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Organisers and Host
International Dryland Development Commission (IDDC)

The International Dryland Development Commission (IDDC), an autonomous non-governmental non-
profit organization established in 1978 by the individuals and institutions steergn and concerned
about the sustainable development of dry areas, is promoting alltasgedryland studies by
fostering cooperation, collaboration and networking between variousatitmal, regional and
national organizations.

One of the important modus operandi of the networking of IDDC has bdwmidi@ major scientific
conference at periodic intervals to provide the opportunity tocgzants from around the world to
exchange research results and experiences in dryland development dadirgpisesertification. So
far twelve such conferences have been organized in last 40 yeayantries which have large areas
under drylands. The 13th International Conference on Development of Drylandgh&itheme
“Converting Dryland Areas from Grey into Green”, was organized by IDbdn f11-14 February
2019, in collaboration with Arid Zone Research Association of India (AZRAdH hosted by ICAR-
Central Arid Zone Research Institute (CAZRI) at Jodhpur, India witblgective to share technical
knowledge and innovations emerging from recent research and developnewetg eff various
institutions and organizations around the world.

Arid Zone Research Association of India (AZRAI)

AZRAI was established in 1962, especially as conduit for scientific dialagtie arid land
researchers in different parts of the world. The Association broughitsofitst biennial Journal,
"Annals of Arid Zone" in 1963, which was later converted into a quarterly Joulpalrt from
research articles, the Journal also publishes special issuesical tbpmes with contributions from
eminent researchers worldwide.

AZRAI also periodically organizes National and International Confegemngeprovide a forum to

dryland scientists to exchange and share their research results and experiencesodibioh has so
far organized 3 International and 7 National Conferences. AZRAI isnglaypivotal role in bringing

scientists, planners, administrators and the public on a platform tesslisice issues of common
interests.

ICAR-Central Arid Zone Research Institute (CAZRI)

The conference is hosted by CAZRI, Jodhpur which is a premier research Institute of its ovmatkind t
was established in October 1959 by Government of India on the recomroaadatia UNESCO
expert, Dr. C.S. Christian of CSIRO, Australia, to promote sustiginddvelopment of the Indian
Arid Zone. The Institute is an integral part of the National AgricaltiResearch System of India
under Indian Council of Agricultural Research, Department of AgriculResearch and Education,
Government of India. The Institute has entered into 60th year of its estadlisand this conference
was organized as part of its Diamond Jubilee celebration.

During sixty years of its existence, CAZRI has provided a better uaddmsg of the arid
environment and its resources and has developed several technologiesehaidiiively influenced
the land-use and livelihood options improving the overall productivity offthgile agro-climatic
region. Located at Jodhpur, in the Thar Desert, CAZRI has been at #feoribrof mobilizing
scientific, technical and policy-related expertise to imprieelivelihood and living conditions of the
desert dwellers with a focus on improved agriculture and environmental sustainability.
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Foreword

Drylands cover about 41% of earth’s land area and are home to ~38% of world populafuity Ma
of the people of this ecosystem live in developing countries. Cleawssd by a fragile natural
resource base, this region faces a great challenge in achieving fasdysé¥ith the threat of
climate change in addition, the livelihoods of more than 2.5 billionIpeapearly 33% of the world
population - living in these areas is at great risk. The efforts of reseatateselopment community
and policy makers dealing with dry areas and aiming at sustainabdgeraent of natural resources
have to be boosted in order to optimize adaptive mechanism and riskoavelements for the
dryland communities.

An approach of integrated natural resources management, customizeiffetend dryland
ecosystems, to meet the needs of dryland communities, is key for this desetofBSuch an
approach would, however, require developing intensive knowledge and understanding pfripe co
mechanisms to deal with drought risk, managing and restoring ecologicabfisnctustainably
using biodiversity, and diversifying production system and livelihoods. Supporting poaci@
institutional options would also be needed. This integrated approach aréynable us to realize the
various components included in the SDGs. Fast sharing of knowledge and capacityg lodiidi the
stakeholders in dryland is essential. Institutional reforms at thgsteas level to bridge the divide
in governance of different natural resources, including precious water, couptledglobal
commitment for greater coordination in legal, policy and managenmrgssan pave the path for
sustainable livelihood security in drylands and in converting dryland areas from grey to green.

The Thirteenth International Conference on Dryland Development (ICDD), wih thleme
“Converting Dryland Areas from Grey into Green”, was organized by the atienal Dryland
Development Commission (IDDC), from 11-14 February 2019, in collaboration withriieZéne
Research Association of India (AZRAI), at the ICAR-Central Zone ResearchutastCAZRI),
Jodhpur, India on the occasion of the Diamond Jubilee celebration of CAZRbbjéwive of the
Conference was to share technical knowledge and innovations emerging from eseanthr and
development efforts of various institutions and organizations around the world. Mheas to
prepare a roadmap for sustainable development of drylands areasfacehaf changing climates
and contribute to achieving sustainable development goals (SDGS).

The Conference provided a forum for informed discussion on these issues. Paseniatie in six
plenary sessions, two specialized evening lectures, eleven concuctentaé sessions and a series
of posters, covering nine themes of program of this Conference, constitute the bodyvolutiis.



Manuscripts of some presentations were unfortunately not available, bubhddeyery valuable
information. Hence, their extended summaries have been included sootfairtterested in getting
more information on those topics and/or interested in forgoing researabarallion might contact
the concerned authors.

It is hoped that the information contained in this volume would help promestearch and

development activities targeted to dry areas and contribute to enhémeiresilience of the dryland
communities to cope with the adverse effects of changing climaissuither hoped that it would

promote, in some measures, a rational use of the fragile natural rebasecef the drylands and
contribute to achieving sustainable development goals.

Adel El-Beltagy
Mohan C Saxena

OP Yadav
NR Panwar

Editors
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Navigating through uncertainties: Agro-ecosystems affected by dynamic
impact of climate change

Adel El-Beltagy*

Chair, International Dryland Development Commission
Emeritus Professor, Arid Land Agriculture Graduate Studies and Research éstitut
Ain Shams University, Cairo, EGYPT

*email: elbeltagy@drylanddevelop.org

Abstract
The world population, already 7.7 billion, is expected to reach around fiGnbidy 2050.
This will increase global food demand by nearly 75%. Despite thigegreality, the political
action remains elusive in implementing the Paris Agreensamidai Framework for Disaster
Risk Reduction and Sustainable Development Goals (SDGs). The Se#isrAent Report of
the Intergovernmental Panel on Climate Change has examined the scexfargesin global
temperature by 1.5°C and 2°C by 2050. The system transitions under changaig elre
expected to be unprecedented in scale and appropriate measures aye éighited to avoid
them. The implementation of land-based mitigation options would requéreameing socio-
economic, institutional, technological, financing and environmentakidrar that differ
across regions. The anticipation that climate change will haveormiajpacts on agro-
ecosystems requires continuous assessments on the locawlkeet, the major action of
adaptation will have to be taken. Avoiding the climate change impacsustainable
development, eradication of poverty and reducing inequalitiesr@gliire system transition
that enables increased adaptation and mitigation investments, pwigtyuments, the
acceleration of technological innovation and behavior changes. Advanced IGT aaml
being developed for research and innovation, policy modeling, piedictf desasters,
development of new governance models for R&D policy initiatiared simulation of the
impact of climate change. Increasing investment in physicataaidl infrastructure is a key
enabling condition to enhance resilience and the adaptive capacitieaieties. The
importance of international cooperation would increase with increaglogal warming and
climate uncertainty. Climate change could unite the internationalnoanity, recognizing
climate change as a threat to human kind. We, in dry areas, are concerned about the future of
2.5 billion people living in these areas, if temperatures vierexceed Z as this will cause
high risk for their livelihood. We need to work together as time is running out.

Introduction

The current world population is already 7.7 billion and it is expeaecdach around 10
billion by 2050. This expected rise in the population would incrdasealbbal demand for
food by nearly 75%. Production in the developingrdaes will need to be almost doubled in
the face of the changing climate due to anthropological factors. Itceddi/3 of the food
produced globally is wasted every year (i.e. 45% roots, tubers, fruits, and vegjePisth
cereals; 20% dairy, meat; 35% fish and sea food). At the same time, about 805 milli@n peopl
go hungry every year. It is anticipated thadiC4increase in temperature will reduce
production of food (crops, fish and animals) by 50%, by the end of the century (Fig. 1).



Global yield losses of rice, maize and wheat are projected taseigy 10-25% per degree
of global mean surface warming (Zhaetaal.,2017; lizumiet al.,2017). Crop losses will be
most acute in areas where warming increases both populatiorhgroditmetabolic rate of
insects and vector-borne diseases (Cwtial, 2018; Wilcoxet al, 2019). In spite of this
grave reality, the political action remains elusive in implemngnthe Paris Agreement,
Sendai Framework for Disaster Risk Reduction and Sustainable Developoeat(SDGS)
(El-Beltagy, 2017).

Not suitable

Uncer HadCM3 model,
IPCC SRES A2 scenaro

Figure 1. Projection of global yield losses of rice, maize and wheat in Africa.

Impact of climate change

The sixth assessment report of the Intergovernmental Panel on ClimateeGH@GE) has
examined the scenarios of rise in global temperature by1.5°C and 2°C by 205020RBb)
and measures are highly required to avoid it. Climate change (CC) will haagaimpact
on agro-ecosystems and hence the geographical distribution of spédmsestrial and
marine organisms. This will impact bioclimatic drivers that retgulthe geospatial
distribution of dryland agro-ecological classes (AECs). Climate modeld tseassess
geospatial shifts of AECs under current production practices projectCthawill cause
greater cropping system uncertainty, and potentially could lead toclepping system



flexibility. These projections by IPCC are counter to cropping systerns gdancreasing
intensification, diversification and productivity (Kaetr al.,2017).

The systems transitions under changing climate are expected to leeadgnted in scale,

and would cut across different ecosystems (Hillel and Rosenzweig, 2010). Land use
transitions under increase of temperature by 1.5°C will be similaetorté observed in the
model that projects a rise of 2°C. Such large transition poses profoundngésiliéor
sustainable management of various demands on land for human settlements;efstodk

feed, fiber, bioenergy, carbon storage, biodiversity and other ecosysteimese The
implementation of land-based mitigation options would require overcoming-eocnomic,
institutional, technological, financing and environmental barriers tHgr dacross regions
(IPPC, 2018a).

The real problem we need to solve in order to truly understand how eartfirenment may
change is that of cumulative impacts. Sometimes the science afativa impact is straight
forward - for example, connecting habitats to provide migration corridaessjponse to sea
level rise brought in by climate change. But even clear-cut caseserexyia work, more
partnerships, and more time to address. Tackling problems of cumulateasions is a
priority if we are to find viable solutions to the real environment cridesoming decades
(McNutt, 2013).

Enhancing coping capabilities through adaptation to CC

Enhancing coping capacities of the communities will require apptepraaptation
mechanism. Developing these measures would require new tools rifeseied technology
in the fields of remote sensing and GIS/GPS; biotechnology and genetiveemy;

functional breeding; simulation modeling; information technology; renewable\eneew

energy-saving techniques for desalination and transportation of sea matetechnology;
molecular machines and devices.

Adaptation will require an intensive knowledge in the field of the following:

A. New genetic makeup:
- Genetic engineering / Genome editing, e.g. for developing:
o C4rice
o Nitrogen-fixing wheat
o Enhanced photosynthetic pathways
0 Biotic and abiotic resistant crop varieties through functional breeéiigg (
2 and 3).

B. New agro-management techniques related to on-farm irrigation and nutrition
management; integrated pest management; Conservation Agriculture etc.:
- Precision agriculture:
o0 Moisture sensors (to conserve water)
Optimizing use of fertilizer nutrients
Remote sensing
Simulation modeling
Artificial intelligence
Cloud computing

© O O0OO0Oo



Egyptian scientists produce drought-tolerant GM wheat
at (AGERI)

s
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Physiologia Plantarum 123 (4), 421-427, 2005

Figure 2. Genetically modified wheat performance under normal and drought conditions.
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With complete access to the ordered sequence of all 21 wheat chromosomes, the context of
regulatory sequences, and the interaction network of expressed genes, breeders and
researchers now have the ability to rewrite the story of wheat crop improvement.

Science
The International Wheat Genome Sequencing Consortium
(IWGSC) et al. Science 2018;361:eaar7191

Figure 3. A complete access to the ordered sequence of all 21 wheat chromosomes (IWG2016)al

Advanced ICT tools, including artificial intelligence (Al), are being deped for research
and innovation, policy modeling, prediction, development of new governancelsmioad
R&D policy initiatives and simulation of their impact (Ahrweiler al., 2015). Farming 4.0
could hold the key to “produce more with less” with high yields and protectiothe
environment. Precision and smart agriculture will depend on Al, including nealga@ming,
image processing, neural networks, 10T, block chain, bioinformatics, remote seasing,
modeling. Farm management through texting animals, farming data, smart tractoey,



drones for field monitoring, fleet of Agribots (robots) will be needed (Coornat,019;
PAD, 2019). The importance of international cooperation would increatbeingreasing
global warming and climate uncertainty. More interactions wilhbeded to ensure stable
cooperation among symmetric and asymmetric players (Zhang and Hennlock, 2018).

We need to double our food production by 2050, and it is anticipated that 70% fofothis
would come from efficiency improved technology. Strategic themes relatbeége aspects
include: synthetic biology; product diversification and innovation; novel drying and
dehydration techniques; advance food processing technology to minimize foodevasta
improve production efficiency; bio-processing (utilizing organisms, tisswedls ar their
molecular components from both plant and animal product as a meamstce safe food
products).

Need for local assessment of impact for developing appropriate adaptation measures
The anticipation that climate change will have major impactsgoo-acosystems requires
continuous dynamic assessments, globally, regionally, and at the lodaFkelgre of global
assessment to support regional or local communities to copeheitprédicted risk of CC
impact is well known. This calls for continuous assessments on theldoey where the
major action of adaptation would have to occur. Coping with uncertauit require
recognizing the fact that there will be shift in baseline as furtheesament of climate
change is done. This assessment will require international coopeaaitii national capacity
building in different ecological zones. Monitoring climate variation wiquire the
establishment of advanced national meteorological network in differeat &mological
zones. The continuous assessment of the impact of CC on the locavikweljuire the
introduction of different suitable crop rotation. The dynamic changes iniogppttern and
animals will have to be supported by GIS and bio-modeling to optimize perfoenigig. 4).

Avoiding the climate change impact on sustainable developmedicatian of poverty and
reducing inequalities will require system transitions that enableadsed adaptation and
mitigation investments, policy instruments, the accelerationabintdogical innovation and
behavior changes. The value of such transition would be greater if globaingawere
limited to 1.5°C rather than 2°C (IPCC, 2018a).

Adaptation to CC and sustainable development goals (SDG)

Adaptation options that reduce vulnerability of human and natural sysiewell managed,

have many synergies with sustainable development, such as ensuring food and watgr securi
reducing disaster risks, improving health conditions, maintaining ecosystentes and
reducing poverty and inequality. Increasing investment in physical and socidlrudtase is

a key enabling condition to enhance resilience and the adaptivetiespatsocieties. These
benefits can occur in most regions with adaptation targeting 1.5°C of global warming (Fig. 5).



Conceptual diagram showing how vegetation structures, climate changes, and
human activities influence ecosystem functioning (e.g., productivity, carbon
sequestration, and biodiversity), which are the foci of this special feature.
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Figure 4. Conceptual diagram showing how vegetation structures, climate change, and human activities
influence ecosystem functioning.
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Figure 5. GIS and bio-economic modeling for up and out scaling innovations.

Sustainable development supports, and often enables, the fundasoemtdl and systems
transitions and transformations that could help limiting global warnind.5°C. Such
changes facilitate the pursuit of climate resilient developmethways that achieve
ambitious mitigation and adaptation in conjunction with poverty eradicand efforts to
reduce inequalities (El-Beltagy, 2017).

Strengthening the capacities for climate action of national and sidmadaauthorities, civil
societies, the private sector, indigenous peoples and local commundi® support
implementation of ambitious actions plans that would limit glovarming to 1.5°C.
International cooperation is a critical enabler for developing cosrand vulnerable regions

to strengthen their action for the implementation of 1.5°C - consisterditelimsponses,
including through enhancing access to finance and technology and enhancingicdomest
capacities, taking into account national and local circumstances and needs.



Collective efforts at all levels, in ways that reflect differantuanstances and capabilities, in
the pursuit of limiting global warming to 1.5°C, taking into account equityvel$ as
effectiveness, can facilitate strengthening the global responsamatelchange, achieving
SDG (United Nations, 2015) (Fig. 6).

The Decision Cycle

(Re) assess climate
affected decisions
’ and overall goals
Select preferred Decision Potential impact
option, implement CYC'E within decision

and monitor lifetime

Adaptation options
and risk minimization

Source: 46" session of IPCC, Montreal, Canada. Sep. 2017(AR6 Report)

Figure 6. The decision cycle (Source:#8ession of IPCC, Montreal, Canada. Sep. 2017, AR6 Report)
Action-oriented knowledge networks for dealing with CC
There is an urgent need for establishing an action-oriented knowledgarkéb accelerate
and enhance the effort to develop local assessment of the impadmnafecthange and
facilitate more precise prediction of agro-ecosystem sustainahiitly future change. An
attempt to create knowledge network is being noticeable in USp&uksia and other
regions. A group of concerned scientists and experts started a Regitioal iAcClimate
Change (RACC) in 2009, which has been established within the context ofi¢neeSand
Technology for Society (STS) Forum. The group created an adjunct sessioa 8T$
Forum in Kyoto, Japan to discuss the challenges CC poses for governments, aoganizat
and regions as they develop adaptation strategies (STS Forum, 2018).

RACC is based on ‘Knowledge Action Networks’ to connect the global scigea®ology,
and policy communities to realize locally applicable solutionss&lae sponsored social
networks connecting the generators of pertinent knowledge with local actbrdeaision
makers. Every region has knowledge leaders who can forge relationships waidittidoision-
makers, but often there aren’t enough of them. The critical mass suffwienaracterize the
multiple impacts of climate change and communicate them tasidecmakers is often
lacking. The objectives of the RACC are: (1) Learning from each other’sienpes, issues,



problems and solution approaches, and from the integration of local andotraditi
knowledge with newest advances in science and technology; (2) Creating Bggrow
community of individuals across societal institutions and disciplines tatothe same
language; (3) Developing templates based on local cases for sucasdgfigns in CC
adaptation; and (4) Building capacities around the globe for dealingeethiciwith local
challenges for successful CC adaptation. RACC, in itsri®eting in October 2018, agreed
to mobilize the effort for harnessing the synergy between the existing ahy established
network. The link with ‘Future Earth’ initiative is helping to enhance this process

International cooperation a key to enhance resilience to CC

Climate change could unite the international community, recognizing elictainge as a
threat to human kind. The International Monetary Fund has called on deyelapens to
take urgent measures to help climate-vulnerable developing counéties cope with the
impacts of climate change. Such measures include financing taigétestructure projects
and mechanisms to share risk.

Following COP24 (Katowice, Poland 2018), it is now confirmed that it is imiplest reach

the objectives of the Paris Agreement regarding the reduction of carbesiemi As
demonstrated by most recent analysis of the IPCC, and many other reliables saec
planet is on the way to a global temperature increase of abGutir8vitably leading to
upheavals and a global climatic collapse. UN Secretary Qemenghasized this in
September 2018 by stating that e do not change course by 2020, we risk missing the
point where we can avoid runaway climate change, with disastrous consegfeenoeople
and all the natural systems that sustain Uis’s projected that IPCC AR6 Synthesis Report
will be finalized by the first half of 2022. Therefore, the time is runm@ind action is highly
needed. The lack of political will lead to a disaster

We, in the dry areas, are concerned about the future of 2.5 billion people living iartbase
if the temperatures were to exce€ 2causing high risk for the livelihood of this section of
the global population. We aspire for a shift of consciousaergke part of thehave and the
‘have not and a new understanding @heness of humanity.
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Maize and wheat science for alleviating the pressure on natural resources
in drylands
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Extended Summary
Two of the world’s most important staple grains, maize &hdat, account for a quarter of
the total crop area harvested globally (OECD-FAO, 2014) and provide 19% of ahe tot
calories available (FAO, 2015). Research on maize, wheat and rice agayiteds lies at
the heart of the solution to feeding more than 9 billion people by 2050.

Today’s challenging times mirror the Green Revolution of the 1960s. We facengrowi
demand for cereals, including maize and wheat, due to the rising worldwidejmpwith
changing dietary preferences whilst having to alleviate the presgiragriculture places on
our planet.

We have reached the limits of cultivated areas. Aquifers are beingtet&pClimate change
related drought and heat stresses and disease and insect-pest outbrealkisiag massive
crop failures especially in the tropics. At the same timegyly 815 million people still go to
bed hungry (WFP, 2017).

Although sometimes criticized for its environmental impact, withbat Green Revolution

and the long-term increase in food crop productivity and lower food pridesught, the
world would have experienced “a human welfare crisis” (Evenson and Gollin, 2003). The
high-yielding wheat varieties and improved farming practices developé&bbman Borlaug

and his team in Mexico during the 1950s and introduced into South Asia in the 496Qs s
hundreds of millions of people from starvation and helped to promote sdesed
agriculture in developing countries to produce more from less and reduce pressaterain
resources.

Today, high-yielding, abiotic stress tolerant and disease-resistaat wdreeties based on the
pioneering efforts of Borlaug and generations of scientists following his foatiatsown
on 70 million hectares worldwide. Around 50% of all the improved wheat varigt@vn
today in the developed and developing countries are based on CIMMYT dinkave
significant contributions from CIMMYT wheat germplasm.

CIMMYT’s Maize Program in Asia focuses on enhancing maize vyields inrtmecs by
incorporating tolerance to key abiotic stresses (drought, ety logging) and resistance to
major diseases, without compromising on grain yields under optimal condiSefexted
stress-resilient hybrids with combination of traits relevant for Asraallholders have been
developed and licensed to public sector and seed company partners riegitre for
deployment and scale-out to help smallholder farmers in vulnerable ecologies of Sauth As

The Fall Armyworm (FAW, Spodoptera frugiperda a highly destructive insect-pest

indigenous to the Americas, was reported in Africa in January 2016, arel thierc has
spread to more than 40 countries. While the pest is capable of feedimgrenhan 80 plant



species, it prefers maize, a staple food for more than 200 millionep@opub-Saharan
Africa. FAW was reported for the first time in India in July 2018&he southern state of
Karnataka. CIMMYT is playing a key role in the fight against FAW Africa with
international and national partners through an integrated pest managéaiegly (Prasanna

et al, 2018). The team is also intensively screening maize germplasm foe g&inetic
resistance to FAW in screen houses in Kiboko, Kenya. Together with [ITAr uhde
CGIAR Research Program MAIZE, CIMMYT has established a FAW R4D Internationa
Consortium, which brings together more than 35 diverse institutions in pardigrivate
sectors to explore ways to work on solutions to tackle FAW in péattse world where it is
prevalent (Fig. 1).

Fall Armyworm Activity

The shaded areas of this map represent countres
with new or ongoing Fall Armyworm activity.

Figure 1. Global Fall Armyworm activity in 2018. (Credit: CIMMYT)

As experts of the UNCCD warn in the 20Gilobal Land Outlook maximizing the
productivity of land without undermining its ecosystem services, often referred to a
sustainable intensification, is one of the greatest challengeg @fldtcentury. It seems that
farming overall has become more productive but less sustainatble last few decades, and

is now exceeding acceptable limits for stressors such as nitroges ievitle ecosystem
(DeWitt, 2009; Rockstromet al, 2009).

Appropriate mechanization can support the sustainable intetisificat agri-food systems,
helping to improve resource (soil, labor, water) use and providing sociafitbeliiee
increased income, employment, food security, and less drudgery. Adoption of agicult
mechanization in Africa, Asia, and Latin America has reaped mamgfiteerFor example,
farmers in many parts of Africa and Asia are saving up to 45 dalgborf with direct-seed
machinery in conservation agriculture systems, compared to conventional methods (Fig. 2).



Figure 2. Appropriate mechanization can support the sustainable intensification efcagtisystems,
helping to improve resource use and providing social benefits. (Credit: GTYM

In Bangladesh, CIMMYT's work with partners (Krupné&t al, 2017) showed that by
switching to surface water irrigation, farmers can greatly inereasp production, even in
the face of soil and water salinity constraints. A recent study icehtifrer 121,000 hectares
of currently fallow and rainfed cropland that could be placed under irrigation.

Laser-assisted land leveling introduced in India in 2001 (CIMMYT-IRRI-NARS
collaboration) in rice-wheat systems of the Indo-Gangetic Plaimsnsjor success story.
Adopted on over 5 million ha, the technology is potentially saving 16 \maier and
benefiting millions of resource-constrained farmers @laal, 2016). This saved water is
being used for sustainable intensification to produce more from same taniese irrigated
areas, thereby limiting horizontal expansion of cultivated land, which edseabmes from
dryland/rainfed areas.

From the 1990s, CIMMYT scientists have worked with national agricultesglarch system
partners and advanced research institutes in India, Nepal, BangladesikistahRo test and
promote a resource-conserving approach of sowing wheat seed directintiiel soil and

rice residues in a single tractor pass, also called zeagdillts environmental benefits - now
used on as much as 1.8 m ha in India - include healthier soils, signifiatertsavings and a

90 kg ha reduction in greenhouse gas emissions. In India, for smallholder precision nutrient
management, decision support tools (Nutrient Exp@rt calibration curve for
GreenSeekem sensor (Variable Rate Technology) and Android phone-based app to support
GreenSeekem calibration have been developed and validated through large amsiat



on-farm participatory validation trial wheat-based systems. Recseand on sub-surface
drip irrigation and fertigation, layered with conservation agriculture basedgeaent, have
shown game changing pathways for future food security while conserving cniéitail
resources (water, soil) with minimal environmental footprints.

Achieving sustainable intensification requires further massive efforts ingludse of

climate-resilient crop varieties, improved agronomic practicemgbleng policies, and
institutional innovations. Crops like maize and wheat have to be viawemmponents of
complex farming systems that may also include livestock, treeoféfidrm employment.

Stronger partnerships are required to tackle production constraints in widdy soacnomic

and environmental contexts.
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Role of traditional knowledge combined with innovative technologies and
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face of climate change
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Extended Summary
Climate change is a reality and its adverse effects are more prodaorisylands, leading
to vulnerable, unsustainable and unpredictable farming due to a ranpangfed edapho-
climatic factors arising from variability and evolution of climate, died demography.
Drylands, delineated into rainfed, irrigated, agro-pastoral and desert farming, covehamore
one third of planet's land and are home to more thantlurek of the population. Without
access to information and technology, farming in these lands can greatly dsurifey dry
seasons and face catastrophic losses during periodic droughts. Overc#uesdand
centuries, the farming techniques have changed from traditional, where mostmof fa
operations used to be done manually, to modern farming which is more produodé&ue iof
land and labour but highly dependent on industrial and financial inputs. Howgv2050,
we expect a population of 9 billion that will cause a "perfect storm" of foodggaed water
shortages as demand for fresh water, food and energy will climb by 30%, 70% and 100%,
respectively. Therefore, a paradigm shift is needed to produce more nufobousom less
land, water, and inputs without further pressure on the declining natsmalrces. ICARDA
and its national and international partners aim to develop thigpasadigm for the drylands
with a smart combination of traditional knowledge and new technologies, msiltigriteria
and multiscale systems methodologies to build resilient and sustainablecagstems.

The value of traditional knowledge

The traditional practice and knowledge still have great relevand contribution to dryland
farming, more significantly in the developing world. In Africa and Asia a loarafestral
techniqgues and land races of dryland crops are still in use for crop prodwetiter,
conservation, soil health management, animal feeding, grain storing and ddltienaof
plant and animal products. For example, farmers have a long history oieexgeon water
harvesting, retention and use for feed and food production. This includes preverdmh of
erosion on flat farms mounding the land into long furrows and traps water aroundntise pla
furrows of bunds along contour lines or terraces to limit soil erosion and alilowater to
infiltrate into the soil and terraces; soil cover with organic mugbrévent evaporation; land
fallowing to store moisture in the soil for the following crop. These all emanate fronrgarme
experience, which has been transmitted from generation after generation.

Most of these traditional farming techniques developed prior to modern edmostogical
revolution, in a period of true conservation agriculture (CA), a time durimghwfarmers
developed thousands of crop varieties and animal breeds over certhegsaccomplished
CA through natural crossing and the selection of appropriate crops and sandtieh are



adapted to local soil and biotic, climatic (drought, heat, flood, storms) aiwesmmomic
conditions. Farmers in this era restored soil fertility through perioddstian of natural
materials such as household wastes, composts and manures, and adogtices mach as
crop rotation especially with N-fixing legumes and mixed cropping. Farreptanted their
own seeds and exchanged their seeds and animal breeds with others, thresebggspew
technologies far and wide while coincidentally preserving biodiversity on farmlands.

Almost unaware of the scientific breakthroughs, debates and discussion mate athange
and its impact on dryland production systems, the traditional agragatiges of indigenous
communities in Asia and Africa have evolved but integrated somkemes based on
crop/livestock diversity and soll fertility. Along with low-cost technolagithose traditional
farmers grow variety of crops (rice, millets, legumes, sorghum, leafy andwafetables,
medicinal plants, tubers) throughout the year, thus ensuring that their food andnaltrit
requirements are met. In many farming communities, as many as 80 different crops are grown
for household needs. Farmers also practice mixed-cropping and irgeirgdo be resilient
against total crop loss due to climatic variability, pests amkades. For example
intercropping and agroforestry are contributing to the conservation of prey-predars as
means of biological control (birds, spiders, flies) instead to usingtiogkes. Today some
farmers of South Asia (most particularly the indigenous and hillytaitess) are going back

to farming as they used to do before introduction of high-yielding crop \es;dtiybrid
seeds, synthetic fertilizers and pesticides.

The limitations of traditional knowledge

Modernization of agriculture during the green revolution took a different pathway and
focused on a limited number of crops and varieties, field mechanizatohrthe use of
synthetic input (fertilizers, herbicides and pesticides) as agellvater for irrigation. These
cropping systems are now seriously contested in a ‘One Health’ approachud aad
human health. However, this paradigm shift was also essentialcteage total factor
productivity in order to meet the rapidly increasing food demand and thaligidion of
markets for most staple crops.

This trend is likely to accelerate in the future and any new paradigm @ogemal
intensification of agriculture should keep it as a baseline componetttisircontext, the
traditional knowledge of farmers faces several limitations, which nedxk taddressed by
research-for-development institutions like ICARDA:

Replacing synthetic input by soil and ecosystems natural processess rany
solution site-specific for a proper matching, for example of the nuteop
requirements and soil organic matter mineralization, both processes lughly
sensitive to climate (rainfall, teperature). Replacing “knowledge embedded”
technologies like mineral fertilizers by ecosystem-based production oientat
makes farming a more ‘knowledge intensive’ and ‘specific’ business. This is one

of the challenges today for researchers, advisors, farmers, and policy makers.
Capacity development of stakeholders becomes key in this context.



Use of traditional knowledge for the design of modern sustainable farming systems
facing a serious discrepancy between the data availability (nmstyoduction) and

the need for multicriteria (biodiversity, water, energy, product quality afety3 and
multi-scale analysis (farm, supply chain, landscape) required to dasigmgticulture

of tomorrow. Similarly, gender and youth consideration has not necessarily been
taken into account in the traditional farming systems but cannot be ignored today.

Agro-ecological practices have been developed by farmers over longlperith a
trial-error approach, which can impair innovation in face of an uncertavate and
with the high risk aversion of smallholder farmers. In face of global chdolyeste,

economy) this approach has to be re-visited in order to addredsdiga of farming
systems on a short term (few years) and taking into account potentislatgk
impacts.

The role of research-for-development organizations

The above-mentioned three limitations are taken into account by ICARDAsapartners in
their research and capacity development activities. This eadebcribed along the four
outcomes of our R&D projects.

Improvement of technologies and crops

There are many examples (e.g. www.icarda.org) of traditional practicesh Wwave been
refined and made more efficient with modern scientific innovations: ewstiwith improved
resistance to pest and disease, drought and heat resistance, grainrguadigter harvesting
at field and basin levels, etc. This approach aims to improve one cbihgonents of the
farming system (that we call “component research”). It has contributestastially to
improve biophysical and economic productivity of water, land and labour in the drylands.

Innovation is sometimes also derived from the modernization of traditionpk.ckeor
example, smallholder farmers in semi-arid environments have dimiégources to improve
the supply of animal feeds. Cactus peapyntia ficus-indicais an ideal candidate that can
grow in degraded land with minimum inputs.

The yield improvement must be done in a multicriteria analysis, in eodesmbine it with
biophysical and economic productivity of water and fertilizers in faceodfand climate
variability. This can be done with crop models, properly calibrated then applied for
simulating scenarios of fertilizer and irrigation application using long terntheedatasets.

Capacity development of farmers

The above example also illustrates how research can provide &x¢assers and advisors
on quantitative analysis of input-output relationships in crops, empuyvéarmers with a
better knowledge of the system they manage and allowing them to conduataiggisaof
implementing a new variety or a new technique in an uncertain clintatenarket.
Applications in this domain are rapidly expanding and we are workintjolw garmers and
advisors to access with their smartphone knowledge on crops and sapeseand disease,

input, markets and climate (www.icarda.org).



Systemic design and management of cropping systems

As shown above the improvement of sustainability and resilienceroinig systems cannot

rely on individual technologies (characterized above as “componentai@yeand their
application in a wide range of agro-ecologies. This is why ICARDAdge abnducting a
“systembased research” where the innovation is grounded in the smart management of
interactions (Genotype x Environment x Management) between the comp(swhhtsrops,
livestock, trees, water) of the farming systems in specific agro-ecslagok socio-economic
contexts.

Integration of improved varieties of pulses in the existing crop-livekstgstems can drive
more efficiency, productivity and resilience in drylands of India, provided they sce al
properly integrated into added-value chain in the food system. Smalfitiatdeers in South
Asia can increase the intensity and diversity of “fiaéow’ systems with specific varieties of
pulses adapted to soil type and residual moisture.

Digital augmentation for precision decisions

Digitization of the agro-ecosystems (e.g., geo-tagging, agro-tagging, farnogypdlecomes
the most essential entry point for any sustainable developmetitglvenether it is breeding
site- specific varieties, crop diversification and intensificationcieffit use of farm inputs,
agronomic practices, stable economic return, or ecosystem-services manag@ngoing
efforts in big-data driven digital augmentation aim at quantifying functignatluction
dynamics and drivers to target site-specific sustainable develdpminterventions and
scaling the ecological intensification such as integration of puisese fallows, adoption of
conservation agriculture, bridging the yield gaps, geo-localization of s$eangh and impact
reporting (www.icarda.org).

These technologies, combined with a quantitative and systemic analysigovation in
dryland farming systems, can support out-scaling, up-scaling and foresight approaches, which
are required by policy makers, investors and research institutions taizei@and guide their
interventions. This is the aim of the ‘Dry Arc Interface’ that ICARDA ivealeping in
partnership with three other CGIAR centers (ICRISAT, IFPRI and IWMI).

It is a fact that traditional knowledge and its application in drylanaifey can have a great
contribution to todays’ agriculture for resilience in the context of clinshtnge and other
socio-economic considerations. Many of the traditional practices ithrieestg nurtured by
farming communities. However, the use of scientific breakthroughs and innovative agro
technologies (machineries, geo-informatics, biotechnology, nano-technology, new
knowledge, etc.) is needed to meet food, feed and fiber requirements of a growiradigopul
under changing climate. This synergy among traditional practices and moderntiweova
technologies is one of the key pillars of ICARDA research-for-development strategy.
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Abstract
Genetic engineering in plants is not a new technology. The maia foolintroducing
heterologous DNA into plants, Agrobacterium tumefaciens-mediatasformation and
biolistics, were invented in the 1980s. All transgenic crops thatanmently commercially
grown were produced using these methods. However, the random nagereoinsertions
can have undesirable effects, and these methods are not favorable for making lasggedonc
changes, such as adding an entire metabolic pathway in a plant. Plant-gedding, using
a host of new tools, including Zinc-Finger Nucleases (ZFNsnscription Activator-Like
Effector Nucleases (TALENs) and Clustered Regularly Intersp&teort Palindromic
Repeats (CRISPRs), is poised to have the greatest effecteoisephy changing DNA
sequences in crops in novel ways. CRISPR can be used to intreelucgenetic material.
CRISPR can make precise mutations by substituting exiSiN® sequences with desired
ones. It can disable whole genes by snipping them out or via ire@nepairs that knock out
gene function. The Cas9 enzyme itself can be manipulated to enhanggpgssugene
expression. If we want to design crops suited for special eeasyge.g. abiotic stress and
climate change) CRISPR is a transformative technology that canimfinediate solutions to
grand challenges in agriculture. However, gene editing and syathitlogy can possibly
face some biosafety concerns. Therefore, some governmentdétyioggulations will need
to be devised to allow stakeholders to benefit from this innovation.

Introduction

Genetic engineering in plants is not a new technology; it is now thane35 years old. The
main tools for introducing heterologous DNA into planfsgrobacterium tumefaciens
mediated transformation and biolistics, were invented in the 1980s. Adigeaic crops that
are currently commercially grown were produced using these methods. Gargtieering
directly manipulates the genome of an organism either by the introduction of segeral
new genes and regulatory elements, or by decreasing the expression ohendaggnes.
For either of these end points, a DNA construct is inserted into one orchroraosomes in

a random manner and into one or mtoe. This approach has been effective in cases in
which simple traits, such as herbicide tolerance and insestamse, have been added to
plants. However, the random nature of gene insertions can have undesirable effeceseand th
methods are not favorable for making large concerted changes, suddiag an entire
metabolic pathway in a plant.

Plant-genome editing, using a host of new tools, including zinc-finger asede(ZFNS),
transcription activator-like effector nucleases (TALENS) (Ceretaél, 2011) and clustered
regularly interspaced short palindromic repeats (CRISPRS), is poised tohleageettest



effect on precisely changing DNA sequences in crops in novel ways{@ij2013; Duet

al., 2016) CRISPR can be used to introduce new genetic material, providing a big boost to an
emerging technology known as “gene drive” (Millet al, 2007; Sandeet al., 2011)
Various applications are possible due to the many types oh@dhiat CRISPR enables.
CRISPR can make precise mutations by substituting existing DNA rsesgievith desired
ones. It can disable whole genes by snipping them out or via imprepeses that knock out

gene function. The Cas9 enzyme itself can be manipulated to enhancepmssugene
expression (Fengt al.,2013; Jansingt al.,2019).

Since its 2013 demonstration as a genome-editing tool in Arabidopststaamto, CRISPR

has been tested in crops, including wheat, rice, soybean, potato, sorghum aochtaeato.

By the end of 2014, research into agricultural uses for CRISPR included a spectrum of
applications, from crop resistance to pests to reducing the tolestock disease (Govindan

and Ramalingam, 2016; Doyenal, 2011).

Table 1.Traits that may be delivered using gene editing technologies

Input traits:
— Stacked herbicide resistance
— Carbon Fixation:
0 Improved rubisco
0 C4 photosynthesis in C3 grasses
o CAM in C4 plants
— Phosphorus-use efficiency
— Nitrogen fixation (cereals)
— Biotic stress resistance
— Microbial resistance
— Insect resistance-
— Abiotic stress tolerance:
- Drought tolerance
- Water-use efficiency
- Cold/Heat tolerance
- Salt tolerance
Output traits:
Enhanced nutritional content (micronutrients, vitamins, amino acids)
— Food safety (lower aflatoxins, reduced acrylamide formation)
— Forage quality (digestibility, nitrogen protection)
— Biofuels and industrial products (improved biodiesel properties).

CRISPR and food production
There are several examples of use of CRISPER for improving specifscdfasbme major
food crops. Some are given below:

Bananas The Cavendish banana, the most common type, is on the verge of extinction due
a fungal disease. However, Korean researchers are attempting to sesegitCRISPR to
snip out the receptor that the fungus uses (ISAAA, 2018).



Table 2.Plant genes that can be edited by the CRISPR/Cas9 technology to improve plantéole
abiotic stresses (Jaganathan et al., 2018)

Crop Gene Trait

Cassava MeKUP salt, cold and drought resistance
Cassava MeMAPKKK drought resistance

Cotton GhPIN1-3 drought resistance

Cotton GhRDL1 drought resistance

Date palm Pdpcg Pdmt  Cd, Cr resistance
Date palm Pdpcg Pdmt metals resistance

Papaya CpDreb2 drought, heat and cold) resistance
Papaya CpRap2.4 heat and cold resistance
Sugarcane  ScAPX6 ABA, methyl jasmonate and Cu stress resistance
Sugarcane  ScGluD2 smut and salt and heavy metal resistance
Sugarcane  ScNsLTP drought and chilling resistance
Banana MaAPSI cold and salt resistance

and MaAPL3

Peanuts:In Ireland, researchers at Aranex Biotech are working on a hypoallergenic peanut.
Their use of CRISPR to remove genes that contain allergens may beoshenmmmising
attempt yet to create a new crop of allergy-free peanuts (ISAAA, 2018).

Tomato: Scientists from University of Nottingham, UK, used CRISPR-Cas9 to edédsge
PL, PG2a, and TBG4, which are related to fruit ripening, flavor antl kleein tomato
(ISAAA, 2018).

Rice: Glutinous cytoplasmic male sterile (CMS) line is vital for tleestion of hybrid
glutinous rice combination with high yield and quality. Xin Wang armanté&nocked out the
granule-bound starch synthase OsWaxy with low amylose content in 209B usinBRGRIS
Cas9-mediated genome editing technology and successfully obtainetthaugumaintainer
line WX209B (ISAAA 2018)

Ethics in the use of CRISPR/Cas9 technology

Oversight for CRISPR is difficult because the technology is evolving so quickdyeT$ no

global (or national) consensus on what should or should not be done with CRISPR. Decisions
about CRISPR are made by experts, often with little input from the dgndsizc, religious
community, social scientists, biosafety professionals etc. Thistisih creates fear of
CRISPR misuse on purpose or by accident. However, gene editing and synthegy tan
possibly face some biosafety concerns, as increasingly greater amouNg @nid proteins

are being manipulated into crops (Jaganattaal.,2018; Grohmanet al.,2019).

Potential advantages and disadvantages of gene editing
The positive side of the use of gene editing includes the following:

The ease and low cost may make genome editing a viable option for smalleifyspec
crops, as well as animals.



The method could eventually be used to tweak almost everything wel@atn@
researchers to select traits that make agriculture more sustaarabproductive and
our food more nutritious.

The possible disadvantages and concerns associated with gene editing évesis fol
Mentality that “as long as it works, we don't have to understand how it works.”

With gene editing, it will be hard to detect whether something has bmutated
conventionally or genetically engineered.

There could be “OffTarget Effects”

The genes used will only work well in certain genetic backgrounds and
environments.

By editing plant genes, companies can avoid regulation.

Critics warn that the industry is repeating the mistakes made byoprgrGMOs
(Benjamin, 2017).

How to promote responsible use?

If we want to design crops suited for special ecosystems (e.g. ati@ss and climate
change) CRISPR is a transformative technology that can offer immediates®lidigrand
challenges in agriculture. This technology will reshape the future of agriculongever,
some governmental biosafety regulations will need to be devised to stifdwholders to
benefit from this innovation. There is an urgent need to accompany gene editing and CRISPR
development with a policy framework that responds to the concernsegbublic when
technologies migrate from the laboratory to the market. Transparency, through pro¥ision
adequate societal oversight of risks, trade-offs and opportunity costs of CRitgiRering

will be needed. It will hinge on the involvement of everyday peoplet{ust scientists or
companies - in decision making about altering the food system.
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Extended Summary

Sustainable agricultural intensification has been defined as amaseche the output of the
unite area or unit volume of water used, while reducing the external ,infheiseby
minimizing the negative impact on environment (Pretty, 1997). Sustainablesiintation
was linked, originally in 1990s, with the smallholder agriculture in Africa, revhlew
productivity was associated with degradation of natural resources. Later on, sgvensl of
major public and private institutions (www.fao.org/docrep/meeting/024/md3fipenpve
endorsed sustainable intensification as a mainstream concept aofitbeé&key components
to achieve sustainable development.

Sustainable intensification

The World should increase food production while maintaining productivity of arafde la
base and conserve the natural resources. Intensification of agriculture withoirightre
environment is essential to meet the needs of expected incrgagguiation and the rising
level of food consumption (Tilmaet al, 2011; Alexandratos and Bruinsma, 2012). The
challenge of access to food, in a scenario with no assurance that higdtemofeproduction
will result in food security for more people, would be increasing undisisibutional,
political and economic issues in the food system are appropraddiessed (Alleret al,
2006).

Several arguments criticize the narrow definition of sustainability that is tyrbeing used.
Intensification could be achieved by intensive use of chemical inputs etedHrology, with
no concerns for environment. Sustainability may also neglect some socior@cal factors.
The incentives for growers or private sector to adopt the concept of fitt@insn are not
clear; this means that public sector or governments will bear the cogpr@iviement.

About 30% of food produced in the world is lost or wasted during production, hgrusst,
harvest and marketing. The pattern of nutritional consumption results reaging the
number of overweight to about two billion people and the number «feotwe600 million
worldwide. This raises the issue of the importance of addressing #gsaconsumption and
waste of food to prevent more degradation of natural resources. Improving pposind
harvest agricultural practices will effectively address the issuproduction losses and
waste, especially when it is coupled with a well-establisheodern marketing system.
Linking farmer to markets will reduce losses and also address the socior@cal issues of
increasing farmers’ income.



Protected agriculture

Adopting the technologies of protected cultivation using modern greenhouses and
hydroponics is an effective way of intensifying and diversifying arid land w@grre. This

will increase land and water productivity and farmers’ incomeir8yeasing the water use
efficiency and avoiding water losses associated with irrigated agrieuin dry areas,
protected agriculture will lead to conservation of scarce water resourcarid zones (El-
Shinawyet al, 1996).

Protected cultivation is a system that grows crops using hydroponic etirculated
nutrient solution. It does not have any negative effect on the soil structusmposition. As
the chemicals used in the nutrient solution are much lesghbkasmmount of fertilizers used
for soil cultivation, protected agriculture reduces pollution of soil amadery and hence,
reduces adverse impact of crop production on environment. Further, usingpirs#abets
to protect plants from insects reduces the need for insecticides.

Growing green fodder for intensive animal production in arid lands requires lae cre
fertile agricultural land and huge amounts of water for irrigation. Greenhooffer a
solution through the technique of growing sprouts on hydroponic trays. Such technique
provides a continuous supply of green biomass from relatively low arelaratedi amount
of water.
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Figure 1. UNEP soil degradation map of the World.

A remarkable example of the efficient use of water resources issieof substrates in
soilless culture for better vegetable quality and as a means for imgpnaier use efficiency
(Abou-Hadid, 2013). Soilless culture is a modern technique in the protectedltage that
has been investigated for the arid areas using different rooting mediaeecirculated
nutrient solution (Abou-Hadidt al, 1987). The technology of soilless culture or hydroponic
system under greenhouses will be more advantageous to conserve the em¢isoraredd



more income for the grower. For example in Egypt, the yield of field-grown tomas
3 kg ms of water; plastic house soil-grown tomato 17 kg, rand of tomato grown in soil-
less culture in plastic house conditions was 45 kg m

Arid lands are located in areas where the solar radiation is maisnum. The use of such
renewable energy to operate greenhouses will reduce the fossiltifisgtion, and hence,
reduce the emission of greenhouse gases.

Arid horticulture

The soils of almost all the arid areas of the world range from very defjtacddegraded, as
shown in Fig. 1 (IAASTD, 2008). The scope of intensive crop-based agricidttinerefore
not very promising for the arid areas because of soil degradation and soanedyer for
intensive irrigation. Intensive field crop cultivation will accentudtess on the limited soll
and water resources. Arid horticulture will be another more promising method rHiiyiveg
arid agriculture as it will allow soil conservation through manageroétite soil without
disturbing soil structure and production of high value fruits adapted to mvidoement.
Adding value to their products would not only enhance use efficiency of dinwtster
resources but would also improve farm income and the resilience ofréatmedverse
environmental conditions, particularly drought. Several good examples of ssfudce
introduction of arid horticultural crops in the drylands are available from ChgygtHndia,
Mexico and the USA.
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Extended Summary
‘No Tillage’ (NT) is a crucial tool to convertrgdands into productive lands. As it also
recovers, maintains and improves soil conditions, it is conceived as a jprodiydtem and
not only as a conservationist practice or an agricultural alternatiVehas revolutionized
agriculture. Its arrival meant a true paradigm shift, eliminatinggilas an historical basic
tool for agriculture. Non removal of crop residues, and thus leaving soils dowatte
stubbles, generates a change in the soil environment by improvinguttie, increasing
soil organic matter and water availability for crops, modifying theolgiohl activity and
therefore, nutrients dynamics. Initially, immediate results are observechysical and
chemical properties of soil, with improved and stabilized soil stractncrease in macro-
porosity, and improved water and air dynamics.

The extensive cover of the soil surface by organic residues and stgldddly reduces the
amount and severity of water run-off, increases water infiltration and desrem®ct
evaporation from the surface. It also protects soil from water and wind erodtioough the
extra water stored is important in all regions, it is even more critical igina sub-humid to
semi-arid areas, where soil water holding capacity and rainfall aer litnan in areas with
better soils and climate. Under rain-fed crop conditions, the extrfall captured by the NT
system is critical insurance to achieve some level of yields) @hen rains are delayed.
Better and higher water storage in the soil improves not only wagkefficiency but also
permits intensification of crop rotation, which, in turn, contributes to returdiftédrent
guantities and quality of the residues. Subsequent decomposition of sed&has to
accumulation of soil carbon in the topsoil.

NO TILL SYSTEM — Regenerative Agriculture
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Figure 1.No Till', a regenerative agriculture system.



No-till system is the basis of regenerative agriculture (Fig. 1) that alart®n sequestration

in the soil, GHG emission reduction, development of healthy soils Meimitly conservation,
enhanced resilience of production system to climate change, inoadaithigher production

of nutritious food. Nutrient dynamics is modified, which offers opportunity for a strategic
management of nutrients in the system with little adverse affect on environment.

Water availability is as crucial factor in the global productiofoofl, particularly in the dry
areas. It is a challenge as to how climate, solil, plant impravieama cultural management
can be combined to increase water use efficiency. Beltramo (2008)dstindierole of
adequate fertilization in enhancing the water use efficiency of nfdade 1) and soybean
(Table 2) in a ‘maizesoybean’ rotation undero-till production system. The results indicated
a better water use efficiency and vyields with improved nutrition andtaisable
intensification model, the nutrient replacement treatment being the mogreffic

Table 1.Water use and use efficiency (WUE) of maize under different fertilizatiomapatst
(Beltramo, 2008)

NPS
Control S Treatment NP Treatment NPS Treatment Replacement
Phenological
stages S Fl | MF S Fl | MF S Fl | MF S Fl | MF S Fl | MF

Totalavallable | )7g | 55 | 34 | 276 | 52| 31 | 270 | 54| 81 | 259 | 40 | 30 | 271 | 43| 60

water (mm)

Rainfall*# *During the period from planting to maturi74 mm

Available water

at planting 278 276 270 259 271
(mm)

consumption 518 519 463 503 485
by crop (mm)

Yield (kg ha-1) 4,640 6,222 5,656 7,947 8,497
WUE (kg of 9 12 12 16 18
grain mm-z)

#Rainfall 15 days before flowering 16 mm

Table 2.Water use and use efficiency of soybean (second crop) under differenafientilizeatments
(Beltramo, 2008)

Control S Treatment NP Treatment NPS Treatment NPS
Replacement
Phenological
stages S FI MF | S Fl MF | S Fl MF | S Fl MF | S Fl MF

Totalavalable | )31 15| 330 | 107 | 186 | 276 | 82 | 211|318 |41 | 220|277 |10 | 186 | 293

water (mm)

Rainfall* *During the period from planting to maturig83 mm

Available water

at planting (mm) 134 107 82 41 10
Consumption by

crop (mm) 597 624 557 557 510
Yield (kg ha-1) 2,684 4,253 2,596 4,266 4,499
WUE (kg of 4 7 5 8 9

grain mm-1)




Under the NT system, a much richer and more favorable soil biologmsaronment is
created, promoting larger amounts and diversity of microorganisms, and presenesoef m
and macro-fauna. They generate and control some of the criticaysemos functions,
encouraging good soil health, including soil carbon storage and nutrient cyclingafee
also important in promoting larger and more stable soil aggregatesllagswetworks of
soil “bio-pores”, thereby improving water infiltration and storage. Many of thmrinvolved

in the decomposition processes of organic matter and nutrient cyclimg,gtit others can be
harmful to crops as pathogens.

The adoption of NT associated with crop rotation, cover crops, iméegraanagement of
pests, weeds and diseases, with responsible use of phyto-sanitary rizdkcown as the
concept of Good Agricultural Practices (GAP). Argentine No Till Farnfssociation

(AAPRESID) initiated a PPP multidisciplinary research initiative, BIOSPAS) thie goal of

building soil quality indicators with a biological basis to charantergyood agricultural
practices (GAPs). In a study under BIOSPAS project, a meta-genomilysisnat the

bacterial fraction of the soil revealed that the bacterial diyarsplots under GAP remained
at a level equivalent to natural environment while under the non-sus&ipeactice of

monoculture it decreased.

Within the research of some groups of bacteria communities, in the frakew the
BIOSPAS project, isolates have been obtained with interesting pexpsuth as phosphorus
solubilization capacity, plant growth promotion and control of soil-borne p&thbgens.

Regarding soil biology, four new research areas are foreseen: (i) interpretbtibe
biological processes that occur in soil and their impact on producti)tyhe impact of soil
pathogens causing diseases; (iii) use of biological soil variablesndisators of
environmental performance; and (iv) use of microorganisms with specific ag@nomi
applications. Soil biology can offer innovative solutions to the current comilherent in
increasing food production at the same time and taking care of the Susitgired the
environment, providing opportunities for new productivity leap and sustainable
environmental management.

The sustainable agriculture production system, based on NT, certainlpvaspthe
conservation of soil and water resources as compared to the conventiagalgroduction
system (Marelli, 1995). Therefore, in Argentina, as in other regions in South Amtre
adoption of NT is massive. The adoption of NT innovative technologiesthrts GAPs has

led to 5-6 times growth in total production, from around 20 million tons annually in the 1970s
to between 100 and 120 million tons now, with only a twofold expansion of ttieated

area. The NT has provided benefit spread over all kinds and sifasrofg systems, from
large holdings to small-scale, also subsistence operations.

Currently, nearly 160-170 mha of global agricultural land is being managed under NT
(Derpschet al, 2015). Although the NT worldwide expansion has been impressive, it still
represents only about 10-12% of the global cultivated area, and rematesl iomNorth and
South America and Australia. Therefore, much remains to be done for prgradaption of

this model to the agro-ecological, geopolitical, economical andreuttiversity around the



world. The integration of NT in different productions provides an interestipgramity to

increase the buffering capacity of the agro-ecosystem againstiorssiat the climate and
socio-economic conditions in the changing world.
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Extended Summary
Since the 1950s, the massive increases in food supplies, which wergia¢s® feed
burgeoning populations and avert famines, were produced at critical cost matthral
resources, for example diminished soil health and depleted aquifers. Fdytuihate is an
alternative to historic intensification approaches, namely, ConsanvAgriculture (CA) -
also known as Zero-till (ZT) or No-till (NT) in many countries - whishone of the few
proven sustainable agricultural intensification practices.

The drylands are a natural home for CA because CA fosters infiltratimatef in the soaill,
reduces runoff, evaporation and soil erosion and reduces production risk whilad&sh
income. There is strong evidence of increased soil organic carbon on miatypasiafter
several years of CA. The retention of crop residues on the soil surfaceyhohproves soil
health but also increases green water use efficiency. Another sgymataciple is zero-
tillage or the direct sowing into unplowed land through the stubbline previous crop.
Direct sowing reduces labour input and ground preparation requirementhuaraligments
farm income and returns to family labour and often can improve the timetihptmnting in
dryland farming where the onset of planting rains is uncertain. In addition, crdjprsta
often contribute to soil health and disease control.

During the past decade CA was adopted at an annual rate of about 16nnsinallholders
and large commercial farmers worldwide. Now more than 180 m ha of croplandas CA,
distributed across all regions of the world and it is spreading rapidheiagro-pastoral and
sub-humid farming systems of the drylands. For example, most rainfed peyéattion in
Australia occurs under CA - a greater proportion than any other country in the world.

With the experience in diverse agroecological and policy environmentsyatessaand
development practitioners have realised that the principles ofr€Anast readily adopted

and perform best when complemented by good farmingtipescfrom the ‘Sustainable
Intensification’ approach, which seeks to increase output while mramgaor enhancing the
natural resource base. While some researchers work on station focused orgitied ori
principles of CA, researchers working on-farm and development praetgidocused on
adoption and scaling recognised the need for broadening the CA approach. FAO now
promotes CA in farming systems or agroecosystem contexts.

In this presentation, the combined approach of Sustainable Intensifieatd CA is termed
Conservation Agriculture based Sustainable Intensification (CASI), incorporating the
advantages of both parent approaches. For example, integrating good soil and crop
management practices from sustainable intensification (e.g., improveentutr@nagement,
drought tolerant cultivars, good plant populations and weed, disease arubiutesf) with



CA principles reinforces the sustainability and resilience dividenddstw boosting
intensification and farm income outcomes.

Thus, well-designed CASI can address the multiple policy objectimeswide range of
negative externalities (e.g., dust storms) often observed in the drylandsjmagriteing the

adoptability by and benefit streams for agropastoralists. In fénming systems or
agroecosystem context, CASI naturally includes local institutions and nsaréess, forage
and livestock improvements and agroforestry and directly addresses pobagies on

household food security and livelihoods in the mixed crop and livestock farmingnsyste
the drylands. In fact, CASI can also be viewed as one form of climate smart agriculture.

The complexity and uncertainty of dryland farming systems demands the use of multi
disciplinary teams and inter-disciplinary (or trans-disciplinary@aesh and scaling methods.
Such approaches call for emphasis on economic, environmental and sgtadthadility
outcomes at multiple scales, in contrast to focused disciplmraorganisational mandates,
and practices which connect innovation from communities to national irmtgutirhis is
ideal- it is widely recognised- but implementation has beerettzahg without strong policy

and science leadership and budget, or a well-supported results-oriented task forahapproa

Such R&D methods also need to take a dynamic approach to processesptdnado
experimentation and learning by agro-pastoralists. There are a widt/\ad modern inter-
disciplinary R&D methods that foster knowledge and accelerated scalingh wbuld be
applied to CASI in the drylands. For example, various types of mukielstéder innovation
platforms have demonstrated the value of farmer experimentation, cotyri@arning and
linkages with government agencies and private sector. At the otheofehé spectrum,
continuous monitoring and capture by sensors combined with crop and clirodétiing
will have a major role in drylands R&D.

Systematic targeting of R&D is an essential part of effective IGA&D. The FAO/World
Bank classification of farming systems in low income regions is oneefvank. Many
countries including India have agroclimatic and/or farming systems framewor&k ofier

an efficient basis for the organisation of field research, the consolidatiospdloer of
CASI knowledge and the monitoring of adoption and impacts. Clearly, monitoring snetric
should include not only field level soil health, but also productivity, whole fanu
landscape metrics - to correspond to the broader drylands CASI R&D agengkaserioe in
Brazil, India and Australia shows how farmer groups can play a major rolesarchs often

in close cooperation with scientists, and monitoring, in cooperatidnextension and local
officials.

As particular types of dryland farming systems extend over many cauatrée often share
similar CASI research questions and development challenges, theneri®ious value in
sharing CASI knowledge between scientists and policy makers across cudtne such
example is the CASI platform for sharing knowledge across South Asian esuhsi could
be a model for other regions. By extension, mechanisms for bridging CASI knowledge
sharing across regions are also valuable to support future efficiexareies knowledge



sharing and scaling - and thus sustainable agricultural intensificatiomdaelvement of
national development priorities, e.g., doubling farm income, and the SDGs.

Note: Practical experiences with CASI approaches were explored Master Class on

‘Systems Approaches to Land Restoratmrivened in Jodhpur during 15-17 February 2019
imediately following the X3ICDD.
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Extended Summary
Water is a finite and renewable resource that is fundamental tarhwall being. It is
especially critical in drylands, which occupy 41% of the earth's surao®mpass over 100
countries and are home to otierd of the world’s population yet possess only 8% of the
global renewable water supply. Most prevalent in Africa and Asia, drykustain both rural
and urban communities and are home to the poorest and most margipaliged in the
world (United Nations, 2011; Pedrigkt al, 2012). Drylands account for 44% of the world’s
cultivated area, and are centers of origin and diversity for aples food crops, including
wheat, maize, potatoes, lentils, beans, millets and sorghum, though mtigh diversity
remains untapped (CGIAR, 2018). Rangelands account for 65% of the global dryland area,
supporting 50% of the world’s livestock (Davies al, 2016; CGIAR, 2018). Despite their
aridity, drylands include many major watersheds, supplying water to billiorzeaple
(United Nations, 2011). Given the importance of drylands, it is essemtiaiderstand and
address their water-related challenges, with the aim of achieving sustajratb.

Dryland challenges

Drylands face a wide range of pressures, including high levels of climatetaiumige
persistent water scarcity, water-related risks (droughts and floods), envrahme
degradation, desertification, biodiversity loss, rapid population growth doahiaation.
About 6 million kn? of drylands (10%) are already degraded, costing developing countries an
estimated 4-8% of their national gross domestic product each year KPetiat, 2012).
Floods, droughts, water pollution, overuse of aquifers and other water-related hazards
drylands pose serious risks for food systems, rural livelihoods and the ec@sgstevhich

they depend. With food demand predicted to increase 50% by 2030, demand for Water w
certainly increase. In response, water use in arid regions must become more.efficient

Drylands are, by definition, water scarce, and this is the common denominatanybiithe
problems they experience. In addition to water scarcity, drylands are enaettiby erratic
rainfall with substantial inter-annual variability (Davie$ al, 2016). This makes water
management a challenging task, requiring heavy reliance on water ‘banks’ssaomvaater
harvesting tanks and groundwater. In many regions, however, over-abstraction of
groundwater reserves has caused a steady decline in the availability kstburce during
recent decades (United Nations, 2011). Climate change is expected to @&eactkdse
problems, leading to more frequent and severe extreme weather evetds. Sdarcity is
often the key limiting factor in food production, and in many dryland countries, conditions
for crop growth are predicted to become even more difficult as a resuimaitec change,
with the poorest and most marginalized people suffering the most (Pedrial, 2012;
Cervigniet al, 2016).



Dryland areas have generally achieved only limited progress in ngplizeir potential for
sustainable transformation. Crop yields, for example, show large gap®bgioatential and
actual performance in many places (Pedstlal, 2012), and on poorly managed land, the
share of water available to plants can be as low as 40-50% of rairfalle are significant
opportunities to increase crop yields and water-use efficiency.

Solutions and ways forward

A key step forward in drylands entails policies and other measuresed #meadoption of
water-saving technologies and integrated approaches for boosting weadkerctivity in
agriculture, leading to greater food security and employment. Policiesdshlzal aim to
increase the availability to small-scale farmers of information, kexgd and finance for
investment in water-saving technologies.

Among the most promising solutions are:

1. Sustainable intensification of agriculture together with waterisragriculture for
smallholders in Asia and Africa. This involves better capture, staaageconservation of
water through small-scale irrigation systems, participatory groundwater nmasaigend
‘green’ solutions, including rainwater harvesting and integrated watershed management.

2. Water productivity innovations:
Crop varieties that use less water.
Water technologies, such as drip irrigation (Fig. 1) that increase water-ugneific

Increased investment coupled with enabling policies, institutiodsircentives at
different levels (household, community, national and global).

Figure 1. A farmer checks the drip irrigation system at his rice field in
Govindapuram, Tamil Nadu, India.

3. Improved management of uncertainty and enhanced resilience:

Innovative approaches for early drought/flood warning as well as index-based weather
and crop insurance to reduce the economic impacts of such shocks.

Novel use of ICT tools, the internet of things and last-mile connectivity svhart
phone apps.



4. Institutional and policy measures that promote inclusive acoesgter, with special
emphasis on gender equality.

5. Sustainably managed solar irrigation systems, which show great @riontis/land areas,
given their high solar potential (Fig. 2).

6. More effective policy making, based on reliable data, requiring nsystematic

information gathering, improved access to data and careful analysis. Fputpase, both

small-scale, ground-based technologies, like mobile weather stadimhdarge-scale, web-
based information systems and geo-spatial tools can be useful.

7. Traditional systems for water harvesting and conservation as well regy@dgaaquifer
recharge to conserve the last drop of available moisture.

& > - T

Figure 2. Sprinkler system energized through a submerged solar pump.

Researchers, development professionals and policy makers must work togétherray
people to examine options that are suited to diverse contexts aedhtgemultiple benefits
across scales to ensure enhanced water availability and improifeshceshrough efficient
and sustainable use of limited water resources in drylands.
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Extended Summary
Sub-Saharan Africa is the region where food shortage is expected t@smadnethe future.
Due to economic development and urbanization in the region, demand for sheat
increasing. However, wheat production is not keeping pace with the detoantb the
unsuitability of agro-environment (high temperature and drought) for wheat production. This
area is predicted to be hotter in the future, and thus it is an urgent task terbrieedevelop
varieties well adapted to the dry conditions and higher-temperature.

Bread wheat Triticum aestivum genome AABBDD) originated through a few events of
natural hybridization between durum whe&t urum AABB) and Aegilops tauschi(DD),

wild species. Because these events involved a few progenitors, thie geressity of durum
wheat andA. tauschiiis not fully represented in the current bread wheat germplasm. This
narrow genetic diversity limits the availability of genes useful itreat breeding. One
approach to widen wheat diversity is to use the germplasms of wheanipwogeSince the
1980s, about 1200 hybrids between durum wheatAanthuschiihave been developed at
CIMMYT (Van Ginkel and Ogbonnaya, 2007), and the hybrids, designated asarprim
synthetic’ (PS), were used to capture the considerable genetic divafrdite progenitor
genomes (Zhangt al, 2005).

The current approach to use the genetic diversity is first to eval8dird® and then to cross
the limited numbers of the selected PS lines with elite cultivéwsvever, the expected traits
of PS may not always appear in the genetic background of the etitewgutiue to the large
genetic difference between the backgrounds. Thus, a new approach and gtatiffroient
exploration, harnessing, and utilization of this tremendous genetic divieraggded (Gorafi
et al, 2018).

We, in our work, have used 43 PS wheat lines as donors and a bread whesat ‘didtin

61’ (N61) as a recipient. The PS lines were made by crosses hetinealurum wheat
cultivar ‘Langdon’ and 43 accessions Af tauschii. These accessions cover the entire
intraspecific diversity of the species (Matsuoka and Nasuda, 2004). Weedrb$1 with
each of the 43 PS lines and produced 48l&nts in 2011. We crossed these 4plants with
N61 and produced 43 BE: seeds in 2012. We cultivated them and obtainedB€eeds
from individual plants in 2013. We took ten seeds from every 10FB@lant in the 43
lineages and mixed all the seeds to produce a bulk of 4300 seeds. THepapxéation was
maintained till BGFe.



First, we grew the B population in the experimental field of Agricultural Research
Corporation (ARC) in Wad Medani, Sudan, in 2014/2015 season. The MSD population
showed various phenotypes in spike, leaf, and plant traits at matoréy \tVe selected six
plants showing vigorous growth and retaining green leaves at maturity compated t
adjacent plants, which were completely dry. These six lines m&aned as MNH1 to MNH6
(MNH: MSD-Norin 61-Heat). In the next season, we phenotyped the Mhi$ liogether
with N61 as a control in two sowing dates, optimum and late, to itlsarexposure of the
plants to heat stress during flowering and grain filling. Also, we evauhte physiological
traits, such as photosynthesis rate and stomatal conductance, of éhénesnin controlled
optimum and heat-stress conditions using growth chambers at the Arid Lazat¢ReSenter
(ALRC), Tottori, Japan. The results revealed that MNH lines had differerdgrresp to heat
stress, longer peduncle (all MNH lines except MNH3), increased photosigthte (MNH2
and MNH5), and increased biomass and grain yield (MNH2 and MNH5) than N6Xl{Elba
et al, 2017a).

In the next study, to validate the suitability of the MSD populatiogeamplasm for heat-
stress tolerance breeding, we cultivated randomly selected 400 pflamtsthe BGFs
population in the two locations in Sudan (Dongola and Wad Medani), inrugmmested
randomized complete block design with N61, the genetic background of thiafap and
‘Imam’ and ‘Goumria’, heatolerant Sudanese varieties, as checks. Wad Medani is warmer
than Dongola, and in Wad Medani we did seeding in late sowing timddinoa to normal
sowing time. We calculated heat tolerance efficiency (HTE) of eaehds HTE = 100
(Ysi/Ypi), where Ysi is grain yield under a higher temperature, and Yghiaisunder lower
temperature. The results again showed that the MSD populatiodesca large diversity of
yield attributes and heat tolerance capacity. We found many Mt that showed better
yield performance than check lines (N61 and two adapted Sudanesgars)iinder normal
condition and some lines showed higher heat tolerance than the chélckgoad yield
potential (Elbashiet al, 2017b).

We further genotyped these 400 lines by 47,994 dominant silico-DArT (SRens and
20,046 co-dominant SNP markers. Out of these, 8,822 SD and 6,794 SNP markers with
known genetic positions were allocated on the 21 wheat chromosomes. Thmulanole
markers revealed some QTLs (quantitative trait loci) for heat taderaand other
morphological traits by modified genome-wide association analgzsafi et al, 2018;

Gorafi et al, unpub.). We have already crossed the selected materials from Sbe M
population with some Sudanese varieties and started a breeding progranheisetetted

lines as genetic resources for dry and heat-prone agro-environment of Sub-Saharan Africa.

References

Elbashir, A.A.E., Y.S.A. Gorafi, I.S.A. Tahir, A.M.A Elhashimi, M.G.A. Abdalla ddd
Tsujimoto. 2017a. Genetic variation in heat tolerance-related traatpapulation of
wheat multiple synthetic derivativBreeding Sciencé7: 483-492.



Elbashir, A.A.E., Y.S.A. Gorafi, I.S.A. Tahir, J-S. Kim, and H. Tsujimoto. 20Mheat
multiple synthetic derivatives: a new source for heat stress toleaaiaqpdive traits.
Breeding Scienc@7: 248-256.

Gorafi, Y.S.A., J-S. Kim, A.A.E. Elbashir, and H. Tsujimoto. 2018. A populatiowlaat
multiple synthetic derivatives: an effective platform to explo@niss and utilize
genetic diversity ofAegilops tauschiifor wheat improvementTheoretical and
Applied Geneticd31: 1615-1626.

Matsuoka, Y. and S. Nasuda. 2004. Durum wheat as a candidate for the unknown female
progenitor of bread wheat: an emperical study with a highly fertile F1 hybtid w
Aegilops tauschii Cos3.heoretical and Applied Geneti@99: 1710-1717.

Van Ginkel, M. and F. Ogbonnaya. 2007. Novel genetic diversity from syntheticsaniheat
breeding cultivars for changing production conditidfislds Crop Research04: 86-

94.

Zhang, P., S. Dreisigacker, A.E. Melchinger, J.C. Reif, A. Mujeeb Kazi, &h. &inkel, D.
Hoisington and M.L. Warburton. 2005. Quantifying novel sequence variation and
selective advantage in sunthetic hexaploid wheats and their backlerogsd lines
using SSR markers/olecular Breedindgl5: 1-10.
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Extended Summary
The way we currently consume and produce our food is one of the greatest health and
environmental challenges of thes2dentury. More than 820 million people have insufficient
food and many more consume an unhealthy diet that contributes to premattireacie
disease. Moreover, global food production is the human activity thaacingl the most
pressure on earth, threatening local ecosystems and the stabiliy Baitth system. While
transformations in global agri-food value chains have made a greater vafidbod
commodities available to consumers in many countries around the globe, vieeglda led
to greater homogeneity in national food supplies. The newly published feportEAT-
LANCET Commission on healthy diets from sustainable food systems (\&filket, 2019)
underlines that‘production needs to focus on a diverse range of nutritious food from
biodiversity-enhancing food production systems rather than the increassdevof a few
crops”. Agrobiodiversity is the foundation of sustainable food syst&uientific evidence
shows that it boosts nutrition in diets. It increases resilience, soil healthaséedquality, and
reduces the need for costly artificial inputs such as fertilizers a&sdicjges in food
production systems. Farming systems high in agrobiodiversity produce lesshauee
emissions than less biodiverse farms.

Around a third of populations living in drylands depend on agriculture for their food security
and livelihoods, and many of them live in chronic poverty. Understanding the uses of
biodiversity for agriculture in dry areas will be crucial to managenaneasingly scarce
natural resource base in a sustainable way and to ensure that enoutpusitivod is
available for all. To do so, we need information about how different speeiasties and
techniques will affect our food and agricultural production and the environment.

Using two examples from dryland systems, evidence is presented that dimw
biodiversity-based approaches can provide a diet that is es$entiaiman health and at the
same time increase the resilience of food production systems, for exaimphdapt to
changing climates. Also presented is ‘Agrobiodiversity Indextool to measure agricultural
biodiversity in a given food system, that empowers governments, investors andhigsntpa
ensure that food systems are sustainable.

Millets

Millets are genetically diverse and adapted to a range of marginal graeimgjtions,
including drought. Traditionally a staple of diets in many parts of thedwimitluding India,

they are high in a range of micronutrients, including calcium, iron and dietary fibre. Yet, thei
cultivation, consumption and marketing remain underdeveloped compared tocatpsr
Bioversity International has been working with partners for 15 years in India to promote



millet production and consumption. Activities include creating markets rwaillscale
producers, including empowering women entrepreneurs through the creation of nsdlét-ba
snacks for urban markets, and adding millets to school lunch menus.

Seeds for Needs

Drylands cover almost 40% of the world’s surface. Rainfall is often less than 250 year
and there is limited access to other water sources for agriculturabasdmption needs. In
India, 15,000 farmers across five states participated in crowdsourcing ts=dssang
different varieties of rice and wheat on their farms. Linking to local gene banks, ssiants
farmers evaluated a broad selection of crop diversity, including traditvarieties, modern
varieties and obsolete varieties. Trials resulted in tloptgon of 39 varieties of rice and 43
varieties of wheat. As a result, their agricultural systems shaulddre resilient to climate
change and rural communities are now better able to use adapted genetidsniatetgh an
improved local seed system network.

Agrobiodiversity Index

Bioversity International’'s Agrobiodiversity Index is the tool that governmentspanies
and investors need to measure the status of agrobiodiversity in &deleed and assess if
their actions and commitments are contributing or not to a sustaina®e of
agrobiodiversity.

The Agrobiodiversity Index measures agrobiodiversity across three dimensions:

Diets and markets: to what extent and how companies, countries rajettp
contribute to ensure food biodiversity for healthy diets.

Production systems: to what extent and how companies, countries andtsproje
contribute to agrobiodiversity for sustainable production.

Genetic resources: to what extent and how companies, countries aegtroj
contribute to diverse genetic resources for current and future options.

One of the objectives behind the Agrobiodiversity Index is to suppaoritdes to use the
information generated through the tool to guide their action for improved agrobiodiversity.
Using an ‘ifthen’ scenario in a targeted area or value chain, the Ind®mssas the
agrobiodiversity performance of a country at local, regional or national level.

With the Index pototype now in place and ‘Use Cases’ conducted at the country, company
and project level, the Agrobiodiversity Index team is preparing to rdliteal Index. The
Methodology Report has recently been published (Bioversity International, 2019hend t
first-round scoring is about to start.

Among other uses, the Agrobiodiversity Index can work as: 1) a reference fogigsaen
bonds; 2) an impact assessment mechanism for blended finance mhdgeect bonds; 3)

an allocation driver for equity funds; 4) a tool to support policy design and caporat
management decisions. By measuring diversity in food and agricultural supply, ¢hains
Agrobiodiversity Index helps investors screen their portfolios for companies and
governments that promote agrobiodiversity, as a proxy for operational andiceyaltasks
related to climate change and unsustainable production. For instaricajmaist USD 162.5



billion green bonds issued in 2017, the world is getting serious abouteslsmert finance.
But climate finance needs a tool to rate bonds and listed equities agricultural and food
sector against their impact on the environment. The Index allows etepamd government
issuers to demonstrate the value for money of their agrobiodiversitydhgreen bonds,
anticipating their product’s positive impact on agrobiodiversity stamusreduction in

agrobiodiversity-related risks.

Call to Action
Putting agrobiodiversity back into our diets and into our food production systems is twitical
deliver healthy foods from a healthy planet. To do this, we need to be able to measure i
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Extended Summary
Land restoration has climbed to the top of the global agenda. The worldenognizes the
dangers and costs of neglecting this critical aspect of human developegertheless, the
financial resources to address the problem remain woefully inade@aatece have to get
smart about how to restore vast areas of degrading land with simadgical and highly
cost-effective practices. We need to create new ways of bringing the strehgtvernment,
the private sector, and the non-governmental community together to synergize their efforts

The Bonn Challenge - a global effort to bring 150 m ha of deforested and degradeddand i
restoration by 2020 and 350 m ha by 2030 (www.bonnchallenge.org) - has been the
overarching umbrella for land restoration globally. But in recent yeargynaginitiatives

have proven to be exceptionally effective in mobilizing national cihmemts, technical
resources, and financial commitments. This has been particulargadieein Africa, where

the African Forest Landscape Restoration Initiative (AFR100) was ladnohe2015
(https://afr100.org). During the past few years, 28 countries have voluntarily emihaced
initiative. Each of them has now set its own national targetsione degraded land. These
targets now exceed 112 m ha.

AFR100 is an audacious enterprise: A huge stretch goal to achie2®@30y One good
outcome of this approach has been to challenge nations and organizatiehsdal about
focusing like a laser on mobilizing to scale-up those practices that carcbessfully applied
over vast areas of degraded farmlands, forestlands, and rangelands. This comenisomest
that all involved really bear down on getting biggest restoration bang for the buck.

Fortunately, there are now inspiring examples of successful land restoratéomash scale

that provide a model for enormous further expansion. The most notablehtsebeen the
natural regeneration of hundreds of millions of useful trees across seven heliames of

farm and community lands in Niger, a dryland country in the Sahel on the edge of the Sahara.
What is so remarkable about this example is that it was gdistmd solely through the
efforts of millions of poor farm households. They spread the technique from farmrio-fa
and village-to-village without any external assistance, other tbare snodest support for
farmer-based extension. This phenomenon has been recognized as tls posé#tee land
restoration success ever achieved on the continent.

The success of farmer-managed natural regeneration (FMNR) has nau spréne other
countries of the Sahel. Recent studies have shown that tree cover on faimkidedsegion



has reached 16%. FMNR has also been successful on a major scaleawi Bfad other
countries in southern and eastern Africa.

Ethiopia has developed another type of successful and low-cost feodelassive land
restoration. The country’s exclosure program has assistiedes surrounding degraded
watersheds to apply the principles of assisted natural regemefAtR). Whole catchments

are restored to productive natural tree and grass cover on millions of hectares. The same ANR
principle has been applied in north-western Tanzania to restorenyhémitisehold and
community silvo-pastoral systems. ANR has also been a basis for ndsuslacommunities

in India and in many other Asian countries to restore the productivity of theimanity

forest and grazing lands.

Institutional innovations have also been an important feature of applyitgféestive land
restoration. In Kenya, a community conservancy approach has evolved during ti& past
years. It fosters successful governance mechanisms for the sustainabdememaof vast
areas of grazing lands. There are now more than 100 community conservakaagarand
Tanzania, and about 70 conservancies are also operating in Namibia.

Another institutional innovation that has arisen recently is the dewaot of the
‘EverGreening Global Alliance’. This platform has enabled dozenstefmational, national
and local development and conservation NGOs to connect their deep techpaalies, and
their extensive on-the-ground program footprints; and to unite their effonsigsive, multi-
country land restoration scaling-up initiatives, in coordination with goversmant
development donors (www.evergreening.org).

Dryland farming in a future of hotter temperatures and more frequent and severe girought
requires a total rethink of the role of trees in agricultural systemsAlliaace is pursuing a

bold vision to create an evergreen agriculture that incorporates treelsrahd directly into
cropping systems. This builds on the growing evidence base that woodyipkrecan be
profitably combined with crops. The trees buffer the crops from clinsditesses, increase
their yields, restore the health of the land, and provide additional high-peddects for
greater income and farm assets.

We foresee that evergreen agricultural systems will be a major ¢ioivachieve success in
land restoration at a very large scale in the coming years. The manplesash its major
successes, such as those outlined above, provide the inspiration atidndicgcadapting it
to local conditions across the tropical world.

Of course, such a concept and approach to land restoration is highly unconvesmtienal
viewed from the standpoint of current mainstream agricultural sciencexésion. But the
science and practice of evergreen agriculture is expanding rapidly. Miigaradigm for

agriculture is gaining momentum because of its demonstrated sucodsgs @normous
potential to addressing the serious challenges that agriculture is now facing.

The EverGreening Global Alliance is also pursuing the tremendoyse oo the cross-
fertilization of lessons in land restoration among regions, particularlyeleetwfrica and
India/South Asia. The massive land restoration successes out of Africaticarate
applications for the Indian subcontinent. For example, there is an agmieablanalogue



between thd-aidherbia albidaFMNR systems of Africa and tHenejri (Prosopis cineraria
systems of dryland India. Likewise, there are many lessons from India’s agrofaedtry
land restoration experiences that can be a great value to Africa. One exathpleuccess of
the Indian national agroforestry policy. It has enabled many stimulatoryseféeexpanded
smallholder tree production systems. We need much more cross-regionaigexoh&essons
and experience between South Asia and Africa.

Note: Building a cross-regional bridge through a new community adtme was the theme

of a Master Class on this topic convened in Jodhpur during 15-17 Febr2&dQ
immediately following the ¥3IDDC.
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Abstract

Sustainable Land Management (SLM) plays an essential role in achievitenda
degradation-neutral world through converting dryland areas from grey inéerg SLM is
defined as a knowledge-based combination of technologies, policies aoticgs that
integrate land, water, biodiversity, and environmental concerns to mse®j food and fiber
demands while sustaining ecosystem services and livelihoods. éVieoar proposing a
framework for next-generation SLM in Ethiopia, incorporating éffexuch as enhanced
prevention of soil erosion, improvement of land productivity ance@sing local residents’
income. Research sites were set up in three different aregdgihd, midland and lowland)
in the Upper Blue Nile Basin, which suffers from serioukesosion caused by rainfall, so
as to develop practices and technologies for improving land pradkycby reducing soil
erosion and introducing crop-livestock production systems as wdihldng such efforts to
improving the livelihoods of local residents. Various SLM pecas targeted to fight
desertification have been implemented in many areas of the worldhdiutsustainability
and effectiveness are being questioned. Hence, this projectt@ides/elop improved SLM
technologies and approach that could address the major limitations ofcuhently
implemented SLM practices.

Introduction

Sustainable Land Management (SLM) is defined as a knowledge-loaselination of
technologies, policies and practices that integrate land, water, bi&itiyand environmental
concerns to meet rising food and fiber demands while sustaining ecosysteressand
livelihoods (Linigeret al, 2011). Thus, SLM covers not only physical land issues, but SLM
also includes other issues such as biodiversity, environment, and pdiepléi®od and
welfare.

We are now conducting a research project in Ethiopia supported bydleece and
Technology Research Partnership for Sustainable Development (SATREPS)mrogsa
title is “Development of nexgeneration Sustainable Land Management (SLM) framework to
combat desertification”.

Our study area is located in the upper Blue Nile basin, Ethiopiaufjer Blue Nile basin is
one of the areas of severest water erosion. Soil erosion is one of the pmsammissues in
Ethiopia. Soil erosion has two different effects. One is onsite effectexample, land
destruction by gully and decrease in soil fertility by sheet erosion.h&n offsite effect,
for example, soil is eroded at farm lands, then the sediment comes throughitiivevater
pollution, and dam function declines because of the sedimentation.Kl® ttasse problems,
soil and water conservation (SWC) measures are introduced in Etbigghaas stone bund



and trench. Those measures are being introduced by SLM projects ipi&{tiaregeweyn
et al, 2015). There are a number of SLM projects being carried out in Ethiopiayégwhe
effects of measures had never been evaluated by scientists, pdytioulenhara Region of
the Upper Blue Nile basin. Thus, we started from basic researghotade scientific
evaluation about the effects of those measures.

Effects of SLM interventions

Haregeweyret al. (2017) estimated the effects of SLM interventionapper Blue Nile basin
using a combination of different numerical models; the total sedigielat from the basin
could be reduced by ~61.4%, when appropriate soil and water conservatiorepriacgeted
ca. 79% of the area with moderate to severe erosion (>1byrhp(Fig. 1).
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Figure 1. Soil loss and sediment yield (t-hgr-1) maps of the Upper Blue Nile River basin: (a) present (2016)
soil loss; (b) present sediment yield; (c), future (2025) soil loss grfdt(de sediment yield.
(Haregeweyn et al., 2017).

On the other hand, Ebalet al. (2019) tried to clarify the effects of SLM interventions
through field plot experiments. We selected three paired-waterstreglsyas the watershed
treated with soil and water conservation measures, and the other ithasitvany such
measures. We also set experimental plots, and are measuring andagediment yield at
watershed as well as plot level. We evaluated the effectivafietifferent SLM practices
through monitoring runoff and sediment from 42 runoff plots (30 m x 6 m) in the three study
sites. On average, seasonal runoff was reduced by 11% to 68% and soil 3886 to 94%

in SLM plots. Soil bund with grass in croplands and exclosure with trenches in rpard®
were found to be the most effective SLM practices for reducing runoff anths®i(Fig. 2).



Actually, in the first year, trench was very effective, but in the segead with the growth
of grass, soil bund with grass proved more effective.

Changing village life

According to our preliminary survey, the annual income in our study siteswas about 500 USD
per household; however, their agricultural income was less than halfioinb@me, and
non-agricultural income and remittance from family members who live in cities aeddian

the major portion. Thus, even in such villages with very low incomes, thepcaveless
dependent on local biological production than before.

The situation surrounding those villages has been changing. World economy and
globalization are surging even to rural villages. According to the final regfothe
Millennium Development Goals (UN DESA, 2016), extreme poverty has neecli
significantly from 47% in 1990 to 14% in 2015. However, due to spread of radio, TV and
cell-phones to rural villages, it may be natural that villagers dontesire much more for
goods and they are eager for urban life style. They are now able tomuogeesasily than
before from villages to cities due to mobility enhancement, and § ozase social
destabilization. At the same time, global environment is chariggoguse of climate change,
land degradation/desertification and so on. Therefore, the relationship bataere and
human is now changing. It is big challenge for villages to achieve lsstdiisability under
changing environment and increasing human needs?
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Figure 2. Effects of land use and management practices on runoff and soil loss at the Aba<#erioteanges
in vegetation cover between the 2015 and 2016 following the implementation of SLM p(pbtites, left),
and corresponding seasonal runoff and soil loss amounts for different treatmemtisggright), where C:
control, SB: soil bund, F: Fanya juu, SBG: soil bund reinforced with elephassgEa exclosure, E + T:
exclosure with trenches. (Ebabu et al., 2019).



Challenges for sustainable rural regime

According to Cumminget al. (2014), a ‘red trap’ occurs when people eeensume and
cannot change in response to ecological declines, although level of houseaitihdisvieigh.

On the other hand, a ‘green trap’ occurs with inadequate food production, although level of
ecological degradation is low, and both are leading to socioeconomic collapse arel fami

As illustrated by Xu and Wu (2016), focusing on social-ecological transformaifomaer
Mongolia, it may be possible to assume old steady state maintaynesv population, low
level needs and high ecosystem potential. However, people in ruraksilag now facing a
transition stage because of increased desire for higher standard for life and ayjabds,
changing environment. There is rapid growth in population, with increasaegls and
lowered ecosystem potential.

The target stage should be stable and sustainable, which will have a édtigie but steady
population, higher levels of needs and sustainable ecosystem potEmsastage should be
realized byavoiding both ‘red trap’ and ‘green trap’. In other words, we have to find a
solution to avoid collapse of nature and society. This is a challenge foln wdgearchers
have to propose appropriate sustainable land management optases] bn scientific
evidence.
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Extended Summary
Since the beginning of 1950s some research and development projects fatimpmb
desertification/land degradation in China were operating, but they did notimeeeeeds at
the national to local levels. In 1958, the Central Government thereforensmhaeNational
Conference on Combating Desertification and encouraged all efforts to combat desgemtificat
in China. Meanwhile, the Chinese Academy of Science (CAS) estatilihe Institute of
Desert Research for better understanding of the process and extent of damageefrom
desert/desertification and for proposing the strategy and tactisslte the problem and
guide national policy and projects.

China, as one of the UNCCD signatory countries, promulgated the Law of thee'Beopl
Republic of China on Prevention and Control of Desertification in 2001, which came int
effect in 2002. Scientists contributed a lot to the formulation of thebdased on the results
of research on desertification related to the environmental background, mais, chunsenic
monitoring and assessment of development/combating processes, methddshargles.
They made proposals on policy and project formulation, etc. to the nagjomainment for
combating desertification.

An example is the case of aeolian desertification in northern China. We deolian
desertification as land degradation through wind erosion, mainly resulting fi@rnuman
impacts in arid, semiarid and sub-humid regions of northern China. Theokalyip the
definition, based on our study for 4 decades, is that the aeolian desestifibas been
caused mainly (more than 80%) by human activity - unreasonable patigrimtensity of
landuse - and can be combated by human beings only.

So, our scientific group designed the theory and practice of the “Grain fon"Gets)
Program and suggested it to the Central Government to implement for aggnhatlian
desertification in northern China. GfG is considered as the largesidicall Restoration and
Rural Development Program in the World (Delang and Yuan, 2015).

The program pays farmers to revert sloping or marginal farmland to trees omgiasise
aim of improving the ecological conditions, and the socio-economic ciranoest of
hundreds of millions of people. It has been carried out since 1997, and wittbéy 2019,
with an expenditure of 75 billion Yuan (about 11 billion US$), entirely il by the
national budget. Besides the monitory incentive given to the farrhessate also provided
technical knowledge about the scientific and environmental-friendly techesldgi be
adopted in their alternate agricultural operations.

In a policy review presented in thimternational Workshop on ‘Forests for Poverty
Reduction: Opportunities with Clean Development Mechanism, Enviraam®arvices and



Biodiversity’ in Seoul, Korea, LZhiyon (2004) show cased the accomplishments of GfG in
reforestation, ecological restoration, and rural development in China. Thes dffothe
program provided outstanding results as the area under aeolian desertifiedatéed s
decreasing since the year 2000 (Fig. 1) and the rising mean rate of increzselia
desertified land since the period 1958-1975 become negative from the period 2000-2005
(Fig. 2).
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Figure 1. Change in the area (kinof aeolian desertified land in northern China.
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Figure 2. Rate of increase/decrease in aeolian desertified land ylear1) in
northern China in the period 1958-2010.
Thus, the UNCCD'’s “Land Degradation Neutrality Target Setting” has hbeptemented
with respect to combating aeolian desertification in northern Chircg 2000 because of
synergistic interaction between science and policy.
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Extended Summary
Post-harvest losses of dried foodstuffs, grains, pulses, and dried fruits and vegetables are hard
to quantify, but are commonly estimated to be higher than 30% in the degeloprid.
Losses include predation by rodents and birds, but most significant adi@ssles resulting
from insect attack and moulds. Moulds result in quality loss, includinggesain flavor and
color, but more importantly they may produce mycotoxins. Mycotoxins, particularly afiatox
and fumonisins, have been implicated in a range of pathologies, especidiyotistunting
and liver cancer. Surveys of the levels of these toxic compounds in dried dloowsthat
they are frequently present at concentrations above those considered safe.

Fungal infection in the field is an important source of development of malargcotoxins,
and it can be minimized by early harvest. However this requiresicaagdidrying to bring
products to a safe dryness. It is well established that proper dryinglsa prevent mold
development and mycotoxin accumulation during product storage. If the ‘waistyaof
the dried food is kept below 0.65, mold growth is preveritétater activity’is the partial
vapor pressure of water in a substance divided by the standarfgast#évapor pressure of
water.

Modeled on the ‘Cold Chain’ that is widely regarded as the key to reducing lokses
perishable products, the ‘Dry Chain’ concept emphasizes the importance of lemcarient
throughout the handling of dried foods.

In arid and Mediterranean climates, low humidity conditions during the hgreest allow
on-plant or open air drying to the water activity required for safe lomg-$erage. In humid
regions, particularly the humid tropics, air drying typically does nofjzately dry grains or
other foods, and gas-fired dehydrators are not available or economically feastbleave/
developed a solar dryer for fruits, vegetables and fish that uses a chintlmawtair through
a shallow tunnel containing the food to be dried. This dryer is less expeaml two to three
times as efficient as the solar cabinet dryers that are tlypiesed for this purpose. The
chimney dryer is not as well suited to drying grains and pulses, sidoestnot work well
with deep beds of products.

A number of ‘lowtech’ dryers have been proposed, including thealed ‘bubble’ dryer
and the cob-fired heated dryer from Purdue, Ind., USA. We recently tested a rateeh m
affordable dryer that uses two sheets of plastic, four standard wooden, Eal&tset of
plywood and a solapowered fan. The pallet dryer is a ‘batch’ dryer and the initiaigthe
efficiently dried 150 kg of maize in 1 day under conditions when drying in the aip¢ook
more than two days.



A key question for any farmer drying a product and for any trader purchasing it is the dryness
of the product. Insufficiently dry product is prone to mold and insect attagk-drying
results in lost income for products sold by weight. Determining moisturercdraeitionally
requires scales and ovens. Measuring water activity (as equilibriunveehatmidity, or
ERH) requires hygrometers that range in cost from $10 to $2000. Lower cost diyitzds
may be inaccurate and require careful calibration. Replacing their bmttande a challenge
in developing economies. To overcome these problems, we developgeditcard-sized
relative humidity indicator, the DryCard™ using commerciaisailable cobalt chloride
humidity strips. The card is made by local entrepreneurs for about US$0.15eksd
typically for around US$ 1.0. It is reusable and provides a portable and actashfor
determining water activity of dried products. As the thermometer is tseshonitor
perishable product temperature in the Cold Chain, the DryCard is used tmmpoduct
dryness in the Dry Chain.

Storage at low water activity is an important link in the Dry Chain, ibalso requires
attention to the problems caused by insect infestation. Aparttfrerdirect losses in quantity
and quality of product resulting from insect predation, the associated damagdep
infection sites for mold. Insect metabolism produces water, so wateityain the storage
container of infested products may increase sufficiently to allovd mrowth. Commercially
available hermetic storage containers, whether metal or plasticptaren to be an effective
component of small-scale storage of dried materials without thefoe@tsect control with
fumigants or insecticides. Insect respiration in products stored inllesseedéed container
rapidly reduces the oxygen in the container to the level that the insffcisase, essentially
killing themselves. This provides the dual benefits of reducing insecagkand reducing
the associated fungal growth and mycotoxin contamination.

A special, but critical example of the Dry Chain is the post-harvest handlitegrsfa seeds.
Germination percentage and vitality of stored seeds are strongly affegtextorage
conditions. Particularly for smallholder farmers, improper storage resul{soor stand
establishment and variable vigor and yield. Seeds are best st@edater activity less than
0.25, a dryness that is difficult for such farmers to achieve and maintain. ‘DrysusBe
manufactured from clay minerals with a pore size that specifieal§orbs water, are an
effective tool for drying seeds, and have some features that are an impnbovemthe
indicating silica gel that is sometimes used to finish drying and stmds. An alternative
technology is the use of saturated salts with the desired watetya@iw@chnology that may
well be more appropriate for small-scale farmers, as such a@tinexpensive and do not
require the high regeneration temperatures required for Dry Beads.
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Abstract

Arid regions constitute around 31% of drylands at global level E8fb in India. The agro-
climatic conditions in arid regions are very challenging due tngc rainfall and its highly
erratic distribution, low fertility and poor water holding capacof soils, high evaporative
demand and temperature extremes during the year. Existing le&nd degradation and
increasing biotic pressure on limited natural resources posemtdjallenge to farming and
livelihood security. Climate change is emerging as an additional challginge arid regions
are more vulnerable. In spite of these limitations, the arglars in country still support a
very large human and livestock population, often adding to degradatioatwfal resources
and overexploitation of ground water. On the other side, arid regions baique distinct
advantages in the form of rich bio-diversity of adapted plant amekstock species and
amazing traditional knowledge towards minimizing risk and high solaateai. Enhancing
resilience of arid ecosystem has therefore been a highifyriarindia through strategically
undertaken research and development efforts. This paper synshdbigeimportant
challenges, potential and measures to enhance the resilience ahdamnmindian hot arid
regions. Our synthesis highlights that diversification of agrosgstems through
agroforestry (agri-horticulture, silvi-pasoral, horti-pastoral, agpastoral), integrated
agricultural production (arable crops + trees + grasses + liveklpovater harvesting,
conservation practices and land management have strengthened tlencesof farming in
challenging production environment of these regions. Harnessingpdtential of native
agro-biodiversity adapted to abiotic stresses and genetic improvemierdrops for
augmenting drought and thermal stresses are crucial for enhancingeneslof farming. A
technology-mediated change, backed up by sound policy for crucial compafdarming
systems is required for improving profitability and resilience ahfag in the region.

Introduction

Drylands, regions having aridity index (Al: the ratio of mean annual precipitatiometin
annual potential evapotranspiration) < 0.65, encompassing hyper-arid (Al: < Oi@FAla
0.05-0.20), semi-arid (Al: 0.20 to 0.50) and dry sub-humid (Al: 0.50 to 0.65) areas, cover
about 41.3% of the earth’s land surface and are inhabited by ~2.5 billiole gEbitennium
Ecosystem Assessment, 2005). Globally, the arid, semi-arid and sul-hamaas,
respectively, cover 42%, 37% and 21% areas of drylands.

Dryland climate is characterized by low, infrequent and highly variable Haamfd intense
solar radiation. The scarcity of water constraints primary prodtycéwmd nutrient cycling,
both in the natural and the managed ecosystems, thus profoundly affectingckvasd
humans living there (Safriel and Adeel, 2005) and hampering the developfritiet area.
Ensuring sustainable livelihood in these regions is threatened by ecormpdl interrelated



changes (social, political, economic and environmental) that pregaificent challenges to
researchers and policy makers (Reyneital.,2007).

Spread of the Indian arid zone

The arid regions in India occupy 38.7 million ha, comprising 31.7 million ha and 7 million ha
under hot region and cold arid region, respectively. Major part (90.1%) of the dhoegion

lies in Northwest (NW) India and the rest in geographically isdlatckets in South India.
The NW hot arid region extends from 22°30” to 32°BDand 68°50” to 75°45E, bounded

by Aravalli Hills in the east, Thar desert in the west, the ireigdndus plain in the north and
the alluvial plain of the Sabarmati river in the south. Major part\af izt arid region lies in
western Rajasthan covering 12 districts (196150, l68.66%) followed by northwest Gujarat

in six districts (62180 km 21.77%), southwest Haryana in five districts (12840, k9%),

and southwest Punjab in six districts (14510 kBi08%) (Fig. 1). The region is characterized
by low rainfall (100 to >400 mm w), that is erratic and highly unpredictable (coefficient of
variation, CV = 30 to 70%); high evaporation (1600 to 2000 mm);yextremes of
temperatures (-5.7°C to 50°C); frequent droughts (once in 2.5-5.0 years); frequent strong
winds (20-50 km h) during summer, and short crop growing period (8 to 15 weeks)
(Moharanaet al, 2016). Despite the common characteristics of aridity and extremes of
temperatures, there are enormous spatial variations in termsifafirpattern, physiography,
soils, amount of available surface and ground water, and extent of vegetatem(Joshi,
2012). Accordingly, the NW hot arid region has been classified in 4 sub-reg@ibrzsnes

and 34 sub zones (Fig. 1) (Faraztal.,1999).
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Figure 1. Spread of NW hot arid region of India.



Challenges in arid regions

The agriculture is mainstay of economy and livelihood in the hot arid regibmsdia,
contributing 26-43% to national income. Within agriculture sector, cropping psoéle
71% of the total income while livestock provides 28-42% (CAZRI, 2007). Histlyjidhke
NW hot arid region has been a land of low yield and low-value and shoroducedps with
major dependence on livestock and agroforestry. During post-independence eragtiottodu
of irrigation, new technologies, better infrastructure facilities and the advei@reen
Revolution has made drastic changes in agricultural land use in di@ rand led to
improvement in rural economy (Kar, 2014). However, adoption of some faulty land-use
practices has led to emergence of several economic, social and emvitahproblems
threatening sustainable agriculture and livelihood in NW hot arid region.

Climatic stressesOwing to geographical location, sandy terrain, sparse vegetation and low
humidity, there is a wide range in the diurnal, seasonal and annuakatmes in NW hot

arid region. Summer season (April-June) is the hottest, with air temp=ratnging from
31°C to 42°C (peak values as high as 50°C during May). The temperature deglB&SC
during monsoon (rainy) season but again increases slightly during September dmel,Octo
with the withdrawal of monsoon. During winter season, the mean monthlymuiami
temperature ranges from 22°C to 29°C and minimum from 4°C to 14°C. Soil temperature
follows the diurnal and annual cycles of air temperatures and shoots up td@2ig¢ May

and June (Joshi, 2012). The rainfall is low and erratic with very high spa&@siorsal and
annual variability. The mean annual rainfall varies from 100 mm (in extvesstern part of
Jaisalmer district) to 450 mm (in the eastern fringes along the Arbfiiiglirange). Based on
1901-2010 rainfall data, the mean annual rainfall in western Rajasthan arasiB@ui
Kutch met-subdivisions is 291 and 501 mm, respectively. The high inter-arariadility of
rainfall (CV= 36 to 65%) is another distinct characteristic (Rao, 2009). Mdseafainfall

(88% in western Rajasthan and 94% in Saurashtra & Kutch) is received during setith-we
monsoon season. The monsoon season is effective only for 2.5-3.0 months (Mehatana
2016), and rainy days vary from 8 (at Jaisalmer) to 22 (at Nagaur) (Joshi, 2012).

The region experiences very strong wind regime, peaking in June when averadeapes
from 14.6-18.5 km h, while during monsoon period it varies from 9-13 km Reak winds
occasionally reach as high a speed as 60-80-kduhing dust and thunder storm events. The
speed decreases sharply from October onwards and remains <7 damirig post monsoon
season. On an average, the region annually experiences 3-8 dust stemyshigh
temperature, low atmospheric humidity and high wind speed result in higbteaspiration
rates, and the annual PET ranges from 1400 mm to >2000 mm in westermdRa{&sto,
2009). Length of crop growing period (LGP) varies from 7-14 weeks éRah 1994).

Drought is a recurring feature of the region with large year to year variatios limcation

and magnitude. During last century, 47-62% of the years in arid region of Rajasthan
experienced droughts of varying intensity and duration (Rao and Singh, 1998). During 1901-
2001, Jaisalmer, Barmer, Bikaner and Jodhpur experienced 68, 48, 46 and 43 drought events
respectively (Rao, 2009). Based on district-wise annual rainfall data of 1901-2@ba@reRa



(2004) reported that there were droughts of various intensities during almast thelfyears
in arid districts of Rajasthan. During the drought years, the probabilityrlyt,emid- and
late-season drought was 26, 9 and 26%, respectively. Amongst these tlegEieatof
drought, the mid- and late season drought caused more reduction in crop yie@8%%2in
pearl millet and 23 to 61% in pulses) than early season drought (48% in desrand 11%
in pulses) (Rao, 2009).

Fragile land and water resource3he soils of NW hot arid region belong to Aridisols and
Entisols orders, occupying 41% and 52% area, respectively (dbsti, 1998). They are
generally loamy sand to sand with 2.0-6.0% clay, 1.5-4.0% silt, 10.0-30.0% coarse sand and
65.0-80.5% fine sand and 1.5 Mgsnbulk density of surface soil. The range of moisture
retention capacity values at 0.1 bar (field capacity) and 15 bamsigpent wilting point)
tension is 8.0-10.0% and 2.0-3.0%, respectively. The soils predominantly nhasme-
porosity and, therefore, there is fast movement of water into and through theot@l The

initial infiltration rate varies from 15 to 30 cmitand saturated HC (hydraulic conductivity)
from 5 to 10 cm h. There is presence of hard pan at 40-50 cm depth, formed of lime
(petrocalcids) or gypsum (petrogypsids), restricting root growth. The soiltyersil low
(generally 0.03% N and 0.21% OC content). In the region having <300 mm annual rainfall,
the OC varies from 0.05 to 0.2, 0.2 to 0.3 and 0.3 to 0.4% in light, medium and heavy
textured soils, respectively. As per nutrient index, N status in the gbiarid Rajasthan
varies from very low to low; P low to medium and K medium to high (Kia¢t al., 1998).

Soils are prone to crusting after rains, impeding seedling emergeneeceierating runoff.
Sandy soils associated with dunes are dominant formations in ~25% area tefnwes
Rajasthan and highly prone to wind erosion. Thus low fertility, less watettiogtecapacity

and high erodibility are major edaphic constraints for crop production in the region.

Rainfall is the major source of water in arid regions. Surface wataurees are limited due
to low and scanty rainfall and poor water yielding efficiency of sandy terrdie. total
surface water resources of arid zone of Rajasthan, excluding Indira Gandhi [dapani
(IGNP), is 1361 million cubic meters (MCM). The IGNP annually brings 1.72 to 20QWM
water to arid Rajasthan. Underground water reserve of the region is 4545 MCM, with 4282
MCM being utilized for irrigation. An analysis of stage of groundwater developuoretdr
cropped and irrigated area indicated that in six districts of westajastRan, the
groundwater development has exceeded 100% (Mohataala 2016). Overexploitation of
groundwater poses serious threats to sustainability of agriculture becasisef the aquifers
will run dry in the next 20-30 years at the current rate of use, as reahgvgeunities are
slim and costly. About 80% of the groundwater in Rajasthan has EC >2.2 d8dvas most
of the underground water used for irrigation has EC >5 dSitsncontinuous useleads to
development of soil salinity. The canal irrigation in hot arid region treggyeonsiderable
development of agriculture, but it also brought problems of water loggingsescwhdary
salinization in some areas because of lack of proper drainagesigeca@sigation and
seepage from the canals. The average rate of rise in waterrtable command areas of
Ganga canal, Bhakra canal and IGNP, is 0.53, 0.66 and 0.7-7, megpectively. About 0.208



million ha land is already affected by waterlogging and associated salinNP command
area.

Increasing population pressur@he NW hot arid zone is one of the most densely populated
arid regions in the world. The population, both human and animals, is consisterghsing.

As per the census of 2011, the human population in the region was 28.h6reaged by
>250% during 1961-2011) and is estimated to reach 41 m in next twenty years. As per the
livestock census of 2012, the region harbours 30.18 m livestock (increased by 125.2% during
1956-2012) (CAZRI, 2015). Buffalo registered highest increase (412.5%) followed by goat
(266.4%), cattle (57.7%) and sheep (44.8%). The ifageasing population is leading to
greater exploitation of natural resources, threatening the sustainability of thet@mosys

Low yielding and risky agricultureMost of the crop production in hot arid region is rainfed
and therefore yields are low. The common rainfed crops like peartnfennisetum
glaucum) clusterbean Gyamopsis tetragonoloba)noth bean \(igna aconitifolia) mung
bean Vigna radiate)andtil (Sesamum indicungre sown both as sole and mixed crops in
various proportions. Keeping the land fallow in alternate years is also commthaughl now

on decline. The cropping intensity is therefore below 100%. Wherever wateaiiable for
irrigation, groundnutArachis hypogaeaxotton Gossypiunsp.), wheatTriticum aestivum)
Indian mustardBrassica juncea)chickpea(Cicer arietinum), isabgol (Plantago ovatagnd
cumin Cuminum cyminumare grown. Amongst the fruit croplser (Ziziphus mauritiang
aonla(Phyllanthus emblica pomegranate, citrus and date palm are cultivated.

The productivity of livestock is also low, the average milk yieldhssad of cow, buffalo and

goat being 4.13, 5.60 and 0.87-1, despectively (Patiet al, 2009). Shortage of good quality
fodder is major factor responsible for low productivity. The fodder deficit in emest
Rajasthan was estimated to be about 60% (Pratap Narain and Kar, 2@Sjtuaélkion gets
aggravated in the drought conditions, the deficiency of dry and green fodder reaching 35.9%
and 79.9%.

Vulnerability to climate changeClimate change is the greatest challenge, impacting the
ecology, economy and society in multiple ways. It has been estinhatiegleicause of climate
change, the northern part of NW hot arid region may receive 30% less rainfal, whil
southern and eastern parts may receive 15% higher rainfall, and temperayuggadually
increase by 4-5°C everywhere (CAZRI, 2007). Climate change is likely ta #ffespatio-
temporal distribution, availability and demand for water, and may alter both avatéability

and crop water requirement significantly as a result of changing temmgsratnd
precipitation. Goyal (2004) projected 14.8% increase in total ET demandnerdéase in
temperature. Climate change will also pose major threat to groundwataemrces in future
and would add uncertainty to the water supply and exacerbate watgtyskca agricultural
production. Land degradation (wind erosion, groundwater depletion and soil salinization) is
also projected to increase with increased frequency of droughts, and etdnepaeature and
rainfall events. Climate change induced heat stress poses formitialienges to the animal
husbandry sector as well by impacting animal productivity and reprodu&tisthermore,

the anticipated climate change, coupled with intensification of wgre, irrigation,



industrialization, mining, tourism and urbanization, would adversely affect survival
abundance and distribution of plant species and hence plant biogivgtsinar, 2016).
Studies have shown that NW hot arid region falls within the areas of shigheate
sensitivity, vulnerability and lowest adaptive capacity in Indian@le change is, therefore,
likely to make livelihood of inhabitants more vulnerable and less resilieng iregiion.

Opportunities in hot arid regions

Arid regions, inspite of their marginal resource base, have unique advanthgefannt of

rich bio-diversity of adapted plant and livestock species, amdazaditional knowledge to
minimize risk, and high solar radiation as a potential source for energgditioa, parts of
Indian arid areas have one of the biggest man-made canal systems.

Rich biodiversity - an insurance against risk&fith their modest rainfall, arid regions are
characterized by relatively fewer species than the better watlewed biomes (McNeely,
2003). Despite inhospitable and harsh climate, poor soils and anthroppgessare, Indian

hot arid zone has 682 plant species belonging to 352 genera and 87sfamresenting
unique blend of trees, shrubs and herbs. These species have typitatl -hakant cover
relations resulting in major vegetation types on hills, piedmomespadiments, alluvial
plains, saline flats, river and stream banks, sandy hummocky plainguahdlsnes (Kumar,
1998). People in these areas depend mainly on native plant speclesrfbvelihood. Their
economic importance is evident from the fact that these sp@@assed in many ways such

as vegetables (40), seeds (27), fruits (27), fiber (8), ropes (3), gums and resins (7) and
medicinal sources (131) (Kumar, 1998). Many species also provide fuel wood and forage.
Thus, native plant diversity is an important source of life suppotthe arid region. These
species possess excellent physio-morphological adaptation teesumviler harsh edapho-
climatic conditions.

Besides, the domesticated and semi-domesticated plant speeeesdmesiderable genetic
variability. The crops like pearl millet, mothbeati, (sesame), clusterbean; grasses like
Lasiurus sindicusCenhcrus ciliarisandC. setigurusand shrubs lik&iziphus, Calligonum,
Haloxylon, having low water requirement, heat tolerance and adaptation to poor soil
conditions, have considerable variability.

Similarly, the region is endowed with diverse indigenous livestmekds (sheep: Marwari,
Magra, Nali, Jaisalmeri, Pugal, Chokla, Kheri, Patanwadi; goat: Mar#arbatsari,
Jhakarana, Kachchhi; cattle: Tharparkar, Kankrej, Nagori, Rathi; camahdik Jaisalmeri,
Kachchhi), which have inherent potential for drought and heat resistance. iesagh
biodiversity, well adapted to various stresses, needs to be systdiypatonserved,
augmented, and sustainably usedto derive full benefit in the changmgteliscenario
(CAZRI, 2015).

Rich traditional knowledgeNW hot arid region has thousands of years of cultural heritage
backed up by a wealth of traditional wisdom. To evade or minimizedbherse effects of
frequent droughts and aberrant weather conditions and for conserving natural resources, the
native people have developed many strategies, helping them surviveraesper for
millennia. This knowledge has been passed from generation to generation.t&ocen$o



minimize the risk associated with sole crop production, the farrhese developed
traditional mixed farming systems, incorporating woody perennials and likestoenhance
productivity and resource-conservation. Similarly, protection of treesoaads (sacred
forest/grazing lands attached to temples), construction of water hagvesstucture like
kahdin and tankg adopting long fallow period, etc. have permited sustainable atatur
resource use. Unfortunately, many of the strategies are presently undertls@adrbecause
of technological changes and weakening of societal concern and control.tihmegested
techniques and practices need preservation and fine-tuning with sciemifiecnnovative
ideas.

Abundant solar radiationHarnessing renewable energy resources to curtail use of fossil-fuel
generated energy is an important strategy to deal with climate cHantés context, solar
energy is an attractive option. The NW hot region receives higher amousiaofadiation

(5.3 to 6.0 kWh m day1) than rest of the country (<5.5 kWhandlay1). It can be used for
both domestic and agricultural purposes.

Many solar photo-voltaic and thermal devices have been designed for tdoraed
agricultural purposes. Photovoltaic-based electricity generation redameédor PV panels
which may decrease the area available for crop production. Therefore, &ajiG-ggktem,
with solar panels and crops on the same land area (Depedz 2010), has been advocated,
where the crops are cultivated in between and below PV arrays faltasigous production
of food and energy. The studies at CAZRI have indicated that several amjbel/igna
radiata, Vigna aconitifolia, Cymopsis tetragonoloba, C. cyminanyl medicinal plants
(Plantago ovate, Aloe vera, Cassia angustifolia, Convolvulus plulis) are suitable for
agri-voltaic system. It is possible to cultivate 25-50% area of agieosystem for crop
production and the yield of crops is only ~10-15% lower than sole crop productiontibut w
higher land equivalent ratio (LER: 1.42 to 1.62). Apart from an extra income of about 60,000
hai yr-1 from cropping, the agri-voltaic systems provide other advantages suictreased
overall income from farm land, irrigation with rainwater harvested frord ased for
cleaning photovoltaic modules, improvement in micro-climate fopsroeduction in dust
load on photovoltaic panels, soil moisture conservation by reducing wind spegound
level and reduction in GHG emission (Sardtal.,2018).

IGNP: One of the largest canals in arid aredsdira Gandhi Nahar Priyojna (IGNP) is one
of the largest irrigation projects in the world. It was conceived to transform Thar Deégext
land of plenty, and had the objectives of “drought proofing, provision of drinking water,
industrial and irrigation facilities, creation of employment oppottesii settlement of human
population of thinly populated desert areas; improvement of fodder, foragegaodltare
facilities, check spread of desert area and improve ecosystem throughsdaftg
afforestation, develop road network and provide requisite opportunities for overatineic
development” (IGNB, 2002). The project encompasses the districSrioGanganagar,
Hanumangarh, Churu, Bikaner, Jaisalmer, Jodhpur and Barmer with a culturable command
area (CCA) of 1.963 million ha. It has enabled farmers to increase @&ilojs @nd cropping
intensity, stabilized production by providing a buffer against the vagariegeather, and



created employment in rural areas. The transformation in poverty @beyiamproving
agricultural productivity, providing livelihood, settling people and providing drinkintemwa
has been remarkable (Kavadia and Hooja, 1994). However, the projetsdhpssed several
environmental, management and social problems. Rapidly increasingtadéeby seepage
from canal has resulted in water logging and development of secondary suiy.sdlhe
water-use is not very efficient. The system needs to be more effaridritexible to meet the
demands of many sectors (farming, fishing, domestic use and energy supply) arhveays
to be found to generate more value from ecosystem services and halt eewit@nm
degradation.

Guiding principles to enhance resilience

There are many definitions of resilience most of which suggest thizmes is the capacity
of a system to withstand and/or adapt to disturbances over time (Hadaoibt) in order to
continue fulfilling its functions and providing its services and desired outc¢viakker et
al., 2006). The resilience and sustainability are complementary con@éplsksaedi and
Karami, 2013); sustainability implies capacity to achieveysdgoal without compromising
the future capacity and resilience is dynamic capacity to achieve despite disturbances
and shocks. Petersat al. (2018) proposed an operational version of resilience in agro-
ecosystem that is centred around: (1) productivity, (2) stability, (3) aesestto decline in
yield and the supporting mechanisms in the face of disturbances, arapi@)yecovery to
baseline functioning when conditions improve. Thus, a resilient agricultuoalugtion
system should have ability of high production under normal conditions, suspameasion
of ecosystem services and have minimal negative impacts on otheesgiioductivity);
minimal variability/fluctuation in yield/profit (stability); minimal loss under disturbances or
adverse conditions (resistance); rapid return to baseline produdctitéty disturbances and
maximal positive response to beneficial conditions (recovery). Results oéralese
experiences accumulated over the years have indicated thaathemrious strategies which
increase the resilience of agricultural production systems, and somepetial reference to
NW hot arid region, are given in this section.

Building upon traditional knowledgeThe traditional wisdom of the native people of arid
regions, as mentioned before, has helped them survive the harsh environmentuftgscent
This is of immense significance to enhance resilience of farming in fatreell. For
instance, their traditional mixed farming improves resilience lye#dsing risk associated
with crop failure in sole crop production. There is traditional knowledgarding suitability
of components species (crops, grasses and woody perennials) in accordasite \sfecific
edapho-climatic conditions.

Various runoff farming systems have been traditionally used for growing crops (Kolarkar and
Singh, 1990) to meet the challenge of low rainfall. Among thiémadin cultivation is a
unique, followed since X5century in 100-200 mm rainfall zone in Jaisalmer district of
western Rajasthan (Parsatal.,2004). The system comprises suitable highland area having
good runoff potential serving as catchment area, and relatively low plaiimg) lteeep soil in

the proximity to receive, collect and store the runoff water for crops. ratio between



cultivated and catchment area varies from 1:15 to 1:56. On withdrawal ofoamnthe
accumulated water ikhadin starts receding due to seepage and evaporation, and the crops
are cultivated, depending upon depth of impounded water, starting from upfmveio
reaches. During the years of poor rainfall, when accumulated watessjsglenerallykharif
crops such as pearl millet and clusterbean are grown. Genetaillgeason crops like wheat,
Indian mustard and chickpea are grown on conserved soil moisture. The cropemsity
varies from 60 to 100% from upper to lower reaches. Study by Parsdd2004) showed
that average yield of chickpea varied from 1.0 to 1.5itdmal of wheat from 2.0 to 3.0 t-ha
ICAR-CAZRI has prepared guidelines for sustainable utilizatiokhaflinsystems (Goyadt
al., 2018) that include suitable design with provision of spillway, recycling ofsexsred
water for supplemental irrigation (SI), moisture conservation, soil ferthanagement,
standardization of nutrient schedule for different crops, crop planning for diffexaches of
khadin and integration of suitable alternative land use systems f@r haitization of water
and increasing overall productivity and profitabilityBifani badi’ is another important
traditional practice of growing summer season cucurbits (water rmabmusk melon) with
the use of limited water in the sandy soils of Bikaner district gag$®aan. Similarly, as
indicated before, there are traditions of protecting trees and sacredgfemsy lands that
help conserve phyto-diversity and provide fodder and other economic products.

Integrated farming systems - good for people and pleé®eentific studies across the world
suggest that, relative to conventional agricultural production system gbaniycspecialized
agriculture), the integrated farming system (IFS) lowers reliance on dxtgrots, enhances
agro-biodiversity, provides better yields, enhances ecosystem servicespramotes
resilience in the face of disturbances (e.g. abiotic, bigtec economic). The first and most
important attribute of IFS is enhanced agro-biodiversity which not arfigreces the desired
ecosystem services but promotes resilience. IFS provides opipied to harness synergies
among different agricultural sub-systems and/or enterprises, augmenting pigductd
gainful year-round employment, ensuring efficient resource recycling, higher resaseces
efficiency, improved soil quality, and protaction of natural resources and envirommtést
arid and semi-arid regions (Rathoteak, 2018, 2019).

Minimization of risk by increasing on-farm biodiversityhe IFS is less vulnerable to
climatic, biotic (pests and diseases) and economic (relativespot input and output)
changes compared to specialized agriculture or a single commosdég-kegriculture.
Different commodities (crops, livestock, grasses, and woody perennials) have diffdignt ab
to absorb production and economic risks. Hence, increasing the diversityceslthe risk
absorbing capacity of production system. IFS has potential to mithe production and
economic risk associated with sole arable cropping, and decreasaulttezability of
producers to the impacts of aberrant weather conditions. In case of cuwp, fie woody
perennials provide fodder, fruit or fuel wood. The rainfall-scarcity induced reductithe in
yield of crops is more in sole cropping system (SCS) compared to thaFaF&la (1998)
reported that the yield reduction of mungbean was higher in SCS comipatbdt in
Ziziphusbased integrated production system under subnormal rainfall conditions (84% le
rainfall than long term average of 360 mmayrnn hot arid region of Rajasthan. This



integrated production system provided a year round supply of fodder for five sheegpidoa
fuel wood for a family of four members. Delayed onset of monsoon is a common weather
aberration in the region. Studies at ICAR-CAZRI showed that under very dedaget (first
week of August), the IFS (comprising agri-horticulture, agri-pasture;lsture) fetched
higher returns than sole cropping (Tanwaral, 2014). Additionally, IFS gives opportunity
to farmer to adjust the allocation of production inputs among the entsrprisesponse to
climate and price fluctuations. For instance, the integrated crogidisle production system
provides an opportunity to producer to convert a grain crop to forage miohséasng low
rainfall years when grain yield prospects are low or when livestockspaieehigher relative

to grain prices.

Fulfilling year-round requirement of food, fodder, fu&he IFS co-generates food (cereals,
millets, pulses, oilseed, vegetable, fruit, milk and meat), fodder (greerr fatidav and leaf
fodder from tree) and fuel (fuel wood and biogas), increasing the selfisaéfycfor basic
requirements of farmers and improving nutritional and livelihood security.nfegration of
Ziziphus mauritian@P. cinerariaand livestock with arable crops (pearl millet, mung bean,
moth bean, sesame) in the IFS meets the requirements of food, fodder andddehhe
region. An eight year study by ICAR-CAZRI demonstrated thet + cowpea system
provided food (cowpea grain: 386 kg-hwr-1), fruit (3076 kg ha yr-1), fuel wood (1353 kg
hai yr-1) and fodder (to sustain 700-1000 animal days yra) to sustain a modest family
(Bhatiet al, 2008).

Higher productivity and profitabilityWith decreasing production resources and increasing
demand for agricultural products, a system is needed that increasesdhetipn per unit of
land area per day. Results of several studies in hot arid regions demonsteat&eSt
significantly increased land productivity compared to sole production sygeRS) (Harsh
and Tewari, 2007; Bhagtt al, 2008; CAZRI, 2014; Patidar and Mathur, 2017; Vesnal.,
2017; Rathoret al.,2018, 2019).

Agroforestry based IFS systems, involving co-cultivation of trees with abfes, also
improved land productivityP. cineraria, Hardwickia binata, A. senegal, Z. mauritisarad
Tecomella undulatare suitable tree species for this system. Long-term study iredien
showed that integrated production of arable crops Ritlineraria provided good yield of
arable crops along with an additional yield of dry leaves and twigs (0.65 to &% and
fuel wood (1.8-2.6 t hg from P. cinerariatrees. Seed yields of pearl millet, mung bean and
clusterbean were higher in association vidtitinerariathan in sole arable cropping (CAZRI,
2014). Kaushik and Kumar (2003) reported higher fodder yieldP.incinerariabased
production systemR. cinerariain association with pearl milletBrassica tournefort)i than
sole cropping in arid regions of Haryana. There, yield of barley improved (16.8-86.0%) in
association withP. cineraria and T. undulata (Kumar et al, 1998). The higher land
productivity ofber-based cropping system compared to that of lseter sole crop/grass and
5-20% higher yields of intercrops in association witr than sole cropping have been
reported in several studies in the arid region (Geptal., 2000; Sarogt al., 2003; Singhet

al., 2003; Bhandaret al.,2014). Co-cultivation of arable crops witker enhanced fruit yield



of ber by 7 and 52% compared to sdier production at Bikaner, Rajasthan (Arga al.,
2011) and Dantiwada, Gujarat (Pagehl.,2003), respectively.

A study at ICAR-CAZRI demonstrated that IFS onaseven ha land provided 2.06 t &od gr
3.12 t fruit, 8.25 t milk, 0.34 t meat, 0.37 t clusterbean seed, 0.51 t grasars®dd,9 t fuel
wood as compared to 2.06 t food grain, 0.80 t clusterbean seed, and 18.86 t obyosller
production (SPS). The IFS, thus, had 2.9-times higher food production than SPS (&anwar
al., 2018b).

IFS provides not only higher land productivity, but also multiple food productse{sill
pulses, milk, meat and fruits) as compared to any SP system. Furthetmeogpeoduction of

food and total economic products are less variable in IFS than in SCP (Fig. 2), thus enhancing
resilience in arid regions.
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Figure 2. Yield of (A) economic products and (B) food products in SCP and IFS at Jodhpur.

IFS also provides an opportunity to enhance profitability relative to ®@righ higher

productivity and lower production costs as the by-products of one enterpribe caed as
input for other enterprise, thus reducing the need for external inputraGstudies indicate
that IFS enhances profitability over sole production systems in flibaadi semi-arid regions
(Table 1).

Results of a long-term study by ICAR-CAZRI indicated that IFS gave 23-506kehnet

return than SCP, and the return was less variable (CV=28% for IFS and 93% for SCP).
Averaged across the years, the IFS fetched 251% higher net return than SCP (Fig. 3).
Furthermore, the difference in pattern of flow of income between SCP ants W6Srth
mentioning. The income from SCP is season-specific (after harvest of crops) whiteitinsIF
throughout the year by the sale of a variety of farm produce (milk, egg, mushroom,
vegetables, fruits and food grains) (Behera and Mahapatra, 1999; Mahesvedralpj2®01;
Kumaret al.,2013).



Table 1.Relative profitability of IFS over SPS in hot arid and semi-arid regions of NW India

Location Production system Increase (%) due to Reference
IFS over SPS
Jodhpur, Sole crop: Pearl millet Harsh and Tewar
Rajasthan IFS: Pearl millet +A. senegal 61 (2007)
(140 plants ha)
Jodhpur Sole tree (ST): solEl. binnata Harsh and Tewar
Sole grass (SG)C. ciliaris 25% over ST (2007)
IFS:H. binnata + C. Ciliaris 65% over SG
Jodhpur Sole crop : Arable crops Tanwaret al, (2016)

IFS : Arable crops + tree + fruit cropdr)+ grass + 7 193
ACU (4 cows, 8 bucks and 4 rams)

Jodhpur Sole crop : Mung bean Meghwal and Henry
: Clusterbean (2009)
IFS: Mung bean ber 432
: Clusterbean ber 162
Bawal, Sole crop: Clusterbean (C) - barley (B) Kaushiket al (2017)
Haryana IFS :P. cineraria+ Guava + C-B 381
P. cineraria+ Aonla+ C-B 327
Hisar, Haryana Sole : Cropping alone
IFS1: Cropping + crossbreed cattle 346 Singhet al, 1993
IFS2: Cropping + buffalo 35

Adapted from Rathoret al. (2019)

Ensuring year-round gainful employme®&CP, being a season bound enterprise, has season
and time specific labour requirement, with a peak during planting and hagvestcrops,

and in the rest of the season there is inadequate employment oppoftkfitould utilize
labour more efficiently at farm and/or regional scale and provide an opjpprtorenhance
employment generation. A 5-year study by ICAR-CAZRI showed that IFS hath 2®
times more employment generation than SCP (823 to 918 man-daysIfAS, compared to

425 to 448 man-days-ym SCP) (Fig. 4).

Gill et al. (2009) reported that integration of dairy with cropping generated 138 additional
man-days compared to SCP in irrigated hot arid region of Punjab. A studynabaZoie,

South India indicated that integration of fish and goat with arable croppingrajed
additional 207 man-days -yrcompared to sole cropping (Jayanghial., 2001). In addition,

the IFS ensures that women get higher opportunities to engage imdagattivities,
particularly in poultry, milch cattle and/or sheep/goat rearing, vegefablguction, etc.
(Sharminet al., 2012), and increases their access and control over the farm resources and
income (Setboosarng, 2002).

Components of IFSThe selection of suitable components for integration is essential for
harnessing the full benefits of IFS. The edapho-climatic conditols complementarities
between components along with availability of infrastructure (irrigaticactietity, markets,
storage and transportation), socio-economic conditions, technology, and family respirem
of various agricultural products are major determinants for selection of sut@iviponents

of site-specific IFS. Results of a study ber-based integrated production system at ICAR-
CAZRI demonstrated that amongst the arable crops, mung bean gave bé&ttemygood
rainfall years, clusterbean gave better yields in drought years, and cesivpead yield
stability in most of the years (Bhadt al., 2008). Thus, cowpea and clusterbean are better
than mung bean for imparting stability in land productivity and profitability
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Figure 4. Employment generated by SCP and IFS on a 7 ha holding in Jodhpur.

Kumar et al. (1998) demonstrated better yield enhancement of barley in associatioR.with
cineraria (86%) than withT. undulata (48.8%) andA. indica (16.8%). Evaluation of
economic performance of IFS involving crops (cowpea, clusterbean and easthdnd fruit
crops @onla ber and pomegranate) in arid region of Gujarat revealed that clusterbean
performed better than other crops in orchatu: + clusterbean had highest profitability
(benefit to cost ratio, BCR: 1.83) followed Imer + moth bean (BCR: 1.65) (Dayat al.,
2015). Comparative analysis of productivity of three IF systems (créhscinerarig crops

+ Z. mauritianaand crops . binnatg with sole pearl millet at Jodhpur indicated that IFS
had 41-237% higher equivalent yield than SCP Zndnauritianabased IFS had highest
(237% greater) equivalent yields followed Bycineraria(67% higher) andi. binnata(41%
higher) based systems (Tanvedral.,2018a).



The above results clearly indicate that enhancing diversificasoessential to impart
resilience to farming and to cater to diverse needs of farming comesumiid ensuring
higher land productivity, profitability and gainful employment round the year. Meiltip
arable crops, agroforestry, agri-horticulture, and horti/silvi-pasture systemisigp options
for diversifying the agricultural production systems. Within crop production, pe#et,m
pulses, oilseeds and clusterbean should be included in approximated®,40) and 20%
area.

IFS options in NW hot arid region of Indiarious landuse-based IFSs have been developed
for NW hot arid region. The silvi-pasture system (i.e., co-cultivation osgsadegumes with
trees/shrubs) optimizes land productivity, conserving plants, soil and nsitteeqiroduce
forage, fuel wood, timber, etc. on sustainable basis. The areas receivingng2@dhnual
rainfall, or degraded lands are suitable for silvi-pastreineraria, A. tortilis, A. lebbeck, A.
senegal, A. indica, H. binata, Z. rotundifolia, Z. nummulana suitable tree/shrub species,
andL. sindicus, C. ciliaris, C. setigerus, Panicum antidot@hel Dicanthium annulatunare
suitable grass species for silvi-pasture system. Shankar (1980) reffatecompared to
natural grazing land, the silvi-pasture system enhanced forage/grazing &tyadabl forage
quality for a longer period of time and yielded 7-times more forage. Strip-planting irtid:2 ra
of Z. nummulariaand C. ciliaris enhanced the productivity and return from mixed flock of
sheep and goats over sole pasture (Bhat, 1997). Silvi-pastdreaaitindifoliaandC. ciliiris
could sustain 554 Tharparkar cattle days tdth 60% pasture utilization (Pratap Narain and
Bhati, 2004).

Horti-pasture system (i.e. growing of fruit crops and grasses) is atjbtentegrated
production system for providing higher income from fruit trees and meeting demand of
fodder. TheZ. mauritianabased horti-pasture is suitable for class IV and V types of lands
hot arid regions. Horti-pastoral studies on sandy rangelands of RajastleatedethatZ.
mauritiana+ C. ciliaris system produced 1.2 t-hdorage and did not affect fruit yield ber
(Sharma and Diwakar, 1989). Long-term study on Samadari (Rajasthan) sandyndingela
showed that plantation &. rotundifoliaandZ. nummularia@ 280, 140 and 170 plants-ha
with C. ciliaris produced 624 to 824 kg hdorage yield, and upto 280 plants-thean be
safely planted (Sharma and Vashishta, 1985).

Horticulture-based production system is ideal for economic returns, generatpigyment,
and improving livelihood and nutritional security of people in hot arid regions (Civatda
1993; Pareek, 1999). Several drought-hardy fruit crops digpparis deciduaSalvadora
oleoides Cordia dichotoma Cordia gharafand Z. mauritianaare suitable for the areas
receiving <300 mm rainfall, and besides providing fruits these plants produstira laden
nutritious leaves for livestock. Several other fruits suchEawblica officinalis Punica
granatum Aegle marmelgsPhoenix dactylifera and Tamarindus indicacan be grown
successfully in rainfall zone of 350-500 mm or where irrigation facilities axaglable
(Pareek and Awasthi, 2008). In arid region, agri-horti system invoKimgauritiana+ mung
bean/clusterbean has been found environmentally sound and economicallevébbtiiring
drought years. Guptat al. (2000) reported thaZ. maruitiana @ 400 plants ha in



association with mung bean performed well with seasonal rainfall off2dGnd increased
net profit by Rs. 288.6 haimplying that agri-horti system minimizes risk in arid regions.

Sarojet al. (2003) demonstrated that clusterbean-Indian mustard\achre suitable under-
storey components iber-based production system. The co-cultivationbef with legume

crops is reported to increase fruit yieldasr (Singh, 1997) and grain yield of legume crops
(Singhet al., 2003). Agri-horti system comprisingiziphus+ legume crops provides fruit,
grain, fodder, fuel wood and round the year employment. Results of study conducted at Pali
(Rajasthan) by ICAR-CAZRI showed that integration of arable crops (dbester horse
gram, mung bean and henna) with pomegranate improved the profitability over sole
pomegranate (Lal, 2005). Pomegranate has also been found compatible witmipetrl

mung beanisabgol sorghum and cumin in Jalore district of Rajasthan (Gupta, 2000).

In the NW hot arid region, the arable crops remain on the land only for T00talays
(during the rainy season of July to September). Agroforestry is therefore an efisen
of land and water utilization and sustained biomass production that can provide iecamdm
social security in the event of crop failure in drought years. The iniegraf woody
perennials has two important roles, provision of material output (fodder, facad,wWruit,
timber etc.) and ‘services’ (nutrient cycling, soil amelioration, midnmate modification,
shelter). Besides imparting stability in land productivity during abemantall conditions,
higher economic returns (Malhotra, 1984; Shankarnarayaal., 1987), soil amelioration
(Man and Dauley, 1981; Muthare al., 1985) and micro-climate moderation (Ramakrishna
et al, 1985) are some of the important benefits of agroforestry in Indian arid zosss H
(1995) indicated suitable tree and shrub species for different raaméds in NW hot arid
zone and its adjoining regions (Table 2).

The benefits of tree integration largely depend upon efficient and judicianagement of

soil and water resources. Therefore, selection of suitable treeespersi appropriate
combination of tree and crop, optimum densities and suitable manaigenaetices like
pruning, lopping, thinning and root clipping are important aspects to enperthectivity of

an agroforestry system. A long-term study at Jodhpur to evaluate crop productivity and define
optimum tree density with advancing age Bf cineraria in an agroforestry system
demonstrated that yield of annual crops was the highest at theiefeosi278 trees ha(4m

x 9m) at 6- and 7-year age, 208 trees (@& x 6m) at 10-year and <208 trees lah 11-year

age ofP. cinerariaand amongst the crops, legume performed better than pearl millet (Singh
et al.,2007). About 200 plants havas optimum density dfer for agri-horticultural system

at Jodhpur (Bhatet al., 2008) and cowpea and clusterbean were better crops. At the age of
five years, 417 stems hg4m x 6m) was optimum density df undulatain agroforestry
system for total production (Singét al., 2005). Both higher and lower stem densities
adversely affected crop production.

Canopy management of woody perennials is essential to harness thesldraitoforestry
systems. Harsh (1995) reported that in an agri-silvi system comprisirtdoloptelea
integrifolia (12-year old plantation) and arid legumes (clusterbean and mung beaimglop

of trees improved yields of the crops by 50-150% (Fig. 5). Singh and Rathod (2012)



advocated use of silvicultural practices like trenching around tree truekldce overlapping
of roots of trees and crop f@. mopandased integrated production system.

Table 2.Tree/shrub species for different rainfall regions

Rainfall (mm) Species

50-250 Ziziphus nummularia, Acacia tortilis, A. senegal, Prosopis iy Calligonum polygonoides
Tecomella undulata

250-400 P. cineraria, Hardwickia binata, Colophospermum mopane, Dichrostachys nutans, Aila
excelsa, Acacia catacheu, Grewia tenax, AcaciaindoZiziphus mauritiana

400-600 Albizia amara, A. lebbeck, Cassia siamea, Emblicficinalis, Hardwickia binata,
Ailanthusexcelsa, Moringa oleifera
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200 +
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Figure 5. Yield of legume crops under different canopy management practices in Hedadptegrifolia based
agroforestry systems in Indian hot arid region

The integration of perennial grass with arable crops is alsotabkuioption to impart

stability to crop production along with vegetative filter sfiop arresting soil erosion. Strip

cropping of grassesC( ciliaris, C. setigerusandkharif legumes (moth bean, clusterbean,

mung bean) in 1:2 ratio with a strip width of 5 -10 m is foundable for rainfed areas of

NW hot arid region.

Inter- or mixed-cropping is an important strategy to minimize theinirop production in

arid regions. Pearl millet + mung bean + moth bean + clusterbesesame is the most
common crop mixture of western Rajasthan. The intercropping is showcrease yield,
profit and resource use efficiency compared to sole crops in arid re§iead. millet +
legume is the most suitable intercropping for rainfed hot arid region. Ancaddiyield of

265, 291, and 268 kg haof moth bean, mung bean and clusterbean, respectively, was
recorded without any significant reduction in pearl millet yield in pamaa planting of
legume crop in interspaces of pearl millet in hot arid region (Joshi, 1999cramping of
grasses(. ciliaris andL. sindicu3 with grain legumes (moth bean, clusterbean, mung bean)
recorded 20-30% higher yield of grasses compared to sole - grass. Sorghum + amng be
(2:1 ratio) is suitable intercropping system at Pali, Rajasthan. The avalatbémce suggests
that to obtain maximum benefit of resource utilization and yield, suitabledfmxercropping
system should be adopted as per the local agro-climatic andessmziomic conditions. The



component crops and their cultivars must be selected in accordatticeainfall pattern
(amount, frequency, and intensity), rate of evapotranspiration, soil type etc.

A diversified IFS with 5-7 ha farm size has been developed for 300-A0@amfall zone of

NW hot arid region based on a long-term experimentation since 2001 at ICARICA
Jodhpur (Table 3). The model includes arable cropping (20%), agroforestry (30%), agri-
horticulture (20%), silvi-pasture (10%) horti-pasture (10%) and boundary plantation (10%).
In the livestock component, ‘Tharparkar’ cattle (0.75 AG&h) and ‘Marwari’ sheep and
goat (3 animals hg were found rational to fully utilize family labour and available fedd
(Tanwar et al., 2018b). This system generates 130 man-daysdmal is capable of fully
utilizing family labour and available fodder. The net returns estimateBsr&0,000 with a
payback period of 5 years at an IRR of 35%.

Table 3.A rainfed IFS model synthesized for an area of 5-7 ha for 300-400 mm rainfall area of NW
arid zone (Adapted from Tanwar et al., 2018b)

System Component % area

Arable cropping Diversified cropping [pearl millet, mung bean, ¢krbean in 4:1:1 ratio 20
replace 30% pearl millet with moth bean under delayed onset of monsaor
July onwards)]

Agroforestry Prosopis cinerarig10 m X 15 m) + crops 30
Agri-horticulture ber (Cv. Seb, Gola ; 5m X 10 m) + crops 20
Silvi-pasture Hardwickia binatd Ailanthus excelsa grass C. ciliaris) 10
Horti-pasture Z. rotundifolia/ Z. mauritiana+ grass €. ciliaris) 10
Boundary plantation Acacia senegal, Hardwickia binata, Dalbergia sissotrenching after 3 year 10
of plantation
Cattle Tharparkar breed (0.75 ACU ha
Goat and sheep Marwari breed (3 animals ha

IFS for planet - carbon sequestrationhe enhanced biodiversity within IFS, via integration
of different plant and animal components in production system, performs an airra
ecological services, including carbon sequestration, nutrient cycling, wolicrate
regulation, soil microbial processes, and local hydrological processed) ¥elad to more
sustainable agriculture with more reliance upon inputs genewdtath the system. The
agroforestry system (AFS) provides a unique opportunity to combine the tvactiobg of
climate change adaptation and mitigation. Dhyani al. (2016) studied the carbon
sequestration potential (CSP) of AFS in India, and demonstrated that CSBEsointieFS
varied from 0.25 to 19.14 and of crops from 0.01 to 0.60 t-Cyha and the contribution of
AFS in soil carbon sequestration varied between 0.003 to 3.98 4 @rhaA CAZRI study

in arid regions of Gujarat demonstrated that the silvi-pastoral systeses:A. tortilis,
Azadirachta indica;grassesC. ciliaris, C. setigeru} sequestered 36.3 to 60.0% more total
soil organic carbon (SOC) stock compared to sole tree and 27.1 to 70.8% more SOC stoc
than sole pasture systems (Mangalassérgl, 2014). Study at Jodhpur demonstrated that
agri-silviculture systems, i.e€. officinalis H. binata and C. mopanewith Vigna radiata,
sequestered 12.7-13.0, 8.6-8.8, 4.7-5.3 Mg @ (&ngh, 2005). These results suggest that
integration of trees in agricultural land is an important strate@gedoiester carbon not only
in the form of biomass but also in soil and may therefore maintaipreailictivity. Besides



climate change mitigation via C sequestration, the AFS also hekdapting agriculture to
climate change via moderating climate extremes, particularly teigiperatures, as well as,
intra-annual climatic fluctuations (Mboet al.,2014).

Efficient utilization of water: per drop more crop: The water scaisithe major constraint
for crop production in Indian hot arid regions and the efficient utilization ofrvisieey for
imparting resilience in agricultural production systems.

Water harvesting and supplemental irrigatidRainwater being the major source of water for
agriculture in NW hot arid regions of India, water harvesting (WH) and riegydbr
supplemental irrigation are important for enhancing agricultural prvitycand resilience.
Many variants of WH systems have been developed and standardaecbidance to bio-
physical (rainfall, soil, topography, runoff and crop) and socio-economic chastictenf
the region. The inter-plot WH (IPWH) with a ratio of 2/3 cropped area3@dtchment area
with 5% slope gave higher soil moisture content and yields of rainfed erdpe hot arid
regions of India. The inter-row WH (IRWH) system consisting of ridge-furrow configuarat
(30-40 cm wide and 15 cm deep furrows with 60-90 cm wide ridge, constructed slommes)
improved vyields of rainfed crops. The IRWH system is suitable for modedgep soils of
medium to heavy texture. Singh and Singh (1997) reported that pearl miles weh
IPWH were 2425 and 1240 kg-has compared to 2320 and 400 kg hia flat sowing in
good and low rainfall years, respectively. During low rainfall years the IPWiHs,
improved water productivity of pearl millet (WP) by 2-times.

In Western Rajasthan, various runoff farming systems have been traditioeadpped and
used for growing crops (Kolarkat al., 1983; Kolarkar and Singh, 1990) including already
describedkhadin cultivation system followed in 100-200 mm rainfall zone in Jaisalmer
district of western Rajasthan (Parsddl.,2004).

Supplemental irrigation (Sl), especially during critical crop growdges, provides many
benefits that include higher and more stable crop yields, improvest pratductivity (WP),
and reduced crop failure risks due to moisture deficit, thus enhancing resiefacming in
arid regions. Singh (1995) reported that when seasonal rainfall was 16.3 kof,1d3 and
21.2 cm in pearl millet at reproductive stage gave 162 and 227% higher anelds6 and
58% higher WP compared to rainfed crop without Sl in arid region oasRen. For
harnessing full potential of SlI, it should be combined with other improwianagement
practices, including use of sprinkler and drip irrigation system.

Studies in NW Rajasthan showed that sprinkler and drip irrigation gave 12 to 8&#8ér gre
WP than surface irrigation (Fig. 6). Suitable irrigation schedules for ditfereps, based on
phenological stages or climatological approaches, have been devé&topeprove WP and
saving water. Studies in canal irrigated areas of NW Rajasthaondémaied that irrigations

at the critical stages of growth of chickpea (at vegetative and 50%rftayvstages), wheat
(crown-root initiation, earing and milk stages), and cotton (50 DAS, square tionma
flowering, boll formation, and boll development) gave high WP (Yadav and Chauhan, 2013).

Deficit irrigation (DI), application of irrigation water below the fultop ET or water
requirement, is another way to increase WP in arid and semi-arid regiodg. it ICAR-



CAZRI at Pali, Rajasthan showed that compared to full irrigation, DBh&@% greater WP
in cotton (Singhet al, 2010), and 11-17% in wheat (Rabal, 2013). Rathoret al. (2017)
demonstrated that for wheat in hot arid region of India, moderate deficit mnggirc 0.8)
had highest WP, resulting in 17% saving of irrigation water with only 5% reductigelh

as compared to full irrigation (ETc 1.0). It has been demonstrategtiéhds and WP could
increase even more if DI is used in combination with suitable soil manageraetitgs such
as FYM application, tillage (Raet al., 2013), N application (Rathoret al., 2017) and
application of growth regulators (Wakchawetal., 2016 a, b). A study at Pali, Rajasthan
demonstrated that deep tillage with DI of 46, 62, 75, and 88% of full irrigation had,
respectively, 3, 17, 19 and 20% greater WP of wheat compared towyieldonventional
tillage (Raoet al, 2013).
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Figure 6.Increase in WP due to pressurized irrigation methods (sprinkler and drip)velatisurface

irrigation (Modified from Rao et al., 2016; Yadav and Chauhan, 2013).

Even though, there are many options for enhancing WP, the one most approjirizdesiie
specific and depend on social and economic conditions of the farmers. Contlalaggcal
water saving measures with engineering solutions, agronomic measures andatianipf
soil environment in an integrated manner is the best strategy for improving WP. Thieradop
of these techniques is, however, slow due to many reasons. Improving Wesemabling
policies and institutional environment that align the incentives of peyduaesource
managers and society, and provide a mechanism for dealing with trade-o#eh&VP and
yield.

Technological interventions to lessen the challenge
Intense and strategic research conducted in arid and drier semi-arid regsoted hia
identification of several technologies that can enhance the resilience of arid farming.

Right choice of crops and cultivar$he crop-growing period (CGP) in NW hot arid region

in Rajasthan is short, varying from <6 to 12 weeks depending on rainfall. Short duration
legumes are suitable for 250-300 mm yainfall region with 8-10 weeks of CGP; whereas,
pearl millet and medium duration legumes are suitable for 300-400 mmainfall region

with 10-12 weeks of CGP (Raat al, 1994). Long-term studies have indicated that 45, 23
and 32% area should be allocated to millets (pearl millet, sorghum),s paihgk grasses,



respectively, for achieving stable crop production in hot arid region (Fabdh 2007).
Selection of suitable cultivar is crucial for success. Pearénaliltivars HHB-67 Improved,

CZP 9802, GHB-538, GHB-719, GHB-757, RHB-154, RHB-177, HHB-226, MPMH 17 and
MPMH-21 ; moth bean RMO-40, RMO-225, RMO-435, RMO-423, RMO-257, RMB-2251,
CAZRI Moth-2 ; clusterbean RGC-936, RGC 1003, RGC-1055, RGC-1066, RGC-1038, HG-
365, HG-563; sesame RT-13, RT-46, RT-351; and mung bean K-851, IPM 2-3, IPM 205-7
are suitable for cultivation in NW hot arid region. Substitutiontratiitional cultivars by
improved cultivars increased yields by 15-50%.

Enhancing fodder supplhtivestock are integral component of agrarian economy of the hot
arid region (Rathoret al., 2009, 2010). Their average productivity is low, primarily due to
shortage of good quality fodder and other critical nutrients. Therefore, enhancing fodder
supply is imperative to increase resilience of the farming in this region.

Community grazing lands are the primary source of fodder here, but most are degraded and
production is hardly 300-400 kg haThere is a need to improve the common grazing
resources in participatory mode by integrating soil and moisture consertatiomques,
reseeding of palatable forage species, nutrient management, and yrogeispecific
grazing. Live fencing on the field boundary with woody perennials having forage sadine i
attractive option to augment fodder supply as it can provide 6-13.5 driyamatter. Studies

by ICAR-CAZRI demonstrated that reseeding withciliaris enhanced fodder yield by 55%

in the second year. An active participation of all the stakeholders isvieovessential for
sustainable development of common grazing lands.

Furthermore, newly introduced fodder crops like fodder beet, spine-less ¢@giustia
ficus-indicg and Hybrid Napier provide new avenues for enhancing fodder availabilhg in t
region. ICAR-CAZRI studies revealed that beet root can give 245 frésh fodder yield in

four months and Hybrid Napier up to 400 tihahen planted in crop geometry of 75cm x
60cm. Several high fodder yielding cropping sequences for irrigated areaslbavieeen
identified for the region. ‘Cowpeaat- pearl millet’ and ‘pearl millet+cowpeaat-©rghun?’,

with irrigation scheduled at 50 mm CPE, produced up to 87 bhgreen fodder per annum

in the studies at CAZRI. Promotion of dual purpose crops such as pdet] with cultivars
having good grain and straw vyields, is another important avenue for enhancing fodder
availability in the region.

Complete Feed Blocks (CFB), Multi Nutrient Blocks (MNB), Multi NutrieMiixtures
(MNM) and urea-treated crop straw can play an important role in ensurimgional
security of livestock (Patidaat al.,2014).

Harnessing the natural strengtfhe utilization of the solar energy, abundant in the region,
via solar photo-voltaic (PV) and solar thermal devices, provides immense oppoidunitet
the energy needs for domestic and agricultural uses. Use of solar d@rigasmping
irrigation water, pesticide application, cleaning and drying of agriculnaducts, cooking
animal feed, etc. enhances productivity and profitability of farming in tharftbtegion. As
mentioned before, agri-voltaic system provides opportunity for co-geneatielectricity



with crop production along with harvesting of rain water (Saatral, 2018). Hence, itis an
exciting technology for sustainable development of farming in the NW hot arid region.

Combating desertification

Desertification is a perennial challenge in the NW hot arid regidndid. Wind and water
erosion, water logging, salinity/alkalinity and vegetation degradationharengjor factors,
but lately industrial effluents and mining are also becoming importasdutA76% area of
western Rajasthan is affected by wind erosion, 2% by water erosion, 2&8tirtigasion, 3%
by vegetation degradation and 0.1% by mining activities. Overall, 5, 16430 area of
western Rajasthan is very severely, severely, moderately and sligiiélgted by
desertification, respectively (Kat al.,2007).

Wind erosion of sand is the one of the most important factors of desedifidatiNW
Rajasthan. Inherent high soil erodibility, high wind speed, low rainfall, eigansf
cultivation on less suitable marginal sandy lands including high slopsand dunes, land
levelling in dune covered irrigated areas, degradation of vegetation coverp|alegung of
the sandy tract and disappearance of practices like land fallowing atidnatgrazing are
major causes of sand destabilization, accelerating the wind erashW iRajasthan. Water
erosion through fluvial processes affects sizable area in Saurasktaal&hh uplands and
the eastern margin of the Thar Desert having annual rainfall >350 to 500 mar. aA¢stion
in Gujarat is mainly related to accelerated runoff on moderately deejnantextured soils
on sloping terrain especially on ploughed lands without any soil and watesreainsn
measures. In eastern margin of the Thar Desert, denudation of vegetation cdepesroft
hills is major factor responsible for accelerating water erosion.

Excessive irrigation coupled with inadequate drainage has caused leggirg and soil
salinization in canal command areas of Hanumangarh, Sri Gangangar and Bikgios. dis
The occurrence of clay and gypsum beds at shallow depth in canal ndnanmeas restricts
deep drainage and promotes water logging. Increase in soil salinity/alkalinity uugation
with brackish groundwater is a major form of degradation in medium to hestwyed soils
of alluvial plains.

The unrestricted grazing, increased exploitation of vegetation (particulafyelewood and
other needs) coupled with encroaching of grazing lands has led to extensive tieyi@ida
natural vegetation in the NW hot arid region. The common grazing |&@vds,(Gochar and
Aagon are severely degraded. The degradation of vegetation leads to replacéraseful
species by aggressive alien colonizers having less feed and fodder valiesniple the
replacement of nutritive grass species By juliflora in Banni Grasslands of Gujarat
(Manjunathet al.,2019).

Many technologies such as sand dune stabilization, shelterbetafpbn, water harvesting

and conservation, watershed development, management for croplands/rangelands,
rehabilitation of saline/water logged/mining damaged soils have been pledelior
combating desertification.

Sand dune stabilizationAbout 58% area of arid Rajasthan is under sand dunes. ICAR-
CAZRI has developed vegetative methods for sand dune stabilization wlicide: (a)



protection of dune from biotic interference (human and livestock encroachifigrajeation

of micro wind breaks on dune by using locally available dried brushesivikgs of Z.
nummularia Calotropis procera Crotolaria burhia Aerva tomentosaand Leptadenia
pyrotechnicagither in checker-board pattern or in parallel strips acrossrietidn of wind;

(c) direct seeding or transplanting of suitable woody specieCaitigonum polygonoides,
Colophospermum mopane, A. tortilis, A. nubiaad in between the tree species root slips of
grasses viz.L. sindicus P. turgidum, C. biflorus, C. setigeruand creeperCitrullus
colosynthisare planted. The technology has been widely adopted and about 400,068 ha a
of sand dunes has been stabilized (Mohaedrel, 2018). Over-emphasis was placed in the
past on exotic tree species, which had less economic value (onlydeel) with poor
adoption by the farmers. ICAR-CAZRI has now suggested their replacemeumtcéy |
adapted species with better economic returns. Creating awareness #mompgople
pertaining to tangible and intangible gains of dune stabilization and egstineir
participation in the stabilization programme are crucial for success.

Shelterbelt plantationErection of shelterbelt (strips of multiple rows of trees and shrubs
across the prevailing winds) helps to reduce wind speed and minimikarth&ul effects on
soils and crops. Shelterbelts have been successfully raised avgeaskale along roads,
railway tracks, open canals, around orchards and field boundaries in the N\WWthetgion.

It has been demonstrated that shelterbelts reduce the wind vddgcP-46% on their
leeward side at 2H to 10H distance and reduce soil loss by 66% companeshs without
shelterbelt. Furthermore, the shelterbelt helps to conserve satumggiimprove micro-
climate, enhance crop yields and provide economic products (fodder and fuel Avdocde

row windbreak comprising oA. tortilis, Cassia siameandP. juliflora as the side rows and
Albizzia lebbelas the central row is suitable shelterbelt for NW hot arid regiantiRg a 13

m wide tree belt across the wind, interspersed with 60 m wids beds is also a promising
option.

Other technologies:To tackle the problem of water erosion, many soil and water
conservation practices like contour bunding, bench terracing, contour sowing,darask
etc. have been developed. For amelioration of soil degraded by highwlR®€ ICAR-
CAZRI has standardized gypsum application technology [gypsum application @50% gypsum
requirement and extra amount of gypsum to neutralize the excess RSC in irrigaéioi.eat
for RSC in excess of 5 me@:1L.0.30 t ha gypsum is required to neutralize 1 megRSC)],
which is followed by use of zinc sulphate @ 25 kg Ihathe second year. The irrigation led
water logging and associated soil salinization problems can béecedrby implementing
vertical and horizontal and subsurface drainage. In areas where undafatepography
does not permit gravity surface drains, and where groundwater is saline tatétecontrol
can be obtained by bio-drainage to some extent. The potentiatahceee species to draw
more water than the agricultural crops because of their deeper roemsykigher
transpiration rates throughout the year and the ability to minimize rggetieom rain by
intercepting it on their foliage, provides a way for keeping water tableruoadntrol.
Eucalyptus camaldulensis, E. tereticornis, Atriplex lentifgsymiicacia nilotica,and Acacia
amplicepsare some of the species that offer a great potential to work as bio-pumps.



Enhancing adaptive capacity

Studies have identified economic development, education, technology, knowledge,
infrastructure, institutions, equity and social capital as generic ndietnts of adaptive
capacity (Adgeret al, 2007). The adaptive capacity of a farming household depends on
human, physical and financial resources, information and skill, awareares training,
technological capacities, social capital, institutional suppoftastructure facilities, etc.
(Defiesta and Rapera, 2014; Abdul-Razak and Kruse, 2017).

The capacity to respond to changes in environmental conditions eifsts @@mmunities to
different degrees but not always all responses are sustainableri(Attial., 2015). It is
therefore, essential to identify the knowledge and practices that hipesl lieesert dwellers
survive under arid zone conditions, and to refine and upscale these so tleaability to
climatic events can be reduced. Dissemination of proven technologies thaigleav®und to
enhance resilience to various stresses is essential to enhaptigeadapacity of farmers.
FAO (2011) advocated promotion, dissemination and adoption of climate agneltural
practices which increase adaptive capacity and resilience ofgiarduction in the face of
climate shocks and can also mitigate emission of greenhouse gaseen#ianed earlier,
crop diversification rather than monocultures, agroforestry systems, cromdivestixed
systems, proper residue and nutrient management, water harvesting and tonserva
adoption of varieties recommended for the region, etc. can enhanadafitere capacity of
dryland farms of arid region.

Technologies are disseminated via demonstrations at farmers’ fiadtts dlys at various
research institutions and progressive farmers’ fields, and through short training programme
for farmers. ITC is also used to enhance access of farmers to various imgdwaologies

and climate and weather information. Farmer producer organizations, farmeratoms,
contract farming, etc. are being promoted to enhance social capital.

Most of the farmers of arid zone have poor financial resources. Coopdratike, regional
rural banks and nationalized banks give them loans at low interesbuhtiir penetration

in rural areas and access to farmers still need to be enhancddde farmer dependence on
money lenders. Dryland agriculture in arid zones is inherently very risky. Insuimance
available for major crops grown in NW hot arid zone, but its adoptiorasvedy low. The
issues related to timely settlement of claims need to be restvgvider insurance coverage
as insurance cover alleviates the fear of total or major lossessénatasevere weather
aberrations and encourages farmers to adopt improved production technologiese{Réd,
2013). Procurement of farm produce at assured minimum support price (MSP) is also a major
booster to adaptive capacity and it needs to be extended also tedhasedities produced
in arid zone that are not presently covered under the MSP.

Timely availability of quality agri-inputs, like seeds and plantingterial, plant protection
chemicals and fertilizers, have to be ensured so that knowledge anchahfor can be
translated into action. State and Central governments provide various incentivessasidssub
to economically weaker farmers. There is need to create greater asga@mneng such
groups to promote the use of such schemes.



Adoption of improved farming technologies

As already mentioned, a stream of technologies for sustainable utilization of naauates
and crop production has been generated for the NW hot arid region (Yadav, 2018). Adoption
of suitable crops and cultivars for different production environments, tilleggiqes, rain
water management (water harvesting, mulching, sub surface barriers for nmgimeep
percolation of water), seed rate, planting time, integrated plant nuimamagement,
optimum planting density and pattern, weed management, insect-pest seasedi
management, crop production under abiotic stresses (suitable cultivarnglmethods,
exogenous application of bio-regulators, seed priming, mid-season correcasunes),
contingent crop planning, conjunctive and efficient use of irrigation in accardaitit site-
specific bio-physical and socio-economic conditions is esséatia@ugmenting productivity
and profitability of farming, which ultimately leads to enhancing resilience of arid lands.

Conclusion

For ages, the inhabitants of hot arid regions have been practicingtesutsisarming,
maintaining delicate balance between their needs and fragile negamlrces. Land use
pattern and farming experienced huge changes during recent decades dueate ifcr
population, expansion of irrigation and increased use of mechanizationganihpats
(improved seed, fertilizer, plant protection chemicals). Agriculture emad impressive
progress in terms of increase in productivity and production of most of the fiekl &maips,
vegetables, etc. owing to increase in cropping intensity, irrigatiolitiéscin some areas and
availability of better inputs like seed, fertilizer, pesticidEsm machinery and tools, etc.
Although, the agricultural productivity is still low in NW hot arid region, tempound
annual growth rate (CAGR) of food grain productivity during the period 1999-2000 to 2010-
2011 was higher (3.2% in Rajasthan, 4.9% in Gujarat) than national average of 1.6%.
Enhanced agricultural productivity coupled with infrastructural develommlent to better
livelihood security and overall development in the arid regions.

Despite the enormous progress made in the past, there are mangglaballenges which
are threatening sustainable farming in the arid regions. The inherent clooatitions of
hot arid regions pose major constraint for farming which is likely to be wedséy the
anticipated climate change, more specifically with rising teatpees and aberrant rainfall.
Increasing human and livestock population strains the natural resouhmegrdblems of
water scarcity and natural resource degradation are increasing. Furthetimeoes,erage
productivity and profitability of majority of crops in the region is far belbe ¢xperimental
or potential yield in both rainfed and irrigated production systems. Howevehotharid
region is endowed with rich biodiversity and its scientific conservationusifidation can
help to meet diverse needs of inhabitants under anticipated cliamatibiotic stresses. The
cultivated and neglected and underutilized species (NUS) of plantsivastiock have
enormous variability, specifically adapted to thermal and water sfesdhich make them
potential resources in drier and warmer climate of future. Furthermoreickh&aditional
wisdom of making livelihood under adverse climatic conditions and managatgral
resources is of immense significance to enhance the resilience afdaithere is need to



preserve and fine-tune these indigenous techniques. Arid regions are well-endowed with sola
and wind energy, and there is vast scope for their systematic harnessing fatidome
agricultural and industrial uses.

Many technologies like sand dune stabilization, shelterbelt plant&iosion control, soll
management practices, crop management, pest and disease mmartagehabilitation of
wastelands, grassland improvement, watershed development, water meniageid land
farming, arid horticulture, alternate land use systems, solar devices, arfdesutegrated
farming system models have been developed and demonstrated for achievinalslystai
higher and economically viable land, water and animal productivity alothgoenservation
of natural resources. Genetic improvement of plants for improving adaptatiotolarance
to abiotic stresses, augmenting fodder availability, harnessing the potémeglected and
under-utilized plant species, value-addition to agri-products, and effidienation of scarce
irrigation water and abundant solar energy require specific attention rnleaneing
productivity, profitability and resilience of the farming in coming years. Enhgnthe
component diversity (crop, cultivar, tree, grass, livestock) at farm levaaordance with
the site-specific bio-physical and socio-economic conditions, isepréquisite to enhance
resilience of farming and ensuring sustainable livelihood in the arid region.

For promoting implementation of various recommended technologies toiraddegtent,
there is need of creating adequate infrastructural facilities (storagespargation, and
marketing), strengthening extension activities, promotion of co-ordination amongeutiffe
stakeholders, and ensuring enabling policy framework and institutional support for
implementation of policies.

References

Abdul-Razak, M. and S. Kruse. 2017. The adaptive capacity of smallholderrdatme
climate change in the northern region of Ghabimnate Risk Managemenid:104-
122.

Adger, W.N., S. Agrawala, M.M.Q. Mirza, C. Conde, K. O’Brien, J. Pulhin, R. Pulwarty, B.
Smit and K. Takahashi. 2007. Assessment of adaptation practices, ophiostsaints
and capacity. Pages 717-748 Climate Change 2007: Impacts, Adaptation and
Vulnerability. Contribution of Working Group Il to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change (Eds. M.L. Parry, O.F. Qlad#a
Palutikof, P.J. van der Linden and C.E. Hanson). Cambridge University Press,
Cambridge, UK.

Altieri, M.A., C.I. Nicholls, A. Henao and M.A. Lana. 2015. Agroecology and the design of
climate change-resilient farming systemAgronomy for Sustainable Developm&bt
869-890.

Arya, R., O.P. Awasthi, J. Singh, I.S. Singh and J.R. Manmohan. 2011. Performance of
component crops in tree- fruit crops under hot arid ecoldggian Journal of
Horticulture 68: 6-11.



Behera, U.K. and I.C. Mahapatra. 1999. Income and employment generation of small and
marginal farmers through integrated farming systemdian Journal of Agronomy,
44: 431-439.

Bhandari, D.C., P.R. Meghwal and S. Lodha. 2014. Horticulture based production gpstems
Indian arid region. Pages 19-5@ Sustainable Horticultural Systems: Issues,
Technology and Innovation (Ed. D. Nandwani). Cham: Springer India.

Bhati T.K., J.C. Tewari and S.S. Rathore. 2008. Productivity dynamics of integratedgar
systems in western Rajasthan. Pages 23r3Miversification of Arid Farming
Systems (Eds. Pratap Narain, M.P. Singh, A. Kar, S. Kathju, Praveen-Kumadr), A
Zone Research Association of India and Scientific Publishers (India), Jodhpur, India.

Bhati, T.K. 1997. Integrated farming system for sustainable agriculture in drylargis Pa
102-105in Sustainable Dryland Agricultur€AZRI, Jodhpur.

CAZRI, 2007. CAZRI Perspective Plan Vision-2025. Central Arid Zone Research tistitu
Jodhpur, P. 94.

CAZRI, 2014. Annual Progress Report. CAZRI, Jodhpur, India. pp. 53-54.
CAZRI, 2015. CAZRI Vision -2050, Central Arid Zone Research Institute, Jodhpur. P. 24
Chundawat, B.S. 1993. Intercropping in orchaftd/ances in Horticultur@:763-767.

Dayal, D., S. Mangalassery, S.L. Meena and B. Ram. 2015. Productivity and profitaibilit
legumes as influenced by integrated nutrient management with fruit ecnojes hot
arid ecologylIndian Journal of Agronom@O0: 297-300.

Defiesta, G. and C.L. Rapera. 2014. Measuring adaptive capacity of farmedimadte c
change and variability: application of a composite index to anudfynial community
in the PhilippinesJournal of Environmental Science and Managené&ni8-62.

Dhyani S.K., A. Ram and |. Dev. 2016. Potential of agroforestry systems in carbon
sequestration in Indidndian Journal of Agricultural Scienced6: 1103-1112.

Dupraz, C., H. Marrou, G. Talbot, L. Dufour, A. Nogier and Y. Ferard. 2010. Combining
solar photovoltaic panels and food crops for optimising land use: towawds ne
agrivoltaic schemefkenewable Energy6: 2725-2732.

Faroda, A.S. 1998. Arid zone research - An overvievkifty Years of Arid Zone Research
in India (Eds. A.S. Faroda and M. Singh), pp. 1-16. CAZRI, Jodhpur.

Faroda, A.S., D.C. Joshi and B. Ram. 1999. Agro-ecological zones of north-western hot ari
region of IndiaAnnals of Arid Zon&8: 1-8.

Faroda, A.S., N.L. Joshi, R. Singh and A. Saxena. 2007. Resource management for
sustainable crop production in arid zone - A revigwlian Journal of Agronom$2:
181-193.

Food and Agricultural Organization (FAO) 20Mave and Grow: A Policymaker's Guide to
the Sustainable Intensification of Smallholder Crop Production. Food and Agrecul
Organization of the United Nations, Rome.



Gill, M.S., J.P. Singh and K.S. Gangwar. 2009. Integrated farming system and aggicult
sustainability Indian Journal of Agronom$4: 128-139.

Goyal, R.K. 2004. Sensitivity of evapotranspiration to global warmingsa study of arid
zone of Rajasthan (Indiadgricultural Water Manageme®9: 1-11.

Goyal, R.K., J.P. Singh and M.K. Gaur. 2018. Khadin system of runoff farming for crop
production.Indian Farming68 (9): 26 -28.

Gupta, J.P. 2000. Agroforestry for sustained production. Technology Approach for Greening
Arid Lands, CAZRI, Jodhpur.

Gupta, J.P., D.C. Joshi and G.B. Singh 2000. Management of arid ecosystem. P& 551
in Natural Resource Management for Agriculture Production in India (Eds. J.S.P.
Yadava and G.B. Singh), Indian Society of Soil Science, New Delhi.

Harsh, L.N. 1995. Alternate land use system for sustainable develo@reictlture. Pages
187-196in Land Resources and Their Management for Sustainability in Arid Region
(Eds. A.S. Kolarkar, D.C. Joshi and A. Kar), Scientific Publisher, Jodhpur.

Harsh, L.N. and J.C. Tewari. 2007. Agroforestry system in arid region (Rajasthan) of India.
Pages 175-19(h Agroforestry Systems and Practices (Eds. S. Puri and P. Panwar).
New India Publishing Agency, New Delhi.

Hoddinott, J. 2014. Looking at development through a resilience lens. Pagesii9-26
Resilience for Food and Nutrition Security (Eds. S. Fan, R. Pandya-Lorch.and S
Yosef). International Food Policy Research Institute, Washington DC, USA.

IGNB, 2002. History of Indira Gandhi Nahar: A Venture to Turn Thar Desert into Granary,
Indira Gandhi Nahar Board, Bikaner.

Jayanthi, C., A. Rangasamy, S. Mythili, M. Balusamy, C. Chinnusamy and N. Sankaran
2001. Sustainable productivity and profitability of integrated farming sysie iasv
land farms. Pages 79-81 Extended Summaries of National Symposium on Farming
System Research on New Millennium, PDCSR, Modipuram.

Joshi, D.C. 2012. Land use planning for sustainable agriculture in arid agro-ecosystem: Issues
and strategiesAgropedology24: 262-282.

Joshi, D.C., N. Singh, B.K. Sharma and P. Raina. 1998. Soils: distribution, characteristics and
nutrient dynamics. Pages 55-irOFifty Years of Arid Zone Research in India (Eds.
A.S. Faroda and M. Singh). CAZRI, Jodhpur.

Joshi, N.L. 1999. Effect of component densities on the performances of pearl- mileag
bean intercropping systems under different rainfall situations in arid enweranm
Annals of Arid Zon8&8(1): 15 - 25.

Kar, A. 2014. Agricultural land use in arid Western Rajasthan: Resourceitaph and
emerging issueggropedology?24: 179-196.

Kar, A., P.C. Moharana and S.K. Singh. 2007. Desertification in arid western India: tCurren
scenario. Pages 1-28 Dryland Ecosystem: Indian Perspective (Eds. K.P.R. Vittal,



R.L. Srivastava, N.L. Joshi, V.P. Tewari and S. Kathju). Central AriceResearch
Institute, Jodhpur, and Arid Forest Research Institute, Jodhpur.

Kathju, S., N.L. Joshi, A.V. Rao and Praveen Kumar. 1998. Arable crop productios. Page
253-272in Fifty Years of Arid Zone Research in India (Eds. A.S. Faroda and M.
Singh). CAZRI, Jodhpur.

Kaushik, N. and V. Kumar 2003. KhejaRrosopis cineraridbased agroforestry system for
arid HaryanaJdournal of Arid EnvironmentS5: 433-440.

Kaushik, N., A. Tikkoo, P.K. Yadav, R.P.S. Deswal and S. Singh. 2017. Agri-silvi-horti
systems for semiarid regions of North-west Inéigricultural Researcl2: 150-158.

Kavadia, P.S. and R. Hooja. 1994. Indira Gandhi Nahar Project: componerdsisrapd
planning issuesIn Planning for Sustainability in Agriculture Command Area
Development and Indira Gandhi Nahar Project (Eds. Kavadia, P.S. and R),Hooj
Rawat Publications, Jaipur.

Kolarkar, A.S. and N. Singh 1990. Runoff farming in arid tract of India-a reviesvan
Journal of Soil Conservatioh8(3): 31-41.

Kolarkar, A.S., K.N.K. Murthy and N. Singh. 1983. Khadin-a method of harvesting water for
agriculture in the Thar Desedournal of Arid Environmers: 56-66.

Kumar, A., M.S. Hooda and R. Bahadur 1998. Impact of multipurpose trees on proguctivit
of barley in arid ecosystemnnals of Arid Zon&7: 153-157.

Kumar, S. 1998. Vegetation resources in the Indian Arid zone. Pages &9Hift9 Years of
Arid Zone Research in Indi@&ds. A.S. Faroda and M. Singh). CAZRI, Jodhpur.

Kumar, S. 2016. Biodiversity and its conservation in climate change scenaygs Bar-122
in Climate Change and Agriculture: Adaptation and Management (Eds. R.K. Bhatt, U.
Burman, D.K. Painuli, D.V. Singh, Ramavtar Sharma and S.P.S. Tanwar). Satish
Serial Publishing House, Delhi.

Kumar, S., Shivani and S.S. Singh. 2013. Sustainable food and nutritional security through
IFS. Indian Farming63: 30-36.

Lal, G. 2005. Pomegranate based cropping system for sustainable prodoctawid
ecosystem. Pages 55-@0 Diversification of Arid Farming System (Eds. Pratap
Narain, M.P. Singh, A. Kar, S. Kathju and Praveen-Kumar). Arid Zone Research
Association of India and Scientific Publisher (India) Jodhpur, India.

Maheswarappa, H.P., M.R. Hegde, R. Dhanapal, C.V. Sairam and T.V. Singh. 2001. Impact

of integrated mixed farming systems in coconQb¢os nuciferpon coconut yield
and economic analysigdian Journal of Agronom#6: 56-63.

Maleksaedi, H. and E. Karami 2013. Social-ecological resilience arairaide agriculture
under water scarcityAgro ecology and Sustainable Food Syst8if(8): 262-290.

Malhotra, S.P. 1984. Traditional agroforestry practices in arid zone of Rajagthges 263-
266 in Agroforestry in Arid and Semi-arid Regions (Ed. K.A. Shankarnarayan), pp.
263-266. CAZRI, Jodhpur, India.



Man, H.S. and H.S. Daulay. 1981. A review of forage forestry: Agroforestry research in India
with special reference to arid and semi-arid regidnslian Journal of Range
Managemeng: 87-93.

Mangalassery, S., D. Dayal, S.L.. Meena and B. Ram. 2014. Carbon sequestration in
agroforestry and pasture systems in arid north-western I@diaent Sciencel07:
1290-1293.

Manjunatha, B.L., M. Sureshkumar, P. Tewari, D. Dayal and O.P. Yadav. R&8tock
population dynamics irBanni grasslands of Gujaratndian Journal of Animal
Sciences9: 319-323.

Mbow, C., M. Van-Noordwijk, E. Luedeling, H. Neufeldt, P.A. Minang and G. Kowero.
2014. Agroforestry solutions to address food security and climate challenges in
Africa. Current Opinion in Environmental Sustainabilly 61-67.

McNeely, J.A. 2003. Biodiversity in arid regions: values and perceptimsnal of Arid
Environment$4: 61-70.

Meghwal, P.R. and A. Henry. 2009. Economic evaluation of different agri-horticulture
systems under rainfed condition of arid zone. Pages 2994in308gumes in Dry
Areas (Eds. D. Kumar, A. Henry and K.P.R. Vittal). Indian Arid Legume 8oaied
Scientific Publishers, Jodhpur.

Millennium Ecosystem Assessment. 2005. Ecosystems and Human Wigli-Isginthesis.
Island Press, Washington, D.C., USA.

Moharana P.C., P. Kumar, D.V. Singh and O.P. Yadav. 2018. Sand dune stabilizdtien i
Indian Thar desert: Impact and ecosystem services. Pages iB7Agriculture and
Ecosystem Services (Pal, S., Ed.). National Institute of Agricultural Edoscand
Policy Research, New Delhi.

Moharana, P.C., P. Santra, D.V. Singh, S. Kumar, R.K. Goyal, D. Machiwal and O.P. Yadav.
2016. ICAR-Central Arid Zone Research Institute, Jodhpur: Erosion Processes and
Desertification in the Thar Desert of Indiaroceedings of Indian National Science
AcademyB2: 1117-1140.

Muthana, K.D., S.K. Sharma and L.N. Harsh. 1985. Study of silvi-pastoral systarnd
zone.My Forest21: 233-238.

Panda, A., U. Sharma, K.N. Ninan and A. Patt. 2013. Adaptive capacitybcoimigi to
improved agricultural productivity at the household level: empirical findings
highlighting the importance of crop insurancglobal Environmental Chang@a3:
782-790.

Pareek, O.P. 1999. Dryland Horticulture. Pages 475iA8Eifty Years of Agricultural
Research in India. CRIDA, Hyderabad.

Pareek, O.P. and O.P. Awasthi. 2008. Horticulture-based farming systemsdfoegian.
Pages12-22n Diversification of Arid farming System (Eds. Pratap Narain, M.P.
Singh, Amal Kar, S. Kathju and Praveen-Kumar). Arid Zone Researatiassn of
India and Scientific Publisher (India) Jodhpur, India.



Patel, B.M., S. Patel, S.K. Patel, and S.B. Patel. 2003. Intercropping stubdersZizyphus
mauritianaLAMK.). Agricultural Science Digest3: 113 - 115.

Patel, J.M., S.N. Jaimini and S.B. Patel. 2008. Evaluation of neem antaselt agri-silvi
systems. Pages 114-118 Diversification of Arid Farming Systems (Eds. Pratap
Narain, M.P. Singh, A. Kar, S. Kathju and Praveen-Kumar). Arid Zone Research
Association of India and Scientific Publishers (India), Jodhpur, India.

Patidar, M., A.K. Patel, A.K. Misra, A.S. Sirohi, R.N. Kumawat, P.R. Medlrama M.M.
Roy. 2014. Improving Livelihood of farmers through Livestock Interventions in
Nagaur District of Rajasthan. Central Arid Zone Research Institute, Jodhpur, p. 56.

Patidar, M. and B.K. Mathur. 2017. Enhancing forage production through a silvi-pastoral
system in an arid environmemntgroforestry Systent94: 713-727.

Patil, N.V., B.K. Mathur, M.A. Khan, H.C. Bohra, A.K. Patel, M. Patidar, P.P. Rohillg,
Saha, Khem Chand, A.C. Mathur, S. Kachhawaha, S.K. Kaushish, S.A. Karim, A.K.
Shinde, K.M.L. Pathak and Champak Lal. 2009. Improvement of livestock
productivity in arid region. Pages 180-209Trends in Arid Zone Research in India
(Eds. Amal Kar, B.K. Garg, M.P. Singh and S. Kathju). CAZRI, Jodhpur.

Peterson, C.A., V.T. Eviner and C.M. Gaudin Amélie. 2018. Ways forward for resilience
research in agro ecosystemgricultural System462: 19-27.

Prasad, R., R.S. Mertia and Pratap Narain. 2004. Khadin cultivation: aomatlitunoff
farming system in Indian Desert needs sustainable managedoemhal of Arid
Environment$8: 87-96.

Pratap Narain and A. Kar. 2005. Drought in Western Rajasthan- ImpadahgQdpchanism
and Management Strategies. CAZRI, Jodhpur, P. 45.

Pratap Narain and T.K. Bhati. 2004. Alternative Farming System: Issukegpportunities in
arid ecosystem. Pages 57-B4Alternative Farming Systems (Eds. A.K. Singh, B.
Gangwar and S.K. Sharma). Farming System Research and Development Association,
Modipuram.

Ramakrishan, Y.S., A.S.R.A.S. Sastri and K.D. Muthana. 1985. A note on the impatance
radiant energy penetration in silvopastoral systdmForest17: 1-3.

Rao, A.S. 2009. Climatic variability and crop production in arid western Rajasthan. Pages 48
61in Trends in Arid Zone Research in India (Eds. A. Kar, B.K. Garg, M.P. Singh and
S. Kathju). Central Arid Zone Research Institute, Jodhpur.

Rao, A.S. and R.S. Singh. 1998. Climatic features and crop production. PaggsniFifty
Years of Arid Zone Research in Indiads. A.S. Faroda and M. Singh). Central Arid
Zone Research Institute, Jodhpur.

Rao, A.S., Y.S. Ramakrishna and J. Venkatswarlu. 1994. Determination of crop growing
period in arid and semi-arid region of Rajasthamals of Arid Zon&5: 229-231.

Rao, S.S., P.L. Regar and S.P.S. Tanwar. 2016. Effect of deficit irrigation, phosphorous
inoculation and cycocel spray on root growth, seed cotton yield and water



productivity of drip irrigated cotton in arid environmenfgricultural Water
Managemeni69: 14-25.

Rao, S.S., P.L. Regar, S.P.S. Tanwar and Y.V. Singh. 2013. Wheat yield response to line
source sprinkler irrigation and soil management practices on medium-textured
shallow soils of arid environmeritrigation Science31: 1185-1197.

Rathore, M.S. 2004. State Level Analysis of Drought Policies and Impa&sjasthan,
India. Working Paper-93, Drought Series Paper No. 6, International Water
Management Institute, Colombo.

Rathore, V.S., J.P. Singh and R.K. Beniwal. 2009. Rainfed farming systems of hyper arid
north-western Rajasthan - An analygisnals of Arid Zond8: 125-131.

Rathore, V.S., J.P. Singh, M.L. Soni, N.D. Yadava and R.K. Beniwal. 2010. Evaloétion
irrigated farming systems of hot arid region of north-western Rajas#rarals of
Arid Zone49: 23-29.

Rathore, V.S., N.S. Nathawat, S. Bhardwaj, P.S. Renjith, B.M. Yadav, M. Kumanta,S
N.D. Yadava and O.P. Yadav. 2017. Yield, water and nitrogen use efficiencies of
sprinkler irrigated wheat grown under different irrigation and nitrogen leveds in
arid region Agricultural Water Managemeri37: 232-245.

Rathore, V.S., Praveen Kumar and O.P. Yadav. 2018. Integrated farming system ndarid a
semi-arid regions: Need and significanbadian Journal of Arid Horticulturel3: 1-
10.

Rathore, V.S., S.P.S. Tanwar, Praveen Kumar and O.P. Yadav. 2019. Integrated farming
system: Key to sustainability in arid and semi-arid regidngian Journal of
Agricultural Science$9: 181-192.

Reynolds, J.F., D.M. Stafford Smith, E.F. Lambin, B.L. Turner, M. Mortimore, S.P.J.
Batterbury, T.E. Downing, H. Dowlatabadi, R.J. Fernandez, J.E. Herrick, EerHub
Sannwald, H. Jiang, R. Leemans, T. Lynam, F.T. Maestre, M. Ayarza akdlBer.
2007. Global desertification: Building a science for dryland developnBance
316: 847-851.

Safriel, U. and Z. Adeel. 2005. Dryland systems. Pages 623@B2osystems and Human
Well-being, Current State and Trends, Millennium Ecosystem AssesgBast R.
Hassan, R. Scholes and N. Ash), Vol. 1. Island Press, Washington.

Santra, P., R.K. Singh, D. Jain and O.P. Yadav. 2018. Agri-voltaic system to etdrahce
productivity and incomedndian Farming68: 108-111.

Saroj, P.L., G. Dhandhar, B.D. Sharma, R. Bhargava and C.K. Purohit. 200ZiBghys
mauritiana L.) based agri-horti system: a sustainable land use system tbr ari
ecosystemindian Journal of Agroforestry: 30-35.

Setboosarng, S. 2002. Gender division of labour in integrated agriculturetbigreaof
Northeast Thailand. Pages 253-2idRural Aquaculture (Eds. P. Edwards, D.C.
Little and H. Demaine). CABI, U.K.

Shankar, V. 1980. Silvipasture research: a reviewage Research: 107-122.



Shankarnarayan, K.A., L.N. Harsh and S. Kathju. 1987. Agroforestry in arid zones of India.
Agroforestry Systents 69-88.

Sharma, S.K. and B.B. Vashishta. 1995. Evaluation of jujube-buffel grass horti-pastora
system under arid environmeAnnals of Arid Zon4: 203-2009.

Sharma, S.K. and G.D. Diwakar. 1989. Economic evaluation of horti-pastoral systerd on
region of western Rajasthdndian Journal of Range Managemditt: 119-122.

Sharmin, S., M.S. Islam and M.K. Hasan. 2012. Socioeconomic analysis of taleerna
farming systems in improving livelihood security of small farmers in seleaieas of
BangladeshAgriculturists10: 51-63.

Singh, C.B., J.A. Renkema, J.P. Dhaka, K.P. Singh and J.B. Schiere. 1993. Income and
employment on small farmers. Pages 67rA/Broceedings of International Workshop
on Feeding of Ruminants on Fibrous Crop residues: Aspects of Treatmafihgree
Nutrient evaluation, Research and Extension. Karnal, Haryana, 4-8 February, 1991.

Singh, G. 2005. Carbon sequestration under an agri-silvi-cultural system in theggoial
Indian Foresterl31: 543-552.

Singh, G. and T.R. Rathod. 2012. Resource use and crop productivi§olo@hospermum
mopane tree based agro-ecosystem in Indian deségplied Ecology and
Environmental ResearctD: 503 -519.

Singh, G., S. Mutha and N. Bala. 2007. Effect of tree density on productivityPodsopis
cineraria agroforestry system in North Western Indlaurnal of Arid Environments
70: 152-163.

Singh, G., S. Mutha, N. Bala, T.R. Rathod, N.K. Bohra and G.R. Kuchhawaha. 2005. Growth
and productivity ofTecommela undulatdvased agroforestry system in the Indian
DesertForests, Trees and Livelihoods: 89-102.

Singh, R.S. 1997. Note on effect of intercropping on growth and yield of Zeiplfus
maurtianaLamk) in semi-arid regiorCurrent Agriculture21: 117-118.

Singh, R.S., J.P. Gupta, A.S. Rao and A.K. Sharma. 2003. Micro-climatiafopadion and
drought impacts on productivity of green gram under different cropping systems of
arid zone Pages 74-8th Human Impact on Desert Environment (Eds. P. Naraian, S.
Kathju, A. Kar, M.P. Singh and Praveen Kumar). Scientific Publishers, Jodhpur.

Singh, S.D. and Y.V. Singh. 1997. Runoff efficiencies of four catchments sealingaisateri
and water nitrogen interaction. Pages 92-198VNater Harvesting in Desert (Ed.
Singh S.D). Manak Publisher, New Delhi.

Singh, Y.V. 1999. Maximizing water-use efficiency for sustainable crop ptimauin arid
ecosystem. Pages 427-484Vlanagement of Arid Ecosystem (Eds. A.S. Faroda, N.L.
Joshi, S. Kathju and A. Kar). Arid Zone Research Association of India aedtific
Publishers, Jodhpur.

Singh, Y.V., S.S. Rao and P.L. Regar. 2010. Deficit irrigation and nitrogen effectean se
cotton yield, water productivity and yield response factor in shallow soderoi-arid
environmentAgricultural Water Manageme®t7: 965-970.



Tanwar, S.P.S., Akath Singh, M. Patidar, B.K. Mathur and K. Lal. 2016. Integratethdar
system with alternate land uses for achieving economic resilien@idnzone
farming. Pages 246-24n Extended Summaries Vol. I;hdnternational Agronomy
Congress held at New Delhi November 22-26, 2016.

Tanwar, S. P S., Akath Singh, M. Patidar, A.S. Sirohi and M.M. Roy. 2014. Perforofance
integrated farming system in arid region diversified with perennialsrutelayed
monsoon situations. Pages 564-56&xtended Summaries of Volunteer Paper of
National Symposium of Agricultural Diversification for Sustainable lihand and
Environmental Security held at PAU, Ludhiana November 18-20, 2014.

Tanwar, S.P.S., Akath Singh, P. Kumar, B.K. Mathur and M. Patidar. 2018a. Rainfed
integrated farming systems for arid zone: diversification for resiliehogian
Farming 68: 29-32.

Tanwar, S.P.S., T.K. Bhati, Akath Singh, M. Patidar, B.K. Mathur, Praveen Kumar.Bnd O
Yadav. 2018b. Rainfed integrated farming systems in arid zone of India:eResili
unmatchedindian Journal of Agronomg3: 403-414.

Verma, A., K. Shiran, J.C. Tewari, R.K. Kalia, N.V. Saresh, M. Gaur anduBaK 2017.
Agroforestry: A sustianble, multifunctional and diversified production systerhdor
arid zone of India. Pages 251-2if2 Climate Change and Agroforestry (Eds. C.B.
Pandey, Mahesh Kumar Gaur and R.K. Goyal). New India Publishing Agency, New
Delhi, India.

Wakchaure, G.C., P.S. Minhas, P. Ratnakumar and R.L. Choudhary. 2016a. Effect of plant
bioregulators on growth, yield and water production functions of sorgBangfhum
bicolor (L.) Moench].Agricultural Water Managemenif77: 138-145.

Wakchaure, G.C., P.S. Minhas, P. Ratnakumar and R.L. Choudhary. 2016b. Optimising
supplemental irrigation for wheatticum aestivurrl.) and the impact of plant bio-
regulators in a semi-arid region of Deccan Plateau in Infgricultural Water
Managemeni72: 9-17.

Walker, B.H., J.M. Anderies, A.P. Kinzig and P. Ryan. 2006. Exploring resilience &l-soci
ecological systems through comparative studies and theory developrreaiidtion
to the special issu&cology and Society1: 1.

Yadav, B.S. and R.P.S. Chauhan. 2013. Three Decades of Research on Water Management in
Canal Command of North Western Rajasthan (1980-2012), Agricultural Research
Station, SK Rajasthan Agricultural University, Sriganganagar. P. 96.

Yadav, O.P. 2018. Six-decades journey of CAZRI - Addressing arid zone production system
in inclusive waylIndian Farming68: 6-15.



Research, technology and policy implementation synergy for resilient
dryland production systems in India

Ch. Srinivasa Rao*

ICAR-National Academy of Agricultural Research Management, Rajendrandgserabad, INDIA
*e-mail: chsrao_director@naarm.org.in; cherukumalliz011@gmail.com

Abstract

Dryland agriculture in India is mainly rainfed and is crucial for natiomabp and livestock
production. It provides economic goods in terms of food, feed, féwektry products and
various ecosystem and regulatory services. Dryland agriculea@systems are complex,
diverse, fragile, risky and often underinvested. The watercggaroblem in such areas and
marginal potential of the system necessitate technologic&rviemtions, management,
investment priorities and policy interventions. This paper thrdigist on technologies
developed for sustainability of dryland ecosystems, viz. eglant crops, cropping systems,
intercrops, rainwater conservation, efficient water utilizatioor fhigher productivity,
Conservation Agriculture, crop residue management, cover ceagp®forestry, integrated
farming systems, energy-efficient systems, adaptationslit@ate change, contingency-
planning, etc. It also focuses on various schemes and policiesopegtein the country
keeping in consideration the enhancement of resource potentiallandsy Strong synergy
is essential between research/technology developments witl/policy-implementation in
dryland regions for sustainability of rainfed-dryland ecosystems.

Introduction

Almost 40% of global terrestrial area is constituted by arid and aedhiregions and is
inhabited by around 2 billion people and 50% of world’s livestock. The area asdount
35% of total terrestrial carbon fixation (ICRISAT, 2010). Nearly 60% of the drylands are
developing countries where grain yields average around half of those in irniggiteds. Of

the total land area (329 m ha) in India, only 143 m ha is arable, and rainfed taggicul
systems account for 57% of net sown area, contributing about 44% to the total fiosd gra
production in the country and feeding about 40% of country’s population.

Arid and semi-arid regions experience grave water scarcity in thdsevesevere drought,
adversely impacting crop yields and the livelihood of farmers. Water scar@nsified by
climate change might cost some regions upto 6% of their GDP, ateefeigration and
trigger conflicts. India ranks 103 among 119 countries in 2018 Global Hunger Index. In
comparison to irrigated regions, drylands register higher hunger index, which can be
attributed to low agricultural productivity. Other key constraints aswmtiaith dryland
ecosystems are fragile soils, fragmented land holdings, poor socio-economitonpnd
limited access to markets and lack of infrastructure which all cotdritba uncertain
livelihood. Emphasis has therefore got to be laid on technological interventions, manigeme
investment and policy interventions.

Technology needs for sustainable rainfed dry land systems and potentiaffeoéndi
technologies for enhanced productivity in India are depicted in Fig. 1 ankk Tab



respectively. In order to attain sustainability of rainfed dryland regioasgsynergy has to
be developed between research/ technology development with policy/poigdementation.

Tarbeal for S .
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Figure 1. Technology needs for sustainable rainfed dryland system.

Table 1.Potential of different technologies (%) for enhanced productivity of drylanchsyste

Technology Potential of technology (%)
Water based 20-30

Soil health improvement 15-20

Tolerant cultivars 15-20

Crops and cropping systems 15-25

Farm mechanization 23-33
Integrated Farming System 54-142
Agroforestry 10-35

Synergy technology package 150-250

Source: Srinivasaraet al (2014; 2015)
Research, technology and policy synergy
Crop planning, cropping systems, intercrops, improved calts; seed systems

Suitable production technology has to be developed to protect thgde figstems as they
assume prominence in sustaining growing population. Appropriate crop planméagjpseof
drought tolerant crops and varieties, and adoption of suitable croppiregnsysan help
minimise the production losses because of drought in the arid aneasdmegions. In the
Indo-Gangetic Riins, diversification of ‘ricevheat’ rotation with ‘ricechickpea’, ‘rice
lentil’, ‘rice-grasspea’ would help in achieving higher net profits and becwsit ratio
(BCR). Also, practicing intercropping can augment total yield per unit,mpsulate farmers
against complete crop failure and adverse market fluctuations, peotdcenhance soil
quality, and contribute to higher net profits and climate resilient livelihoods.



Continued reduction in agriculture workforce, associated with migration froah tauurban

areas, necessitates rapid appropriate mechanization of farnti@per®evelopment of high
yielding and drought tolerant varieties is essential to augmert yiadrylands, but timely
production and distribution of high quality seeds is also of paramount signifiddanee,
strengthening of seed systems is an important component towards improving productivity and
higher returns to dryland farmers. Crop diversification and crop planning gatiesd to be
promoted in diverse agro-ecosystems to ensure stability and sustainability of drylaind.farm
National Rainfed Area Authority (NRAA) and National Mission for Sustamaigriculture
(NMSA) dealing with rainfed farming need to emphasize the cffipiemt zones in India
(Srinivasaracet al.,2016).

Water conservation and its efficient utilization
a) Rainwater conservation:

In drought prone areas, rainwater conservation is an important means to eagrandtural
productivity and meeting the needs of domestic water supplyitu and ex-siturainwater
harvesting are both essential for harnessing full potemtiaditu water conservation can be
accomplished by such soil surface manipulations as contour bunding, contour cultfieation,
ridges, blind furrows, broadbed and furrow, trenching, creation of micro catchrstriisle
mulches, etc. Apart from aiding in groundwater recharge and sustaining chegs, t
conservation measures also significantly contribute to reduction in runoffs@hdoss
(Srinivasaracet al.,2015). Location specifim-situ moisture conservation practices in India
are presented in Table 2.

Table 2 Location-specific in-situ moisture conservation practices in India

Region In-situ moisture conservations practices

Arid (rainfall <500mm) Conservation furrows, contour farming/ cultivatiateep ploughing, mulching an
inter- row water conservation systems

Semi-arid (rainfall 500-100C Runoff strips, tied ridges, graded ridginglching, live hedges, conservatic
mm) furrows, contour farming, ridge and furrowssgm, offseason tillage on conserve
soil moisture, graded border strips, compartmedniading, broad beds and furrows

Sub humid (rainfall >1000 mm) Vegetative bunds, level/graded terraces, contemctres, field bunds, graded bunc
raised bed and sunken forrow system, inter-plot water harvesting,

Source: NRAA (2009)

Farm-pond technology is an importagk-situ water conservation technique in rainfed
drylands to overcome water shortage. It aids in enhancing the waterb#gitailéor
supplemental irrigation, and contributes to increse in cropped argar@shaction, resulting
in increased net benefits from crops. Under climate change scefaano,pond offers a
panacea to overcome the threat of increased frequency of drought, partiouthdgason
and terminal droughts (Srinivasarabal.,2014). Owing to small land-holdings, farmers in
arid region are hesitant to divert part of their cultivable land for makimg foond. High
initial investment, lack of awareness among farmers, seepage aratathap losses from
pond and moderate benefits during the normal years are a few limitatiomspleate large
scale adoption of farm ponds in the region (Srinivasataa., 2017). National programmes
like Pradhan Mantri Krishi Sinchai Yojana(PMKSY) and several state missions, like
dryland missions of Maharashtra and Karnataka and state level prograikeniéakateeya



Mission in Telangana and Chettu Neeru in Andhra Pradesh, are contributiagddow
rainwater harvesting and efficient utilization. However, constant tedhsiggort at the
ground level is essential to implement these programmes efficiently.

b) Enhancing water use efficiency

Micro irrigation: Micro-irrigation systems (drip, sprinkler) can help cater irrigation water
needs of larger areas with limited water resource. Fertigation, using skistsms, can
enhance both water and fertilizer use efficiency. Cash crops andblegetaaving potential

to generate high profit, are preferred candidates for pressurized irrigatiendéarth of
knowledge in handling and maintenance of the system, however, restidésge scale
adoption (Srinivasaraet al.,2014).

Mulch-cum-manuring: The foliage of such trees &=ltophorum ferrugenum, Pongamia
glabra, Delonix regiagtc., grown widely in various parts of the country, can be utilized as a
mulching material in semi-arid and arid regions. After decompositi@iulch helps meet
the nutrient needs of the growing crops (Srinivasata@l., 2017a). Gliricidia sepium,
through its loppings, can provide material for green manuring and mulchinglebes
stabilizing bunds for conserving moisture and reducing soil erosion IdSBesidia green
manuring has improved yields of finger millet on red soils in Karnagandnut on red
soils in Andhra Pradesh, pearl millet on light-textured soils in 1@ujand sorghum on
medium to deep black soils in Maharash@dricidia green-leaf manuring (equivalent to 20
kg N hai) augmented yield of maize from 1.7 to 2.1 tilwa acid red and lateritic soils of
Bhubaneswar, Odisha (Srinivasasial.,2011).

Hydrogels: They are cross-linked polymers possessing hydrophilic property enablingahem t
absorb large quantities of water without getting dissolved (Schacht, 2004hepsare
effective even at high temperatures (40-50°C), they can perform weldimred semi-arid
regions, and increase water use efficiency. Row application of PAymeolin rainfed
maize at 25 kg hadelayed the wilting of maize plants by 5-6 days during initial dry syell
early growth stage and gave 16% higher yield than control (CRIDA, 2013-14).

Minimizing evaporation from farm ponds: Storing farm-pond water for life-saving
irrigation in rabi crops is a major challenge because of high evaporation losses of stored
water. Covering pond-water surface with a thin film of oil, asbestagsflshade netsor solar
panels can minimize losses (Srinivasagtal, 2017a; Srinivasarao and Gopinath, 2016).

Policy initiatives: Several policy initiatives and programmes, listed below, that can emhan
efficient utilization of harvested water, need to be implemented inrgynéth technological
developments for efficient outputs at farm level:

A dedicated micro-irrigation fund created with NABARD has been approvibdan
initial corpus of Rs. 5000 crore (Rs. 2000 crore for 2018-19 & Rs. 3000 crore for
2019-20) for encouraging public and private investments in micro irrigation.

Pradhan Mantri Krishi Sinchai YojngdPMKSY), has been launched with the
objective of extending coverage of irrigatidddr Khet ko Parii (irrigation to every
field) and enhacing water use efficiency (‘more crop per drop’) in a dedicated



manner, with end to end solution on source creation, distribution, managemdnt, fiel
application and extension activities (Drought Management Plan, 2017).

National Mission for Sustainable Agriculture (NMSA) has been formed for improving
agricultural productivity in dryland areas, particularly emphasizing on solthhea
management, integrated farming, water use efficiency and synergizing resource
conservation. NMSA would help inattaining key dimensions of ‘Nutrient
management’,‘Water use efficiency’ and ‘Livelihood diversification’ through
implementation of sustainable development pathway by graduaifyng to eco-
friendly technologies, conservation of natural resources, adoption of energgreffic
equipment, integrated farming, etc.

Water Mission: The National Water Missi@is one of the 8 missions in the National
Action Plan on Climate Change initiated by the Prime Minister to conftloat
negative impacts of global warming. Conservation of water, curtailingagesind
ensuring its rightful distribution both within and across States, througgraiés
water resources development and management, is the prime objective ostiaMi

Soil health
Dryland soils are highly prone to erosion and health deterioration. Strategrgsattce soll
health include the following:

Crop residue managementhe effective management of roots, stubbles and other crop
residues and weed biomass has useful impact on soil fertility by addiagiorgatter, plant
nutrients and creating better physical condition. Nearly 500 million tonséyesgricultural
biomass is estimated to be available (2010-2011), part of which rebdsé¢turned back to
the soil after meeting fodder needs. Non-availability of proper chopping saild
incorporation equipment and high cost of labour and transport contribute toatelassage

of this biomass. Hence, emphasis has to be laid on adopting shoblégges as briquetting,
anaerobic digestion, vermicomposting, making biochar, etc. (Srinivastah¢2013).

Conservation Agricultureln conservation agriculture (CA) systems, a permanent residue or
vegetative cover on the soil surface minimizes erosion, improves soil atgnegacreases
water infiltration, reduces soil compaction, moderates soil temperatippresses weeds and
increases microbial activity. CA also improves soil carbon se@tiest by maximizing C
inputs and lessening outputs (Srinivasaetal.,2013a).

Cover crops The leguminous cover crops, viz. cowpea, sunhemp and groundnut, augment
soil health by addition of organic carbon through their biomass and improviatatis
through symbiotic N fixation. They aid in protecting the soil from surface runoffaisal
increase soil C sequestration. The improved soil chemical and physigarties (i.e., soil
macro and micronutrients and soil aggregate stability) improve soil fertility.

Mulching It minimizes soil deterioration by reducing runoff and soil erosion, contreésis/
and reduces evaporation losses. Thus, it promotes soil moisture retenticedaces soll
temperature fluctuations, and improves chemical, physical and biologicarfespof soil.



Policy initiatives The Government of India initiated, in year 201%- the ‘Soil Health
Card’'schemeunder which cards are issued to all farmers in the country, containg information
on their soil nutrient status along with recommendation on fertilizeremigrito be applied.
Regular assessment of soil status will be done in the schewry, three years, to help
identifying nutrient deficiencies and provide updated crop-specificrmemndations for
nutrient application. For improving nutrient use efficiency and reducing cusif the use of
neem-coated urea is being promoted as the release of the nitrogersai them such urea

is slow and over an extended peroiod, enhanceing N uptake. Since 2015, 100% of the
indigenous urea production is neem coated.

Agroforestry

In the regions experiencing recurring drought, agroforestry provides an effectiiemncesto

the production system. Trees provide a range of products (fodder, fruits, fuel wood,
pulpwood, etc.) and environmental services (carbon sequestration, conservarylseater

etc.). Introduction of high value intercrops, organic production practices, canopy
management, high density planting of fruit trees can increase profits from agroforessg
practices can be integrated in the developmental programmes ainprdvanting land
degradation and enhancing employment generation (Prasadl., 2014). Promising
multipurpose trees, fruit crops and grasses for various agroforestry systdrgkami areas

of arid and semi-arid regions in India are summarized in Table 3.

High emphasis on agroforestry for efficient nutrient cycling, enhancing tyetaten cover

and adding organic matter for sustainable agriculture has been placeliclyimtiatives of

the government like the ‘Green India Mission 2010’, ‘National Policy armiérs
2007’,'National Bamboo Mission 2002’, ‘Planning Commission TaskcEé on Greening

India 2001’,'National Agriculture Policy 2000,” and ‘National Forest Policy 1988’. In spite of
various policy initiatives, agroforestry did not receive the desiredpaacce in the past. To
tackle issues of tree insurance, quality planting material andctiests on transit and
harvesting, agroforestry-produce marketing, research and extension, the National
Agroforestry Policy was formulated in 2014, but the success has been ndetineeds to

be further reviewed to improve acceptance.

Integrated farming systems (IFS)

In arid and semi-arid regions sole practice of arable farming would naweom the profits
because of the frequent climatic aberrations; this situation theredisefor adoption and
development of integrated farming systems. The subject hasvedlesiscussed by Yadaet

al. (2019) in a companion chapter in this volume. Minimizing the competition and
maximizing the complementarity between the enterprisgst tve the principle on which the
selection of enterprises in IFS must be done (Mynawathi and Jayanthi, Hifgs)ive
integration of livestock into agricultural system permits harnessing of leameptarity of
different components, and improves livelihoods and resilience of drylandréaimihe face

of climatic abberations. Properly designed biogas energy solutions (Shalamdar & al.,
2015) can reduce the carbon footprint of the livestock component of the IFS. Many
components of IFS are implemented in different national and staggammes and more



coordination is essential among these programmes for better impléoremtathe ground
level.

Energy-efficient systems

Use of firewood, agricultural waste and cow-dung cakes for cooking in rural Indiasiaga
damage to the fragile ecosystem of arid and semi-arid zone, besaigesgchealth hazard.
This calls for the utilization of energy-efficient systems, viz. se@aergy and biogas.
Intensive research and development activities have been, thereforeakewléntthe country

in this regard by different institutions, as has been reported by Yetdalv (2019) in this

volume.

Table 3.Promising crops, grasses, multipurpose tres for various agroforestgmsgsn dryland
areas of arid and semi-arid regions in India (Srinivasarao et al., 2017hb)

Promising species

Zone System Crops/grasses/shrubs Forestry plants Fruit plants
Arid Agri- Crops: Moth bean\igna Khejri (Prosopis cineraria  Date Palm®Phoenix
siliviculture aconitifoliaJacq Marechal), L. Druce.), Desert Teak, dactylifersL.) and Indian
Mung beanYigna radiatg, Anjan Hardiwickia binata  PlumBer (Ziziphus
Cowpea Yigna unguiculatd.. Roxb.) and Wild Jujube mauritianaLamk.)
Walp), ClusterbeanQyamopsis
tetragonolobal. Taub),
Sesame and Pearl millet
Silvi-pasture Grasses: Buffel grass, irdwoor Jujube, Mopane and Anjan Khejri, Indian Plum and
grass Cenchrus setigerus Caper Capparis decidua
Vahl.) Sewan grass and Marv: Forssk. Edgew)
grass Dicanthium annulatuin
Forsk. Stapf.)
Shelterbelts - Umbrella thorn, Kassod tree -
(Cassia siameaamarck
Irwin et Barneby),
Mesquite Siris and Neem
(Azadirachta indic&\. Juss.)
Semiarid  Agri-silviculture Crops: Sorghum, Pearl millet, Cottonwood Populus Guava, Citrus, Amla and

Silvi-pasture

Farm boundary

Clusterbean, Cow pea, Pigeor
pea, Mung bean, Sesame anc
Groundnut

Seasonal grasses: Rat's tail
grass(Sehima nervosuiRottl.
Stapf.) Blue Panic grass
(PanicumantidotaleRetz.) and
Buffel grass

deltoidesBartr.), Babu)
Tree of Heaven
(Ailanthusexcels&oxb.),
Sissog Khejri, and Anjan

Khejri, Babul, Sissoo and
Acacia

Babul, Eucalyptusspp
Cottonwood Bultter tree
(Madhuca latifoliaRoxb.)

and Sissoo

Bael (Aegle marmelok.
Correa), Indian plum,
Mango Mangifera indica
L),

Several novel solar devices and systems viz. solar drier, non-trackingceokar, animal
feed solar cooker, three in one solar device, solar PV pumping systenRgadaster, PV
winnower cum drier, solar PV sprayer, solar distillation unitare avail&bleivasaracet al.,
2017c). Utilization of biogas as energy source would aid in curtailing thenditpre on



electricity, but biogas installations are costly and their succates has been low for
individual farmers. The reduction in cost and increased adoption could deeattby
encouraging customized solutions comprising community biogas plants.

The missions pertaining to enhanced energy efficiency are:

‘National Mission for Enhanced Energy Efficiency’ (NMEEE), implementetes
2011, is one offte 8 national missions under the ‘National Action Plan on Climate
Change’ (NAPCC). NMEEE targets to build up the market for energy efficiency by
generating favourable regulatory and policy regime.

The ‘National Solar Mission’part of NAPCC, was launched in 2010 for creating the
suitable policy conditions for diffusion of solar energy across the country.

Adaptation to climate change

Climate change and climate variability are emerging as major g@@ncountered by
Indian agriculture. Temperature rise can elevate crop respirates) raduce crop duration,
alter photosynthesis, impact the distribution and survival of pestsleaate mineralization
of nutrients in soils, lower fertilizer use efficiencies and enhance eaagpiration and soil
carbon loss, and adversely affect livestock production and health. Adaptatexiréme
events and climate variability can decrease vulnerability to long-tenmatelichange.

Strategies developed to manage year to year climatic aberratibihawve long term impact
in developing resilience and overcoming the perils of climate chédigeivasaraoet al.,
2016). Prospective adaptation strategies are developing cultivaramedes drought and
flood and tolerant to heat and salinity stress, altering crop maneagepractices, improving
water management, implementing crop diversification and resource-comgsegghnologies,
improving pest management, improving weather forecasting, crop insurantaraedsing
farmers’ traditional knowledge (Singdt al, 2019).Pradhan Mantri Fasal Beema Yojana
(Prime Minister's Crop Insurance Schems)an actuarial/bidded premium based scheme
under which farmer has to pay a maximum premium of only 2%Harif, 1.5% forrabi
food and oilseed crops and 5% for annual commercial/horticultural crops andingnpeart
of the actuarial/bidded premium is shared equally by the Centre aedGteaernment. One
of the objectives of the scheme is to facilitate prompt claims setttemighin two months of
harvest, subject to timely provision of both yield data and share of presubsidy by the
State Government.

Though individual components of various technologies are available for cladapgation
(Fig. 2), there is a strong need in technology synergy to bring the stability of fsignsyat
the farm level. Climate adaptive technologies are promoted by sewémgtries like
Ministry of Agriculture & Farmers Welfare, Environment, Forestry and Cknfahange,
Science & Technology, Water Resources, Renewable Energy, Rural Development, etc.
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Figure 2. Steps for effective implementation technology with policy synergy aevidagl.

Components for establishing climate adaptive villages in water siremsgsystems is
presented in (Fig. 3). A strong synergy is needed among climate adaptive aplhns
implementation among ministries for improved ground level impacts.
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Figure 3. Components for establishing climate adaptive villages in water stressegsts.
The National Action Plan on Climate Change (NAPCC) was initiated byement of

India on the advice of Prime Minister's Council on Climate Change to overcome iadsers
of climate change in the country. As indicated before, NAPCC has aofotaght national



missions: ‘Water’, ‘Sustainable Agriculture’, ‘Enhanced Energy Efficiency’, ‘SBlargy’,
‘Sustaining the Himalayan Ecosystem’, ‘Sustainable Habitats’, ‘Green’,liadhid ‘Strategic
Knowledge for Climate ChangeThe National Adaptation Fund for Climate Change was
initiated in August 2015 to cater to the cost of adaptation to cliohtege for the vulnerable
State and Union Territories of India. The Fund, governed by the Ministry of Environment,
Forestry and Climate Change, is expected to promote adaptation of \v@ygtems in the
country including agriculture sector.

Contingency plan implementation

Technical documents, envisioned to be ready reckoner for line departmentaraing
community, on prevalent farming systems and technological interventions for various
weather aberrations (drought, heat and cold waves, cyclones, hailstorms,agldrgssing
diverse sectors of agriculture including horticulture, livestock, poultry, fisfiecan be used

to sustain the production systems and are referred to as ‘Contingency Planglamb
comprise information on alternate crop varieties/crops to leetsdl in events of delayed
onset of monsoon or early season drought and also on agronomic measures for terminal and
mid-season drought (Srinivasaraioal.,2013c; 2016a; Srinivasarao, 2018). Figure 4 presents
the representation of implementation of District Contingency Plans. Theoepe to further
downsizing the plan to the sub-district level for effective fiellelempacts. Infact, several
ministries and departments can come together and look for effectivanergkgion of these
plans. The plans are developed with research and technological outpu@GRA KNational
Initiative on Climate Resilient Agriculture), CRIDA (ICAR- Central Researclttirte for
Dryland Agriculture), AICRPDA (ICAR All India Coordinated Research Project on Dryland
Agriculture) and the SAU (State Agricultural Universities) with theispective KVKs
(Krishi Vigyan Kendrasthe Agricutural Science Centers). The implementation at district
level is done with State Government authorities, while af tleq Mandaland village level

it is done by the above indicated research institutions and their networks.

Updating of contingency District
plans with (with State
Universities/KVKs Government
authoritie$
Talug/Mandal
NICRA/CRIDA/ AICRPD : (with AICRPDA,
Research outputs ‘ Implementation—T® | AICRPAM
&Agri. Universities/KVKs network)
#rIn. - - Villages
o NMSA (through KVKs
' ' under
NICRA-TDC)
CONTINGENCY PLANS STATUS
0 COMPLETED (614 Districts)
P PENDING (37 Districts)
I URBAN AREAS (26 Districts)

Figure 4. Implementation of District Contingency Plan in India.



Synergy between research-technology and policy implementation

For effective field implementation of any technology a strong synerggssntial between
research/technology and policy implementation process (Fig. 5). Althoughhmolmgy
might be successful at research station, KVK and farm level, $engri@mentation issues
arise when it is upscaled. For example, the agroforestry technologglemented in several
agro ecosystems but the pricing element is missing in agroforestry palisyng distress to
implementing farmers. The technical constraints identified during impiltien should be
communicated to technology developers to address them for better implementation.

Policy
Implementation

T —

Figure 5. Synergy between research-technology and policy
implementation essential for effective technology transfer.

Conclusions and way forward

Rainfed drylands are important ecosystems in overall food security and duifitgirod
agriculture, livestock towards meeting sustainable development gd2@sjSsuch as zero
hunger, nutrition security and climate action. Ecosystems of rainfed drylandisagite and
climate change impacts on them have become more serious. Tothmset multiple
challenges of this ecosystem, technology packaging is essentiadirgtpromoting single
technology. For example, rainwater conservation, soil health, tolerant vaoetaastivars
along with institutions are critical for overcoming above challenges.

Similarly, several programmes and policies have been developedaamahaind state level.
Their periodic monitoring is needed to strengthen implementation.r&@ewvenistries are
implementing various programmes for achieving sustainability of rainfed drylaredhss;sf

coherent action plan and implementation will yield better results.
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Climate change as a trigger to poverty and outmigration in the dry areas
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Extended Summary
Climate Change is here. Not only are we witnessing many more extrertteeweeents all
around the world, but also withessing distressing signs of drier, hotter climatesardthad
semi-arid regions. Desertification is expanding, and at the borders déskets, the already
limited rainfall will become more sporadic, alternating periods of fland drought. Several
billion poor people are affected by that change, and these populaterikely to grow
rapidly.
Many of the countries concerned are very poor and depend on small-holdaltagri Thus
measures of adaptation to this likely future are an absolute necE€dsitsite change will not
only make their already precarious lives even more perilous, bubivalsforce many of
them to seek new homes. They will become environmental refugedsret when populist
politics in the north and in other neighboring countries that could paligrite recipients of
such migrants, are become stridently inimical to immigration.

Population growth

Most of the dry areas are in Africa and West Asia, and population fseasestvery
problematic, especially for Africa and Asia, where the UN Consensus farefa®d15 see
more than a billion persons being added to each of these two continents bARRB0IS
seen as having continuing growth reaching a population of 4.4. billion by 21Qihgsteom
a base of 1.1 billion in 2015. Even if these forecasts of a quadrupliaffichn population
by 2100 are high, as IIASA estimates, the African population is spkeed to triple by the
end of the century.

Just to feed the populations concerned with less fertile soilseasdéliable water supplies

will require a dramatic transformation of agriculture and agricultural petiOnly a
scientific based system of agricultural management that cap@ied at the small-holder
level will help combat further impoverishment and avoid massivelpaopvements due to
cycles of droughts and floods and inadequate infrastructure, with concomitant forced
migration.

Furthermore, to cope with the expected population bulge inetlbe enough to ensure that
macro-economic conditions are sound. We must quickly focus on removing rigiditdes a
obstacles to the functioning of the labor market, enhance education and me&khspecial
efforts to empower women, and to do all that on an accelerated schedal®idl (or
minimize) the problems of youth unemployment in both the rural and urban areas.

Transforming agriculture
To achieve the requisite agricultural and rural transformation, these countrids rasrease
rural productivity by reducing trade barriers, investing in rural infrastructure and rggcuri



land rights and above all in directing scientific research and new fegn®to solving the
problems of the poorest farmers. And they have to address mitigating anc@gdagtimate
change and increasing the resilience of the threatened communitebnological
innovations, including bio-technology and GMOs, are necessary for both increasing
productivity and adapting to climate change.

For this rural transformation to happen, African agriculture needs to grow mueh @Gisten
the predominance of rain-fed agriculture, adapting to the expectedtsngf climate change
poses significant challenges that must also be addressed as part of the transformati

Whether in Asia or in Africa, but especially in Africa, agriculture, agdustry, and agro-
services can be competitive and create jobs. Farmers catrégreneurs. Given knowledge,
access to markets, and secure land title, they can createhigangroductivity jobs. Links
through agricultural production chains offer a particular opportunity for small farmers.

Urbanization

Urbanization is a dominant feature of our existence today, where alreadytiman half the
global population is classified as urban. The UN estimitgsabout 2.5 billion people will
be added to urban populations by 2050, with close to 90% of the increasatcedein
Asia and Africa. Industrialization, including the development of modern food miages
capabilities will be part of both creating jobs and raising overall ilecievels.

The rapid urbanization that these countries are witnessing will requipeatiection of crops

that are storable and more transportable, and to minimize post-his®sss as the food
processing industries begin to play their full role. Additional intensive ualgaoulture can

also play a role. All this will require a transformation of the traddi agriculture that exists
in many parts of Asia and Africa today.

Climate change and agriculture

Despite the rapid urbanization, the rapid growth in the working-age popuwhationean that
for a generation or so most of the new jobs will still be in traci@ctivities, including
agriculture. It is therefore essential to also increase the productivitgditiadnal agriculture
and also climate change will have its biggest impact on agrieutsp adaptive investment
and technical innovations are needed. Almost all climate models g$iagy temperatures,
increasingly variable rainfall and more severe weather events. $akirrg challenges for
maintaining and increasing crop Yyields will be especially bigfirca where little farmland
is irrigated.

Adapting to this change requires investment in climate-resilgnntwdtural infrastructure but
even more to raise the productivity of agriculture. Genome research to creankeater-
tolerant crops that have a shorter growing season, and even to devedgemitixing
capabilities in many new crops are all part of the promises of $mersearch in these early
decades of the 2lcentury, whether it is in ICT, robotics or genetics. Precision farming
would be the result of being able to deploy the technologies that fromehese scientific
discoveries in ways that benefit the poor in the dryland areas.



Such a science-based transformation would also offer opportunities fobbgwyt require

the corresponding scientific manpower. Given that women manage many farmgrand
household enterprises, a concerted effort to improve resiliency wil iaiprove their

wellbeing and contributions to the economy.

Building capacity for science, technology and innovation

Science-based agriculture must help these weak countries cipthavigrowing challenges
and the development of a new agriculture for new smart citiesataesbe accelerated. We
need an intensive expansion of science and technology, with a speciabfothes needs of
the drylands, accompanied by special efforts to build up locahctgpin Science,
Technology and Innovation (STI) in the poorest arid and semi-arid countriess Toat we
can help to meet these challenges where climate changdrigger for both increased
poverty and outmigration.
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Abstract
World's drylands represent 41.3% (60.9 milliondraf Earth’s bnd area, and comprise of
desert (6.6%), semi-desert (10.6%), grassland (15.2%), and rangeland (8. Afl@nddr are
home to about 2.7 billion people representing 35.5% of the world'silgign in 2018.
Being vulnerable to desertification, drylands have already expahglett8% over the 20
century and may continue to expand by an additional ~10% compared with thexdadeli
196141990, and probably cover ~50% of the Earth’'s land area by 2100. Drylands contain
46% of the terrestrial carbon stocks compromising of 53%atfad soil C stock (1-m depth)
and 14% of global biotic carbon stock. The soil C stock in drylands has stinctlibut
related components: soil organic C (SOC) and soil inorganic C (SIC). The SOC stock is more
in soils of the humid and sub humid regions and the SIC is more indhthse semiarid and
arid regions. The SIC stock comprises of the carbonates and bicarbomaigsalso
bicarbonates in the ground water. Combined with bicarbonates, the SIC stoak tepth
may be as much as 2344 Pg C. The SOC stock, more reactiveramdicdyhan the SIC, is
prone to depletion caused by climate change, land use and land useeclzan soil
degradation. The projected climate change would lead to increasingly dieep soil layers
during the growing season, exacerbate the problem of soibdatjon, adversely impact the
SOC stock, and weaken the provisioning of critical ecosystemices (e.g., water,
biodiversity, food, feed). The reduction in soil moisture storageld aggravate warming,
increase evapotranspiration, aggravate depletion of soil wadsenves, and severely reduce
the agronomic productivity and use efficiency of inputs. On dmdrary, restoration of
degraded/desertified drylands and ecosystems and adoption of saliriltage can
sequester C in biomass and soil, contribute to mitigating anthropogdgimate change,
enhance socio-ecological resilience and improve the environment.

Introduction

Total carbon (C) stock in world soils to 1-m depth estimated at 2200¢Pg feta gram =
10159 = 1 billion metric ton = 1 Gt), comprises of 2/3 as soil organic carbo@)8ad 1/3 as
soil inorganic carbon (SIC) (Banwast al., 2015; Plazat al, 2018). In contrast, C stock in
global drylands to 1-m depth comprises of 1048 Pg, of which 470 Pg is SOIE (Jand
578+8 Pg is SIC (Table 2). To 2-m depth, total C stock in drylands is R§88f which
64619 Pg is SOC and 1237+15 Pg is SIC. The ratio of SOC:Total soil C stock is 0.63 in 0-0.3
m depth, 0.45 in 0-1 m depth, and 0.34 to 0-2 m depth (Tables 1 and 2eP#z2018).
Expectedly, the total SOC stock increases with increase im raeaual rainfall. In
comparison with the total SOC stock in 0-2 m depth in the hyper asi@gions, the SOC
stock is 4.1 times in the arid, 8.4 times in semiarid and 7.4 tim#éseidry sub humid



biomes. Similarly, the SIC stock in 0-2 m depth is 3.8, 3.6 and 1.3 tintke arid, semiarid
and sub humid biome compared with that in the hyper-arid region (Tables 1 and 2).

Table 1.Estimates of the soil organic carbon (SOC) stocks in global drylands (recattfilaie
Plaza et al., 2018)

SOC Stock (Pg C)

Depth (m) Hyperarid Arid Semi-arid Dry Sub-humid Total

Stock  Ratio Stock Ratio Stock  Ratio Stock  Ratio Stock Ratio
0-0.3 11+1 1.0 45+3 1.0 100+2 1.0 91+3 1.0 248+6 1.0
0-1 22+1 2.0 91+3 2.0 19043 1.9 167+4 1.8 47017 1.9
0-2 31+1 2.8 127+3 2.8 259+3 2.6 22816 2.5 64619 2.6
Ratio among 1.0 4.1 8.4 7.4 20.8
biomes

Table 2.Estimates of soil inorganic carbon (SIC) stocks in global drylands (reeagxcuifrom Plaza

et al., 2018)
SIC Stock (Pg C)

Depth (m) Hyperarid Arid Semi-arid Dry Sub-humid Total

Stock  Ratio Stock Ratio Stock Ratio Stock  Ratio Stock Ratio
0-0.3 20+2 1.0 63+2 1.0 48+2 1.0 15+1 1.0 145+4 1.0
0-1 65+3 3.3 24145 3.8 204+4 4.3 66+2 4.4 578+8 4.0
0-2 127+5 6.4 487+9 7.7 456+7 9.5 168+4  11.2 1237+15 85
Ratlo among 1.0 3.8 3.6 13 9.7

The SOC, comprised of the remains of plants and animals at various stages qfcsom,

is highly reactive and a strong determinant of soil health and of numerous etosgsteEes

of value to human wellbeing and nature conservancy (Lal, 2004). The SIC stock is les
reactive and comprises of three components: 1) primary or lithogerioneaes derived
from the weathering of parent materials, 2) secondary or pedogenic carb@aditdse or
concrete) derived from pedologic processes, and 3) bicarbonates contaithedground
water (Mongeret al., 2015). Formation of secondary carbonates is related to the microbial
decomposition of soil organic matter (SOM) leading to enrichment of theentration of

COz in soll air, its dissolution in soil water to form weak carbortid aand precipitation as
carbonates through reaction with+€and Mgz brought in from outside the system (i.e.,
aeolian and alluvial deposition, application of compost/manure and otherdareets
including mulch, use of inorganic fertilizers).

Thus, transfer of atmospheric €@to soil through biotic and abiotic processes into SOC and
SIC compounds with a long mean residence time (MRT) has strong impacts giabihleC

cycle (GCC). Three principal processes of transfer of atmospheti¢n@Osoil as SOC and
SIC, or carbon sequestration comprise of the following: 1) photosynthesis amdoinp
biomass-C into soil as roots and shoots to form humus and any pyrogemouras (i.e.,

soot, charcoal or biochar) through in-fieldissitu burning, 2) pedogenesis and formation of
secondary carbonates or caliche, and 3) translocation of bicarbonates into the ground water.

A rapid increase in atmospheric concentration of2,C&pecially so since the on-set of
Industrial Revolution, from 280 ppm in 1750 to 410 ppm in 2017 (WMO, 2018), has created



a strong interest in the sequestration of SOC and SIC in soil to o&rgketopogenic
emissions for adaptation and mitigation of climate change. Estimagdtdepth, total soil

C stock (SOC and SIC) in global drylands (Tables 1 and 2gsepts ~46% of the Earth’s
terrestrial C stocks (Safriet al.,2005). The land-based or terrestrial C sinks are estimated to
have absorbed 32.5% of the anthropogenic emissions between 1750 and 2017, 29.6% for the
decade of 2008-2017, and 33.6% for the year 2017 (Table 3, Global Carbon Budget, 2018).
Therefore, prudent management of drylands is considered an important tegystrat
sequester atmospheric €@hile also enhancing Sustainable Development Goals (SDGSs) of
the U.N. or the Agenda 2030 (Lat al., 2018). Thus, the objective of this paper is to
deliberate the potential and challenges of global drylands to stequmospheric COas

SOC and SIC for adaptation and mitigation (ADAM) of anthropogenic climate change (ACC)
in conjunction with advancing SDGs.

Table 3.Magnitude of land-based C sinks (Pg C) (Global C Budget, 2018)

Parameter 1750-2017 2008-2017 2017
Total Emissions 660 10.8 11.3
Sinks:
Atmosphere 275 4.7 4.6
Ocean 165 2.4 2.5
Terrestrial 215 3.2 3.8
Terrestrial (% of Emission) 32,5 29.6 33.6

Global drylands

Drylands, the Earth’s largest ecoregion, cover 41.3% of Earth’s land area and are home to 2.7
billion people. A large proportion of world’s 2.5 billion poor people limedryland biomes
(Prevelie et al., 2016). On the basis of the aridity index (Al = precipitation: potential
evapotranspiration), drylands are regions with Al of < 0.65 mmin{Middleton and
Thomas, 1997; UNEP, 1992).). Thus, water deficit (scarcity or drought) is the most important
determinant of the net primary productivity (NPP). However, climate eéh&mlag a strong
impact on the global extent of drylands, which are steadily increasing in area.

The revised estimates of land area under dryland regions are as followzerjahnig with Al

of < 0.05 at 5.86%, ii) arid with Al of 0.05-0.2 at 14.16%, iii) semiarid with Al of 0.2a0.5
16.38%, and iv) dry sub humid with Al of 0.5-0.65 at 8.36%; with a total land area of 45.36%
(Table 4). Global drylands may expand by an additional 10% comparedhaitin 1961-

1990 by about 5.8 x k&m till 2100 (Schlaepfeet al.,2017). Furthermore, deep soil layers
may become increasingly dry during the growing season, leading to a majorinshif
vegetation, and decline in provisioning of ecosystem services such as agrgmechiof

food staple cereals (Lobell and Gourdji, 2012; Ragl, 2002; Feng and Fu, 2013).

Most of the expansion of drylands is and will occur in the tropical reglmrstemperate
drylands may contract by a third and convert to sub-tropical drylands. By 210§lobat
extent of drylands may cover > 50% of the planet’s area (Schlasipéér2017). Expansion
of drylands, and increase in frequency and intensity of drought, can deplete tretdsxC
During the decadal drought between 1998 and 2008 in central Asia, the tentgglands



lost ~0.46 Pg C from 1979 to 2011 (ki al, 2015). The magnitude of loss was severe in
Kazakhstan where the rate of decline in annual rainfall was 90 mm/decadeall2015).

Table 4.Change in global drylands between 2005 and 2016

Region Area (105 kmz) % of the World Total Land
Safriel et al.(2005) Prevelie (2016) Safriel et al.(2005) Prevelie (2016)

Hyper-arid 9.8 8.6 6.6 5.86

Arid 15.1 20.8 10.6 14.16

Semi-arid 22.6 24.0 15.2 16.38

Dry sub-humid 12.8 13.2 8.7 8.97

Total 60.3 66.7 41.0 45.36

Terrestrial area of dryland = 66.7 xsX®n2
Total land area of Earth = 147 xe&lkimz

With such a large land area, global drylands will have increasingipgsr impact on the
GCC and thus on the feedback to the climate change. The feedbackempgsitive
(increasing the radiative forcing) through acceleration of the gaseous emissiegativen
(reducing the radiative forcing through C sequestration in global drylands). Tha/gosi
feedback to climate change is exacerbated by degradation and desertib€altrylands. The
problem of desertification and scarcity of essential resources Wager) may be further
aggravated by rapid increase of urbanization in drylands.

The data in Table 5 indicate increase in population of sores @tver the 80-year period
(1950 to 2030) by a factor ranging from 16 to 175. Such a drastic increase in urban
population in dry and fragile environment necessitates careful planningease/necycling

of resources to enhance use efficiency and sustain productivity (Lal andriSt2ea7).
Furthermore, water erosion and chaotic urbanization can deplete Gst8€k. Darwish and
Fadel (2017) reported irreversible loss of 25 and 54 Pg of SOC by erosion anidaiita,
respectively, in Arab countries.

Table 5.Increase in population of some cities in drylands
Population (10)

City

1950 2000 2016 2030 Factor
Dubai 0.02 0.9 2.5 3.5 175.0
Jaipur 0.3 2.3 3.5 4.9 16.3
Jodhpur ~0.1 0.8 13 1.8 18.0
Khartoum 0.2 3.5 5.3 8.2 40.0
Kuwait 0.15 1.3 2.9 3.9 26.0
Las Vegas 0.025 13 2.3 29 116.0
Lima 11 7.3 10.1 12.2 111
Mecca 0.15 1.2 1.8 2.1 14.0
Phoenix 0.11 2.9 4.1 4.8 43.6
Riyadh 0.08 3.6 6.5 7.9 98.8

Positive feedback through degradation and desertification of drylands
Desertification, decline in quality and functionality of drylands (UNCCD, 1994AME
2005), is a serious problem in these fragile ecoregions. However, the causes and adsermina



of desertification are poorly understood (Hutchinson, 1996). Yet, six widely recognized
dimensions of desertification include: water erosion, wind erosion, vegetation
loss/degradation, salinization, soil compaction and soil fertilitglice (Dregne, 2002).
However, there is an important seventh dimension of desertificatiorhahd tthe depletion

of the terrestrial C stock through loss of SOC, biomass-C and of SIC. filule as
specifically focused on reversing the trends in loss of the soib¢k shrough sequestration

of atmospheric C®along with the attendant increase in soil health and functionality and
advancement of the SDGs.

The accelerating ACC, along with the land misuse and soil mismanagémerixacerbated
the risks of desertification of these fragile ecosystems. Over and abogeotinglrological
interactions across multiple space and time scales (Turaball, 2008), there is also an
increasing dominance of abiotic mechanisms of desertification in drylbedsuse of
increase in aridity and frequency of droughts (Retval., 2010). Interaction between the
ACC (aridification) and land use-land use change (LULUC) are among the dnajers of

the transition between stable state and eventually leadiagiésertified state (D’Odoriocet

al., 2013). The complex conundrum of aridification and desertification enconspasse
mutually-reinforcing and highly interactive processes (Fig. 1).

Figure 1. Drivers of aridization and desertification with mutually-reinforcing feedbacks

Rapid and severe depletion of SOC stock in conjunction with increase in frgqaedc
intensity of pedologic/agronomic droughts (reduction in plant-availabler wapacity at the
critical stages of crop/vegetation growth) sets-in-motion the downvparal that leads to a
drastic reduction in NPP, weakening of ecosystem services and creation of seserdilcgis
(Fig. 1). Notable among disservices are aggravation of food and nutritional insecatir
scarcity, loss in biodiversity, and risks of soil degradation.

The use of GIS and remote sensing techniques can detect soil degradaticosibg, e
salinization and other degradation processes (Adeinal, 2014). Decline in SOC stock is
exacerbated both by accelerated erosion through aeolian and hydrologic pr{Cbapesll
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ns. Thus, the United Nations CadavanSustainah

e of daitaxtpe use of land and
resourceg e of human needs foeeid)

and urbanizatio



Estimates on the magnitude of a problem are basic to plannincataio of resources a
implementation of restorative measures. Therefore, one of the mejeities at th

also that 52% of all agricultural land was moderately to severelytedfedt the same ti

problemos

consequential in developing countries in Africa and A

Therefore, it must be admitted that the data carry elemg

judgment and should be taken as such. Further, the environmental inmg
outcome of physical changes but are tied to the ability of a society or culturetdattes




changes as also to the coping ability of individual farmers. Mortimore (2003Darok

2003) have highlighted several such ambiguities in functioning
environment relationshig

Human population, through activities related to land use and managesngamhaijor drivin

force in desertification. An increase in its pressure impacts threaganced need for fo
and feed and reduction in size of land holdings. Both amount to an intensifichlao us
as well as expansion of cropping into areas that are marginatiumen Thus, populati

there have been regions where developments in econom

population has tripled in four decades but the income
developments, including irrigation, has increased fifty fold. Thus, thdiamship o
population growth to desertification is not simple and depends on callated independe

economic developments (Darkoh, 20




Drought and desertificatid

Droughts are a part of the normal climate regime in drylands and fteguency an

of increased incidence of overgrazing and fuel wood exploitation (Saxena, TA@&)fore
it is no surprise that major advancement of desertification happens dudhgperiods d
severe and extended drought. As a corollary, a strategy and preparednessup aq

drought situation is a bi in relief to local populatianabso in reducing i

|mpact on long term sustainability of natural endowments and ireqinog the vegetatiq

There is also another side of this relationship in the sense thatifitestion also enhanc
the impact of droughts. It depletes the vegetation cover, particularlynote critica
perennial component, which leads to a great reduction both in the quardifueation o
biomass availability on a long term basis. Thus, this weakenednesilof ecosystem leg

to a poor recovery of the vegetation even after the rainfall has becomal r{&mmth an
Reynold, 2003 004). This deteriorates inter-communityn®lat

leads to violent conflicts amongst the dependent populations. Both, destotif and
drought over large tracts have a potential to affect climateligtalsinhanced bare surfa

increases albedo, which is an important variable in Generabl@iion Models and c:

produce atmospheric subsidence and reduction of r4



Even though a very complex and interdisciplinary task, planners and policysratke

insist on cost-benefit analysis in decision making. Exercises havedmme to find out as
hat land degradatiomeans in economic terms. UNEP estimated in 1980’s th







Desertification, climate change and biodiversity degrad
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#mong the world’s nearly seven billion people, 1.7 billion

in South Asia. By 2050, that number is expected to rise to 2.4 billionlgpedpving
smallholder systems, the farming in the reg
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productivity - Exploiting the strength of supplementa
irrigation in Indian context

Tremendous efforts made by all the stakeholders in India have tbsubg

as evident from higher production consecutively Herlast two year
However, despite our best efforts in improving the tolerarfchigh-yielding and sho
duration varieties to biotic and abiotic stresses, we have not asthieour desirg

productivity goals. Aiming at t boals Y 8iDGtability in foo(

and balanced nutrition, adequate thrusts is needed for scalilsgspproductivit

life saving/supplementary irrigation in augmenting the pulsexluction by relieving t

moisture stress at critical stage of the crop gro



m supplementary irrigation in India is given |
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Translational genomics for improving dryland crop
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International Crops Research Institute for the Semi-Fogicy
floated several multi-institutional consortia. As a result ofaborative effort

from such strong partnership, a large number of genomic resources including
assemblies for 9 crops have been developed and several improved imdeda develop
through molecular breeding. In summa
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Agriculture innovation - Climate ready crops
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Conservation and use of plant genetic resources: Developing adap




































Indian pearl millet breeding for resilience to changing climat




























































Plant biotechnology has potential to turn grey areas into green - evergre

Division of Genetics, Indian Agricultural Research Institute, NeWiDENDIA
Mailing address: | - 1173, Cittaranjan Park, Delhi 110019, IN

Increasing population will cause increasing demand for food frorit@ture sector. Whil
it is well recognized that conventional plant breeding has kepet pwith the increasi
population so far, new approaches will be required to meet the futwdsra agriculture
particularly with growing challenge from climate change. Bibtemlogy has sho

better returns. So, it will be the major responsibilit




board, in the coming decades. A 2014 study noted that GM (genetic modification) tec

hydraulic conductance, water holding in tissues, and reduced water lossriayad closing
leaf rolling and folding, flashy stems and leaves, waxy coating etc.), and joloysa
mechanisms under genetic control (leaf turgor, osmotic potential, solutenaletion
delayed leaf senescence - stay green, ascorbic acid and prolieatcamd metabo
adjustment through gene products like osmotin and deh

Genes for drought tolerance have been identified virtually in all biologysaém®s fro
microbes to man (Table 1). As many as 18 genes have been found tmtiatedswit




drought tolerance in cowpea (Table 2). The genes in the closely reladtant pla

in arid and desert conditions are expectecsgspasronger ge

for drought tolerance and yield better res

It is not yet known how much the genes for tolerance against wates streifferen

ill be pyramided with similar genes from other plant spedmsnual herbaceous

perennial tree species). The situation could be much widely différénbught tolerand
genes from plants are put together with similar genes in microbesnandlsa This arg
needs to be explored. Opportunities are mind boqd




The number of Bt brinjal growing farmers in Bangladesh has increased fromc2ipping
season 2013-14 to 27,012 in 2017-18. The Bangladesh government had planned to
Bt brinjal in 36 districts in the 2018-2019 cropping season, and propmsesdr the enti
brinjal area under the Bt variety. Transgenic cotton resistant to suckitsg(jassids, aphid
and the virus-vector whiteflies) has been developed by Indian researcheragdlutini
gene from taro has been demonstrated to impart resistance againstl rapisie by worke

at the Bose Institute in Kolkata (Ind

Herbicide tolerance is another major area of GMO research as asahiveedicide lik
glyphosate can protect all crops from monocot and dicot weeds at lowSaogar succeq

stories are published about disease control following genetic transfonmBlie tungro vir

disease of rice was shown to be successfully controlled by CRISPER-Cas§ eflithg



uals and perennial tree speciesitasdly

transferable with similar effects. It also supports the proposdérmbove that annual as

as tree species can be equally good source of strong genes for drought eetstdrads

PDX11 in potato increased vitamin B6 content to 150% (reported from Hari Siag
Central University, India). Thé

Plant biotechnology in the context of climate chang

Little information is available about the nature and extent of cirnaainge that would affg
agriculture. The most serious changes from the standpoint of agricultuexza
temperature and rainfall patterns. These changes are likely to tesliztgble in most cas




season nurseries or constructing structures at high cost for screening breedimajshadtth
plant breeding centre itsé

Need for intensive research on genes and alleles for drought tolera

Recombination breeding for drought tolerance genes among the crophalarst®od the te
of time. However, it must be recognized that there are severetiess in depending on t
cultivated varieties or their wild relatives as source for creatiogasingly stronger droug

moth bean etc. are , what kind of phenotypésesult if strong
drought tolerance genes from desert grasses and tree species are transforthedwvholy
tolerance can be further strengthened by gene editing and/or combining ttestrang
promoters with constitutive function from the best known sources to make ptaots
suitable for cultivation under desert conditions. The possibility of making gisvngene
also stronger using biotechnology tools is a widely open

Answers to these questions can be obtained only by investigating vatenstaves an

proven possibilities to create strong drought resistatdgrance is ng

enough - varieties. To achieve this goal, a beginning can be adeeating a full
[ centre, or may be, an international ingpiteterabl

the aegis of the United Nations for which financial support will flomm all nations of t

orld. Arid lands and deserts are a universal phenomenon. All cropk doualtries fac

spells of short or long water shortages. And if the areas facing sevexesiass (wat

to adopt biotechnology and are relaxing controls they had initially imposedie liateg
example, the USA has decided not to regulate gene-edited cropegarihis could be




trend setter in the coming years. Social media played a crucialhrgl®untering the an
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Fu, Y.B., B. Cheng and G.W. Peterson. 2014. Genetic diversity analysis of yellow mustard
(Sinapis albal.) germplasm based on genotyping by sequenciametic Resources
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Sustainable intensification through agri-horti-silvi-pasture in dryland areas

























































pn. Grassland ecosystem in India vgresdae o

the factors like climate, soil, rain and

biotic components of the system are classified as prod
etc.), cons

\ etc.). The afmintigonents a




better quality of forage, reseeding of grasses species for maintaining mopatad differe

soil and water conservation techniques need to be followed to obté@am peivisioning
services from these syste












s. Thus, high-affinity antigerdinig nanobodig

can be isolated by screening a limited number of clones from imtitmages, without

selection using display technologid



Given their single-domain and hydrophilic nature, Nbs are
expressed in economic production systems, such as badischefichia col and yeaj
(Pichia pastorisand Saccharomyces cerevisjagielding high batch-to-batch consiste
Nbs are well also expressed in probiotic bacteria and, when treyex

Lactobacillus paracasesr Lactococcus lactisthey are called ‘lactobodies’. These are us

Nanobodies have potential to become important c

drugs for active targeting to the specified tumor g

dbs can also be chemically attached tqg
surface of other drug delivery systems, such as nano sized drug carriers or NRs;a
then be encapsulated with nonspecific drugs for active delivery to theofsitgeres
Additionally, it permits administration of larger drug doses simultaneoudiychacouldg

reduce the administration frequency and immunoge

Nbs in targeted radionuclide therap aRadioimmunotheray
(RIT) is the combination of radiation therapy with Ab immunotherapy asilbdecome 4
attractive strategy in cancer treatment because it allowsetbetige destruction of cang

cells and constitutes less invasive radiotherapy: the Ab re@sgaizd binds the surfacg

type | diabetesmellitus and atherosclerg

Nbs to combat infections



Nbs targeting virusesTo fight viruses and prevent their spread, Nbs can interfere at di
levels of the viral replication cycle, such as by preventing virus-teltfement, viral entr

and viral uncoating. Nbs can also be used to broaden our understanding of vicall
transmission. A Nb directed against hepatitis C virus (HCV) spedyfipabvents viral ceg

Shiga toxin-producinde. coli (STEC) prevented attachment in vitro. Nbs might be pro
proteolytical cleavage, although to a lesser extent than Abs; howéeerchallenge

tackling enteric pathogens in particular is to design orally adrares$tNbs that survive t
gastrointestinal tract. Another elegant approach is the developmenbsftidt are n
directed against the bacteria as such but against their virulenoesfauch as the secrg

enzymes that are pathogenic or confer resistance against ant

Nbs against parasites and fungiThe use of Nbs against parasites is new but is g
gsparasites, such as

hemoparasites have evolved a potent immune evasion system to avoidedihte

Nbs as neutralizing and/or detoxifying agentg



ing. Nimiiraoted against bacte

compounds or toxins, for example the Nb agaisisseria meningitidi$ipopolysaccharid

(LPS), which causes meningitis in young children. The anti-LPS Nb blockduhd of LPS
to target cells of the immune system, which abolished LPS signalinghale blood
Antitoxin  Nbs were also successfully generated to neutralize the ahdiexi

dangerous botulinum neurotoxins (A and E) have been described and some

plasmon resonance (SPR) assays for the early and highly accurate diagnesi,
bacterial, or fungal infections. Additionally, rapid and sensitive deteassays for influenj
H3N2 and H5N1 were developed using a double-sandwich ELISA model inh
biotinylated Nbs were immobilized onto the surface of streptaxgdated plates. NRCC
collaboration with Bhaba Atomic Research Center (BARC), Mumbai, is doingrofse
development of cameline single domain antibodies-based diagna@siatstherapeut]

modules against human and animal diseases. In this study, single doriaaay of camg

Nbs against inflammation: Strategies to alleviate the inflammation are mainly

inflammatory drugs and drugs that interfere at the cytokine level. Given that heorosi
factor (TNF) is a major key player in inflammation, it is not surpgsihat anti-TNF NQ
have been developed, as discussed below. The Nbs were effectiaamatian suppressd




in the mouse collagen-induced arthritis model, and might be a promisingpandffectiv
alternative treatment for RA because current anti-TNF therageumposes a hea

economic burden on health services. Furthermore, autoimmune diseasesodam taickle

leptin receptor and led to antiviral activity on targeted (

symptomatic treatments for neurodegenerative disorders; no disease-modi

the absent Fc-receptor-mediated efflux to the b






productivity is owing to adverse impact of climate change, use of lownaxt@put, rising

feed and fodder costs, lack of support services, price volatilityaimegration with globd

market and lack of awareness of livestock farmers on scientific animal manm
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President Donald Trump has falsely called climate cha

‘hoax’ invented by China, incorrectly suggested that wind turbicagse cancer @

dismissed a landmark scientific report produced by the federal government'scemtistg
His Administration has sought to roll back key climate regulations at ever
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government is focusing on farmers’ welfare and is envisioning to double tinerd

income by 2022. Different central and state level programs have loagedfito execute a

monitor the outreach
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