
1

Sustainable livelihood- 
development in arid regions

Focus on deserts: 
a BAIF initiative



This document is an output of the “Strengthening Development Programmes and Laying Newer Directions” (SDP) project 
of BAIF Development Research Foundation (BAIF), implemented with support from the R D Tata Trust (RDTT), Mumbai. The 
project seeks to develop appropriate development approaches/technology packages for areas with unique agro-climatic and 
social settings such as deserts/arid regions. Accordingly, a Centre for Development in Desert/Arid Regions has been set up 
in Bhilwara, Rajasthan, to coordinate activities in two pilot areas: Rapar cluster in Kachchh district of Gujarat and Barmer 
cluster in Rajasthan.  Based on these initiatives, this document identifies the key issues involved in development of sustainable 
livelihoods in arid and desert regions, and suitable technologies and development interventions. 

Location of BAIF-SDP project for desert/arid regions
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Nearly 70% of the geographical area of India 
is dry land, under three main categories: 
arid, semiarid and dry subhumid. The arid 

zone lies between 24° and 29° N latitude, and 70° 
and 76° E longitude. Covering an area of around 
35 million hectares (ha) spread over seven states—
Rajasthan, Gujarat, Punjab, Haryana, Andhra 
Pradesh, Karnataka, and Maharashtra—the arid 
zone constitutes around a sixth of the country’s area. 
Deserts in Rajasthan (20 million ha) and Gujarat  
(6.2 million ha) account for over 80% of the arid 
zone of the country. Desertification, which is 
described as “land degradation in arid, semiarid and 
dry subhumid areas resulting from various factors, 
including climatic variations and human activities”, 
under the United Nations Convention to Combat 
Desertification (UNCCD),  is a major problem in dry 
lands of India, especially in the north-western parts of 
the country. 

Desert ecosystem 

The deserts ecosystem poses a major development 
challenge as climato-vegetational factors result in 
a very poor natural resources base. The region is 
characterised by low and erratic precipitation (155- 
350mm/yr), sandy terrain and sparse vegetation. High 
wind and solar regimes increase the effect of rainfall 
variability.  Sand dunes are the dominant land form. 
The entire ecosystem is highly fragile and a small 
disturbance may cause great and irreversible loss.

Drought is a recurring phenomenon and extreme 
temperature and loss of water through evaporation is 
common. In the face of these obstacles, subsistence 
agriculture is practiced, mostly without irrigation. 
Traditional animal husbandry is another major 
livelihood activity. Traditional watershed management 
(run-off farming) and rainwater harvesting (through 
structures like tankas and kunds) are the main 

technologies used. Some silvipastures are developed 
and protected near holy places.

In general, the soil has low organic content.  
Accumulation of soluble salts or carbonate minerals 
just below the surface makes the soil more alkaline. 

Animals are an essential part of the production 
system. Generally goat and sheep are reared on 
the available scanty grass and native tree leaves. 
Permanent pastures are highly degraded and 
neglected. Many of these pastures do not have any 
basal plant cover. Increased grazing pressure has 

Arid India: a unique development  
challenge
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led to disappearance of many species and decline in 
biomass yield.

In the absence of any other alternatives for livelihood 
generation, migration is adopted as a coping 
strategy by desert communities. Mostly men migrate 
and women left in villages face a difficult life due 
to scarcity of water, fuel and fodder. The desert 
economy is thus increasingly characterised by rising 
number of migrants and decreasing socio-economic 
opportunities based on traditional practices. 
Climate change is likely to put additional pressure 
on ecological and socio-economic systems that are 
already under stress, thereby threatening the very 
survival of the population. 

Desert districts have a poor health care infrastructure 
due to lack of communications and road network. 
High infant and maternal mortality rates, low 
life expectancy, malnutrition, high prevalence of 
infections and chronic diseases are some of the major 
health challenges. Recurring droughts, poverty and 
non-availability of health care systems contribute to 
the complexity of situation.

In these circumstances, there is an urgent need to 
develop appropriate technology solutions, based on 
a thorough understanding of communities and their 
livelihood systems.

Sustainable livelihood development approach

Traditional management of the entire arid zone 
ecosystem is centered on minimisation of the risk of 
drought in diversified components and in efficiently 
utilising scarce natural resources, including agro-

forestry products. Some efforts have been made 
to enhance production through use of modern 
technologies. While technologies like sand dune 
stabilisation, windbreaks, and agri-horticulture have 
produced good results, as they were developed 
in synergism with nature and people, some other 
technologies imported from less environmentally 
stressed areas have proven to be unsustainable. 
The impact of imported technologies superimposed 
with high biotic pressure is observed in terms 
of loss of biodiversity, increasing desertification, 
and other problems. It is hence imperative to 
think broadly and plan holistically for the future 
of ecology and sustainable livelihoods in the arid 
zone. The sustainability of any development activity 
to improve livelihoods depends on the degree of 
synergism with nature, native vegetation, livestock 
and locally available inputs.  Livelihood development 
has to blend the traditional systems of farming 
and water conservation with new technologies, to 
promote natural regeneration/rehabilitation of arid 
zone ecosystems and create assets for sustainable 
livelihoods. This calls for use of a participatory and 
multi-dimensional approach, based on objective 
understanding of particular habitats, using 
community knowledge.  The design, implementation 
and assessment of the suitable livelihood approach 
have to take into account desert specificities—
otherwise it is not likely to be sustainable. 
Positive indicators of sustainability of any 
development effort in a desert region will include:

•	 Enhanced	livelihood	options	

•	 Improved	livestock	resources	

•	 Increase	in	food-crops	production	and	fodder	and	 
 forestry resources 

•	 Increased	availability	of	water	for	irrigation	and	 
 domestic use

•	 Decrease	in	time	and	labour		required	for	 
 collecting water, fodder, fuelwood, etc 

•	 Reduction	in	migration	of	productive	labour	force	 
 and creation of employment in villages.
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BAIF technology package 

BAIF has developed a technology package for 
sustainable livelihood-development in deserts after 
a detailed analysis of the context and livelihood 
challenges. The package has been rolled out at 
two locations: Rapar cluster in Kachchh district 
of Gujarat and Barmer cluster in Rajasthan. Key 
components are:

•	 Improved	agriculture	and	improved	soil	fertility	

•	 Tree	based	farming	(Wadi	model)		with	suitable	 
 species of fruits, forestry and agriculture crops

•	 Water	resource	development	through	revival	 
 and modernisation of traditional techniques and  
 adoption of new techniques 

•	 Fodder/biomass	development	through	 
 silvipastures on community pasture land 

•	 Introduction	of	suitable	breeding	and	 
 management programme for goat development

 
These components have been rolled out through 
linkages with other institutions such as:

•	 Central	Arid	Zone	Research	Institute	(CAZRI)	 
 at Jodhpur 

•	 Sardarkrushinagar	Dantiwada	Agricultural	 
 University

•	 The	forest	and	animal	husbandry	departments	 
 of Gujarat and Rajasthan

•	 Krishi	Vigyan	Kendras	(KVKs)	at	Mundra,	Gujarat	 
 and Danta, Barmer, Rajasthan

•	 Date	Palm	Research	Station,	Mundra

•	 Agrocel	at	Rapar

•	 National	Dairy	Development	Board.	

A key learning from the initiative is that a multi-
disciplinary approach with involvement of local 
communities is needed for achieving the objective of 
sustainable livelihoods. 

Water is the most critical factor for success; there 
is an urgent need for technologies of improving 
management and efficiency of water use. Other 
priority areas are:

•	 Conservation	of	drought-tolerant	livestock	breeds	

•	 Regeneration/revival	of	denuded	pasture	resources	

•	 Introduction	of	suitable	horticultural	species. 

Rooftop rainwater harvesting at Kachchh
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Water resource development 

Water is the most critical requirement for 
ensuring the very existence of desert 
communities and for ensuring livelihoods. 

As rainfall is low and erratic, all available water has 
to be stored, with priority given for drinking water 
followed by water for livestock and irrigation. It 
is also necessary to base the cropping system on 
available water.  Local communities have devised 
several techniques for water storage and use. These 
need to be understood and revived properly with 
required improvements. 

Poor families that do not have storage facilities have 
to spend an enormous amount of time and energy to 
fetch water every day; in Barmer cluster, one person 
of each poor household is fully assigned to do this 
work.  BAIF has hence piloted domestic rainwater 
harvesting, including renovation of traditional water 
harvesting structures. 

The domestic rainwater harvesting system consists of 
a circular and covered storage tank (tanka) of around 
18 cubic metres. It is built mostly underground on 
flat land near a house. A cement pipe from the roof 
of the house leads to a small opening in the tanka. 
Water collected on the roof first goes through a lined 
silt catcher with a mesh, which prevents entry by 

birds and animals. The tanka has a lid for removing 
water. Outlets are provided for flow of excess water. 
The material cost of the entire system is Rs 12,500 at 
2009 prices. The tanka can store around 20,000 litres 
of water, meeting the needs of a small family for over 
6 months.

In Barmer, communities have a traditional 
underground storage system called tanka. Every 
tanka has a circular catchment area called agor with 
diameter of 5 to 8 m, paved with stone fragments, 
sand and gravel. The surface slopes inward, towards 
a silt catcher that leads to an underground pit, in 
which the collected rainwater is stored. Many agors 
are structurally weak and prone to damage in every 
rainy season. Some are in state of disuse. Agors used 
by selected poor families have been renovated and 
repaired using cement plastering. The material cost 
involved in renovation is only around Rs 3000. 

Small tanks have also been built in some fields, for 
storing water, for irrigation purpose. 

Recharge of wells
In Kachchh cluster some low-yielding wells have 
been recharged with rainwater collected in 1.5 x 
1.5 x 1 m structures. Built with cement at the cost 
of Rs 6000 each, the structures are located in low 
lying areas receiving maximum runoff. The collected 
water is led to the well through a pipe, resulting in 
increase of at least 5 feet in the water level. Water 
from recharged wells is used even by farmers with 
borewells; the rainwater helps reduce salinity of 
groundwater.  

Renovated agor and tank at Barmer



5

Tree-based farming 

Agriculture production and income from 
livestock in hot arid zones is vulnerable to high 
inter-annual variability in rainfall. There is a 

need for developing a stable, land-based source of 
income. To meet this need, BAIF has piloted the tree-
based farming model, known as Wadi. Pioneered 
by BAIF in the 1980s in tribal regions of Gujarat, 
Wadi has been recognised as a holistic model 
of development for backward regions. The core 
component is plantation of a select variety of fruit 
trees in agriculture plots of around one acre, in such 
a manner that some cultivation of crops is possible 
till the trees reach maturity and start yielding regular 
annual income. Multi-purpose tree species (MPTS) 
and grasses are planted near the plot boundaries. 

After trials, fruits like ber, gunda (Cordia 
dichotoma)*, date palm and pomegranate have 
been identified for wadis in the Rajasthan cluster. In 
the Kachchh (Gujarat) cluster, where the problem of 
salinity is acute, date palm is being promoted. 

Amongst forestry species guggal, an endangered 
local tree whose gum has good commercial value, 
has been promoted for plantation along wadi 

Expected returns from fruit trees in wadis in Barmer cluster 

Fruit tree

No. typically 

planted in 

1-acre wadi plot 

Minimum yield expected 

per tree 

Estimated gross income 

at current local market 

buying price (Rs)*

Ber 40 10 kg (after 3 years) Rs 4000 + Rs 1000 from sale of leaves as fodder

Pomegranate 10 5 kg (after 5 years) Rs 1500

Gunda 10 5 kg (after 5 years)
Rs 1500

 
*Water is the main cost component after plantation. A wadi with 60 fruit trees will require around 44,000 liters of water per year in the first two years. If 
obtained from tankers, the water will cost Rs 5500. Protective irrigation for two years is essential to achieve the goal of fruit, fodder, and fuel production from 
wadis.

Ber plantation in Poonaram’s wadi, Barmer
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boundaries, along with MPTS like khejari (Prosopis 
cineraria). 

Farmers have been given training, and input and 
management support for the entire cycle of tree 
plantation, starting from digging of pits to application 
of fertilisers and water.  Locally available natural 
resources have been used for fencing plots and 
protecting saplings from extreme heat. Cultivation 
of cucurbits like bottle gourd and ridge gourd along 
the fencing has been promoted. Fodder grasses 
are cultivated in spaces between fruit trees.  Water 
storage structures have been built near wadis for 
regular supply of water to plants.  To reduce salinity 
of water and soil, a PH-reducer has been used. Green 

pesticides are used to control termites.

A wadi with 60 date palm trees is expected to have, 
after 5 years, 24 yielding trees (excluding male trees 
and trees that do not survive). Each tree is expected 
to yield 150 kg of fruit every year. At current local 
buying rate of Rs 15/kg, the expected gross annual 
income from the wadi is thus over Rs 50,000 after 
the fifth year. 

*Gunda is a small to moderate-sized (up to 5m) deciduous tree with a short 
trunk and spreading crown. It thrives in sandy soils, in areas with annual 
rainfall less than 500 mm. Its berries are used as a vegetable and to make 
pickles. Its sticky pulp is used to make glue.

Guggal (Commiphora wightii), also known as 
mukul in north India, is a slow-growing woody 
shrub/small tree found in arid and semi-arid zones 
of India. After growth of 7 years, it has thick 
branches that yield fragrant oleo-gum resin which 
has high value in pharmaceutical and perfume 
industries. Guggal gum is one of the most effective 
cholesterol-lowering agents available naturally. 
Owing to its demand in the pharmaceuticals 
industry, poor propagation through seeds, slow 
growth and over-exploitation, it has become an 
endangered species. Conservation and promotion 
of  guggal in arid regions is thus a big challenge 
and opportunity.

Noting that the quality and productivity of guggal 
in Kachchh is optimum, BAIF has set up a nursery 
for raising guggal plants at Rapar. Farmers are 
being sensitised to proper management of existing 
plants. Over 550 seedlings have been prepared for 
plantation. Around 400 saplings have been planted 
on a silvipasture plot. 

Conserving and promoting guggal 

Protection for saplings in wadi plots

Guggal plant in silvipasture plot, Kachchh

Typical layout of wadi plot in Barmer
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Improved agriculture

Agriculture remains the main source livelihood 
in arid zones of India. However, income from 
agriculture is low due to low productivity, 

as a result of use of traditional/local seed varieties 
and scarcity of water. Farmers are not fully aware 
about the scientific farming system and the improved 
varieties of crops and plants which can survive in 
extreme drought condition and tolerate salinity and 
heat. Adoption of micro-irrigation (drip/ sprinkler) 
irrigation systems is low. Use of chemical fertilisers is 
low. On the flip side, the region also has a tradition 
of cultivating diverse crops including medicinal 
plants. This tradition needs to be leveraged through 
development of proper forward and backward 
linkages. 

Improved seed varieties (Kachchh cluster) 

Crop
Improved 

variety 
demonstrated

Average yield per acre of 
improved variety 

compared (/) to local 
variety (kg)

Wheat GW 496 1000 / 824

Bajra GHB-558 1400 / 1133

Mustard G-2 800 / 476

Cumin G-2 400 / 284

Moong G-4 480 / 184

Isabgol G-2 480 / 289

Cotton G-21 1300 / 1038

BAIF has piloted initiatives for increasing production 
and income by promoting improved seed varieties 
of food, cash and fodder crops like wheat, mustard 

and jowar respectively. The seed varieties, developed 
by institutions like Navsari Agricultural University 
and Junagadh Agricultural University, offer critical 
advantages like drought-resistance and resistance 
to soil salinity. Additionally, vegetables suited to arid 
conditions (water melon, cucumber, ridge gourd, 
bottle gourd) have been promoted. Cultivation and 
production were demonstrated on plots of farmers 
who were provided inputs and management support. 
Clear increase in yields led to acceptance of new 
seeds/crops among many farmers, despite higher 
initial cost for seeds. Farmers were also taught the 
technique for proper composting of organic materials 
in their plots.  

Improved wheat-variety demo plot
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Fodder/ biomass  
development 

The traditional economic base of households 
in India’s hot arid zone is typically animal-based 
agriculture, with livestock providing draught power, 
dung for use as fertiliser and  milk for consumption 
and sale. Increase in area under cultivation of food 
and cash crops and increasing land degradation has 
reduced availability of fodder. 

BAIF has piloted initiatives for increasing forage 
production. Denuded pasture plots have been 
re-seeded with high yielding varieties of perennial 
forage grass like sewan (Lasiurus hirsutus), dhaman 
(Cenchrus ciliaris L) and stylo hamata, and fodder 
trees like peelu (Salvadora oleiodes), gunda (Cordia 
dichotoma), neem and Indian siris (Albizia lebbeck). 
Plantation of lucerne and jowar (gundari variety) was 
demonstrated on farm plots with input support like 
DAP and rock phosphate. A nursery has been set 
up for production of seeds of grass varieties.  Seeds 
have been planted by farmers on plot boundaries. 
Increased availability of fodder has led to a rise in 
livestock ownership.

Increasing income 
from goat rearing
Across rural India, and especially in arid zones, goat 
rearing is an important source of income for poor 
families. However, quality of animals is generally poor 
and thus income from both meat and milk is low.  
Families in deserts rear 2 to 10 goats which are a mix 
of many established breeds like Marwari and Sirohi. 
She goats give 200 to 500 ml milk per day. Male 
goats are sold at the age of 6 months. 

To increase income from goats, BAIF has initiated 
a breed improvement programme. Local breeds 
are crossed with Deshi-Sindh buck. The progeny 
produces more milk and has more body weight. 
Bucks of Desi Sindh and Khader breeds are given to 
selected families with feed support and insurance. 
The goat-keepers’ capacity to carry out first aid 
with herbal and modern medicines is built.  Basic 
nutritional support and healthcare services have been 
provided to existing goats, through paravets known 
as ‘’Bakri Mittras’’.

One buck of the Sindhi breed, which costs around 
Rs 4500-7000, can be used with around 20 female 
goats and one female goat can reproduce twice in  
18 months. 

Regenerated denuded-pasture

Superior Sindh-breed buck used for crossbreeding
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Plants suitable for arid regions 

Common names Botanical names 
 Trees 
Khejri Prosopis cineraria 

Zarbar Zizyphus nummularia

Ardu Ailanthus excels 

Anjan Hardwickia binata 

Neem Azadirachta indica

Shisam Dalbergia sissoo

Babul Acacia nilotica

Subabul Leucaena leucocephala

Siris Albizia lebbeck 

Leucophloea Acacia leucophloea

Mopane Cholophospermum mopane 

Nutan Dichrostachys nutan

Vilayato Babool Prosopis juliflora 

Israeli babool Acacia tortilis 

Imli Tamarindus indica 

Kumath Acacia senegal

Rohida Tecomella undulata

Peelu Salvadora oleiodes

Vegetables 
Cow pea Vigna sinensis

Cluster bean Cyamopsis tetragonolobus L.

Brinjal Solanum melongena

Indian aloe Moringa oleifera

Drumstick Aloe barbadensis

Cucurbits Cucurbita argyrosperma

Spices 
Cumin Cuminum cyminum 

Coriander Coriandrum sativum 

Fenugreek Trigonella foenum graecum 

Medicinal plants 
Ashwagandha Withania somni fera 

Senna Cassia angustifoha 

Isabgol Plantago  ovata 

Aloe Aloe barbadensis 

Fruits
Aonla Emblica Officinalis 

Bel Aegle Marmelos 

Pomegranate Punica Granatum 

Ber Zizyphus Mauritiana

Datepalm Phonix dactylifera

Karonda Carrissa congesta

Lemon Citrus Lemon 

Khejri Prosopis cineraria 

Gunda Cordia dichotoma

Credits:

Photos: Abhay Gandhe; BAIF teams in Rajasthan and 
Gujarat  |   Design: Solutions, Pune
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