015) and the doctoral thesis
by Kuchimanchi (2022; forthcoming). We thus infer that water resources
generated through the soil and water conservation measures due to
WDPs in the region are apparently being over-utilized by some HHs (e.g.
CD system HHs) thereby decreasing the availability of water throughout
the year (Batchelor et al., 2003; Puskur et al., 2004; Bouma and Scott,
2006; Calder et al., 2008). Likely, this also explains why only 38% of the
HHs in the region have been able to adopt the CD system, or why the
CWL and CD systems (86% of all HHs) limit crop production to the

monsoon season.
A second notable outcome of the study is that, while intensification
and specialization in farming have increased agricultural production, it
has not led to economic prosperity. For example, the average daily per
capita income for HHs in the CWL, CD, and CSR systems were USD 0.2,
USD 1.2, and USD 2.4, respectively. These income values are lower than
the per diem wage rate of USD 2.5, as prescribed by the Indian Ministry
of Labor and Employment (2017), and the World Bank extreme-poverty
threshold (2018) of USD 1.9 day/person.
Lastly, while 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 indi
cating marginalization (see Tables 3 & 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 RipollBosch 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,
2021b).
We therefore suggest considering alternative development strategies
for HHs, such as “area-wide integration”, feed self-sufficiency, or farm
diversification to triggering 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 organiza
tions, using community engagement approaches and tools.3 Such ap
proaches, combined with science-based evaluations of ongoing
programs, could help avoid the implementation of conflictive techno
logical 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 man
agement 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

3
http://www.fao.org/climate-smart-agriculture-sourcebook/enablingframeworks/module-c1-capacity-development/c1-case-studies/case-studyc111-the-andhra-pradesh-farmer-managed-groundwater-systems-apfamgs-proj
ect/en/.
http://fes.org.in/source-book/groundwater-game-practitionersmanual.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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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.

Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.crsust.2021.100120.
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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 agri
cultural 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 in
come 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 marketoriented 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 flexi
bility 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 inad
equate understanding of the effects of current farming 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 imple
mentation of sustainable development programs in rapidly changing
socio-ecological systems.
Declaration of Competing Interest
The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
Acknowledgements
This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors. The first
author would like to thank Watershed Organization Trust (WOTR) for
allowing the research to be carried out in their project villages in
Telangana, India. The authors also extend a special thanks to the Journal
Editors and the two anoymous reviewers for their review and
contribution.
9

B.R. Kuchimanchi et al.

Current Research in Environmental Sustainability 4 (2022) 100120

Government of India, 2012. 19th Indian Livestock Census. Department of Animal
Husbandry and Fisheries, Ministry of Agriculture, New Delhi, India.
Government of India, 2020. Pocket Book of Agriculture Statistics, Ministry of Agriculture
& Farmers Welfare Department of Agriculture. Cooperation & Farmers Welfare
Directorate of Economics & Statistics, New Delhi, India.
Government of India, 2021. Department of Land Resources. Ministry of Rural
Development, New Delhi, India accessed December 2021. https://dolr.gov.in/progr
amme-schemes/pmksy/watershed-development-component-pradhan-mantri-krishisinchai-yojana-wdc-pmksy.
Groot, M.J., Van’t Hooft, K.E., 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. Front. Public Health 4, 12.
Harika, R., Pandey, D., Sharma, A., Sirohi, S., 2015. Water footprint of milk production in
Andhra Pradesh. Indian J. Dairy Sci. 68 (4).
Herrero, M., Thornton, P., Notenbaert, A., Wood, S., Msangi, S., Freeman, H.A.,
Bossio, D., Dixon, J., Peters, M., van de Steeg, J., Lynam, J., Rao, P., Macmillan, S.,
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