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Abstract Arid and semi-arid regions cover more than 50% of the total geographical area 
in India which is highly populated, water-limited with warm drylands. There 
is an expectation that the area of drylands will expand under several scenarios 
of climate change. Maintaining food and nutritional security in this growing 
rural population of 265 million is a mammoth challenge in the near future. This 
task can be taken by diversifying the existing scarce resources in a sustainable 
manner as well as systematic land use management. Indian agriculture sector is 
dominated by marginal and small farm holdings. Production intensification or 
land diversification are the keys to agricultural sustainability. After achieving 
food sustenance for the family, crop intensification/ diversification becomes the 
mainstay for commercial agriculture. The traditional farming systems are self-
contained and show resilience to aberrant weather conditions but yield poorly. 
An optimization of land usage into cropping, horticulture, livestock, forestry 
with an objective of food and nutritional security along with profitability holds 
the key for the future course of sustainable agriculture.
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Chapter 15
Diversification and Land Use Management 
Practices for Food and Nutritional Security 
Under Climate Change Scenario in Arid 
and Semi-Arid Regions of India

P. K. Pankaj, Mahesh K. Gaur, G. Nirmala, V. Maruthi, Pushpanjali, 
Josily Samuel, and K. S. Reddy

 Context and Setting

In India, rainfed agriculture constitutes 55% of total net cultivable area and contrib-
utes to production of major coarse cereals, pulses and oil seeds By comparison, the 
rainfed and arable area is about 93% of Sub-Saharan Africa, 87% of Latin America, 
67% of Near East and North Africa, 65% of East Asia, and about 58% of South Asia 
are rainfed (FAO 2002). Apart from this, most countries depend primarily on rainfed 
agriculture for their grain food. The environment of rainfed agriculture is character-
ized by regular climatic constraints like long dryspells, high intensity rainfall, high 
evaporation losses, soil degradation, etc. which is becoming more intense with the 
onset of climate change. Moreover, the annual average rainfall varies from less than 
100  mm to 2500  mm in different rainfed agro-ecological regions of the India. 
Rainfall distribution is erratic with CV varying from 30 to 80% during crop growth 
period varying in both space and time. The present level of land productivity in 
rainfed agriculture in India is about 1 t/ha, however, globally it varies from 1–2 t/ha 
(FAO 2002). In India, the Semi Arid tropics (SAT) spread over 175 districts accounts 
to 37.2% of geographical area of the country (Map 15.1) supporting 36.9% of the 
population, covering 42.9% of country’s gross cropped area and 46.2%of Net 
cropped area (Rao et al. 2005). Changes in irrigation percentage, shift in consump-
tion patterns, technology advances have brought change to cropping patterns in arid 
and semi-arid regions of India (Reddy et al. 2017).

However, the majority farmers own less than one hectare of land that is fraught 
with problems of frequent droughts, land degradation, soil erosion, infertile soils 
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Map 15.1 Arid and semi-arid regions of India with state boundaries (Compiled by author)
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and poor socio-economic conditions. The Indian hot arid zone occupies an area of 
32 million ha (Mha) constituting about 10% of the country’s geographical area. It 
forms a continuous stretch in the north-western states of Rajasthan (61%), Gujarat 
(20%), Punjab (5%), Haryana (4%) and scattered landmasses in the peninsular 
states namely, Maharashtra, Karnataka and Andhra Pradesh. Inadequacy in quan-
tum and erratic distribution of rainfall (<150 mm to 400 mm, CV 36 to >65%) cou-
pled with high evaporative demand (1600–1900 mm/year) and light textured soils 
has made agriculture a difficult proposition. The incidence of poverty found to be 
the highest in SAT when compared with the other agro-ecological regions. 
Agricultural output to gross cropped area is lowest in arid and semi-arid areas as 
0.77 and 0.86%, respectively when compared with humid area of 1.26 and this is 
because of low irrigation coverage, marginal soils and low rainfall.

Agriculture plays a vital role in Indian economy, which accounts for 18% of 
India’s gross domestic product (GDP), and 55% of population is dependent on agri-
culture (Kumar et al. 2015). Hence, any change in the crop conditions, including the 
fact that nearly 52% of the total cultivated area is being cropped under rainfed con-
ditions, is likely to affect the overall economy of the country (Naresh Kumar et al. 
2014; Parmeshwar et al. 2014). The Indian agriculture sector is dominated by mar-
ginal and small farm holdings able to consume nearly 80% of the total freshwater 
(Hochman et al. 2017). In semi-arid tropics, dryland agriculture relies on rainfall as 
the major source of water (Wani et al. 2012). Indian agriculture currently faces a 
host of diverse challenges due to the ever-growing population, increasing food and 
fodder needs, natural resources degradation, higher cost of inputs and climate 
change (Pankaj et al. 2017). Supplemental irrigation and water harvesting are the 
most important and proven technologies for improving crop productivity as is the 
efficient of use of water in the dryland areas of semi-arid tropics. These technolo-
gies integrated with crop diversification can increase farmers’ income in dryland 
agriculture systems with improved nutrient availability and food security among the 
farmers. The monthly per capita expenditure is also lowest in semi-arid areas than 
when compared to arid and humid regions of the country. As a result, the incidence 
of poverty is highest in semi-arid areas than in arid areas. About 60 million of India’s 
147 million rural poor live in the rural semi-arid regions (Rao et al. 2005).

Production intensification or land diversification is the key to agricultural sus-
tainability. After achieving food sustenance for family, crop intensification/ diversi-
fication becomes a mainstay for commercial agriculture. To reduce pressure on 
water resources, better quality rainfed lands could be brought under either limited/
unlimited irrigation during post rainy season (Lu 2003). The traditional farming 
systems are self-contained and show resilience to aberrant weather conditions, but 
are low yielders.

The present chapter has been designed to explain the twin benefits of diversifica-
tion (using cropping systems, livestock and horticulture) as well as land use man-
agement (soil management, carbon sequestration) coupled with socio-economic 
development in the arid and semi-arid region of India to maintain food and nutri-
tional security under a climate change scenario.
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 Climate Change Scenario in Arid and Semi-Arid Regions

Arid regions cover about 12% geographical area of India, comprising of 31.7 Mha 
hot arid and 7.0 Mha cold arid region. Nearly 90% of hot arid region of India lies in 
northwestern states of Rajasthan (19.6 Mha), Gujarat (6.22 Mha), and Haryana and 
Punjab (2.75 Mha). Some small pockets (3.13 Mha) of hot arid zone are in southern 
states of Andhra Pradesh, Maharashtra and Karnataka (Table 15.1 and Fig. 15.1). 
The arid region of northwest India constitutes the major part of the Great Indian 
Desert or the Thar Desert. About 85% of the Thar Desert lies in northwest India and 
the remaining part is in southeast Pakistan. The Thar Desert accounts for 89.6% of 
the total hot arid regions of India. The climate of hot arid regions is characterized by 
low and erratic rainfall, high potential evapo-transpiration, wide diurnal and annual 
temperature range, high solar radiation, low relative humidity and high wind veloc-
ity. The annual rainfall ranges from about 100 mm in extreme west to 500 mm in the 
east and southeast side, while the potential evapo-transpiration is about 1650 mm in 
the east which increases to over 2000 mm in the west. The coefficient of variation 
of annual rainfall varies from 35% in the east to 65% in the west. Most of the rainfall 
(80–85%) is received during the southwest monsoon season (June–September) of 
the Indian sub-continent. However, monsoon rains start in the first week of July and 
usually withdraw by September beginning in the hot arid zone of northwest India. 
The region experiences extremes of temperatures. Air temperature increases sharply 
from April and peaks during May to mid-June. Maximum temperatures during sum-
mer season vary from 36 to 43 °C in the eastern and 39 to 45 °C in the western parts 
but occasionally may reach up to 50 °C. During winter season, the maximum air 

Table 15.1 Characteristics of arid and semi-arid ecoregions of India

Climate

Annual 
rainfall 
(mm)

Moisture 
index (%)

Growing 
period 
(days) Physiography

Area 
(Mha)

Arid
Cold 
arid

<500 <−66.7 60–90 Western Himalaya, Jammu and Kashmir 14.3

Hot 
arid

<500 <−66.7 <90 Western plains & Kutch, Deccan plateau 31.7

Semi- 
arid
Dry 500–700 −66.7 to 

−55.8
90–120 Northern plains, central highlands, 

Deccan plateau, Tamil Nadu uplands, 
South Tamil Nadu plains

41.6

Moist 750–
1000

−55.7 to 
−33.3

90–150 Indo-Gangetic plains, Bundelkhand 
uplands, Malwa plateau, Eastern Gujarat 
plain, Vindhya hills, part of Maharashtra, 
Karnataka, Vidharbha, Telangana, 
Karnataka, Tamil Nadu, Punjab and 
Rohilkhand

72.2

Source: Srinivasarao et al. (2013)
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temperature varies from 24 °C in the east to about 26 °C in the west. Sub-zero tem-
perature is not uncommon and minimum temperature during winter may be as low 
as −5  °C in sandy terrains. Soil temperature fluctuations reflect the diurnal and 
annual cycles of the air temperature.

Arid and semi-arid regions cover 30% of the total area in the world and is inhab-
ited by 1.10  billion people (20% of the world population). Arid and semi-arid 
regions are home to 24% of the population in Africa, 23% in Asia, 17% in the 
Americas and Caribbean, 6% in Australia and Oceania, 11% in Europe. Highly 
populated, water-limited and warm drylands are challenging areas for development 
and are expected to expand overall under several scenarios of climate change 
(Rajaud and Noblet 2017). A purely climatic definition uses the precipitation (P) 
over potential evapo-transpiration (PET) ratio (aridity index). Different levels of 
aridity are distinguished based on consensual thresholds (Yukie and Otto 2011): 
0.65 (sub-humid), 0.5 (semi-arid), 0.2 (full arid) and 0.05 (hyper-arid). Projected 
area-averaged annual mean warming over land regions of Asia is likely to be 
1.6 ± 0.2 °C in the 2020s, 3.1 ± 0.3 °C in the 2050s and 4.6 ± 0.4 °C in the 2080s. 
Similarly, Projected area-averaged annual mean increase in precipitation 3 ± 1% in 
the 2020s, 7 ± 2% in the 2050s and 11 ± 3% in the 2080s.

Fig. 15.1 Production and area under different cropping systems in western Rajasthan (2015–16) 
(Source: Agricultural Statistics, Rajasthan 2015–16)

AU1
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 Crops and Cropping System in Arid and Semi-Arid Regions

Although semi-arid tropics (SAT) are typically characterized by low and uncertain 
rainfall and poor quality of soils, which affect both the quantity and value of the 
agricultural output, have been defined differently by different analysts. The crop-
ping patterns in this broadly defined SAT region have undergone substantial changes 
due to increased coverage under irrigation, shifts in consumption patterns, changes 
in technology and market prices. The Integrated farming system (IFS) approach has 
been widely advocated for improving productivity, profitability, livelihood and soil 
health under different agro-ecological settings of India (Gill et al. 2009; Surve et al. 
2014; Sahoo et al. 2015; Balamati and Shamaraj 2017; Pankaj 2018).

Improving the productivity of annual crops shall remain the focal point for 
improving the productivity of any farming system in arid and semi-arid regions. The 
key elements for improvement of crop productivity envisaged for this region are: 
efficient rain water management, suitable tillage and sowing operations, selection of 
improved varieties, appropriate inter-cropping and crop rotation systems, efficient 
soil fertility management, proper plant protection measures and contingency crop 
planning. However, positive impact of these interventions on yield are more percep-
tible only in normal to mild-drought years, causing reluctance of farmers to adopt 
these improved dryland farming technologies (Bhati 1997; Jodha et al. 2012).

Inter-cropping of cereal and pulse crops is traditionally practiced in Semi Arid 
Tropic (SAT) regions of India as a risk coping mechanism for minimizing drought 
impact especially for small and marginal farmers (60% farmers in rainfed areas) and 
in Arid region having cotton based or pulse-based cropping system (Map 15.2). 
Inter-cropping has the advantages of maximized rainfall utility both spatially and 
temporally, minimized risk in terms of crop failures and optimum utilization of 
weather resources like light to make it profitable and stable (Singh and Reddy 1986; 
Maruthi et al. 2019). Therefore, inter-cropping is practiced for more total system 
productivity and economic stability of the farmers (Gliessman 1981). Due to labour 
scarcity, non-availability of appropriate farm implements (Sanjeeva Reddy et  al. 
2019) and suitable herbicides, inter-cropped area has been declining. Since the 
advantages of an intercropping are lost, replaced sole crops have been suffering soil 
moisture stress, sometimes they may even fail. Further with the shifts from inter- 
cropping to sole commercial cropping, future food security issues are surfacing up. 
Consequently, FAO (2012) suggested agro-ecosystem-based crop diversification as 
well as intensification.

In Western Rajasthan (major Arid region of India), in majority of area, food 
grains (cereals and pulses) are produced followed by growing oilseeds and other 
crops (Fig. 15.1). This tells much about the natural resilience of diversification hold-
ing the key to low rainfall and high temperature. When the long term trend regard-
ing, intensity of cultivation, cropping intensity and irrigation intensity in western 
Rajasthan was followed by comparing the data of 2007–08 and 2015–16 (Fig. 15.2), 
it was observed that installation of a water management system is the vital as it 
underpins sustainable agriculture even to the arid part of the country. Principal crops 
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Map 15.2. Cropping systems in Arid and semi-arid regions of India with state boundaries 
(Compiled by author)
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grown in the most arid part of the country, western Rajasthan, the area for pearl mil-
let, pulses, mustard, groundnut and gram were found to be the highest (Fig. 15.3). 
The most positive jump in the area of production as compared to the year 1970–71, 
was seen in case of groundnut, mustard and gram, however, all the above-mentioned 
crop areas in the region were significantly increased. When the production of crops 
in the same zone was followed, it was found that production of groundnut was tre-

Fig. 15.2 Intensity of cultivation, cropping intensity and irrigation intensity in western Rajasthan 
(2007–08 and 2015–16) (Source: Agricultural Statistics, Rajasthan 2015–16)

Fig. 15.3 Trend in area of principal crops in western Rajasthan
(Source: Agricultural Statistics, Rajasthan 2015–16)

P. K. Pankaj et al.
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mendously improved (Fig.  15.4), however, production of all other crops (rice, 
 sorghum, pearl millet, wheat, barley, kharif pulses, gram, sesame, mustard, cotton) 
were also improved -- except pearl millet.

In order to improve productivity of oilseeds and pulses in peninsular India (con-
tribute more than 80% production from rainfed regions), intensification is one 
option, which has disadvantage of excessive exploitation of natural resources. 
Sustainable crop intensification can be an effort to intensify cropping system with 
balanced utilization of land, water, energy and other inputs (agri-ecosystem) which 
are short in supply (Pretty et al. 2011, Murungweni et al. 2016). Crop intensification 
as well as integrated farming system approach involves logical blend of both crop 
and livestock for enhancing crop productivity wherein food security in future can be 
dealt more with suitable combinations of crop intensification as well as diversifica-
tion in these areas (Maruthi et al. 2017a).

 Changes in Soil Properties Due to Changes in Land Use

Soils under the forest system were used as a control to evaluate the changes in soil 
properties due to land use and management interventions in the two managed sys-
tems. The soils of horticultural systems had the highest pH (6.4) and the agricultural 
soils had the lowest pH (5.9), indicating that agricultural management interventions 
increased the acidity of these soils. The pH of the soils tended to increase with depth 
in all three systems. The average bulk density of the surface soils in the forest sys-
tem (1.5 Mgm−3) is low due to high SOC when compared to the other two systems. 

Fig. 15.4 Trend in production of principal crops in western Rajasthan (Source: Agricultural 
Statistics, Rajasthan 2015–16)
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Deforestation and subsequent cultivation result in an increase in soil bulk density 
(Hajabassi et al. 1977). Bhattacharyya et al. (2007) observed a negative correlation 
between bulk density and organic carbon in soils of different bioclimatic zones of 
India. The bulk density in the agriculture and horticulture systems decreased 
with depth.

 Horticulture in Arid and Semi-Arid Regions

In arid regions where livestock is a major component of farming system, horti- 
pastoral system forms an efficient drought coping mechanism. Ziziphus nummu-
laria (Jharberi) is an important top feed species of arid region and almost every part 
of it has a use. The leaves make excellent fodder having high crude protein (13–17%) 
and fibre (15%).

Soil erosion by wind is one of the foremost problems in Indian arid zone. 
Shelterbelts minimize the harmful effects of strong winds and increase farm produc-
tivity through moderation of micro-environment at field level. The term shelterbelts 
and windbreaks are often used inter-changeably, but a distinction can be made. A 
shelterbelt is a long belt of shrubs and trees for protecting fields, whereas windbreak 
is a protective planting around farm, orchard or a building. The shelterbelt technol-
ogy involves raising of porous vegetative barriers comprising strips of trees, shrubs 
and bushes planted across the direction of prevailing wind. An increase of 305.6% 
in net returns has been observed by shifting from non-shelter belt to shelterbelt in 
farms of Jaisalmer district (Gajja et al. 2008). Volumes of data on shelterbelts have 
been generated addressing designs, composition, suitable tree species, planting 
technique, etc. (Mertia et al. 2006). Contour vegetative barriers (CVB) may also be 
designed using locally available fast-growing perennial grasses with extensive root 
system such as Cymbopogon jwarancusa, Cenchrus ciliaris and Cenchrus setigerus 
transplanted 0.3 m apart on contours at 0.6–1.0 m vertical interval forming a dense 
hedge (Sharma et al. 1999).

 Land Use Management Practices in Arid and Semi-Arid 
Regions

In India, current net sown area is 43% of total geographical area (328 Mha), which 
has remained constant ever since 1970–71 However, gross cropped area has 
expanded from 166 Mha to 198 Mha during the same period. India has already lost 
some of its land masses (30 Mha for ecologically productive area, 19 Mha for infra-
structure and housing), however, 25 Mha is still fallow land available for cultivation. 
Although, area devoted to food grain crops has remained unchanged (~124 Mha), 
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but rice and wheat growing areas have expanded from 56 to 75 Mha, which was at 
the cost of a fall in the area under coarse grain cereals.

Low and erratic rainfall, extremes of seasonal temperature, high evaporation 
loss, meager ground water potential, absence of perennial streams, salinity, rocky/
gravelly terrains are the major factors affecting the land use in hot arid region of 
India (Ram and Lal 1998).In order to minimize the adverse effects of environment, 
the farmers of desert areas have evolved certain well contained systems that follow 
a pattern in accordance with the rainfall (Fig. 15.5). Areas receiving <250 mm rain-
fall have predominance of grasses and shrubs; hence range/pasture development 
with livestock rearing becomes the major proposition. In 250–350 mm rainfall zone, 
besides grasses and shrubs, multi-purpose tree species dominate the landscape. 
Mixed farming encompassing agro-forestry system, mixed cropping, livestock and 
pasture management are main livelihood options. Where rainfall is more than 
300  mm, crops and cropping system diversification, agro-forestry and livestock 
rearing are the major systems of sustenance of arid zone farmers (Bhati and Joshi 
2007). These sustainable systems although resilient to weather aberrations, how-
ever, have low production levels, which are now inadequate to fulfill the needs of 
ever increasing population and their aspirations. Suitable land use models were 
developed by different authors for different agro-eco-regions of India (Table 15.2).

AU2

Fig. 15.5 Dominance of various farming systems according to rainfall pattern in arid zone 
(Source: Bhati and Faroda 1998)
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 Land Use Model for Arid Regions

Land use pattern for all farming system in Arid Rajasthan have decreased from 1976 
to 2015 except water bodies and forest (Fig. 15.6) which suggests improvement in 
water harvesting structures and using forest land for agriculture and other activities. 
A fixed land use model for arid region was developed (Table 15.3) at ICAR-CAZRI, 
Jodhpur, India for a farmland of 5–7 ha situated in arid zone (rainfall 300–400 mm). 
For sustainable farming situation in the region, it has allotted area as per its optimal 
profitability and resource use efficiency. The net returns calculated from this IFS 
model are Rs. 70,000/ha with a payback period of 5 years at an (IRR) of 33%. This 
IFS model generates employment to the tune of 130 man-days/ha. This diversifica-
tion is also equally effective to provide ecosystem services, viz. enhanced biodiver-
sity, carbon-sequestration, fuel-wood production and greenery in the desert. In arid 
regions where livestock is a major component of farming system, horti-pastoral 
system forms an efficient drought coping mechanism.

 Land Use Model for Semi-Arid Regions

A long-term investigation (2004–2011) was carried out on an Alfisol watershed 
model (Picture 15.1) at ICAR-CRIDA Research farm, Hyderabad, India covering an 
area of 1.65 ha having three pediments consisting of upper soil depth of 8.0 ± 4.3 cm 
(D1) with low water requirements of grasses (19% of area), middle basin of depth 
15 ± 4.4 cm (D2) with arable crops and cropping systems as sorghum + pigeon pea 
(2:1) and castor + cluster bean (1,1) (48% of area) and lower basin of depth 
30 ± 12 cm (D3) with agro-forestry systems (25% of area) and vegetables (8% of 
area), respectively (Maruthi et al. 2017). A farm pond of 650 m3 capacity was dug 
at the lowest point of the watershed for rainwater harvesting and recycling as 

AU4

Table 15.2 Suitable IFS models for arid and semi-arid regions of India

Region Land use IFS model Reference

Karnataka Crop (0.74 ha) + horticulture (0.18 ha) + fodder drop 
(0.02 ha) + livestock (2 cow, 1 buffalo)

Basavanneppa and 
Gaddi (2017)

Dryland Western 
zone of Tamil 
Nadu

Sorghum + cowpea grain, sorghum + cowpea fodder and 
C. glaucus each in 0.33 ha inter-cropped with Emblica 
officinalis + goat (5 + 1)

Radhamani (2001)

Semi-arid 
Gujarat

Crops: Pearl millet-wheat (0.44 ha), mustard-pearl 
millet (0.22 ha), cotton-fodder sorghum 
(1 ha) + horticulture: Papaya (0.04 ha) + dairy buffalo 
(6)

Patel et al. (2007)

Semi-arid 
irrigated Punjab

For 2 ha land: Crop (1.14 ha) + dairy (0.22 ha) + fishery 
(0.56 ha) + piggery (0.24 ha)

Gill et al. (2009)

Arid Rajasthan IFS for 7 ha land (Table 15.3) Tanwar et al. 
(2016)
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 supplemental irrigation to vegetables. The plants of glyricidia were grown along the 
graded bunds to be used as mulch-cum-manure. The teak, henna and subabul plants 
were planted alternatively to create an asset in the watershed area. The horticulture 
plants like papaya and drumstick were planted around the periphery of the farm 
pond. Rainfall characteristics, seed and fodder yields of arable crops, agro-forestry 
systems, grasses, bushes and other perennial crops along with their economics, rain-
fall use efficiency was collected for all years (2004–11). The rainfall was catego-
rized as deficit (<20% of normal as in 2004, 2009 and 2011), normal (750 mm long 
term rainfall as in 2006 and 2007) and excess (>20% of normal as in 2005, 2008 and 
2010) and evaluation of farming system in different categories of rainfall years were 
carried out based on net income (Rs.), B:C ratio, availability of food grains, 

Table 15.3 Synthesized rainfed IFS model for arid zone (Tanwar et al. 2016)

System Component
% area 
allocation

Arable cropping Diversified cropping of pearl millet, greengram, clusterbean 
in 4:1:1 ratio.
Replace 30% pearl millet with dew gram under delayed 
monsoon

20

Agroforestry Prosopis + crops 30
Agri-horticulture Ber + crops 20
Silvi-pasture Hardwickia + grass (Cenchrus ciliaris) 10
Horti-pasture Ziziphus + grass (Cenchrus ciliaris) 10
Boundary 
plantation

Acacia, Hardwickia, Dalbergia + trenching after 3 year of 
plantation

10

Cattle Tharparkar breed 0.75 ACU/ha
Goat and sheep Marwari breed 3 animals/ha

Fig. 15.6 Land Use in Arid Rajasthan (1976–77 and 2015–16) ((Source: Gaur 2016))AU3
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 estimated fodder security for livestock, etc. Cost of production (Rs.) of farming 
system (FS) module was two times more in deficit rainfall years (Rs. 21,239) than 
during normal rainfall years (Rs.10,419) due to gestation period required by the 
agro- forestry (Rs. 10,019) component.

Net income from FS was highest in excess rainfall years (Rs. 22,142) as com-
pared to normal (Rs.9420) and deficit rainfall years (Rs.243). Similar trend in B:C 
ratio was also observed where it was almost doubled during excess rainfall years 
(2.46) as compared to deficit rainfall years (1.27). Family food security was esti-
mated through crop component in watershed-based farming system which sug-
gested that cereals, oilseeds and pulses produced during excess rainfall years could 
be sufficient for 3, 1.24 and 8 persons in a year whereas during normal and deficit 
rainfall years, requirement could be fulfilled for 2, 0.79 and 4 persons in a year. The 
number of dairy animals and small ruminants which can be supported with this 
farming system was almost 1 and 3, respectively during all rainfall years, but during 
deficit rainfall, external inputs would be required for procuring deficit legume fod-
ders. Scaling-up of such models is necessary to address the livelihood security of 
small farmers in rainfed areas.

 Land Use as Green Fodder Belt for NRM Conservation

Soil erosion is a common problem in arid and semi-arid regions of slope varying 
from 3% and above. A green fodder belt technology has been experimented at 
ICAR-CRIDA, Hyderabad for 5 years of experiments (2015–2019) to prevent sheet 
erosion in rainfed farming situations with option of life saving irrigation, if required 
which can be applicable to the semi-arid and sub-humid agro-ecological regions. A 
permanent bed of Brachiaria ruziziensis of 2  m width need to be established at 
every 15 m across the direction of slope (Picture 15.2 (a) and (b)). This technology 
is not a hindrance to the mechanization at farmers’ fields. This bed can be  maintained 

Picture 15.1. On Farm 
Resource (OFR)-based 
farming system at 
ICAR-CRIDA, Hyderabad
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for several years and has the potential to prevent the sheet erosion apart from pro-
viding forage to the ruminants. Cutting of green fodder should be done at 90 days 
after establishment and subsequently every 60 days. Thus, a minimum of five cuts 
can be harvested from the grass belt.

First year of the experiment will be able to establish the permanent bed (2 m 
width) of Brachiaria ruziziensis. For establishment of 2 m x 2 m bed, 150 saplings 
will be required. Thus, for 1 hectare of land, 7000 saplings will be required. This 
technology provides green fodder of 10–15 t ha−1 on yearly basis which can sustain 
the green fodder requirement of 15–20 small ruminants or 1–2 cattle. Thus, it is a 
very good technology for the small and marginal farmers without affecting the 
growth of other crops taken in between the green belt. The NRM benefits include 
prevention of soil and nutrient loss, increase infiltration opportunity time inside the 
standing crop field, biomass yield of 10–15 t ha−1 apart from the concurrent crop/
grain yield (CRIDA Annual Report 2016-17).

 Livestock Component as Model of Diversification in Arid 
and Semi-Arid Regions

 Livestock Farming Systems

The farming systems in arid zone are quite diverse with a variety of crops and crop-
ping systems, agro-forestry, and livestock production. The changes in the quantity 
of rainfall received and its distribution pattern are leading to intermittent droughts 
during the crop period resulting in crop failures leading to debts and migration. 
Droughts occur once in 3–5 years either due to a deficit in seasonal rainfall during 
the main cropping season or from inadequate soil moisture availability during the 
prolonged dry spells between successive rainfall events. Several farming systems 
involving trees, fruits, grasses and crops have been studied by ICAR-CAZRI, 
Jodhpur for their suitability in arid agro-ecosystem and compatibility of selected 

Picture 15.2. (a). Brachiaria ruziziensis fodder strip (b). Stylosanthes hamata fodder strip
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farming system components in agro-forestry, silvi-pasture, agri-silvi-pasture, agri- 
horticulture, horti-pastoral systems. Feed resources provide a direct link between 
crops and animals and the interaction between the two largely dictates the develop-
ment of such systems. It has been observed that the areas falling in <250 mm rainfall 
zone have predominance of grasses and shrubs (Fig.  15.5); hence range/pasture 
development with livestock rearing is the major proposition for such areas. Areas in 
250–350 mm rainfall zone are suitable for agroforestry and mixed farming; while 
areas receiving more than 300  mm rainfall are suitable for agroforestry, arable 
crops, crop diversification and livestock rearing. The crop productivity is low mainly 
due to aberrant weather conditions and poor soil fertility. Livestock gives much 
more stable income than crop farming since the possibility of out-migrating avoids 
localized scarcity conditions, making it much more adapted to uncertain and erratic 
climatic conditions. Even in terms of rentability of investment, livestock farming 
surpasses crop farming. In general, pastoralism is predominant practice in arid 
regions and arable farming receives less importance with few exceptions. With the 
increase in aridity from irrigated tract to dry farming to pastoral, the households 
owning sheep, goats, and camels have increased. In spite of frequent droughts and 
famines, there is an increasing tendency among the farmers to keep large number of 
animals as walking capital.

The diversity of livestock resources in arid areas is very wide, both in variety and 
variability in terms of species, breeds, populations and unique genotypes. This 
diversity has been recognized as a vital resource for sustenance of mankind. 
Judicious utilization and enhancement of the quality of these resources is important 
to ensure their sustainability to meet future demands. The nature has endowed arid 
areas with some of the best breeds of cattle (Tharparkar, Rathi, Kankrej, Red Sindhi, 
Nagouri), buffalo (Murrah, Surti, Mehsana, Banni), sheep (Marwari, Magra, Nali, 
Pugal, Chokla, Jaisalmerti, Kheri, Patanwadi), goats (Marwari, Sirohi/Parbatsari, 
Jhakarana, Kachehhi), camel (Bikaneri, Jaiselmeri, Kuchchi and Mewati and lesser 
known breeds Marwadi, Mewadi, Sindhi, Shekawati) and horses (Marwari (Malani), 
Kathiawad, Bikaneri, Jaiselmeri). Livestock breeds in the region have been devel-
oped and owned by local people over many generations and are the product of local 
knowledge about animal breeding. Indigenous breeds from an arid environment are 
not only heat tolerant but are able to survive, grow and reproduce even with poor 
seasonal nutrition, high parasite and disease pressure.

More than half (57.73%) of total livestock population of Rajasthan are in the arid 
district of the state with a larger number of small ruminants. The ratio of livestock 
and human is equal in the western arid parts and is about 0.8 in the semi-arid parts 
of Rajasthan. The number of livestock in the arid zone increased by 41% between 
1951 and 1961 and by 15% between 1995 and 2012. The density of livestock 
increased from 50 animal per 100 hectares of grazing land in 1951–52 to 154 during 
2012. There are three major categories of livestock-keepers in arid zones of India:

• Labor-pastoralists (the landless or near-landless who depend mainly on wage 
labor, but keep a few animals); and

P. K. Pankaj et al.
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• Agro-pastoralists (large, small and marginal farmers who keep livestock as sec-
ondary income generating activity);

• Landless livestock-specialists (people with little or no land but for which live-
stock production is the main livelihood activity).

In arid areas, the contribution of livestock is as high as 50% and goes up to two 
third of the total earning to the farmers’ income during drought years. This value 
increases with a shift from subsistence agriculture to the more open market econom-
ics, to include specialization and intensification of the production systems. For land-
less livestock specialists, livestock may be the principal livelihood activity and 
source of income. However, these people are heavily dependent on common grazing 
resources including farmers’ field for grazing at certain times of the years (Pankaj 
et al. 2017). Agro-pastoralists, particularly small and marginal farmers are relatively 
more dependent on livestock than large farmers. This means that for them livestock 
are relatively more important as a source of planned income and as a buffer to poor 
crop yields. Large farmers are less dependent on common grazing resources, as they 
produce larger quantity of crop residues and also have access to large areas of pri-
vate wastelands.

The farming system research that began in early eighties derives its tools from 
rich indigenous knowledge accumulated over the ages for resilience and amalgam-
ated it with the scientific innovation to achieve higher levels of production, while 
managing the fragile resource base. Owing to risky crop production, land is put to 
alternate uses with perennial components like agro-forestry, agri-horticulture, agri- 
pasture, horti-pasture, farm forestry, etc. (Table 15.2). Major part of the Rajasthan is 
an arid region and there is inadequate availability of fodder and feed resources due 
to frequent drought and famines. Still, it ranks first in wool, second in per capita 
milk production and availability, and fourteenth in egg production in the country.

 Impact of Livestock on Sustainable Agriculture

Owing to dryland technologies, except wool production, all livestock product out-
put has been increasing since 1995–96 (Fig. 15.7). Impacts of livestock on soil fall 
into two broad categories: firstly, the physical impact of the animal on soil as it 
moves around and secondly the chemical and biological impact of the feces and 
urine that the animal deposits to soil. Physically damaged soil can be even more 
susceptible to the chemical and biological impact of feces and urine. These factors 
are important in arid and semi-arid regions of India as livestock is dependent on 
common pool resources for grazing and getting nutrient out of it (Pankaj et  al. 
2014). Heavy livestock such as cattle compact soil structure and destroy vegetation 
on parts of a field that they tread most often. This is visually apparent around drink-
ing water troughs, entrances to fields and other parts of the land where the animals 
congregate. Destruction of soil structure in this way is known as ‘poaching’ and can 
be seen to be harmful because restoration of vegetation does not always occur 
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 spontaneously once the grazing animal is withdrawn. Sheath and Carlson (1998) 
found losses of 5–10 kg dry matter ha−1 d−1 where up to 50% of an area was affected 
by cattle treading but recovery occurred within a few months. Compacted soil 
becomes strong making it difficult for new shoots to penetrate the soil and emerge; 
structureless soil is unlikely to drain well and will pond after moderate rainfall. Soil 
particles from these zones will be susceptible to erosion carrying particles, organic 
matter and phosphorus to surface waters (Warren et al. 1986). Anaerobic zones in 
waterlogged soils will encourage denitrification which implies a loss of nitrogen 
and pollution of the atmosphere with N2O if conditions for denitrification are sub- 
optimal in the compacted zone. Problems with soil structure are not limited to cattle 
farming. Sheep grazing is largely extensive on upland rough grazing. In some farms, 
however, sheep are used to graze root cover crops (such as turnips) in the late winter 
and all but sandy soils are likely to be susceptible to damage. At equivalent (i.e. 
metabolic weight) stocking densities on wet soils, short-term treading by sheep is 
less damaging than treading by cattle (Betteridge et al. 1999).

Although many of the impacts of animal wastes on the environment concern 
losses to water or the atmosphere, soil is an intermediary and as such these impacts 
deserve space here. The amount of urine delivered to soil by a grazing cow is of the 
order of 2 litres applied to an area of about 0.4 m2 (Addiscott et al. 1991). This rep-
resents an instantaneous application of 400–1200 kg N ha−1. Such an amount burns 
vegetation and is often toxic to plant roots which cannot immediately recover to 
take up the N (full recovery can take up to 12 months and the problem is obviously 
worst in areas where animals congregate). Urea in soil is quickly hydrolyzed and 
given that grass can take up perhaps 400 kg N ha−1 annually without loss, pollution 

AU5

Fig. 15.7 Livestock production in Rajasthan state
(Source: State wise estimates of value of output from agriculture and allied activities with new 
base year 2004–2005 (Published in 2013), Ministry of Statistics and Programme Implementation, 
Govt. of India)
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of groundwater or the atmosphere is almost inevitable whenever urine is applied to 
soil. Both Calcium and Magnesium are also lost in substantial amounts from urine 
patches on pasture soils (Early et al. 1998). Compaction of and damage to soil also 
limits the growth and use pasture can make of available nutrients. Douglas and 
Crawford (1998) found between 1.7 and 2.1 t ha−1 reduction in dry matter produc-
tion in a compacted sward and reduction in recovery of N from 71% to 55% of that 
applied in the uncompacted and compacted swards, respectively.

The amounts of nutrients in manure are equally a source of waste, a missed 
opportunity and a potential pollutant. Manure is partly microbial in composition 
derived from fermentation during digestion and partly composed of recalcitrant 
components of the feed. As such it is rather less decomposable than fresh plant 
material and does not supply N to soil as rapidly or damagingly as urine. It does, 
however, block light and grass growth underneath manure will be temporarily 
retarded. Some regrowth occurs with penetration where the pasture is well enough 
established, some with reseeding directly into the manure.

Development of irrigation system has impacted the number of cultivation as well 
as improved the total cropped area (Fig. 15.8). However, change in livestock popu-
lation over seven decades are not much in the arid regions, however, inland drainage 
plain was changed significantly in the region due to upscaling of watersheds.

Fig. 15.8 Agro-climatic zone wise land use and livestock population in arid zone of Rajasthan
Live Pop = Livestock Population, UL = Uncultivable Land, PGL = Pasture and other Grazing 
Land, CW = Culturable Land, LF = Long Fallow, CF = Current Fallow, NSA = Net Sown Area, 
TCA = Total Cropped Area, ASMO = Area Sown More than Once
I = 1956, II = 2012
Source: Animal Husbandry Department and District Statistical Handbooks, Government of 
Rajasthan
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 Food and Nutritional Security (FNS) in Arid and Semi-Arid 
Regions

India’s population of 1.3 billion is around 18% of the world’s which is further esti-
mated to reach 1.6 billion by 2030. Thus, Indian agriculture systems have a huge 
responsibility to ensure secure access to food and nutrition by every one of its citi-
zens, now and for the future. FNS need to be linked to various socio-economic fac-
tors for perfect implementation in arid and semi-arid regions of India.

 Linking Poverty, Nutrition and Food Security for Sustainable 
Development

To estimate poverty in a region it is not only household income level that is taken 
into consideration for determining extent of poverty but also variables like con-
sumption, expenditure and nutrition standards included for estimation of poverty in 
semi-arid tropics and arid regions. In a longitudinal study carried out in Andhra 
Pradesh and Maharashtra states, both located in semi-arid tropics, it was inferred 
that on an average the total calories consumption by a person in rural household was 
found to be 2135 and 49 gms of protein when compared with recommended dietary 
standards of 2000 calorie consumption and 50 gms protein per head. More than 
50% households in these states are deficit in protein consumption than total calorie 
intake (Rao 2000). Protein intake may be correlated to cultivable area of pulses in 
the region and Maharashtra State has less acreage under pulses than in Andhra 
Pradesh.

Any change in population, income, technologies bring corresponding changes in 
poverty, inequality and food security. The World Bank Report, 2015 proclaimed the 
efforts of UN in achieving the Millennium Development Goals which has signifi-
cantly reduced global poverty from 12.7% in 2012 to 9.7% by 2015.There is signifi-
cant reduction in poverty levels across most of the regions of the world except in 
Sub-Sahara African countries where poverty seems to increase from 350 million in 
1990 to 60 million more in 2015. In South Asian countries- Sri Lanka, Bangladesh, 
China and India have possessed the highest number of undernourished populations 
to the extent of 281 million as per 2014–2016 estimates. Bangladesh achieved its 
MDG goal of (MDG – Goal-1 of eradicating hunger), achieved mainly for its prom-
ising National food policy. India is still housing the second highest undernourished 
population.
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 Drivers Promoting Food and Nutrition Security

Many International organizations based on experiences of working with food secu-
rity issues have suggested four ways to reduce poverty, hunger and malnutrition of 
rural poor in Semi-arid areas. These are increasing economic growth, mostly 
referred to inclusive growth by involving poor, disadvantaged and marginal popula-
tion; and by improving resource productivity of small and marginal farm families. 
Because agriculture is a major occupation in rural areas that have the highest per-
centage of malnutrition; implementation of safety net program; and political stabil-
ity in the region is called for (FAO, IFAD and WFP 2015).

Increasing economic growth is considered the best strategy to reduce poverty. 
However economic growth should be inclusive in nature which implies embracing 
of the poor and marginal population, including the poor rural families who need to 
be brought into the development pathway. They should be provided with all best 
possible opportunities to access resources, develop skills and improve income for 
livelihood development. The possibility and scope for achieving inclusive growth is 
high in agriculture field where livelihood for the majority of the rural population is 
derived from a small holding having scarce resources. The majority of the farmers 
with small holdings usually depend on their own land, labor and capital. Their inclu-
sion is crucial to increase economic growth rate by adopting practices like diversifi-
cation and intensification of farming.

Rural women constitute a major workforce and contribute to the rural economy. 
By virtue of their roles and responsibilities of farm and family in context of social 
norms and culture of the society, they are being pushed to a secondary position in 
society. Given the extreme workload and long hours of work they remain withdrawn 
from policy and development activities. Inclusive growth, here, implies that rural 
women be given recognition of their contribution to economic growth. It is neces-
sary to provide a greater number of equal opportunities to develop skills, improve 
assets and enhance livelihood and increase resilience at times of climate adversities.

Improving productivity of resources of small landholdings has great scope for 
achieving food security. For instance, investment in infrastructure and institutions: 
improvement of institutional credit, timely supply of seed, fertilizer and pesticides 
and extension services and ensuring congenial environment for better farming and 
marketing constitute important sources for eradicating hunger and poverty.

Another significant and viable important strategy proposed by Governments, 
these days, is to sanction safety nets schemes and social protection programs having 
potential to promote adaptation. These are mostly found effective during occurrence 
of natural hazards (droughts, floods) when crops and livestock are severely affected. 
For example, in Semi-arid and Arid areas of India the government introduced an 
Employment Guarantee Act called MGNREGA program to provide employment 
for 100 days per annum during lean period to rural poor comprising laborers, wage 
workers, small farmers and women. Studies conducted on impacts of MNREGA 
indicated that program enhanced equity, improvement of resilience of small land-
holders and the downtrodden to withstand drought or any other natural calamity.
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 Gender Equality Implications in Agriculture for Achieving FNS

In developing countries of the world most of the women of rural households play a 
significant role in safeguarding nutritional security of the family. In adverse condi-
tions of drought women feel the burden of fulfilling the task of feeding children and 
other family members. Women adopt varied strategies to reduce impact of weather 
risk both on food production and meeting food consumption needs of family despite 
social constraints in access to resources and social norms. Decisions on selling of 
land, livestock and assets to withstand drought lies usually with men but selling of 
a small number of chickens, fruits and vegetable from farm yard and often reduced 
food intake rests with women. Women’s education levels, social status interact with 
social norms, cultural context in a rural household also influence extent of food 
intake within a family. Food and nutritional security issues vary with class, marital 
status and gender. For example, unmarried woman and widowed woman face dif-
ferential and more severe impacts of climate change on food availability than mar-
ried women, owing to the different dependency status and economic conditions. 
Women are totally dependent on their assets owned or accessed and on prevailing 
economic conditions.

Gender equality in agriculture is expressed in terms of access to land, water and 
resources. Women play important roles as producers and provide relief to the most 
vulnerable for attaining FNS in rural areas. Women are key providers of unpaid care 
work in rural households poor in the growth process through better access to and 
communities. However, despite decades of efforts to education, health and proper 
nutrition, all of which expand address gender inequalities, many rural women con-
tinue to and strengthen human potential. Removal of gender-based constraints that 
limit their capacity to social protection can establish a virtuous circle of progress 
contribute to growth and take advantage of new opportunities. Involving the poor to 
improve livelihoods through increased income-generating opportunities such as, 
employment can shape national economies for the better.

 Institutionalization of Diversification and Land Use 
Management Practices Models for Food and Nutritional 
Security

Achieving global food security remains a key challenge for the future, particularly 
given continued population increases, dietary shifts, and global climate change. 
Focus on agricultural intensification as a mechanism for producing more has been a 
major mean to achieve food security (Hazell and Wood 2008). Farmers in arid and 
semi-arid regions have adapted to climatic and other risks by diversifying their 
farming activities (Ebi 2011) and spreading the risk among different crop and live-
stock types (Antwi-Agyei et  al. 2014) or by increasing the range of agricultural 
products for markets or subsistence (McCord et al. 2015).
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Climate change and sustenance of food security are main challenges of twenty- 
first Century. In arid and Semi-arid areas rainfed agriculture play a significant role 
contributing to 40% of food basket of the world. Majority of food crops are culti-
vated in rainfed areas. Rainfed agriculture is mainly affected with availability and 
access to water which form critical resource that directly impact land use, land 
cover and livelihood pattern of people of the region. Looking at past history of rain-
fed areas worldwide a huge shift in land use and land cover change is found visible. 
The predominant changes range from grazing of sheep in rangelands to dominant 
irrigated intensive agriculture (Hole. 2007). It was reiterated that these changes 
brought about with government policies; intensive bore (well) irrigation; subsides 
for farm inputs; adoption of modern technologies such as use of fertilizers and pes-
ticides; farm machinery, use of diesel pump sets etc., Land use management prac-
tices are influenced by soil climate and other factors like labor shortages, land 
ownership, economic and political factors, that many times impose constraints for 
higher productivity (Nuhu et al. 2007).

Intensive agricultural practices followed over a few decades resulted in depletion 
of fertile soil, decreased groundwater levels and sparse vegetation on the ground 
and farmers’ attitude for getting quick returns has left a negative impact on liveli-
hood and food security. Given current climate visibilities’ resulting in temperature 
changes and occurrence of frequent droughts and floods further deteriorated the 
crop productivity, increasing hunger and poverty. Revamping farming to meet food 
security needs, eradicate hunger, alleviate poverty entails conserving natural 
resources while improving productivity of rainfed agriculture in semi-arid areas in 
sustainable manner is warranted (Nirmala et al. 2019).

Experts, scientists, policy makers, and learned experts from countries that 
focused on agriculture have taken steps (after realization of fallacies of farm poli-
cies leading to food insecurity) and devised tools and methods to mitigate damage 
to environment and food needs of country. Different models adopted and institution-
alized in countries are discussed here in this section to gain insights on extent of 
diversification and various land use management practices followed and also to gain 
firsthand knowledge changing scenarios in semi-arid and arid regions of the world. 
Some successful models prevailing in countries of SAR are discussed here.

 Integrated Farming System (IFS) Development for Food Security 
and Livelihood Development in India

An Integrated Farming systems approach is multifunctional, contributing to food 
security and livelihood enhancement. Promotion of IFS model particularly in agri-
culture sector through effective combination of one or more enterprises with crop 
component such as livestock, poultry, duckery, fishery, goatery, mushrooms, bee- 
keeping depending on the availability of resources and effective recycling of waste 
for sustainable natural resource development found to be more profitable and envi-
ronmentally sustainable. In semi-arid areas, with a predominance of small and mar-
ginal farmers, with limited and limited access to resources: land, water, inputs, 
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credit and technology; are now encouraged to adapting to IFS model on a small 
scale to earn decent income from each of the enterprise sufficient to meet livelihood 
needs. In India, farmers quite often face challenges of volatility of markets, climate 
variability impacts leading to loss of crop and income (Reddy et al. 2018). Integration 
of small-scale enterprises along with the crop which involves low investment, more 
profit and only family labor are more appealing. The National Sample Survey 
Organization (NSSO) data (2003), the value of output per hectare was Rs 14,754 for 
marginal farmers, Rs 13,001 for small farmers, Rs10,655 for medium farmers and 
Rs 8783for large farmers. It could be inferred from NSSO data the small farms can 
be operated more effectively in terms of income generation than large farms due to 
paucity of resources, the small farm holders often suffer from social maladies such 
as poverty, malnutrition, unemployment and migration.

For example, in a study reported by farm science centre in Chattisgarh State in 
India an IFS model practiced by a marginal farmer in 1.5 acre of land has earned 
four times of net return over traditional practice of monocropping, getting employ-
ment generation of 316-man-days per year instead of 165 days in the same area. 
Duckery and backyard components contributed to nutritional security. Green fod-
ders and straw produced were consumed by the milch cattle to produce more milk 
earning more to income to farmers. (Sujit et al. 2016).

 Farmer FIRST Approach in India

It is an approach that focuses on the Farmers, farmers’ innovations, farmers’ 
resources and knowledge and science and technology termed as ‘FIRST’, a partici-
patory approach followed to integrate all components of a farm to develop farm 
beyond productivity and profitability. The program launched by ICAR as a frontline 
extension system in 2016. Local knowledge is dynamic and its use over a period 
leads to innovation and key to sustainable development. This concept has driven the 
conception and operationalization of Farmers FIRST project. It concentrates on all 
aspects of farm such as crops and cropping systems, natural resource development 
like soil and water, horticulture component, small farm mechanization and socio- 
economic aspects utilizing convergence and institutional linkages. The objectives 
and aims of the approach aim at strengthening farmer – scientist interface which 
otherwise found weak in present extension system; technology assemblage with 
emphasis on diversification (crop, livestock, horticulture, mechanization); partner-
ship and institutional development. The approach has adequately created impact 
benefitting farm families to achieve nutritional security with inclusion of eggs into 
diet with Srinidhi, a backyard poultry breed intervention.

Development of organized poultry has masked the contribution of backyard 
poultry or household poultry in rural areas of Telangana, a prominent semi-arid 
region of India where rural poultry constitute about 27% of the total poultry popula-
tion. In order to improve nutrient availability of poor households in rural areas of 
Vikarabad district, Telangana, low input technology backyard poultry farming using 
Srinidhi breed was introduced under farmers first project for supplementing the 
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earnings of poor farmers and landless labourers. Srinidhi variety of birds each 25 
were given to geo-tagged, pre-trained fifty landless and small farmers from 
Pudugurthy village (17.18° N, 78.02° E), Pudur Mandal, Vikarabad District, 
Telangana, India for rearing. For comparison, performance of 100 birds of local 
variety were monitored. The nutritional status pre-and post-intervention was 
assessed and as per the production and reproduction performance data obtained on 
Srinidhi poultry, their role in reducing the nutritional deficiency in the area was 
demonstrated to the farmers. At 20 wks of age, the body weights of birds of local 
varieties were only 1.36 kg, whereas Srinidhi variety at village level has achieved a 
body weight of 2.35 kg with survivability of 60% and 80%, respectively. On adult 
unit basis, diet was deficient in energy as well as protein and it had energy levels 
only to meet their Basal Metabolic Rate (BMR) requirements. After the interven-
tion, as the farmers did not sell their produce outside and used the produce for their 
home consumption only, the energy deficiency in diet was reduced to 33.52% and 
protein% in diet has become excess to the requirement by 13.21%. The diet chart 
revealed that females and children were more deficient in diet than males in both 
types of families. After the intervention, the diet was excess in protein to the tune of 
23.2, 6.8 and 76.7% in the male, female and children, respectively. The study 
revealed significant higher production performances of Srinidhi variety over the 
Indigenous poultry birds has a better support system to livelihood and nutritional 
security under backyard poultry production in dryland region (Pankaj et al. 2019a).

Sheep farming is the strength of South India (a major semi-arid region of India) 
where chevon is preferred species for meat, but in some of the area of Telangana, its 
farming has been discontinued due to forage unavailability. Rural masses are already 
suffering from food and nutritional deficiencies. In order to improve nutrient avail-
ability of poor households in rural areas of Telangana, low input technology sheep 
farming coupled with improved forage production has been introduced under 
Farmers First project for supplementing the earnings of poor farmers. Deccani and 
Nellore sheep breeds each five female and one male were given to geo-tagged, pre- 
trained six small farmers from Gangupalle village (17.30° N, 77.98° E), Pudur 
Mandal, Vikarabad District, Telangana, India for rearing. For comparison, perfor-
mance of 14 non-descript goats were also monitored. The nutritional status pre-and 
post-intervention was assessed and as per the revenue generated from selling of 
sheep, 50% of money were allocated for egg, chicken and chevon purchases for 
family consumption. On adult unit basis, diet was deficient in energy as well as 
protein and it had too low energy levels to meet their Basal Metabolic Rate (BMR) 
requirements. After the intervention, the energy deficiency in diet was reduced to 
meet out BMR requirement in all categories of people in the family. The diet chart 
revealed that females and children were more deficient in diet than males in an typi-
cal family of six people. After the intervention, the diet was excess in protein to the 
tune of 14.27, 3.73 and 63.02% in the male, female and children, respectively. The 
study revealed significant higher production performances of indigenous sheep 
(76.4% better body weight) over the non-descript goat has a better support system 
to livelihood and nutritional security in the dryland region (Pankaj et al. 2019b).
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 Strategies for Achieving FNS in Arid and Semi-Arid Regions

The following strategic points should be pondered to achieve FNS in arid and semi- 
arid regions of India:

• increase in institutional credit and irrigated areas,
• improvement of marketing infrastructure and revitalization of the agricultural 

extension system.
• There is also need to ensure that agricultural inputs such as seeds and pesticides 

are of proper quality.
• In arid zones, agriculture has to be horticulture and livestock driven. Semi-arid 

zones also require horticulture and livestock farming, but they can also take an 
annual crop during the three months when they have more water.

Acknowledgement The authors are thankful to Indian Council of Agricultural Research and 
ICAR-Central Research Institute for Dryland Agriculture (CRIDA) authorities for all the financial 
help rendered to generate different datasets useful for this chapter.

References

Addiscott, T. M., Whitmore, A. P., & Powlson, D. S. (1991). Farming, fertilizers and the nitrate 
problem (p. 170). C.A.B: International, Wallingford, UK.

Agricultural Statistics, Rajasthan (2015–16). Commissionerate of Rajasthan, Jaipur, India.
Antwi-Agyei, P., Dougill, A., & Stringer, L. (2014). Barriers to climate change adaptation: 

Evidence from Northeast Ghana in the context of a systematic literature review. Climate and 
Development, 7(4), 37–41.

Arun, B., & Shamaraj. (2017). Participatory evaluation of choice and combination of enterprises 
for integrated farming system under dry-land and irrigated agro-ecosystems. Indian Journal of 
Agronomy, 62(1), 8–15.

Basavanneppa, M. A., & Gaddi, A. K. (2017). Development of an integrated farming system model 
for livelihood security of small farmers in Tungabhadra project area of Karnataka. International 
Journal of Advanced Biological Research, 7, 470–473.

Betteridge, K., Mackay, A. D., Shepherd, T. G., Barker, D. J., Budding, P. J., Devantier, B. P., & 
Costall, D. A. (1999). Effect of cattle and sheep treading on surface configuration of a sedimen-
tary hill soil. Australian Journal of Soil Research, 37, 743–760.

Bhati, T.  K. (1997). Integrated farming systems for sustainable agriculture on drylands. In 
Sustainable dryland agriculture (pp. 102–105). Jodhpur: Central Arid Zone Research Institute.

Bhati, T. K., & Faroda, A.S. (1998). Integrated farming system with alternate land uses for achiev-
ing economic resilience in arid zone farming. Proceeding1st International Agronomy Congress 
for 21st Century, Indian Soc. Agronomy, New Delhi, November 23–27, 1998. pp 342–52.

Bhati, T. K., & Joshi, N. L. (2007). Farming systems for sustainable agriculture in Indian Arid 
Zone. In K. P. R. Vittal, R. L. Srivastava, N. L. Joshi, V. P. Tewari, & S. Kathju (Eds.), CAZRI 
and AFRI. 2007. Dryland Ecosystem: Indian Perspective (pp.  35–52). Central Arid Zone 
Research Institute, Jodhpur, and Arid Forest Research Institute, Jodhpur.

Bhattacharyya, T., et al. (2007). Carbon sequestration in red and black soils. II. Influence of physi-
cal and chemical properties. Agropedology, 2007(17), 16–25.

CRIDA Annual Report, (2016-17). ICAR-Central Research Institute for Dryland Agriculture, 
Hyderabad.

AU6

P. K. Pankaj et al.

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737



Douglas, J. T., & Crawford, C. E. (1998). Soil compaction effects on utilization of nitrogen from 
livestock slurry applied to grassland. Grass & Forage Science, 53, 31–40.

Early, M.  S. B., Cameron, K.  C., & Fraser, P.  M. (1998). The fate of potassium, calcium and 
magnesium in simulated urine patches on irrigated dairy pasture soil. New Zealand Journal of 
Agricultural Research, 41, 117–124.

Ebi, K. L. (2011). Resilience to the health risks of extreme weather events in a changing climate 
in the United States. International Journal of Environmental Research and Public Health, 8, 
4582–4594.

FAO. (2002). Food and agriculture organization of the United Nations, Rome (http://www.fao.
org/3/y6000e/y6000e00.htm). Accessed on 20th September, 2019.

FAO. (2012). The state of food insecurity in the world 2012. In Economic growth is necessary but 
not sufficient to accelerate reduction of hunger and malnutrition (WFP and IFAD, eds.). Rome, 
Italy: Food and Agricultural Organization of the United Nations; and London: Earthscan 
(2008).

FAO, IFAD & WFP. (2015). The State of food insecurity in the world 2015. Meeting the 2015 
international hunger targets: Taking stock of uneven progress. Rome, FAO.

Gahlot, A.K. (2005). Animal health management in drought prone area. Seminar on Sustainable 
livestock production in arid region, March 22–23 at College of Veterinary and Animal Science, 
Bikaner (Raj.).

Gajja, B. L., Prasad, R., Mertia, R. S., Chand, K., & Samra, J. S. (2008). Impact of shelterbelt on 
net returns from agricultural production in arid Western Rajasthan. Agricultural Economics 
Research Review, 21(1), 118–122.

Gill, M. S., Singh, J. P., & Gangwar, K. S. (2009). Integrated farming system and agriculture sus-
tainability. Indian Journal of Agronomy, 54, 128–139.

Gliessman, S.  R., Garcia, E.  R., & Amador, A.  M. (1981). The ecological basis for the appli-
cation of traditional agricultural technology in the management of tropical agro-ecosystems. 
Agroecosystems, 7, 173–185.

Hajabassi, M. A., Malalian, A., & Karimzadeh, H. R. (1977). Deforestation effect on soil physical 
and chemical properties. Lordegas, Iran. Plant Soil, 190, 301–308.

Hazell, P., & Wood, S. (2008). Drivers of change in global agriculture. Philosophical Transactions 
of the Royal Society B, 363, 495–515.

Hochman, Z., Gobbett, D. L., & Horan, H. (2017). Climate trends account for stalled wheat yields 
in Australia since 1990. Global Change Biology, 23, 2071–2081.

Hole, A. R. (2007). Fitting mixed logit models by using maximum simulated likelihood. The Stata 
Journal, 7(3), 388–401.

Jodha, N.S., Singh, N.P. and Bantilan, C.M.S. (2012). Enhancing farmers’ adaptation to climate 
change in arid and semiarid agriculture of India: Evidence from indigenous practices.

Karr, A. (2014). Agricultural land use in arid Western Rajasthan: Resource exploitation and emerg-
ing issues. Agropedology 2014, 24(02), 179–196.

Kumar, S., Raju, B. M. K., Ramarao, C. A., & Ramilan, T. (2015). Sensitivity of livestock produc-
tion to climatic variability under Indian drylands and future perspective. Current Agriculture 
Research Journal, 3, 142–149.

Lu, C. H., Van Ittersum, M. K., & Rabbinge, R. (2003). Quantitative assessment of resource-use 
efficient cropping systems: A case study for Ansai in the loess plateau of China. European 
Journal of Agronomy, 19(2), 311–326.

Maruthi, V., Reddy, K. S., & Pankaj, P. K. (2017a). Strip cropping system as a climate adaptation 
strategy in semi-arid Alfisols of South Central India. Indian Journal of Agricultural Sciences, 
87(9), 1238–1245.

Maruthi, V., Reddy, K. S., Pankaj, P. K., Ramana, D. B. V., Reddy, G. S., & Reddy, B. M. K. 
(2017b). Watershed based farming system model for small holders in rainfed alfisols for 
improved profitability and food security. In K. Muralidharan, P. MVR., & E. A. Siddiq (Eds.), 
Integrated farming systems for sustainable agriculture and enhancement of rural livelihoods 
(pp. 225–229). Hyderabad: Retired ICAR Employee’s Association (RICAREA).

15 Diversification and Land Use Management Practices for Food and Nutritional…

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

787

788

789

790

http://www.fao.org/3/y6000e/y6000e00.htm
http://www.fao.org/3/y6000e/y6000e00.htm


Maruthi, V., Reddy, K. S., Pankaj, P. K., Reddy, B. S., & Reddy, B. M. K. (2019). Fortified ground-
nut shells as a soil amendment for improved productivity in oilseed based cropping system 
of Semi-Arid Tropics (SAT) India. International Journal of Plant Production., 13, 203–215. 
https://doi.org/10.1007/s42106-019-00048-6.

McCord, P. F., Cox, M., Schmitt-Harsh, M., & Evans, T. P. (2015). Crop diversification as a small-
holder livelihood strategy within semi-arid agricultural systems near Mount Kenya. Land Use 
Policy, 42, 738–750.

Mertia, R. S., Prasad, R., Gajja, B. L., Samra, J. S., & Narain, P. (2006). Impact of shelterbelt in 
arid region of Western Rajasthan. Jodhpur: CAZRI Research Bulletin.

Murungweni, C., Van Wijk, M. T., Smaling, E. M. A., & Giller, K. E. (2016). Climate-smart crop 
production in semi-arid areas through increased knowledge of varieties, environment and man-
agement factors. Nutrient Cycling in Agroecosystems, 105(3), 183–197.

Naresh Kumar, S., Aggarwal, P.  K., Rani, D.  N., Saxena, R., Chauhan, N., & Jain, S. (2014). 
Vulnerability of wheat production to climate change in India. Climate Research, 59, 173–187.

National Sample Survey Organization (NSSO) data. (2003). Ministry of statistics and programme 
implementation, Government of India.

Nirmala, G., Pankaj, P. K., Ravi Shankar, K., Nagarjuna Kumar, R., & Vidyasekhar, S. M. (2019). 
Effectiveness of training on integrated farming systems on knowledge gain and choice of 
crop-animal technology among tribal farmers in Telangana state. Indian Research Journal of 
Extension Education, 19(2&3), 34–38.

Nuhu, H., Oweis, T. Y., & Wani, S. (2007). Managing water in rainfed agriculture. In D. Molden 
(Ed.), Water for food, water for life: A comprehensive sssessment of water. London: Earthscan, 
and Colombo: International Water Management Institute.

Pankaj, P. K. (2018). Integrated farming system for enhancing land and water productivity of high 
rainfall areas. In B. Krishna Rao, K. Sammi Reddy, V. Visha Kumari, R. Nagarjuna Kumar, 
G. Nirmala, & R. Rejani (Eds.), Rainwater management for climate resilient agriculture in 
drylands (pp. 289–302).

Pankaj, P. K., Ramana, D. B. V., Pourouchottamane, R., & Naskar, S. (2014). Livestock manage-
ment under changing climate scenario in India. World Journal of Veterinary Science, 1(1), 
25–32.

Pankaj, P.  K., Ramana, D.  B. V., Nirmala, G., & Srinivasa Rao, C. (2017). Suitable livestock 
extension models for small and marginal farmers towards fodder development in semi-arid 
regions. (Chapter-4). In D. P. Juvvadi & P. Chandra Shekara (Eds.), Governance of agricultural 
extension and advisory systems (pp. 35–46). Giriraj Lane, Sultan Bazar, Hyderabad, India: BS 
Publications.

Pankaj, P. K., Nirmala, G., Ravi Shankar, K., Sanjeev Reddy, B., & Chary, R. G. (2019a). Improved 
poultry variety for income and nutritional security in semi-arid areas of Telangana. Indian 
Farming, 69(6), 18–21.

Pankaj, P.K., Nirmala, G., Ravi Shankar, K., Josily, S., & Chary, R.G. (2019b). Introduction of 
indigenous sheep for enhanced nutritional security and income generation in rural rainfed area 
of Telangana. Indian Journal of Dryland Research and Development (In press).

Parmeshwar, U., Yutaka, I., Sujata, M., Hiroshi, I., & Anthony, S. K. (2014). Farmers′ perception 
of drought impacts, local adaptation and administrative mitigation measures in Maharashtra 
state, India. International Journal of Disaster Risk Reduction, 10(A), 250–269.

Patel, S. K., Patel, B. S., Patel, B. T., Desai, L. J., Patel, S. M., & Patel, D. M.. (2007). Farming 
system modules for resource sustainability on farmers’ field in semi-arid ecosystems under 
irrigated conditions of north Gujarat. (In) Extended Summaries. 3rd National Symposium on 
Integrated Farming System and its role: Towards livelihood improvement organized at Jaipur 
during 26–28 October, 2007. pp 26–8.

Pretty, J., Toulmin, C., & Williams, S. (2011). Sustainable intensification in African agriculture. 
International Journal of Agricultural Sustainability, 9, 5–24.

Radhamani, S. (2001). Sustainable integrated farming system for dryland vertisol areas of western 
zone of Tamil Nadu. M Sc. thesis, Tamil Nadu Agricultural University, Coimbatore.

P. K. Pankaj et al.

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

https://doi.org/10.1007/s42106-019-00048-6


Rajaud, A., & Noblet-Ducoudré, N. (2017). Tropical semi-arid regions expanding over temperate 
latitudes under climate change. Climatic Change, 144(4), 703–719.

Ram, B., & Lal, G. (1998). Land use. In A. S. Faroda & M. Singh (Eds.), Fifty years of arid zone 
research in India (pp. 127–129). Jodhpur: CAZRI.

Rao, K.  P. C. (2000). Development of dryland agriculture: policy issues. In H.  P. Singh, Y.  S. 
Ramakrishna, K. L. Sharma, & B. Venkateshwarlu (Eds.), Fifty Years of Dryland Agricultural 
Research in India (pp.  565–572). Hyderabad: Central Research Institute for Dryland 
Agriculture.

Rao, K. P. C., Bantilan, M. C. S., Singh, K., Subrahmanyam, S., Deshingkar, P., Parthasarathy Rao, 
P., & Shiferaw, B. (2005). Overcoming poverty in rural India: Focus on rainfed Semi-arid trop-
ics. Patancheru: GT-IMPI, ICRISAT. 502324.

Reddy, K.  S., Maruthi, V., Kumar, M., Pankaj, P.  K., Reddy, A.  G. K., & Umesha, B. (2017). 
Enhancing economic water productivity under on farm reservoirs in diversified rainfed crop-
ping systems. International Journal of Plant Production, 11(1), 193–207.

Reddy, K.S., Maruthi, V., Pankaj, P.K., Kumar, M., Pushpanjali, Nagasree, K., Sammi Reddy K., 
& Sai Krishna, T. (2018). Doubling farmers income through On Farm Reservoirs (OFR) based 
IFS models for small holders of SAT Regions: A Success story in tribal region of Telangana, 
India, ICAR-Central Research Institute for Dryland Agriculture, Hyderabad, India, pp-12.

Sahoo, H. K., Behera, B., Behera, U. K., & Das, T. K. (2015). Land productivity enhancement 
and soil health improvement in rainfed rice (Oryza sativa) farms of Odisha through integrated 
farming system. Indian Journal of Agronomy, 60(4), 485–492.

Sanjeeva Reddy, B., Nirmala, G., Pankaj, P. K., Ravishankar, R. A. G. K., Nagasree, K., Sammi 
Reddy, K., Thulasi Ram, L. B., & Ravindra Chary, G. (2019). Small farm mechanization in 
rainfed based cropping system for drudgery reduction and livelihood security. Indian Farming, 
69(6), 28–32.

Sharma, K.D., Joshi, N.L., Singh, H.B., Bohra, D.N., Kalla, A.K., & Joshi, P.K. (1999). Study on 
the performance of contour vegetative barriers in an arid region using numerical models.

Sheath, G. W., & Carlson, W. T. (1998). Impact of cattle treading on hill land:1. Soil damage pat-
terns and pasture status. New Zealand Journal of Agricultural Research, 41(2), 271–278.

Singh, R.P., & Subba Reddy, G. (1986). Research on drought problems in arid and semi-arid trop-
ics. ICRISAT, Patancheru, India.

Srinivasarao, C., Venkateswarlu, B., Lal, R., Singh, A. K., & Kundu, S. (2013). Sustainable man-
agement of soils of dryland ecosystems of India for enhancing agronomic productivity and 
sequestering carbon. Advances in Agronomy, 121, 253–329.

Sujit, K. N., De, H. K., & Mohapatra, B. K. (2016). Integrated farming system: Is it a panacea for 
the resource-poor farm families of rainfed ecosystem? Current Science, 110(970), 6.

Surve, U. S., Patil, E. N., Shinde, J. B., Bodake, P. S., & Kadlag, A. D. (2014). Evaluation of dif-
ferent integrated farming systems under irrigated situations of Maharashtra. Indian Journal of 
Agronomy, 59(4), 518–516.

Tanwar, SPS., Akath Singh, Patidar, M., Mathur, B.  K., & Lal, K. (2016). Integrated farming 
system with alternate land uses for achieving economic resilience in arid zone farming. (In) 
Extended summaries, Vol I of 4th International Agronomy Congress, held at New Delhi, 
November 22–26, 2016. pp 246–247.

Wani, S. P., Dixin, Y., Li, Z., Dar, W. D., & Chander, G. (2012). Enhancing agricultural productiv-
ity and rural incomes through sustainable use of natural resources in the semi- arid tropics. 
Journal of the Science of Food and Agriculture, 92, 1054–1063.

Warren, S. D., Thurow, T. L., Blackburn, W. H., & Garza, N. E. (1986). The Influence of Livestock 
Trampling under Intensive Rotation Grazing on Soil Hydrologic Characteristics. Journal of 
Range Management, 39, 491–495.

World Bank. (2015). Global monitoring report 2015/2016. Development goals in an era of demo-
graphic change. DC: Washington.

Yukie, H., & Otto, S. (2011). Desertification: A visual synthesis. United Nations Convention to 
Combat Desertification (UNCCD). pp–50.

15 Diversification and Land Use Management Practices for Food and Nutritional…

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

861

862

863

864

865

866

867

868

869

870

871

872

873

874

875

876

877

878

879

880

881

882

883

884

885

886

887

888

889

890

891

892

893

894

895

896



Author Queries
Chapter No.: 15 0004546662

Queries Details Required Author’s Response

AU1 Please confirm the Figure captions are presented correctly for 
Figs.15.1, 15.2, 15.3, and 15.4.

AU2 Received figure is stretched for Fig 15.5. Please check and 
confirm.

AU3 The reference “Gaur 2016” is cited in the body but their 
bibliographic information are missing. Kindly provide its 
bibliographic information. Otherwise, please delete it from the 
text.

AU4 Please confirm the reference for the citation Maruthi et al. 
2017.

AU5 The citations “Sheath et al. (1998), Rao et al., 2000 and Ebi et 
al., 2011” have been changed to “Sheath and Carlson (1998), 
Rao 2000 and Ebi 2011” to match the author name/date in the 
reference list. Please check if the change is fine in this 
occurrence and modify the subsequent occurrences, if 
necessary.

AU6 References “Gahlot (2005), Karr (2014), Maruthi et al. 
(2017b)” were not cited anywhere in the text. Please provide in 
text citation or delete the reference from the reference list.


	Chapter 15: Diversification and Land Use Management Practices for Food and Nutritional Security Under Climate Change Scenario in Arid and Semi-Arid Regions of India
	Context and Setting
	Climate Change Scenario in Arid and Semi-Arid Regions
	Crops and Cropping System in Arid and Semi-Arid Regions
	Changes in Soil Properties Due to Changes in Land Use
	Horticulture in Arid and Semi-Arid Regions

	Land Use Management Practices in Arid and Semi-Arid Regions
	Land Use Model for Arid Regions
	Land Use Model for Semi-Arid Regions
	Land Use as Green Fodder Belt for NRM Conservation

	Livestock Component as Model of Diversification in Arid and Semi-Arid Regions
	Livestock Farming Systems
	Impact of Livestock on Sustainable Agriculture

	Food and Nutritional Security (FNS) in Arid and Semi-Arid Regions
	Linking Poverty, Nutrition and Food Security for Sustainable Development
	Drivers Promoting Food and Nutrition Security
	Gender Equality Implications in Agriculture for Achieving FNS
	Institutionalization of Diversification and Land Use Management Practices Models for Food and Nutritional Security
	Integrated Farming System (IFS) Development for Food Security and Livelihood Development in India
	Farmer FIRST Approach in India

	Strategies for Achieving FNS in Arid and Semi-Arid Regions

	References


