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FOREWORD

Rainfed agriculture in India occupies about 72 million ha constituting nearly 51% of the 
net cultivated area. Despite the progress made so far, productivity of rainfed agriculture 

continues to remain low due to multiple risks and constraints relating to biophysical 
and socio-economic issues. While climate change impacts agriculture sector in general, 
rainfed agriculture is more vulnerable in view of its high dependency on monsoon and 
the increased extreme weather events due to aberrant behavior of south-west (SW) monsoon. Skewed rainfall 
distribution has now become more common with reduction in numbers of rainy days. Aberrations in SW monsoon 
like delay in onset, long dry spells and early withdrawal, all of these affect the crops and strongly influence the 
productivity levels. These aberrations are likely to further increase in future.

Major deficiencies or anomalies in the amount of rainfall as well as variation in time and space necessitate 
proper crop management. The concerted efforts of All India Coordinated Research Project for Dryland Agriculture 
(AICRPDA) in association with State Agricultural Universities, Technical Universities and Research Institutes of 
Indian Council of Agricultural Research over the past five decades led to the development of location-specific 
rainfed technologies to cope with different weather aberrations. Identification of crops and varieties that fit 
well into changing climatic conditions is common denominator for sustainable crop production in all land use 
conditions. The 23 centres of AICRPDA adopted 23 village clusters, under National Innovations in Climate 
Resilient Agriculture (NICRA), across diverse rainfed agro-ecologies to demonstrate land, water, crop, soil, 
nutrient and energy (farm implements) management practices on real-time basis to manage weather aberrations. 
The real-time contingency planning (RTCP) conceptualized by AICRPDA under NICRA yielded good impact. 
During 2011 to 2018, varieties of major rainfed crops were assessed for their suitability under delayed onset 
of monsoon conditions on farmers’ fields and best performing varieties were identified. Further, alternate and 
resilient crops and cropping systems were demonstrated as preparedness to cope with weather aberrations in 
AICRPDA-NICRA villages.

The present publication contains information on suitable varieties of different rainfed and alternate 
crops for cultivation under delayed onset of monsoon and agro-ecology specific best performing/risk resilient 
cropping systems. I compliment the Project Coordinator and scientists from PC Unit and AICRPDA centres for 
their contribution and bringing out this important publication. I hope that the information in this publication 
will be useful to all the stakeholders in coping with weather aberrations in rainfed agriculture, particularly for 
operationalizing district agriculture contingency plans.
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PREFACE

About 72 million ha of net sown area in India is rainfed which is practiced in diverse climates and 
agroecologies, contributing to about 40% of country’s food basket. Thea agricultural production, 

productivity and stability in rainfed areas is more vulnerable to climate variability particularly during kharif 
due to its high dependency on south-west (SW) monsoon. While one part of the country or the other 
experiences monsoon failure almost every year, most states do encounter droughts once in 2 to 4 years. 
Monsoon failures result in drought which has serious implications for small and marginal farmers and 
livelihoods of the rural poor. It is evident that the rainfed agriculture is being highly impacted due to 
frequent weather aberrations such as delayed onset of monsoon and/or in-season drought during crop 
growing period in one or the other part of the country.

Real Time Contingency Planning (RTCP) was conceptualized in All India Coordinated Research Project for 
Dryland Agriculture (AICRPDA), to minimize the crop production and productivity losses and to improve 
the efficiency of the rainfed production systems. RTCP is considered as “any contingency measure, either 
technology related  (land, soil, water, crop) or institutional and policy based, which  is implemented based 
on real time weather pattern (including extreme events) in any crop growing season”. The major objectives 
of RTCP are to (i) establish a crop with optimum plant population during the delayed onset of monsoon; (ii) 
ensure better performance of crops during seasonal drought (early/mid and terminal drought) and extreme 
events; (iii) enhance performance, improve productivity and income; and (iv) enhance the adaptive capacity 
and livelihoods of the farmers.

Since 2011, under National Innovations in Climate Resilient Agriculture (NICRA), the 23 Centers of 
AICRPDA are conducting on-station and on-farm demonstrations/trials under NICRA with the focus on 
RTCP implementation and preparedness to cope with weather aberrations. The RTCPs implementation has 
been in a two-pronged approach i.e. i) Real-time contingency measures and ii) Preparedness. During first 
phase (2011-17), RTCP was implemented in 34 adopted villages in 15 states. In the second phase (2017-20), 
the on-farm programme as Cluster approach was extended to 58 adopted villages in 15 states. Varieties of 
major rainfed crops were assessed for their suitability under delayed onset of monsoon conditions in the 
villages and best performing varieties were identified. Similarly, alternate and resilient crops and cropping 
systems were demonstrated in AICRPDA-NICRA villages as preparedness to cope with weather aberrations. 
The salient findings are presented in this bulletin. 

We express our gratitude to Dr. Trilochan Mohapatra, Secretary, DARE and DG, ICAR for kind guidance and 
support to the AICRPDA-NICRA project. We profusely thank Dr. K. Alagusundaram, DDG (NRM) I/c & DDG 
(Agril. Engg.), ICAR for constant support to the project. The contribution of all the present and former Chief 
Scientists, scientists and other staff at 23 AICRPDA centres is highly appreciated. We thank the farmers of 
AICRPDA-NICRA villages who supported immensely for successful implementation of the programme. We 
sincerely hope that the information in this publication would be useful to researchers, Line Department officials 
and other stakeholders involved in implementation of contingency plans to cope with weather aberrations.

Editors
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1. Introduction

Agriculture remains the most important sector of Indian economy with about 16% share in GDP, 11.8% 
of exports and 54.6% share in total employment or workforce. Agricultural production in India is 

closely linked to the performance of South-West (SW) monsoon (June to September) which contributes 
about 75% of the annual precipitation. Apart from the SW monsoon rainfall, India receives about 15% 
of annual precipitation during the winter months of December to March, which is very important for rabi 
(winter) crops. Though rainfall and its distribution have profound influence on Indian agriculture, changes 
in many components in the climate system including floods, cyclones, heat wave, hailstorms, etc. are also 
exerting considerable effect. Projected climate change may exacerbate the extreme climatic events and 
aggravate the risks of drought, flooding, pest infestation, and water scarcity to agro-ecosystems already 
under great stress (Beddington et al., 2012). 

1.1 Climate change in India

Climate change and its variability are emerging as major challenges facing Indian agriculture. The high inter- 
and intra-seasonal variability in rainfall distribution, rainfall events and extreme temperatures are causing 
crop damages and losses to farmers (Sikka et al., 2016). Studies pertaining to India show enough evidence 
of rising mean temperature during post-1970 period. Greater warming of 0.21°C per 10 years during post-
1970 period as compared to 0.51°C per 100 years during past century has been reported. In many parts of 
India, the frequency of occurrence of cold nights declined, while frequency of occurrence of warm nights 
and warm days significantly increased. Besides, the country experienced 15 deficit and 6 excess monsoon 
years in post-1960 period in comparison to only 27 deficit and 20 excess monsoon years during 1871-2014. 
Overall, climate change pattern has already begun affecting Indian agriculture sector adversely by enhanced 
abiotic and biotic stresses to crops and livestock. For example, wheat crop is facing negative impacts of 
climate change in many parts of the country due to increase in temperatures, water stresses, reduction in 
rainy days and increased incidence of disease and pest attacks. But, rise in temperature is found to be a 
major denominator as almost 93% area under wheat is irrigated. In Haryana, night temperatures during 
February-March, 2004 were recorded 3°C above normal, and subsequently wheat productivity declined 
from 4106 kg/ha to 3937 kg/ha during this period (Ranuzzi and Srivastava, 2012).  

Further, various future climate models indicate consistent warming trend over India in short, mid as well as 
long term scenarios (Chaturvedi et al., 2012). In comparison to baseline period of 1960-90, the mean annual 
temperature over India is projected to increase 1.7-2.0°C by 2030s, 2.5-3.0°C by 2050s and 4.0-5.0°C by 
2080s. Similarly, substantial increase of 6-14% in extreme precipitation by 2080s is projected for large areas 
of India, particularly over the West coast and West central India (Rupa Kumar et al., 2006). Overall, the rise 
in temperature is likely to be much higher during rabi than kharif season. In addition, droughts and floods 
as well as cold and heat waves are likely to increase due to increased variability in temperature, and may 
cause crop losses up to 30% by 2080s.

1.2 Impact of climate change on agriculture

The impact of climate change/variability on agriculture is both direct and indirect. The direct impacts of 
climate change would be small on rainy season crops but the crops will become vulnerable due to increased 
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incidence of weather extremes such as changes in rainy days, rainfall intensity, duration and frequency 
of drought and floods, diurnal asymmetry of temperature, change in humidity, and pest incidence and 
virulence. Winter crop production may become comparatively more vulnerable due to larger increase in 
temperature, asymmetry of day and night temperature and higher uncertainties in rainfall (Rajeevan, 2013). 
Birthal et al. (2014) projected the effects of climate change on crop yields for three time scales (2035, 2065 
and 2100) at minimum and maximum changes in temperature and rainfall. In general, the production of 
pulses will be affected more by climate change than other crops. By the year 2100, with a significant change 
in climate, the yield of chickpea and pigeonpea will be lower by around 25% vis-a-vis without climate 
change. The climate impacts on cereals will vary widely in rainy season as well as winter seasons. In the 
winter season, wheat yield will be less by about 22%, almost three times that of barley. Similarly, among 
rainy season cereals, rice will be affected more than maize and sorghum by the climate change. Rice yield 
will decline by over 15% with significant changes in climate as compared to loss of 7% in sorghum and of 
4% in maize. Groundnut also stands to lose, but rapeseed-mustard is likely to gain by a small margin. If the 
climate does not change significantly, yield losses will be much smaller. However, the climate impacts will 
not be so severe in the short-run (2035).

Rainfed agriculture is likely to be more vulnerable in view of its high dependency on monsoon and the 
likelihood of increased extreme weather events due to aberrant behavior of South-West (SW) monsoon. The 
risk of crop failure and poor yields always influence farmers’ decision on investing on new technologies and 
level of input use (Pandey et al., 2000). Numerous technological (e.g. cropping patterns, crop diversification, 
soil health management, rainwater harvesting, shifts to drought/salt tolerant varieties etc.) and socio-
economic (e.g. ownership of assets, access to services, infrastructural support etc.,) factors will come into 
play in enhancing or constraining the current capacity of rainfed farmers to cope with climate change.

1.3 AICRPDA - NICRA programme

The basic mandate of the All India Coordinated 
Research Project for Dryland Agriculture 
(AICRPDA) is to develop agro-ecology specific 
technologies in rainwater management, 
cropping systems, nutrient management, 
energy management, and alternate land use/
integrated farming systems. Further, the project 
also has the mandate to identify/develop 
contingency measures to cope with weather 
aberrations. Presently, AICPRDA network 
has 19 main, 3 sub and 9 voluntary centers  
(Fig.1 and Table 1) located in 17 states  and 
one Union Territory representing diverse 
rainfed agro-ecologies. 

Fig. 1: Location map of AICRPDA Network Centres
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Table 1: AICRPDA Network Centres - Agro-ecological Setting

Name of the 
Centre

SAU / ICAR
Inst/other 
(Hqrs)

Agro-Climatic Zone (NARP)/ 
Agro–eco Sub Region (AESR) Climate** MARF

(mm)
Dominant
Soil Type

Predominant 
Rained 
Production 
System

Main Centre
Akola Dr. PDKV

Akola
Western Vidarbha zone in 
Maharashtra (6.3)

Semiarid
(Hot moist)

824 Vertisols Cotton

Anantapuramu ANGRAU,
Guntur

Scarce rainfall zone
(Rayalaseema) in  
Andhra Pradesh (3.0)

Arid (Hot) 544 Alfisols Groundnut

Arjia MPUAT,
Udaipur

Southern zone in  
Rajasthan (4.2)

Semiarid
(Hot dry)

656 Vertisols Maize

Ballowal 
Saunkhri

PAU,
Ludhiana

Kandi region in Punjab (9.1) Sub-humid
(Hot dry)

1011 Inceptisols Maize

Bengaluru UAS_B,
Bengaluru

Central, Eastern and Southern 
dry zone in Karnataka (8.2)

Semiarid
(Hot moist)

926 Alfisols Fingermillet

Biswanath
Chariali

AAU,
Jorhat

North bank plain zone in 
Assam (15.2)

Humid
(Hot)

1990 Alfisols Rice

Chianki BAU,
Ranchi

Western plateau zone of 
Jharkhand (11.0)

Subhumid
(Hot moist)

1179 Inceptisols Rice

Hisar CCSHAU,
Hisar

South-western dry zone in 
Haryana (2.3)

Arid
(Hyper)

412 Inceptisols Pearlmillet

Indore RVSKVV,
Gwalior

Malwa plateau in Madhya 
Pradesh (5.2)

Semiarid
(Hot moist)

958 Vertisols Soybean

Jagdalpur IGAU,
Raipur

Bastar plateau zone in
Chhattisgarh (12.1)

Subhumid
(Hot moist)

1297 Inceptisols Rice

Kovilpatti TNAU,
Coimbatore

Southern zone of Tamil Nadu 
(8.1)

Semiarid
(Hot dry)

723 Vertisols Cotton

Parbhani VNMKV,
Parbhani

Central Maharashtra plateau 
zone in Maharashtra (6.2)

Semiarid
(Hot moist)

901 Vertisols Cotton

Phulbani OUAT,
Bhubaneswar

Eastern ghat zone in Odisha 
(12.1)

Subhumid
(Hot moist)

1580 Oxisols/
Aliosls

Rice

Rajkot JAU,
Junagarh

North Saurashtra zone in 
Gujarat (5.1)

Semiarid
(Hot dry)

590 Vertisols Groundnut

Rewa JNKVV,
Jabalpur

Keymore plateau and Satpura 
hill zone in Madhya Pradesh 
(10.3)

Subhumid
(Hot dry)

1088 Vertisols Soybean

S.K. Nagar SDAU,
Dantewada

Northern Gujarat in Gujarat 
(2.3)

Semiarid/
Arid  

(Hot dry)

670 Entisols Pearlmillet

Solapur MPKV,
Rahuri

Scarcity zone in Maharashtra 
(6.1)

Semiarid
(Hot dry)

732 Vertisols Rabi
Sorghum

Varanasi BHU,
Varanasi

Eastern plain and Vindhyan 
zone in Uttar Pradesh (9.2)

Subhumid
(Hot dry)

1049 Inceptisols Rice

Vijayapura UAS_D,
Dharwad

Northern dry zone in
Karnataka (6.1)

Semiarid
(Hot dry)

595 Vertisols Rabi
Sorghum

Sub Centre
Agra RBS Collge,

Agra
South–western semiarid zone 
in Uttar Pradesh (4.1)

Semiarid
(Hot dry)

665 Inceptisols Pearlmillet
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Faizabad NDUAT,
Faizabad

Eastern plain zone in  
Uttar Pradesh (9.2)

Subhumid
(Hot dry)

1051 Inceptisols Rice

Rakh
Dhiansar

SKUAS_T,
Jammu

Low altitude subtropical zone 
in Jammu and Kashmir (14.2)

Semiarid
(Moist dry)

860 Inceptisols Maize

Voluntary Centre
Adilabad PJTSAU,

Hyderabad
Godavari zone of
Telangana (7.3)

Semiarid 1150 Alfisols/
Vertisols

Cotton

Aklera Agriculture
University, Kota

South Eastern plain zone of 
Rajasthan (5.2)

Semiarid 844 Vertic
Inceptisols

Soybean

Ballari ICAR-IISWC,
Dehradun

Northern dry zone in
Karnataka (3.0)

Arid
(Hot)

502 Vertisols Rabi
Sorghum

Darsi ANGRAU,
Guntur

Krishna-Godavari zone of 
Andhra Pradesh (7.3)

Semiarid 871 Alfisols/
Vertisols

Pigeonpea

Imphal CAU, Imphal Sub-tropical zone of Manipur 
(17.2)

Perhumid 1372 Inceptisols Rice

Jhansi ICAR-IGFRI,
Jhansi

Bundelkhand zone in  
Uttar Pradesh (4.4)

Semiarid
(Hot moist)

870 Inceptisols Kharif
Sorghum

Jodhpur ICAR- CAZRI,
Jodhpur

Arid Western zone of
Rajasthan (2.1)

Arid
(Hyper)

331 Aridisols Pearlmillet

Munger BAU, Sabour South Bihar alluvial plain 
zone of Bihar (13.1)

Subhumid 1143 Inceptisols Maize

Raichur UAS, Raichur North-Eastern dry zone of 
Karnataka (6.2)

Semiarid 621 Vertisols/
Alfisols

Rabi
Sorghum

**AESR details given by ICAR-NBSSLUP; MARF-Mean Annual Rainfall

The AICRPDA centres were included in the National Initiative on Climate Resilient Agriculture (NICRA) 
Project of ICAR for taking up demonstration and research activities in a network mode. The technology 
demonstration component of NICRA was finalized in these centres in a participatory mode. Further, the 
network programme envisaged identifying climatic 
vulnerabilities of agriculture in the selected villages 
by each centre based on historical weather data from 
the nearest weather station, farmers’ experiences and 
perceptions, preparing and implementing adaptation 
and mitigation strategies following a bottom-up 
approach. The focus of the program is not only to 
demonstrate the climate resilient agriculture 
technologies but also to institutional mechanisms at 
the village level for implementation of successful 
adaptation strategies on a sustainable basis. The 
NICRA programme was implemented, both on-
station and on-farm with a focus on managing weather 
aberrations through Real-Time Contingency Planning 
(RTCP) concept and as two pronged approach i.e. 
real-time implementation and preparedness. During 
first phase, RTCP was implemented in 34 adopted 

Fig. 2: Location map of AICRPDA-NICRA villages 
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villages in 15 states (2011-17). In the second phase (2017-20), the on-farm programme as Cluster approach 
was extended to 58 adopted villages in 15 states (Fig. 2; Table 2).

Table 2: Details of AICRPDA-NICRA villages 

AICRPDA Centre AICRPDA-NICRA cluster of villages District State / UT

Agra Nagla Duleh khan, Faziyatpura Agra Uttar Pradesh 

Akola Warkhed and Kajleshwar Akola Maharashtra

Anantapuramu Vannedoddipally, Bachepalli Anantapuramu Andhra Pradesh 

Arjia Kochariya, Tara ka Kheda and Dhagoliya ka Kheda Bhilwara, 
Rajsamand

Rajasthan 

Ballowal Saunkhri Naiwan, Achalpur and Bhawanipur Hoshiarpur Punjab 

Bengaluru Chikkamaranahalli, Chikkahosapalya Bengaluru Rural Karnataka 

Biswanath 
Chariali

Chamua, Borkhet, Kachikata, Borbali and Nagaya Lakhimpur Assam 

Chianki Kumbhi, Chiraunjiya and Bankheta Garhwa Jharkhand 

Faizabad Hardoiya and Pero Saraiya Faizabad Uttar Pradesh 

Hisar Balawas and Nalwa Bhiwani Haryana 

Indore Nignoti and Bishakhedi Indore Madhya Pradesh 

Jagdalpur Gumiyapal and Tandapal Bastar Chhattisgarh 

Jhansi Kadesara Kala, Hanauta Lalitpur Uttar Pradesh 

Kovilpatti Toppureddiapatti, Muthukrishnapuram, 
Dharmathanpatti 

Thoothukkudi Tamil Nadu 

Parbhani Babhulgaon, Ujalamba Parbhani Maharashtra 

Phulbani Budhadani and Gunjidraga Kandhamal Odisha 

Rajkot Pata meghapar and Dangarvala Jamnagar Gujarat 

Rakh Dhiansar Khaner and Madana Samba Jammu & Kashmir 

Rewa Patauna, Raura and Khira Rewa Madhya Pradesh 

SK Nagar Kalimati, Dholia and Ghagu Banaskantha Gujarat 

Solapur Narotewadi and Banegoan Solapur Maharashtra 

Varanasi Tedha, Patharaha (Hinauti), Gurkhuli and Danti Mirzapur Uttar Pradesh 

Vijayapura Kavalagi and Honnutagi Vijayapura Karnataka 

1.4 Real time contingency planning - concept

During 1972-73, large scale scarcity of rainfall was experienced all over the country, particularly in the 
scarcity region of Maharashtra, Karnataka and Andhra Pradesh. Roving seminars were organized by the 
ICAR at different locations, at the end of which new phrases were coined viz. contingent crop planning 
and mid-season correction. As a follow up, the AICRPDA centres at Solapur and Bijapur collected data on 
these two aspects and after analysis of weather data for the past 100 years, listed the weather aberrations: 
(i) delayed onset of monsoon, (ii) early withdrawal of monsoon (iii) intermittent dry spells of various 
durations, (iv) prolonged dry spells causing changes in the strategy and (v) prolonged monsoon (AICRPDA, 
1983). Contingency plans, for each region, was a conceptual approach unique from AICRPDA project 
in developing location specific contingent crop strategies which were first published in 1977 (Ravindra 
Chary et al., 2012) and with further refinements and updating in crops and varieties, the first document 
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was brought out by AICRPDA in 1983 on “Contingent crop production strategy in rainfed areas under 
different weather condition” (Venkateswarlu et al., 1983). The AICRPDA network centers developed crop 
contingency plans for each centre’s domain (Subba Reddy et al., 2008; Ravindra Chary et al., 2012). Further, 
during 2009-10, AICRPDA centres prepared contingency measures considering weather aberrations, 
seasons, and the predominant kharif and rabi crops with appropriate crop management strategies. Central 
Research Institute for Dryland Agriculture (CRIDA) with information available at AICRPDA centres and 
SAUs, prepared district level agriculture contingency plans for more than 580 districts in collaboration 
with Department of Agriculture and Cooperation (DAC), Ministry of Agriculture, GoI, ICAR institutes, State 
Agricultural/ Horticultural/ Animal Science/ Veterinary/Fisheries Universities, Krishi Vigyan Kendras (KVKs), 
and the State line departments. These plans essentially suggest coping strategies/measures in agriculture, 
horticulture, livestock, fisheries and poultry sectors in the event of delayed onset of monsoon, seasonal 
drought, unseasonal rainfall events, floods, cyclones, hail storm, heat/cold wave (Srinivasarao et al., 2015; 
Venkateswarlu et al., 2011; Prasad et al., 2013).

In view of the frequent weather aberrations round the year in one or the other part of the country impacting 
agricultural production, to minimize the losses in agriculture and allied sectors and to improve the efficiency 
of the production systems, the need was felt to implement contingency measures on real-time basis. Thus, 
Real Time Contingency Planning is considered as “Any contingency measure, either technology related 
(land, soil, water, crop) or institutional and policy based, which is implemented based on real time weather 
pattern (including extreme events) in any crop growing season” (Srinivasarao et al., 2013). The major 
objectives of RTCP are to (i) establish a crop with optimum plant population during the delayed onset of 
monsoon; (ii) ensure better performance of crops during seasonal drought (early/mid and terminal drought) 
and extreme events; (iii) enhance performance, improve productivity and income; and (iv) enhance the 
adaptive capacity and livelihoods of the farmers.

1.5 Crops and cropping systems to cope with weather aberrations

The whole concept of farming revolves around the seed. Identification of crops and varieties that fits well 
into changed climatic conditions is common denominator for sustainable crop production in all land 
use conditions. An ideal variety should be high yielding, plastic enough to withstand against weather 
aberrations, tolerant to multiple abiotic and biotic stresses, responsive to augmented CO2 levels and fits 
well to farming situations. Sowing right variety of right crops at right time under right land use conditions 
makes a significant difference towards attaining higher yields. And the choice of crops and varieties is more 
relevant under highly complex rainfed production systems and areas frequented with weather vagaries. The 
National Agricultural Research System comprising ICAR and Agricultural Universities are taking adequate 
steps to develop high yielding varieties suitable for biotic and abiotic stresses including deficient rainfall/
drought situations. Further, short duration varieties have also been released to escape the vagaries of weather 
condition.

1.5.1 Climate resilient crops and varieties 

The choice of the crops and variety for an agro-ecosystem could further be narrowed down by matching 
crop requirements with prevailing location specific climatic and soil information. The analysis of long-term 
climatic data on onset and withdrawal of monsoon, intermittent dry spells and effective cropping period etc. 
serve as a good guide to select crops and varieties. While, intrinsic soil properties viz., soil depth, texture, 
slope and available water holding capacity etc., reflects capability of a soil to mitigate the impact of weather 
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events and thus are of great use for macro and micro-level crop planning (Velayutham, 1999). Further, 
few agro-ecosystems frequently experience extreme of moisture (drought or floods), temperature (heat or 
cold) and wind (cyclone or hail storms). Farming under such situations is highly uncertain and challenging. 
These events have usually very short life, but long-lasting impact on standing crop and many times results 
into complete failure of crops. These ecosystems require highly elastic crop and varieties which could give 
higher yields under normal conditions and also withstand the natural calamities effectively. Understanding 
their special needs of such agro-ecosystems, a number of crop varieties has been developed and evaluated 
for their suitability at different parts of the country. 

Generally, the crop for rainfed areas should be short duration with early vigour, deep root system with 
ramified roots, dwarf plants with erect leaves and stem, moderate tillering in case of tillering crops and 
varieties, resistance/tolerance to biotic stresses, lesser period between flowering and maturity so that the grain 
filling is least affected by adverse weather, resistance/tolerance to abiotic stresses, low rate of transpiration, 
less sensitive to photo-period and wider adaptability. Thus, under changing climate conditions, introduction 
of high yielding, drought resistant/tolerant varieties hold the promise for getting higher yields. 

As a general rule, rainfed crops are sown early with the onset of monsoon to realize higher yields. And any 
delay in monsoon beyond normal period affects sowing of many crops of longer duration or narrow sowing 
window. The crops with wider sowing windows can still be taken up till the cut-off date without major yield 
loss and only the change warranted could be the choice of short duration cultivars. Beyond the sowing 
window, choice of alternate crops or cultivars depends on the farming situation, soil, rainfall and cropping 
pattern in the location and extent of delay in the onset of monsoon. For example, pulses and oilseeds 
are preferred over cereals with respect to water requirement and for delayed kharif sowing. Clusterbean, 
mothbean and horsegram are better choice for low rainfall areas as compared to other kharif season pulses. 
For cultivation on conserved soil moisture during rabi season, chickpea and lentil are preferred over peas 
and french bean. Similarly among oilseeds, groundnut, castor sesame and niger perform well under rainfed 
conditions during kharif season. In the rapeseed-mustard group, taramira is the best choice for light textured 
soil with low moisture storage capacity, followed by Indian mustard. Among the kharif cereals, coarse 
cereals (millets, ragi and sorghum) are better choice over maize and rice. Similarly in rabi season, barley 
does well under conserved soil moisture than wheat. Among the millets, setaria is most suited for late sown 
condition without any serious effect on productivity.

Under changing climate scenario, many conventional practices and cropping systems are becoming 
redundant and ineffective, and thus need revalidation and modification in accordance to changing climate 
and soil-site conditions, This also calls for critical examination of important modifies of cropping systems 
viz., soil type, rainfall pattern, length of growing season, temperature regimes etc., so that available farm 
resources are effectively used. Accordingly, CRIDA (1997) identified potential rainfed cropping systems 
for varying range of rainfalls, soils and agricultural drought situations. However, later length of growing 
period (LGP) was found a better index than rainfall for crop planning (Velayutham, 1999). The LGP is the 
period when the moisture and temperature regimes are suitable for crop growth, and it is computed as 
the sum of the periods when moisture is more than 0.5 PET plus time taken to utilize stored soil moisture. 
And therefore, planning cropping systems using LGP has potential to use available renewable resources 
efficiently and reduce chances of crop failure. For example, a LGP of 210 days in deep black soils of 
Vidharbha could suitably be used for growing a short duration soybean (kharif) followed by chickpea (rabi) 
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instead of a single long duration crop. While, short duration drought tolerant pulses such as moth bean and 
cereals of 10-12 weeks duration such as pearl millet and minor millets could be cultivated in arid regions 
with low seasonal rainfall (<500 mm) and length of growing period (< 90 days).

1.5.2 Mixed/intercropping systems

Mixed cropping is a widespread traditional practice in rainfed agriculture to distribute the risk of 
uncertainties among different crops, but the practice is hardly productive. Therefore, mixed cropping 
was gradually advanced to scientific and rational intercropping systems where two crops of different 
durations are planted in definite row ratios (Umrani, 1999) to minimize the risk and simultaneously 
enhance the productivity and resource use efficiency. A good intercropping system gives optimum 
productivity and higher LER in normal/good seasons, while brings reasonable yield for either of 
the crop in poor seasons as an insurance against weather aberrations (Ravindra Chary et al., 2012). 
Generally, these advantages are more pronounced in stress environments. In addition, it helps to 
spread labour peaks, maintain soil fertility (with inclusion of legume) and stability in production. 
It embodies the protective cover of mixed cropping and at the same time increases production. Furthermore, 
greater efficiency of resource utilization is expected from intercropping in a wide range of environments.  
In general, intercropping with additive series was found better than replacement series under most of drought 
situations (AICRPDA, 2003). The mean LER of additive series was 23% higher than replacement series in 54 
out of 59 experiments taking sorghum, maize, pearl millet, pigeon pea, safflower and wheat as base crop. 
However, intercropping systems were more favourable in kharif than rabi season in Indian rainfed regions 
probably due to replenishment of soil moisture during Kharif season (AICRPDA, 2003).

1.5.3 Rainfed double cropping systems

Traditionally, double cropping including relay cropping is practiced in rainfed regions with sufficient 
rains (usually >750 mm) and good soil moisture holding capacity (>150mm). However, some more 
areas could bring under double cropping through use of available dryland technologies viz. rainwater 
management, choices of crops, short duration varieties and agronomic practices. Out of the two crops, 
one could be short durations (usually legumes) and another, medium duration (usually cereals) for 
optimum use of available growing season. For example, a second crop could successfully grown in high 
rainfall regions of Odisha, Eastern Uttar Pradesh and Madhya Pradesh by replacing medium to long 
duration (>120 days) rice variety with short duration (<100 days) rice variety; while another crop of 
chickpea or safflower could be taken in Malwa (MP) and Vidarbha (Maharashtra) regions by substituting 
sorghum variety of 140-150 days with 90-100 days cultivars. Similarly, relaying a short duration and fast 
growing crop in standing principle crop provide good opportunity for efficient use of growing period.  
For example, relay cropping of castor bean in 40-45 days old green gram crop is practices in about 35000 
ha areas of North Gujarat. Castor bean is either named dibbled sown between two rows of green gram using 
animal drawn seed drill (Venkateswarlu et al., 2009).

The 23 Network centres of All India Coordinated Research Project for Dryland Agriculture (AICRPDA) 
adopted 23 village clusters across diverse agro-ecologies (rainfall, soil types and production systems) under 
the technology demonstration component of NICRA to demonstrate land, water, crop, soil, nutrient and 
energy (farm implements) management practices on real-time basis to cope with various weather aberrations. 
During 2011 to 2018, varieties of major rainfed crops were assessed for their suitability under delayed onset 
of monsoon conditions in the villages and best performing varieties were identified. Similarly, alternate and 
resilient crops and cropping systems were demonstrated in AICRPDA-NICRA villages as preparedness to 
cope with weather aberrations. The salient findings are presented in this bulletin.



9

2. Weather Aberrations during 2011-18

2.1 Delayed onset of monsoon

During 2011-18, all NICRA villages except those in Anantapuramu, Bastar, Lalitpur, Samba and Mirzapur 
districts experienced delay in onset of monsoon by more than 10 days. Out of 8 years, the delay in onset 
of monsoon was experienced only once in 8 NICRA villages in Agra, Akola, Hoshiarpur, Faizabad, Rewa 
and Khandhamal districts. However, the delay in onset of monsoon was experienced during 2 years in 
NICRA villages of Bengaluru Rural, Lakhimpur, Indore and Solapur districts, whereas the onset of monsoon 
was delayed in more than 2 years during 2011-2018 in NICRA villages of Vijayapura, Bhiwani, Bhilwara, 
Rajsamand, Parbhani, Jamnagar, Garhwa and Banaskantha districts (Table 1). 

Table 1: Details of onset of monsoon in AICRPDA-NICRA villages 

Village 
(District) Agro-climatic zone

Normal 
onset of 
monsoon

Delay in onset (days)

2011 2012 2013 2014 2015 2016 2017 2018

Nagla Dulhe Khan 
(Agra)

South-western 
semiarid zone in 
Uttar Pradesh

2 July - - - 15 - - - -

Warkhed (Akola) Western 
Vidarbha zone in 
Maharashtra 

10 June - - - 27 - - - -

Vannedoddipally / 
Girigetla
(Anantapuramu) 

Scarce 
rainfall zone 
(Rayalaseema) in 
Andhra Pradesh

7 June - - - - - - - -

Kochariya (Bhilwara) Southern zone in 
Rajasthan 1 July - 10 10 16 - - - -

Lapsiya (Rajsamand) Southern zone in 
Rajasthan 2 July - - 10 11 22 - - -

Achalpur & Nainwan 
(Hoshiarpur)

Kandi region in 
Punjab 1 July - - 10 - - - - -

Chikkamaranahalli 
(Bengaluru Rural)

Central, eastern 
and Southern dry 
zone in Karnataka

2June - 17 - - - - 9 -

Kavalagi (Vijayapura) Northern dry zone 
in Karnataka 7 June 24 17 30 28 - 12 - -

Chamua (Lakhimpur) North bank plain 
zone in Assam 5 June 15 - - 14 - - - -

Kumbhi & Bankheta 
(Garhwa)

Western plateau 
zone of Jharkhand 10 June - - - - 13 12 13 15

Hardoiya (Faizabad) Eastern plain zone 
in Uttar Pradesh 21 June - - - - - - - 18
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Balawas & Nalwa 
(Bhiwani)

South-western dry 
zone in Haryana 1 July 14 26 26 14 - - - -

Nignoti (Indore) Malwa plateau in 
Madhya Pradesh 12 June - 10 - 27 - - - -

Tahkapal (Bastar) Basthar plateau 
zone in Chattisgarh 15 June - - - - - - - -

Kadesara Kala 
(Lalitpur)

Bundhelkhand 
zone in U.P. 25 June - - - - - - - -

Muthukrishnapuram 
and Thoppureddipatti 
(Toothukkudi)*

Southern zone of 
Tamil Nadu 19 October - - - - - 10 - -

Babhulgaon 
(Parbhani)

Central plateau 
Zone in 
Maharashtra

20 June 15 11 11 19 - - - -

Budhadani 
(Kandhamal)

Eastern ghat zone 
in Odisha 10 June - - - - - 14 - -

Patameghpar 
(Jamnagar)

North Saurashtra 
zones in Gujarat 16 June 14 - 16 24 - - 25 -

Khaner  
(Samba)

Low altitude 
subtropical zone 
in J&K

27 June - - - - - - - -

Patauna & Raura 
(Rewa)

Keymore plateau 
zone in M.P. 23 June - - - - - - - 20

Kalimati 
(Banaskantha)

Northern Gujarat 
in Gujarat 15 June 24 - - 28 11 17 - -

Narotewadi (Solapur) Scarcity zone in 
Maharashtra 20 June - - - 15 19 - - -

Tedha (Mirzapur) Eastern plain and 
Vindhyan zone in 
U.P.

1 July - - - - - - - -

*Rabi data was taken for Muthukrishnapuram and Thoppureddipatti (Toothukkudi), Kovilpatti centre

2.2 Deviation in rainfall

In general, all the NICRA villages except Samba and Rewa districts received less than normal rainfall in one 
out of eight years during kharif season (June-September) 2011-18. Whereas, normal rainfall was less than 
normal in two out of eight years in Agra, Hoshiarpur, Bhiwani, and Indore districts. However, NICRA villages 
in Akola, Anantapuramu, Bhilwara, Rajsamand, Benguluru,Vijayapura, Lakhimpur, Garhwa, Faizabad, 
Bastar, Lalitpur, Parbhani, Kandhamal, Jamnagar, Solapur, Banaskantha and Mirzapur districts received less 
than normal rainfall in more than two years during 2011-18. Further, the rainfall deviation was more than 
50% from normal kharif rainfall in Kavalagi (Vijayapura district) during 2013 & 2018, Nagla  Dulhe Khan 
(Agra) during 2017 and Warkhed (Akola district), Kumbhi & Bankheta (Garhwa district), Hardoiya (Faizabad 
district) and Babhulgaon (Parbhani district) experienced rainfall deviation of more than 50% from normal 
during 2014 (Table 2).
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Table 2: Deviation in rainfall (%) during kharif season (2011-18) in AICRPDA-NICRA villages

Village 
(District)

Normal rainfall 
during kharif

(mm)

Year

2011 2012 2013 2014 2015 2016 2017 2018

Nagla Dulhe Khan (Agra) 587 8 29 60 -47 8 54 -56 17

Warkhed (Akola) 688 -32 -7 98 -52 -6 1 -33 32

Girigetla (2011-13) (Kurnool) 
Vannedoddipally (Ananthapuramu) 430 -20 -33 12 -33 -20 -23 -18 -34

Kochariya (Bhilwara) 615 -12 -15 -17 -22 -12 23 - -2

Lapsiya (Rajsamand) 615 -25 -21 -49 -35 -25 -5 -38.4 -14

Achalpur & Nainwan (Hoshiarpur) 862 1 15 41 -13 1 -13 15 33

Chikkamaranahalli (Bengaluru Rural) 410 69 -47 8 89 69 -18 10 -21

Kavalagi (Vijayapura) 388 -1 -9 -79 34 -1 11 - -54

Chamua (Lakhimpur) 1958 -40 -30 -30 -5 -40 36 37 8

Kumbhi & Bankheta (Garhwa) 993 22 2 -23 -54 -26 10 11 11

Hardoiya (Faizabad) 915 30 -13 15 -54 30 -25 -15 -15

Balawas & Nalwa (Bhiwani) 211 0 -7 -47 1 0 32 88 87

Nignoti (Indore) 858 85 40 74 -16 85 4 14 -24

Tahkapal (Bastar) 1121 -1 30 -13 -8 -1 48 27 0

Kadesara Kala (Lalitpur) 742 38 -9 82 -31 38 -48 48 26

Muthukrishnapuram and 
Thoppureddipatti (Toothukkudi)* 391 29 -33 -32 -39 0 - 5 -41

Babhulgaon (Parbhani) 800 -20 -32 27 -50 -20 20 - -8

Budhadani (Kandhamal) 1121 0 22 -15 26 -31 - - -7

Patameghpar (Jamnagar) 555 61 -27 99 -37 61 -3 3 17

Khaner (Samba) 897 41 15 33 27 41 31 23 -5

Patauna & Raura (Rewa) 965 3 5 16 -36 3 - - 34

Kalimati (Banaskantha) 783 31 -27 24 -19 31 -14 77 -55

Narotewadi (Solapur) 535 19 -47 -5 -8 19 42 -16 -51

Tedha (Mirzapur) 700 70 -2 5 -10 70 73 -7 -39

*Rabi data was taken for Muthukrishnapuram and Thoppureddipatti (Toothukkudi), Kovilpatti centre

2.3 Early season drought

During 2011-18, NICRA villages in 4 districts (Hoshiarpur, Lalitpur, Rewa and Mirzapur) did not experience 
any early season drought. Whereas, 8 NICRA villages (Agra, Bhilwara, Rajsamand, Garhwa, Faizabad, 
Toothukkudi, Samba and Banaskantha districts) experienced early season drought only once during last 
8 years. Early season drought occurred twice during 2011-18 in Bastar and Kandhamal districts, thrice in 
Solapur, Parbhani, Indore, Akola, Vijayapura and Bhiwani districts and more than four times out of eight years 
in Anantapuramu, Benguluru Rural, Lakhimpur and Jamnagar districts (Table ). The dry spell was more than 25 
days in Anantapuramu during 2012, 2014 and 2018, Bengaluru Rural during 2012, Balawas and Budhshelly 
during 2013, Parbhani and Solapur during 2015 and Jamnagar during 2015, 2017 and 2018 (Table 3).
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Table 3: Occurrence of early season drought in AICRPDA-NICRA villages

Village (District)
Early season drought (days)

2011 2012 2013 2014 2015 2016 2017 2018
Nagla Dulhe Khan (Agra) - - - - 17 - - -

Warkhed (Akola) - - - - >25 13 - 13

Vannedoddipally/ Girigetla (Anantapuramu) - >25 - >25 20 11 21 >25

Kochariya (Bhilwara) - - - - - - - 12

Lapsiya (Rajsamand) - - - - - 12

Achalpur & Nainwan (Hoshiarpur) - - - - - - - -

Chikkamaranahalli (Bengaluru Rural) - >25 24 20 - 14 20 24

Kavalagi (Vijayapura) - - - - >25 - >25 23

Chamua (Lakhimpur) 14 21 21 18 - - - 21

Kumbhi & Bankheta (Garhwa) - - - - 12 - - -

Hardoiya (Faizabad) - - - - 13 - - -

Balawas & Nalwa (Bhiwani) - - >25 14 21 - - -

Nignoti (Indore) - 12 - - >25 - 10 -

Tahkapal (Bastar) - 20 - - - - - 13

Kadesara Kala (Lalitpur) - - - - - - - -

Muthukrishnapuram and Thoppureddipatti 
(Toothukkudi) - - - - - - 6 -

Babhulgaon (Parbhani) - - - - >25 - 16 9

Budhadani (Kandhamal) - - - - 10 9 - -

Patameghpar (Jamnagar) - 15 - - 25 18 >25 25

Khaner (Samba) - - - 19 - - - -

Patauna & Raura (Rewa) - - - - - - - -

Kalimati (Banaskantha) - - - - 15 - - -

Narotewadi (Solapur) - - - 14 >25 - - 12

Tedha (Mirzapur) - - - - - - - -

2.4 Mid season drought

During 2011-18, mid season drought occurred in all villages. During the period, NICRA villages in 
Faizabad and Rajsamand districts experienced mid season drought only once. Out of 8 years, mid season 
drought occurred twice in Bhilwara, Hoshiarpur, Indore, Garhwa, Samba and Toothukkudi districts. In 
Agra, Rewa, Solapur and Banaskantha districts, mid season drought occurred in three out of eight 8 years. 
NICRA villages in Bengaluru Rural, Lalitpur and Kandhamal districts experienced mid season drought 
during 4 years in 2011-18. Similarly, Jamnagar, Anantapuramu, Vijayapura, Parbhani, Mirzapur, Akola, 
Lakhimpur, Bhiwani and Bastar districts experienced mid season drought in more than four years out of 
8 years (Table). The mid season dry spell of more than 25 days occurred in Agra during 2013, 2014 and 
2015, Akola in 2013 and 2014, Anantapuramu in 2011, 2013, 2016 and 2018, Bengaluru Rural in 2012 
and 2014, Vijayapura in 2016, 2017 and 2018, Lakhimpur in 2014 and 2018, Bhiwani in 2013, 2014 
and 2015, Indore in 2015, Bastar in 2011, Toothukkudi in 2018, Parbhani in 2015 and 2018, Jamnagar in 
2012, 2013, 2015 and 2018, Rewa in 2015, Banaskantha in 2011 and 2013, Solapur in 2015 and 2017, 
and Mirzapur in 2017 (Table 4).
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Table 4: Occurrence of mid season drought in AICRPDA-NICRA villages

Village (District)
Mid season drought (days)

2011 2012 2013 2014 2015 2016 2017 2018

Nagla Dulhe Khan (Agra) - - 25 >25 >25 - - -

Warkhed (Akola) - - 25 >25 13 >25 - 23

Vannedoddipally/ Girigetla
 (2011-13) (Anantapuramu) >25 21 >25 18 - >25 - >25

Kochariya (Bhilwara) - - - 15 11 - - -

Lapsiya (Rajsamand) - - 16 - - - -

Achalpur & Nainwan (Hoshiarpur) - - - 14 23 - - -

Chikkamaranahalli (Bengaluru Rural) - >25 22 >25 - 23 - -

Kavalagi (Vijayapura) 23 - 22 17 22 >25 >25 >25

Chamua (Lakhimpur) 14 - - >25 12 21 - >25

Kumbhi & Bankheta (Garhwa) - - - 12 13 - - -

Hardoiya (Faizabad) - - - - 13 - - -

Balawas & Nalwa (Bhiwani) - - >25 >25 >25 24 - 14

Nignoti (Indore) - - - 15 >25 - - -

Tahkapal (Bastar) >25 - - 16 - 8 8 18

Kadesara Kala (Lalitpur) - - - 17 20 18 14 -

Muthukrishnapuram and Thoppureddipatti (Toothukkudi) - - - - - - 21 >25

Babhulgaon (Parbhani) - 16 16 10 >25 18 13 25

Budhadani (Kandhamal) 21 - - - 11 14 - -

Patameghpar (Jamnagar) 14 >25 >25 16 >25 13 - >25

Khaner (Samba) - - - 16 14 - - -

Patauna & Raura (Rewa) - - 15 20 >25 - - -

Kalimati (Banaskantha) >25 - 25 - 12 - - -

Narotewadi (Solapur) - - 14 - >25 - >25 -

Tedha (Mirzapur) 14 11 12 17 >25 - 17 -

2.5 Terminal drought

During 2011-18, terminal drought occurred in all NICRA villages except Hoshiarpur and Indore. NICRA 
villages in Anantapuramu, Garhwa and Lalitpur districts faced terminal drought once out of eight years. 
Agra, Akola, Rajsamand, Bhilwara, Bhiwani. Toothukkudi, Jamnagar, Samba, Rewa and Mirzapur districts 
experienced terminal drought twice during 2011-18. However, terminal drought occurred more frequently 
(more than three times during the period) in Bastar, Parbhani, Kandhamal, Bengaluru Rural and Lakhimpur 
districts (Table). The duration of terminal drought was more than 25 days, severely affecting the crops in 
Agra during 2014 and 2016, Akola in 2014, Anantaputamu in 2015, Bhilwara in 2011 and 2016, Rajsamand 
in 2016, Bengaluru in 2012, Vijayapura in 2011 and 2016, Lakhimpur during 2013-15 and 2017, Bhiwani 
in 2013 and 2016, Toothukkudi in 2018, Parbhani in 2014, 2015 and 2018, Khandhamal in 2015, Rakh 
dhiansar in 2011 and 2017, Rewa in 2015, Banaskantha in 2018, Solapur in 2015 and 2017 and Mirzapur 
in 2015 (Table 5).
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Table 5: Occurrence of terminal drought in AICRPDA-NICRA villages

Village (District)
Terminal drought (days)

2011 2012 2013 2014 2015 2016 2017 2018

Nagla Dulhe Khan (Agra) - - - >25 - >25 - -

Warkhed (Akola) 14 - - >25 - - - -

Vannedoddipally/ Girigetla
(2011-13) (Anantapuramu)

- - - - 25 - - -

Kochariya (Bhilwara) >25 - - - - >25 - -

Lapsiya (Rajsamand) - - - - >25 20 -

Achalpur & Nainwan (Hoshiarpur) - - - - - - - -

Chikkamaranahalli (Bengaluru Rural) - >25 18 15 20 13 - -

Kavalagi (Vijayapura) >25 - - 14 - >25 - -

Chamua (Lakhimpur) 14 - >25 25 >25 9 >25 -

Kumbhi & Bankheta (Garhwa) - - - - 15 - - -

Hardoiya (Faizabad) - - - - 10 13 15 -

Balawas & Nalwa (Bhiwani) - - 25 - - >25 - -

Nignoti (Indore) - - - - - - - -

Tahkapal (Bastar) 20 - - - 24 19 - 20

Kadesara Kala (Lalitpur) - - - - - - - 20

Muthukrishnapuram and Thoppureddipatti (Toothukkudi) - - - 15 - - - >25

Babhulgaon (Parbhani) - - - 25 >25 - 16 >25

Budhadani (Kandhamal) - - - - >25 18 8 17

Patameghpar (Jamnagar) 14 - - - 18 - -

Khaner (Samba) >25 - - - - - >25 -

Patauna & Raura (Rewa) - 16 - - 25 - - -

Kalimati (Banaskantha) - - - - - 12 15 >25

Narotewadi (Solapur) - - - - >25 17 - -

Tedha (Mirzapur) - - - 13 >25 - - -
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3. On-farm Assessment of Crops and Cropping Systems

During 2011 to 2018, varieties of major rainfed crops were assessed for their suitability under delayed onset 
of monsoon conditions in the villages and best performing varieties were identified. Similarly, alternate and 
resilient crops and cropping systems were demonstrated in AICRPDA-NICRA villages as preparedness to 
cope with weather aberrations. The salient findings are presented in this section.

3.1 Dry Semi arid Zone (500-750 mm)
3.1.1 Southern zone in Rajasthan

a. Real time contingency planning

The onset of monsoon was delayed by 15 days in 2012, 10 days in 2013 and 22 days in 2014 compared 
to normal (2nd July). Averaged across three years (2012-14), improved variety of maize (PM-3) gave 41.3% 
higher grain yield (1729 kg/ha) over local cultivar (1224 kg/ha), with higher net returns (Rs. 18379/ha),  
B:C ratio (2.51) and RWUE (3.78 kg/ha-mm). In general, the crop yields were poor during all the years due 
to less rainfall coupled with prolonged dry spells during crop season. Among different blackgram varieties, 
averaged across three years (2012-14), improved variety T-9 gave 60.3% higher seed yield (351 kg/ha) over 
local cultivar (219 kg/ha), with higher B:C ratio (1.11) and RWUE (0.79 kg/ha-mm).

Adoption of maize + blackgram (2:2) intercropping system under delayed onset of monsoon during 
2012-14, gave on an average 27.5% higher maize grain equivalent yield (1842 kg/ha) with net returns of  
Rs. 19424/ha, B:C ratio of 2.53 and RWUE of 3.93 kg/ha-mm, as compared to farmers’ practice (mixed 
cropping of maize and blackgram) (1444 kg/ha).

Maize + blackgram (2:2) intercropping system

b. Preparedness
Improved variety of maize (PEHM-2) gave 25.5% higher grain yield (2325 kg/ha) compared to local variety 
(1852 kg/ha), with higher net returns (Rs. 26601/ha), B:C ratio (2.79) and RWUE (4.94 kg/ha-mm). Improved 
sorghum variety CSV-15, averaged across four years (2015-18), gave 31.5% higher grain yield (2083 kg/ha) 
over local cultivar (1583 kg/ha) and recorded higher net returns (Rs. 23031/ha), B:C ratio (2.68) and RWUE 
(4.58 kg/ha-mm). Among groundnut varieties demonstrated during 2015, 2016 and 2018, var. TG 37A gave 
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48.3% higher pod yield (812 kg/ha) compared to local (547 kg/ha) with higher net returns (Rs. 22843/ha), 
B:C ratio (2.29) and RWUE (1.79 kg/ha-mm). Among blackgram varieties demonstrated during 2012-16, 
var. PU-31 gave 124.5% higher seed yield (686 kg/ha) compared to local (306 kg/ha) with higher net returns 
(Rs. 22979/ha) and B:C ratio (1.19). 

Performance of maize var. PEHM-2 Performance of ground var. TG 37A

Demonstrations on maize + blackgram (2:2) intercropping 
system during 2015-18 recorded 29% higher maize equivalent 
yield (2092 kg/ha), net returns (Rs. 19714/ha) and B:C ratio 
(2.17) compared to mixed cropping of maize and blackgram 
(1628 kg/ha). Similarly, during 2015-18, groundnut + sesame 
(6:2) intercropping system gave 38.8% higher groundnut 
pod equivalent yield (836 kg/ha) with net returns of  
Rs. 21555/ha, RWUE of 1.80 kg/ha-mm and B:C ratio of 1.82 
compared to mixed cropping of both crops (602 kg/ha).

Groundnut + sesame (6:2) intercropping system

Sorghum + greengram (2:1) intercropping system 
demonstrated during three years (2015-17) gave 31.5% 
higher sorghum equivalent yield (2224 kg/ha) with higher net 
returns (Rs. 21591/ha), RWUE (5.00 kg/ha-mm) and B:C ratio 
(2.38) compared to farmers’ practice of mixed cropping of 
both crops (1691 kg/ha).

Sorghum + greengram (2:1) intercropping system

3.1.2 Scarce rainfall zone (Rayalaseema) in Andhra Pradesh
a. Preparedness

During 2015, improved groundnut var. Kadiri-6 (1588 kg/ha) performed better than var. TMV-2 (1510 kg/
ha), with higher RWUE (4.6 kg/ha-mm) and net returns (Rs. 54525/ha). Similarly, castor hybrid GCH-4 
recorded 13% higher bean yield (550 kg/ha) with higher net returns (Rs. 9250/ha), B:C ratio (1.9) and RWUE 
(1.1 kg/ha-mm) than local variety (480 kg/ha). Among three varieties of pigeonpea, PRG-158 recorded 22% 
higher seed yield (724 kg/ha) followed by LRG-41 (695 kg/ha) compared to local variety (590 kg/ha), with 
higher net returns (Rs. 39300/ha).

Demonstrations on groundnut and pigeonpea (11:1) intercropping system during 2015 and 2016 gave 
11.3% higher groundnut pod equivalent yield (GEY) of 1224 kg/ha, net returns of Rs. 32111/ha and B:C 
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ratio (2.08) compared to farmers’ practice of groundnut and pigeonpea (20:1) intercropping system (1100 
kg/ha). 

3.1.3. South-western semiarid zone in Uttar Pradesh

a. Real time contingency planning

The onset of monsoon was delayed by 15 days during 2014 as compared to normal (2nd July) and the 
rainfall during kharif was 37% less than normal (662.5 mm). Among the pearlmillet hybrids demonstrated, 
Proagro-9450 recorded higher grain yield (2170 kg/ha), net returns (Rs. 21121/ha) and B:C ratio (2.42) than 
other hybrids. In sesame, higher seed yield (322 kg/ha) was produced by var. T-78 with higher net returns 
(Rs. 19443/ha) and B:C ratio (2.69) compared to var. RT-46 (275 kg/ha). Among two varieties of clusterbean, 
higher seed yield (492 kg/ha), net returns (Rs. 6412/ha) and B:C ratio (1.46) was recorded by variety RGC-
1003 under delayed sowing condition compared to var. RGC 1017 (460 kg/ha). 

During 2014, strip cropping of pearlmillet + clusterbean (4:4) gave higher pearlmillet equivalent yield 
(PEY) of 2816 kg/ha compared to sole pearlmillet (farmers’ practice) (1850 kg/ha), with higher net returns 
(Rs. 20911/ha), B:C ratio (2.46) and Land equivalent ratio (LER) of 1.34. Similarly, higher PEY of 2782 kg/ha 
was recorded with strip cropping of pearlmillet + sesame (4:4) compared to sole pearlmillet (1850 kg/ha).

Pearlmillet + clusterbean (4:4) Pearlmillet + sesame (4:4) Sole pearlmillet (farmers’ practice)

b. Preparedness

Among pearlmillet hybrids demonstrated during 2015-18, JKBH-36 recorded higher mean grain yield (2060 
kg/ha) and net returns (Rs. 31512/ha) followed by Proagro-9450 (1859 kg/ha) as compared to cv. 86 M 88 
(1617 kg/ha). 

JKBH-36 Proagro-9450

Performance of pearlmillet hybrids
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Among sesame varieties demonstrated during 2015-18, var. Shekhar gave 14.2% higher mean seed yield 
(337 kg/ha) compared to HT-01 (295 kg/ha), with the higher net returns (Rs. 10257/ha), B:C ratio (1.76) and 
RWUE (1.12 kg/ha-mm). 

Shekhar HT-1
Performance of sesame varieties

Strip cropping of pearlmillet + clusterbean (4:4), averaged across four years (2015-18), gave 37.4% 
higher pearlmillet equivalent yield (PEY) of 2034 kg/ha, with higher net returns (Rs. 19359/ha) and B:C 
ratio (2.23) compared to sole pearlmillet (1480 kg/ha). Similarly, strip cropping of pearlmillet + sesame 
(4:4) demonstrated during four years (2015-18), gave 61.9% higher pearlmillet equivalent yield (2435 
kg/ha), with higher net returns (Rs. 25126/ha) and B:C ratio (2.74) as compared sole pearlmillet (1504 
kg/ha). 

Chickpea + mustard intercropping system (5:1) demonstrated during five years (2012-14 to 2017-18) 
recorded on an average 38.6% higher chickpea equivalent yield (2156 kg/ha) as compared to sole chickpea 
(1555 kg/ha) with higher net returns (Rs. 69089/ha) and B:C ratio (5.24).

Chickpea + mustard (5:1) intercropping system Sole chickpea 

3.1.4 South-western dry zone in Haryana

a. Real time contingency planning
During 2013, the onset of monsoon was delayed by 26 days (first week of August) as compared with normal 
(first week of July). New pearlmillet hybrid (HHB-226) gave higher grain yield (1445 kg/ha) than HHB-197 
(1293 kg/ha) with higher B:C ratio (1.37). During kharif 2013, strip cropping of pearlmillet + mungbean 
(4:4) gave higher pearlmillet equivalent yield (2533 kg/ha), net returns (Rs. 18973/ha), RWUE (19.33 kg/
ha-mm) and B:C ratio (2.10) as compared to sole pearlmillet (1422 kg/ha).
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b. Preparedness 
During 2015, strip cropping of pearlmillet + clusterbean (8:4) gave 81% higher clusterbean equivalent 
yield (1388 kg/ha) with net returns of Rs. 1711/ha, B:C ratio of 1.10 and RWUE of 14.5 kg/ha-mm as 
compared to sole pearlmillet (var. HHB-226) (769 kg/ha).

Strip cropping of pearlmillet + clusterbean (8:4) 

During kharif 2018, pearlmillet hyb. HHB 197 recorded higher grain yield (1640 kg/ha), net returns  
(Rs. 12695/ha), B:C ratio (1.66) and RWUE (8.46 kg/ha-mm) compared to HHB 67 (Improved) (1553 kg/ha). 
Blackgram var. MH 421 gave higher seed yield (486 kg/ha), net returns (Rs. 14823/ha), B:C ratio (1.77) and 
RWUE (2.52 kg/ha-mm) compared to var. Sattya (443 kg/ha). Clusterbean var. HG 2-20 recorded highest 
seed yield (1317 kg/ha), net returns (Rs. 33682/ha), B:C ratio (2.77) and RWUE (4.28 kg/ha-mm) compared 
to var. HG 563 (1261 kg/ha) and HG 365 (1206 kg/ha). 

HHB 197 HHB 67 (Improved)
Performance of pearlmillet hybrids

MH 421 Sattya
Performance of blackgram varieties
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HG 2-20 HG 563
Performance of clusterbean varieties

3.1.5 Southern zone in Tamil Nadu

a. Real time contingency planning 
During 2017, the onset of monsoon was delayed by 7 days (27th October) as compared with normal  
(20th October). Maize variety COH(M)7 recorded higher grain yield (2950 kg/ha), net returns (Rs. 10850/
ha) and B:C ratio (1.39) compared to COH(M)6 (2800 kg/ha). Among the land configuration treatments, 
ridges and furrow method recorded 6.7% higher maize grain yield (2975 kg/ha), net returns (Rs.11175/ha),  
B:C ratio (1.41) and RWUE (7.21 kg/ha-mm) compared to check basin method (2775 kg/ha).

b. Preparedness
During 2011, drought tolerant varieties/hybrids of rainfed crops viz. cotton, maize, greengram, blackgram, 
pearlmillet and sunflower were introduced to cope with the rainfall variability of the region. Though the 
cotton crop experienced dry spells during 41st and 52nd SMW in 2011 which coincided with boll opening, 
ripening and maturity stages, improved cotton cultivars RCH 530 BG II and Tulasi 117 yielded 15% higher 
yield over local check (Jackpot) (1610 kg/ha). In 2013, among the pearlmillet hybrids demonstrated, Pioneer 
80M32 produced higher grain yield (2613 kg/ha) followed by KH301 (2272 kg/ha), with higher net returns 
(Rs. 8514/ha) and B:C ratio (1.67) compared to other hybrids. 

During 2015, among cotton based intercropping 
systems demonstrated, cotton + sesame (2:2) 
intercropping system recorded higher seed cotton 
equivalent yield (1149 kg/ha), net returns (Rs.14120/
ha) and B:C ratio (1.41) compared to cotton + 
groundnut (2:2) system (978 kg/ha).

Similarly, cotton + blackgram (2:1) intercropping 
system demonstrated during 2015, 2016 and 2017 
recorded higher mean seed cotton equivalent yield 
(1240 kg/ha), net returns (Rs. 15320/ha) and RWUE 
(5.51 kg/ha-mm) followed by cotton + clusterbean 
(2:1) system (1005 kg/ha) as compared to sole cotton 
(875 kg/ha).

Cotton + blackgram (2:1) intercropping system
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3.1.6 North Saurashtra zone in Gujarat

a. Real time contingency planning 
The onset of monsoon was delayed by three weeks (9th July) in 2011, more than 25 days (10th July) in 2014, 
27 days in 2016, 25 days in 2017 and 32 days in 2018 compared to normal onset (16th June). Demonstration 
of short duration and improved varieties increased yields by 12.8 (1703 kg/ha) and 12.2% (1027 kg/ha) in 
groundnut (var. GG 20) and blackgram (var. GU-1), respectively under delayed onset of monsoon compared 
to local varieties.

The seed cotton yield (1580 kg/ha) was increased by 15.3% with cotton hybrid G. Cot. 8 BGII (1580 kg/
ha) with higher net returns (32500/ha), B:C ratio (2.06) and RWUE (4.55 kg/ha-mm) compared to research 
variety grown by the farmers (1370 kg/ha). Castor hyb. GCH-7 produced 8.3% higher seed yield with 
higher net returns (Rs. 14900/ha) and B:C ratio (1.7) as compared to research varieties (960 kg/ha). In 
pigeonpea, varieties BDN-2 and Vaishali recorded 17.5 and 13.6% higher seed yield (1645 and 1590 kg/
ha), respectively compared to research variety (1400 kg/ha).

Short duration groundnut var. GJG-9 (100 days) gave 15.6% 
higher pod yield (2120 kg/ha) compared to var. GG-20 (110-120 
days) with higher net returns (Rs. 73080/ha), B:C ratio (2.41) and 
RWUE (3.53 kg/ha-mm). In cotton, seed cotton yield increased by 
14.7% with short duration cotton hyb. G.Cotton-Hy-8 BG- II (140 
days), with higher net returns (Rs. 68832/ha), B:C ratio (2.71) and 
RWUE (3.59 kg/ha-mm) compared to research varieties (160-180 
days) (1878 kg/ha).

Performance of groundnut var. GJG-9 

b. Preparedness
During 2015, the seed cotton yield was increased by 11.9 
and 2.7% with cotton hybrids G.Cot. 8 BG-II and G.Cot.-6 
BG-II compared to different research varieties (1587 kg/ha) 
grown by the farmers, respectively. G.Cot. 8BGII also recorded 
higher net returns (Rs. 45300/ha), RWUE (2.59 kg/ha-mm) 
and B:C ratio (2.54) than other hybrids/varieties. In castor, 
hyb. GCH-7 gave higher seed yield (1482 kg/ha), net returns  
(Rs. 34875/ha) and B:C ratio (1.68) compared to research variety 
(1338 kg/ha).

Demonstrations on groundnut + castor (3:1) intercropping system 
recorded higher groundnut pod equivalent yield (2571 kg/ha) 
with higher net returns (Rs. 72245/ha), B:C ratio (3.47) and RWUE 
(3.94 kg/ha-mm) compared to sole groundnut (2085 kg/ha).

Groundnut + castor (3:1) intercropping 
system

Among cotton based intercropping systems, cotton + fodder maize (1:1) recorded higher seed cotton 
equivalent yield (1847 kg/ha), net returns (Rs. 62388/ha), B:C ratio (2.50) and RWUE (2.85) closely followed 
by cotton + sesame (1:1) system (1836 kg/ha) compared to sole cotton (1410 kg/ha).
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Cotton + groundnut (1:1) Cotton + sesame (1:1) Cotton + fodder maize (1:1)
Performance of cotton based intercropping systems

3.1.7. Northern Gujarat zone 

a. Real time contingency planning

During 2011, 2014 and 2016, the onset of monsoon was delayed by 24, 28 and 17 days as 
compared with normal (25th June), respectively. Under delayed onset of monsoon, pearlmillet hybrid  
(GHB 558) produced 40.7% higher grain yield (1319 kg/ha) with higher net returns (Rs. 14713/ha) and  
B:C ratio (2.38) compared to local variety. Similarly, maize hybrid HQMP-1 recorded more than 147% 
higher grain yield (2838 kg/ha) compared to local varieties (1148 kg/ha), with higher net returns (Rs. 
46275/ha) and B:C ratio (4.95). Blackgram var. GU-1 recorded 35.2% higher seed yield compared to local 
variety (432 kg/ha) whereas, increase in seed yield with improved variety of greengram (GM-4) was 31.2% 
compared to local variety (401 kg/ha).

Blackgram var. GU 1 Local check of blackgram (T 9) Pearlmillet hyb. GHB 538 

Maize hyb. HQPM 1 Greengram var. GM 4 Local check of greengram (K 851)
Performance of improved varieties of kharif crops

Among different hybrids of castor demonstrated during 2014 and 2016, GCH7 (drought tolerant) recorded 
higher seed and stalk yields of 1123 and 2432 kg/ha, with higher net returns (Rs. 28395/ha), B:C ratio (2.96) 
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and RWUE (1.72 kg/ha-mm), followed by GCH 5 (947 and 2116 kg/ha), respectively over local variety 
(GCH4) (720 kg/ha). 

GCH 7 GCH 5 GCH 4 (Local variety)
Performance of castor hybrids

Sorghum var. CSV 21, demonstrated during 2014, recorded higher fodder yield (10250 kg/ha) with 
higher net returns (Rs. 22401/ha), B:C ratio (2.68) and RWUE (15.30 kg/ha-mm) compared to local variety  
(7635 kg/ha).

Sorghum var. CSV 21 Sorghum var. Sundhiya (Local variety )
Performance of sorghum varieties

b. Preparedness   

Among different hybrids of castor demonstrated during 2015, 2017 and 2018, GCH 7 recorded higher seed 
yield of 963 kg/ha over local variety (642 kg/ha), with higher net returns (Rs. 28222/ha), B:C ratio (2.22) and 
RWUE (1.34 kg/ha-mm).

GCH 5 GCH 7
Performance of castor hybrids

Among the short duration (90-110 days) hybrids (GM 2 and HQPM 1) of maize demonstrated during 2015 
and 2017 in farmers’ fields, HQPM 1 recorded higher grain yield (2407 kg/ha) compared to other hybrids 
with higher net returns (Rs. 37495/ha), B:C ratio (3.71) and RWUE (2.08 kg/ha-mm).
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HQPM-1 Local variety of maize
Performance of maize hybrids

During 2018, pearlmillet hyb. GHB 558 recorded higher grain (884 kg/ha) and stover (2457 kg/ha) yields 
over GHB 538 (691 and 2276 kg/ha) and local variety (GHB 744) (604 and 1882 kg/ha), with higher 
net returns (Rs. 16753/ha), B:C ratio (1.74) and RWUE (2.31 kg/ha-mm). Greengram var. Gujarat Mung-4 
(GM-4) recorded higher seed (517 kg/ha) and stalk (1202 kg/ha) yields over local variety (K 851) (364 kg/
ha), with higher net returns (Rs. 20506/ha), B:C ratio (2.41) and RWUE (0.91 kg/ha-mm). Clusterbean var. 
Gujarat Guar 2 recorded higher seed (398 kg/ha) and stalk (1053 kg/ha) yields over local variety (GG 1)  
(291 kg/ha), with higher net returns (Rs.11829/ha), B:C ratio (1.63) and RWUE (1.04 kg/ha-mm). Blackgram 
var. GU1 recorded higher seed (590 kg/ha) and stalk (1222 kg/ha) yields over local variety (T9) (368 kg/ha), 
with higher net returns (Rs. 9935/ha) and B:C ratio (2.15).

Greengram var. GM 4 Clusterbean var. GG 2

Blackgram var. GU 1 Pearlmillet cv. GHB558
Performance of improved varieties of kharif crops

Castor + greengram (1:1) intercropping system demonstrated during four years (2015-18) recorded 
significantly higher mean castor equivalent yield (1561 kg/ha), net returns (Rs. 44455/ha), B:C ratio (2.75) 
and RWUE (2.16 kg/ha-mm) compared to sole castor ( 1021 kg/ha). 
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Castor + greengram (1:1) intercropping system Sole castor 

3.1.8 Scarcity zone in Maharashtra

a. Real time contingency planning

During 2014, the onset of monsoon was delayed by 15 days (5th July) as compared with normal (20th June). 
Pigeonpea cv. Vipula produced higher seed yield (1060 kg/ha) compared to local variety (762 kg/ha), with 
higher net returns and B:C ratio (Rs. 27780/ha and 2.56, respectively). Sunflower var. Bhanu produced 31% 
higher seed yield (820 kg/ha) as compared to local variety (626 kg/ha). Blackgram cv. TPU-1 gave 26.4% 
higher seed yield (700 kg/ha) compared to local variety (554 kg/ha) with higher net returns (Rs. 20900/ha) 
and B:C ratio (3.27).

b. Preparedness

During rabi 2015, among different varieties of sorghum, Phule Vasudha gave higher grain yield (830 kg/ha), 
net returns (Rs. 5810/ha) and B:C ratio (1.39) compared to Phule Suchitra (740 kg/ha). During kharif 2016, 
improved varieties of pigeonpea (Vipula), pearlmillet (Dhanshakti), sunflower (Phule Bhaskar) and blackgram 
(Dhanshakti) were demonstrated under normal onset of monsoon condition. Improved varieties gave 14.7 
to 40.0% higher yields compared to farmers’ practice of local varieties. During kharif 2017, intercropping of 
pigeonpea and sunflower (1:2) with improved varieties BDN-711 and Phule Bhaskar increased the yield of 
both crops by 37.5% (550 and 635 kg/ha, respectively) and recorded higher net returns (Rs. 23985/ha) and 
RWUE (1.83 kg/ha-mm) compared to farmers’ practice with local varieties (350 and 550 kg/ha). 

Sunflower cv. Phule Bhaskar Pigeonpea cv. BDN-711 Pigeonpea + sunflower (1:2) 
intercropping system 

During kharif 2018, in medium black soil, intercropping of pigeonpea + soybean (1:3) recorded higher 
pigeonpea equivalent yield (2977 kg/ha), net returns (Rs. 23095/ha), B:C ratio (1.52) and RWUE (6.62 kg/
ha-mm) with higher LER (1.24) compared to sole pigeonpea (1002 kg/ha). Double cropping system of 
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blackgram followed by rabi sorghum in medium black soil, recorded blackgram crop equivalent yield 
of 1666 kg/ha as compared to farmers’ practice of sole blackgram (610 kg/ha), with higher net returns  
(Rs. 39620/ha), B:C ratio (2.23) and RWUE (3.56 kg/ha-mm).

3.1.9 Northern dry zone in Karnataka 

a. Real time contingency planning

During kharif 2014, the onset of monsoon was delayed by almost one month (5th July) as compared with 
normal (7th June). A rainfall of 673.9 mm was received which was excess by 79.5 mm (13.4%) than normal 
of 521.5 mm. In pearlmillet, cv. ICTP-8203 gave 14% higher grain yield (2325 kg/ha) over ICMV-211 (2025 
kg/ha) and 24% over GHB 558 (1875 kg/ha), with net returns of Rs. 29000/ha and RWUE of 7.09 kg/ha-mm. 
In pigeonpea, variety TS-3R gave 37% higher seed yield (2400 kg/ha) over Gulyal (1750 kg/ha), with higher 
net returns (Rs.102300/ha) and B:C ratio (5.55). In mothbean, var. KBMB-1 gave 18.8% higher seed yield 
(475 kg/ha) over local (400 kg/ha), with higher net returns (Rs. 31125/ha), B:C ratio (7.92) and RWUE (0.98 
kg/ha-mm). Similarly, horsegram cv. GPM-6 gave 27% higher seed yield (350 kg/ha), with higher net returns 
(Rs. 16500/ha), B:C ratio (4.67) and RWUE (0.76 kg/ha-mm) over local (275 kg/ha). In case of groundnut, 
variety DH-101 registered higher pod yield (1013 kg/ha) compared to TMV-2 and GPBD-4, with higher net 
returns of Rs. 13375/ha, and B:C ratio of 1.79. 

Among different intercropping systems, pigeonpea + pearlmillet (2:4) system gave higher net returns  
(Rs. 157502/ha) and RWUE (8.0 kg/ha-mm) closely followed by pigeonpea + groundnut (2:4) intercropping 
system (Rs.156937/ha) compared to pearlmillet + groundnut (2:4) intercropping system (Rs. 59276/ha).

Pigeonpea + groundnut (2:4) intercropping system Pearlmillet + pigeonpea (4:2) intercropping system

b. Preparedness 

During 2015, in demonstrations on improved crop varieties in farmers’ fields, pigeonpea var. Maruti  
(145-155 days) gave higher seed yield (1600 kg/ha) and net returns (Rs. 95797/ha) compared to farmers’ 
practice (var. Gulyal) (1165 kg/ha). Greengram var. GBS-9 gave 11.8% higher seed yield (350 kg/ha) with 
higher net returns (Rs. 14548/ha) compared to local variety (313 kg/ha).

Among the intercropping systems demonstrated during rabi 2012-13, sorghum + chickpea (2:4) intercropping 
system gave higher pearlmillet equivalent yield (1365 kg/ha) than safflower + chickpea (1:2) system (637 
kg/ha) and sole sorghum (1097 kg/ha).
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Safflower + chickpea (1:2) intercropping system Sorghum+ chickpea (2:4) intercropping system

3.2 Moist Semi-arid Zone (750-1000 mm)
3.2.1 Western Vidarbha zone in Maharashtra

a. Real time contingency planning

During kharif 2014, the onset of monsoon was delayed by 22 days (7th July) as compared with normal  
(11-17 June). Under delayed onset of monsoon, soybean var. JS-9560 gave higher seed yield (1029 kg/ha), 
net returns (Rs. 16589/ha) and RWUE (4.15 kg/ha-mm) with B:C ratio of 1.84 as compared to JS-335 (939 
kg/ha) and JS-9305 (983 kg/ha).

JS-9305 JS-9560
Performance of soybean varieties

Demonstration of soybean + pigeonpea (4:2) and cotton + greengram (1:1) intercropping systems revealed 
that about 49% increase in soybean equivalent yield (2529 kg/ha) was recorded with soybean + pigeonpea 
(4:2) intercropping system compared to sole soybean (1700 kg/ha) and 17% increase in cotton equivalent 
yield with cotton + greengram (1:1) intercropping system (1357 kg/ha) over farmers’ practice of sole cotton 
(1157 kg/ha).

Soybean + pigeonpea (4:2) intercropping system Cotton + greengram (1:1) intercropping system
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b. Preparedness 

Among early maturing varieties of soybean demonstrated during 2015-17, var. JS-9560 (90-95 days) gave 
highest seed yield of 1173 kg/ha with net returns of Rs.13259/ha, B:C ratio of 1.52 and RWUE of 2.04 kg/
ha-mm closely followed by var. JS-9305 (90-95 days) (1115 kg/ha) compared to var. JS 335 (95-100 days) 
(1055 kg/ha).

During kharif 2011, soybean + pigeonpea (4:2), greengram + pigeonpea (4:2), cotton + greengram 
(1:1), cotton + soybean + pigeonpea + soybean (3:2:2:2), cotton + sorghum + pigeonpea + sorghum 
(3:1:1:1) and cotton + sorghum + pigeonpea + sorghum (6:1:2:1) intercropping systems were introduced 
for risk minimization in view of rainfall variability of the region. Among these, soybean + pigeonpea (4:2) 
intercropping system gave soybean equivalent yield (SEY) of 1858 kg/ha with higher B:C ratio of 3.21 and 
net returns of Rs. 46960/ha. However, cotton + sorghum + pigeonpea + sorghum (3:1:1:1) intercropping 
system gave higher SEY of 2166 kg/ha with net returns of Rs. 44820/ha and B:C ratio of 2.99.

Cotton + greengram (1:1) Soybean + pigeonpea (4:2)

Cotton + soybean + pigeonpea + soybean (3:2:2:2) Cotton + sorghum + pigeonpea + sorghum (3:1:1:1)
Performance of different intercropping systems

3.2.2 Central, eastern and southern dry zone in Karnataka

a. Real time contingency planning

The onset of monsoon was delayed by 17 days in 2012, 6 days in 2014 and 9 days in 2017 as compared 
with normal (2nd June). Under delayed onset of monsoon, short duration fingermillet var. GPU-28 (85 
days) performed better with higher grain yield, net returns and B:C ratio (1720 kg/ha, Rs. 21161/ha 
and 2.30, respectively) than long duration (113 days) var. MR-1 (1555 kg/ha, Rs. 18096/ha and 2.11, 
respectively).

Under delayed onset of monsoon conditions, transplanting of fingermillet (var. MR-1) demonstrated 
during 2014 and 2017 recorded higher grain yield (2623 kg/ha), RWUE (4.87 kg/ha-mm), net returns  
(Rs. 36290/ha) and B:C ratio (2.45) as compared to direct sown fingermillet (2201 kg/ha).
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Transplanted fingermillet Direct sown fingermillet

b. Preparedness 

Drought tolerant varieties of fingermillet (long, medium and short duration) were introduced to cope with 
the rainfall variability of the region. Among different varieties of fingermillet, averaged across six years 
(2011-13 and 2015-16 and 2018), long duration var. MR-1 (113 days) recorded higher grain yield, net 
returns and B:C ratio (2053 kg/ha, Rs. 28554/ha and 2.42, respectively) compared to medium duration 
(GPU-28) (1913 kg/ha) and short duration varieties (GPU-48) (1523 kg/ha). 

MR-1 GPU-28 GPU-48 
Performance of fingermillet varieties

Among the pulse based intercropping systems demonstrated during 2011 and 2013-18, pigeonpea  
(var. BRG-1) + field bean (var. HA-4) (1:1) system recorded higher pigeonpea equivalent yield  
(1054 kg/ha), RWUE (2.12 kg/ha-mm), net returns (Rs. 38743/ha) and B:C ratio (2.51) compared to farmers’ 
practice of sole pigeonpea (580 kg/ha).

Pigeonpea + cowpea (1:1) intercropping system Pigeonpea + field bean (1:1) intercropping system

Fingermillet (MR-1) + pigeonpea (BRG-5) (8:2) intercropping system demonstrated during 2014-16, recorded 
50.8% higher fingermillet equivalent yield (2786 kg/ha), net returns (45665 Rs/ha), B:C ratio (2.74) and RWUE 
(7.19 kg/ha-mm) as compared to farmers’ practice of fingermillet + akkadi (multiple crops) (1847 kg/ha).



30

Fingermillet + pigeonpea (8:2) intercropping system Fingermillet + Akkadi system

During 2016, intercropping of nipped castor + fingermillet (1:2), demonstrated as resilient intercropping 
system, recorded higher castor bean equivalent yield (996 kg/ha), net returns (Rs. 30478/ha) and B:C ratio 
(2.70) compared to sole castor (413 kg/ha). 

Castor + fingermillet (1:2) intercropping system Sole castor

3.2.3 Malwa plateau in Madhya Pradesh

a. Real time contingency planning

The onset of monsoon was delayed by 10 days (end of June) in 2012 and by two weeks in 2014 as compared 
with normal (12th June). Among soybean varieties demonstrated, var. JS-95-60 gave higher seed yield  
(1696 kg/ha) closely followed by var. JS-93-05 (1656 kg/ha) compared to other varieties. The yield increase 
with the improved varieties was up to 24% with B:C ratio of 3.51 over local cultivars. 

b. Preparedness 

During 2012, drought tolerant varieties of maize and pigeonpea were introduced for risk minimization in 
view of rainfall variability of the region. Maize cv. HKT-163 was superior with grain yield of 1457 kg/ha, net 
returns of Rs. 5900/ha and BC ratio of 1.41 compared to var. JVM-421 (1200 kg/ha). Pigeonpea var. TJT-501 
was superior with seed yield of 1735 kg/ha, net returns of Rs. 54900/ha and BC ratio of 4.79 compared to 
var. TJT-501 (1557 kg/ha).

During 2016, among new pigeonpea varieties demonstrated under flat deep black soil farming situation, 
variety ICPL-85063 gave higher seed yield (963 kg/ha), net returns (Rs. 25320/ha), RWUE (1.02 kg/ha-
mm) and B:C ratio (2.11) compared to other varieties. During kharif 2018, new soybean variety JS-2034 
produced  higher seed yield (1975 kg/ha), net returns (Rs. 40238/ha), B:C ratio (2.01) and RWUE (3.06 kg/
ha-mm) followed by JS 95-60 (1706 kg/ha, Rs. 32033/ha and 1.60) compared to RVS-6124 (1587 kg/ha). 
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3.2.4 Central Maharashtra plateau zone of Maharashtra

a. Real time contingency planning

During 2013, the onset of monsoon was delayed by 11 days and in 2014 by 19 days as compared with 
normal (20th June). Improved variety of soybean MAU-81 recorded higher seed yield (1600 kg/ha) and 
RWUE (1.64 kg/ha-mm) while both MAUS-71 and MAUS-158 recorded seed yield of 1500 kg/ha. Among 
the greengram varieties, the highest seed yield of 650 kg/ha and RWUE (6.8 kg/ha-mm) was recorded by 
BM 2002-01 followed by BM-4 (600 kg/ha). Among blackgram varieties, higher seed yield (610 kg/ha) 
and RWUE (6.3 kg/ha-mm) was recorded by BDU-1 compared to TAU-1(600 kg/ha). Among the three 
pigeonpea varieties demonstrated, var. BSMR-853 performed better on farmer’s fields as compared to BDN 
708 (920 kg/ha) and BDN 711 (900 kg/ha) with seed yield of 1230 kg/ha.

b. Preparedness 

During the year 2011, drought tolerant varieties of soybean (MAUS 71, MAUS 81), greengram  
(BM 2002-1), blackgram (BDU-1), pigeonpea (BSMR 736, BDN 708, BSMR 853) and pearlmillet (ABPC-1) 
were demonstrated. The improved varieties performed better even under moisture stress during vegetative 
(for all crops) and reproductive stages (greengram and blackgram) and the yield increase was up to 28.6% 
compared to local varieties with B:C ratio of up to 2.12. 

During 2014, different intercropping systems were 
demonstrated to cope with rainfall variability. 
Cotton + soybean (1:1) intercropping system gave 
higher seed cotton equivalent yield (1675 kg/ha), net 
returns (Rs. 35386/ha) and B:C ratio (2.12) compared 
to soybean + pigeonpea (4:2) intercropping system 
(1498 kg/ha). However, intercropping of soybean 
+ pigeonpea (4:2) demonstrated during 2015 and 
2016, gave higher soybean equivalent yield (SEY) 
(2096 kg/ha), net returns (Rs. 31442/ha), B:C ratio 
(2.18) and RWUE (2.90 kg/ha-mm) compared to 
farmers’ practice of sole soybean (933 kg/ha).

Performance of soybean + pigeonpea (4:2) intercropping 
system

3.2.5 Bundhelkhand zone in Uttar Pradesh

a. Preparedness 

During 2014, improved variety of sesame (JTS-08) demonstrated to cope with rainfall variability gave an 
average seed yield of 759 kg/ha as compared to local variety (610 kg/ha) with higher RWUE (1.55 kg/
ha-mm) and gross returns (Rs. 37929/ha). Among blackgram varieties demonstrated during 2013-16, var.  
Azad-3 gave 49% higher seed yield (815 kg/ha) over local variety and recorded higher RWUE (1.36 kg/ha-
mm), net returns (Rs. 17899/ha) and B:C ratio (1.10).

During 2016, improved variety of maize (PHM-5) recorded 42.8% higher grain yield (1784 kg/ha) compared 
to local variety. Groundnut var. Utkarsh recorded mean pod and haulm yield of 1103 and 1448 kg/ha, 
respectively with higher net returns (Rs. 32046/ha) and B:C ratio (1.96) compared to local variety (763 kg/
ha). 
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3.2.6 Low altitude subtropical zone in Jammu and Kashmir

a. Real time contingency planning

During 2012, the onset of monsoon was delayed by 8 days (first week of July) as compared with normal  
(27th June). Improved maize var. Double dekalb recorded higher mean grain yield (2473 kg/ha) with higher 
net returns (Rs. 22160/ha), RWUE (2.87 kg/ha/mm) and B:C ratio (2.17) compared to other varieties. 

 
Performance of maize hyb. Double dekalb (left) and local variety (right)

b. Preparedness 

Among the five varieties/hybrids of maize demonstrated during 2014-16, higher mean grain yield (2173 kg/
ha), net returns (Rs. 20546/ha) and B:C ratio (2.04) was recorded with var. Double Dekalb followed by var. 
Tip top (1899 kg/ha). During 2018, intercropping system of maize + blackgram (1:1) (additive series) gave 
42.8% higher maize equivalent yield (2678 kg/ha) with higher net returns (Rs. 33263/ha), B:C ratio (2.47) 
and RWUE (4.85 kg/ha-mm) as compared to farmers’ practice of sole maize (1875 kg/ha). 

3.3 Dry Sub-humid Zone (1000-1250 mm)
3.3.1 Kandi region in Punjab

a. Real time contingency planning

During 2013, the onset of monsoon was delayed by 10 days (first week of July) as compared with normal 
(1st July). A rainfall of 1215.8 mm was received which was excess by 353.8 mm compared to normal  
(862 mm) during south-west monsoon (kharif). 

The rainfall was deficit in July (6.1%) and September (27%) but excess in August (35.5%). Among maize 
cultivars demonstrated during kharif 2013, hyb. PMH 1 gave higher grain yield (3840 kg/ha), net returns  
(Rs. 41780/ha) and B:C ratio (2.45) than local cultivar (2263 kg/ha). Similarly, blackgram var. Mash 114 
recorded 10.8% higher seed yield (563 kg/ha) over Mash 338 cultivar (508 kg/ha), and gave higher net 
returns of Rs. 16691/ha and B:C ratio of 1.98. Similarly, among the two sesame cultivars, RT 346 recorded 
highest seed yield of 300 kg/ha with net returns and B:C ratio of Rs. 14482/ha and 1.94, respectively 
compared to local variety (218 kg/ha).
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Sesame var. RT-346 Blackgram var. Mash-114

b. Preparedness 

During the year 2011, drought tolerant hybrids/varieties gave higher yield by 11.5, 32, 7.8 and 7.1% with 
B:C ratio of 2.5, 2.5, 1.4 and 2.4 in maize (var. JH-3459), pearlmillet (FBC-16), blackgram (Mash-114) and 
sesame (RT-346), respectively over the local cultivars. Similarly, among the drought tolerant hybrids/
varieties demonstrated during 2015 and 2016, blackgram cv. Mash-114 gave highest seed yield  
(550 kg/ha), net returns (Rs. 4933/ha) and B:C ratio (1.22) over Mash-338 (500 kg/ha). Greengram cv. PAU 
911 recorded higher seed yield (628 kg/ha), net returns (Rs. 11948/ha) and B:C ratio (1.56) over ML 818 
(600 kg/ha). Sesame cultivar Punjab Til No.2 recorded marginally higher yield (431 kg/ha), net returns  
(Rs. 25772/ha) and B:C ratio (2.50) over RT 346 (418 kg/ha).

JH-3459 Local cultivar
Performance of maize varieties

Among different maize cultivars (PMH2, PMH1 and Prakash) demonstrated for four years (2015-18), PMH 1 
gave higher grain yield of 3880 kg/ha, net returns of Rs. 38808/ha and B:C ratio of 2.19 followed by PMH2 
(3765 kg/ha). Intercropping of maize with greengram and blackgram gave higher maize equivalent yield 
(MEY) of 4069 and 3724 kg/ha with yield improvement of 20.3 and 12.9%, respectively over sole maize. 
Maize + greengram (1:1) intercropping system also recorded higher RWUE (6.71 kg/ha-mm), net returns 
(Rs. 37030/ha) and B:C ratio (2.08).

3.3.2 Western plateau zone in Jharkhand

a. Real time contingency planning

The onset of monsoon was delayed by 13 days in 2015, 12 days in 2016 and by 15 days in 2018 as 
compared with normal (4-10 June). Drought tolerant varieties of rice (Arize Tej, PAC-801and Sahbhagi 
dhan) were demonstrated to cope with delayed onset of monsoon. Higher grain yield of 3827 kg/ha was 
recorded with var. Arize Tej along with RWUE of 4.1 kg/ha-mm and B:C ratio of 3.51 as compared to 
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local variety (1534 kg/ha). High yielding drought tolerant maize hybrid Kanchan gave grain yield of 3194 
kg/ha as compared to local variety (1312 kg/ha). Similarly, improved varieties of fingermillet (A-404), 
sorghum (CSV-20), sesame (Shekhar) and blackgram (Birsa Urad-1) gave increase in yields by 94, 65, 86 
and 46%, respectively, compared to local varieties. Two drought tolerant varieties of pigeonpea viz. Bahar 
and Narendra Arhar-1 gave higher seed yield of 1559 and 1335 kg/ha, respectively over local cultivar  
(1091 kg/ha) with higher net returns (Rs. 73699 and 47575/ha), B:C ratio (6.90 and 4.81) and RWUE (2.42 
and 1.65 kg/ha-mm), respectively.

Rice var. Sahabhagi Dhan Maize var. Kanchan Fingermillet var. A-404

Sorghum var. CSV-20 Sesame var. Shekhar Pigeonpea var. Bahar
Performance of improved varieties

3.3.3 Eastern plain zone in Uttar Pradesh

a. Real time contingency planning 

During 2018, the onset of monsoon was delayed by 18 days (12th July) as compared with normal  
(24th June). Among rice varieties demonstrated, NDR-97 gave higher grain (1906 kg/ha) and straw yield  
(2426 kg/ha), net returns (Rs. 10216/ha), B:C ratio (0.50) and RWUE (2.33 kg/ha-mm) followed by var.  
Baranideep (1762 kg/ha) compared to local variety (1315 kg/ha).

NDR-97 Baranideep
Performance of rice varieties
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Pigeonpea variety NDA-1 performed better and gave higher seed yield (1846 kg/ha), net returns  
(Rs. 73250/ha), B:C ratio (3.85) and RWUE (2.27 kg/ha-mm) compared to other varieties and local variety 
(1250 kg/ha). Among different alternate crops, blackgram (var. NDU-1) gave higher net returns (Rs. 20000/
ha) and B:C ratio (1.6) followed by sesame (var.T-3) (Rs. 16000/ha) compared to farmers’ practice of rice 
cultivation with local variety (Rs. 860/ha).

b. Preparedness 

Among the intercropping/sequence cropping systems demonstrated across three years (2012-14), 
maize + blackgram (1:1) - lentil + linseed (4:2) system recorded higher pigeonpea equivalent yield  
(3090 kg/ha), net returns (Rs. 79449/ha) and B:C ratio (3.52) followed by sorghum (fodder)-chickpea system 
(2428 kg/ha) compared to blackgram + sesame (1:1) – fallow system (888 kg/ha) . Among the intercropping 
systems demonstrated during 2016 and 2017, pigeonpea + maize (1:1) system recorded higher maize 
grain equivalent yield (9193 kg/ha), net returns (Rs. 111961/ha) and B:C ratio (5.32) closely followed by 
pigeonpea + sesame (1:1) system (9063 kg/ha) compared to maize + sesame (1:1) intercropping system 
(3273 kg/ha).

3.3.4 Keymore plateau and Satpura hill zone in Madhya Pradesh 

a. Real time contingency planning

The onset of monsoon was delayed by 12 days in 2014 and 7 days in 2015 as compared with normal 
(23rd June). Among three varieties of soybean demonstrated during 2014-15, JS 93-05 (115 days) recorded 
higher mean seed yield (1875 kg/ha), net returns (Rs. 51875/ha) and B:C ratio (2.73) as compared to JS 335 
(130 days) (1425 kg/ha) and JS 95-60 (110 days) (1562 kg/ha). Among the three paddy varieties (Sahbhagi, 
Danteshwari and IR-64) demonstrated during 2014 and 2015, var. sahbhagi recorded higher grain yield of 
2505 kg/ha, with higher net returns (Rs. 22755/ha) and B:C ratio (2.46) than other varieties. 

3.3.5 Eastern plain and Vindhyan zone in Uttar Pradesh

a. Real time contingency planning

During 2014, the onset of monsoon was delayed by 15 days as compared with normal (18-24 June).  
A rainfall of 629 mm was received which was deficit by 305 mm compared to normal (944 mm) during 
south-west monsoon (kharif). Rice var. NDR-97 with line sowing by seed drill, spray of pendimethalin @ 3.0 
l/ha as pre-emergence and one weeding with dryland weeder recorded higher mean grain yield (2650 kg/
ha), net returns (Rs. 2100/ha), B:C ratio (2.47) and RWUE (4.02 kg/ha-mm) compared to farmers’ practice of 
broadcasting and manual hand weeding by khurpi (1975 kg/ha). Similarly, maize var. Shweta with planting 
on ridges (45 cm x 20 cm) recorded higher grain yield (2450 kg/ha), net returns (Rs. 19320/ha), B:C ratio 
(2.38) and RWUE (3.73 kg/ha-mm). Sesame variety GT-1 recorded seed yield of 530 kg/ha, with higher net 
returns (Rs. 36400/ha) and B:C ratio (4.37). Pearlmillet variety Pusa-322 recorded grain yield of 1816 kg/ha, 
with higher net returns (Rs. 11700/ha), B:C ratio (2.02) and RWUE (2.76 kg/ha-mm) as compared to control 
(broadcasting) (1310 kg/ha).

b. Preparedness 

During 2017, rice var. NDR-97 gave highest grain yield (2070 kg/ha), net returns (Rs.18085/ha), B:C ratio 
(2.3) and RWUE (3.2 kg/ha-mm) followed by maize var. Malviya makka-2 (1670 kg/ha) compared to farmers’ 
practice of local variety (1400 kg/ha in rice while maize crop failed). 
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Rice var. NDR-97 Maize var. Malviya makka-2 Maize (local cultivar)
Performance of improved varieties

3.4 Moist Sub-humid Zone (1250-1500 mm)
3.4.1 Bastar plateau zone in Chhattisgarh

a. Preparedness 

Among the drought tolerant rice and fingermillet varieties demonstrated during three years (2015-17), rice 
var. sahbhagi recorded highest grain yield (1765 kg/ha), net returns (Rs. 6453/ha), B:C ratio (1.75) and 
RWUE (1.76 kg/ha-mm) compared to other varieties. In fingermillet, improved variety GPU-28 recorded 
higher grain yield (1495 kg/ha), with net returns of Rs. 9403/ha, B:C ratio of 1.76 and RWUE of 1.49 kg/
ha-mm compared to farmers’ practice of local variety (1222 kg/ha). 

During kharif 2012, among different intercropping systems, sorghum + okra (1:2) system was efficient with 
higher sorghum equivalent yield (8314 kg/ha), net returns (Rs. 72445/ha) and B:C ratio (3.37) followed 
by sorghum + okra (1:1) system (7864 kg/ha) compared to sorghum + sesame (1:2) intercropping system 
(1309 kg/ha).

3.4.2 Eastern ghat zone in Odisha

a. Preparedness 

Among maize based intercropping systems demonstrated, maize + cowpea (2:2) system gave higher 
maize equivalent yield (4420 kg/ha), net returns (Rs. 30565/ha), B:C ratio (2.09) and RWUE (3.49 kg/ha-
mm) followed by maize + pigeonpea (2:2) intercropping system (3776 kg/ha) while sole maize recorded 
lowest yield (2200 kg/ha). Similarly, pigeonpea + radish (2:2) intercropping system gave higher pigeonpea 
equivalent yield (1539 kg/ha), net returns (Rs. 39100/ha), B:C ratio (2.35) and RWUE (2.35 kg/ha-mm) as 
compared to sole pigeonpea (850 kg/ha).

Sole maize Maize + cowpea (2:2) intercropping system
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3.5 Per-humid Zone (>1500 mm)
3.5.1 North bank plain zone in Assam

a. Real time contingency planning

The onset of monsoon was delayed by 15 days in 2011 and by 14 days in 2014 compared to normal 
onset of monsoon (5th June). Raising of rice nurseries using rainwater harvested in farm pond and timely 
transplanting of improved rice var. Basundhar in the main field facilitated in better establishment of the 
crop, better crop growth and higher yields (3718 kg/ha) compared to other fields in the village where 
delayed rice transplanting was done. About 15-20% higher yield was obtained due to timely transplantation 
in 2011. Similarly, timely sowing (sowing before 20 June) of rice cultivars Ranjit (33%), Mahsuri (12%) and 
Gitesh (32%) resulted in higher yield over rice cultivars sown after 20 June in 2014.

Rainwater harvested during  
pre-monsoon months

Efficient utilization of rainwater for 
raising rice nurseries

Rice nurseries

Among high yielding rice varieties, Dishang (short duration) in upland and TTB-404 (medium duration) in 
medium land situation gave 44.3 and 50.7% higher grain yield (4520 and 5110 kg/ha), respectively over 
traditional cultivars (long duration) (2520 kg/ha), with higher net returns (Rs. 27700 and Rs. 36100/ha 
respectively) and B:C ratio (1.58 and 2.41). 

Dishang (100-110 days) TTB-404 (140-145 days) Ranjit (155-160 days)
Performance of rice varieties

b. Preparedness 

During 2015, short and medium duration cultivars of Sali rice were demonstrated in upland and midland 
situations, respectively. In general, medium duration varieties (TTB-404 and Mulagabharu) performed better 
(3613-4087 kg/ha) compared to short duration varieties (Dishang and Luit) (2290-2785 kg/ha). Among short 
duration varieties, Dishang (2785 kg/ha) and among medium duration varieties, TTB-404 (4087 kg/ha) 
produced higher grain yield with higher net returns (Rs. 4785 and Rs. 16275/ha respectively compared to 
other varieties.



38

Medium duration rice varieties (Mulagabharu and TTB-404) in medium land situation

Short duration rice varieties (Dishang and Luit) in upland situation

Among different double cropping systems demonstrated during 2015 and 2016, Sali rice-potato system 
produced higher rice equivalent yield (21184 kg/ha) with net returns of Rs. 201838/ha and B:C ratio of 2.16 
compared to Sali rice – rapeseed system (13920 kg/ha).
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4. Resilient Crops, Varieties and Cropping Systems

Climate change is now a reality and has already shown its impact on crop productivity in all the agro-
ecosystems, and the impacts may be more serious if timely corrective measures are not adopted. This 
necessitates systematic characterization and evaluation of all agro-ecologies and resource domains for 
their capabilities to produce sustainable yields under dynamic conditions. A well-planned complementary 
cropping systems and intercropping have great potential to reduce the risk and uncertainties in production 
through effectively exploiting differential performance of crops to moisture and temperature stresses, 
intermittent and terminal droughts in different agro-ecological settings. In addition, the sustenance of small 
and marginal land holdings will also depend on better integration and utilization of resources from unit 
piece of land. Similarly, double and relay cropping systems with suitable component crops/varieties with 
resource conservation technologies have greater scope for climate resilient agriculture. Resilient varieties 
not only cope with multiple weather aberrations but also enhance crop productivity. Thus, it is essential to 
characterize agroecology/resource domain (climate and soil) of these varieties for wider adoption. However, 
all these efforts will have little significance if it is not supported with real-time strategies to handle farming 
emergencies emerging due to enhanced weather vagaries. For this, the real-time contingency plans along 
with timely availability of inputs including quality seeds need to be institutionalized. 

The agricultural production, productivity and stability in rainfed areas is more vulnerable to climate 
variability particularly during kharif due to its high dependency on South-West (SW) monsoon. It is evident 
that the rainfed agriculture is being highly impacted due to frequent weather aberrations such as delayed 
onset of monsoon and/or in-season drought during crop growing period in one or the other part of the 
country. Crop based approaches to cope with weather aberrations include growing crops and varieties that 
fit into changed rainfall and seasons (Ravindra Chary et al., 2016a). Identification of crops and varieties that 
fits well into changed climatic conditions is common denominator for sustainable crop production in all 
land use conditions. An ideal variety should be high yielding, plastic enough to withstand against weather 
aberrations, tolerant to multiple abiotic and biotic stresses, and fits well to farming situations. And the 
choice of crops and varieties is more relevant under highly complex rainfed production systems and areas 
frequented with weather vagaries.

Major crops affected due to monsoon delays are those crops that have a narrow sowing window and 
therefore cannot be taken up if the delay is beyond this cut-off date. Sometimes, due to poor germination/
plant populations, it becomes necessary for resowing of same or contingency crop/variety. Beyond the 
sowing window, choice of alternate crops or cultivars depends on the farming situation, soil, rainfall and 
cropping pattern in the location and extent of delay in the onset of monsoon. Since 2011, the RTCP is being 
implemented both on-station and on-farm by 23 centres of AICRPDA under National Innovations in Climate 
Resilient Agriculture (NICRA). The RTCP interventions are being demonstrated in 55 villages in 15 states 
with two pronged approach i.e. drought preparedness and real-time implementation of land, water, crop, 
soil, nutrient and energy (farm implements) management practices to cope with weather aberrations. The 
key real-time crop based interventions included suitable crops and varieties for delayed onset of monsoon, 
re-sowing within a week to 10 days with subsequent rains when germination is less than 30% and resilient 
cropping systems as preparedness.
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4.1 Resilient crops and varieties

During 2011 to 2018, under delayed onset of monsoon conditions, varieties of major rainfed crops were 
assessed for their suitability and best performing varieties were identified. On an average, these varieties 
gave about 15-35% higher yields compared to local/farmers’ varieties. 

Centre/climate/soil type Crop Variety/hybrid
Arjia/semi-arid (hot dry)/Vertisols Maize 

Blackgram
Horsegram
Groundnut

PM-3
T-9
AK-41, AK-42
TG 37-A

Anatapuramu/arid (hot)/Alfisols Pigeonpea
Pearlmillet

LRG-30
ICTP-8203, ICMV-221

Agra/semi-arid (hot dry)/Inceptisols Pearlmillet
Sesame 
Clusterbean 

Proagro-9450
T-78, Shekhar
RGC-1025

Hisar/arid (hyper)/Inceptisols Pearlmillet
Clusterbean 
Greengram 

HHB-226, HHB-67
HG-365, HG 2-20
Muskan, Basanti, MH-421

Kovilpatti/semi-arid (hot dry)/Vertisols Maize 
Greengram
Cotton 

COH(M)7, NK-30
VBN-4, CO-6
RCH-530, Tulasi-117

Rajkot/semi-arid (hot dry)/Vertisols Groundnut
Blackgram
Cotton 
Pigeonpea
Castor 

GG-20, GJG-9
Urad-1
G.cotton Hy-8, GTHH-49
BDN-2
GCH-7

SK Nagar/semi-arid (hot dry)/Entisols Pearlmillet
Maize
Greengram
Blackgram
Castor 

GHB-558
HQPM-1
GM-4
GU-1
GCH-7

Solapur/semi-arid (hot dry)/Vertisols Pigeonpea
Sunflower 
Blackgram 

Vipula
Bhanu, Phule Bhaskar
TPU-1

Vijayapura/semi-arid (hot dry)/Vertisols Pearlmillet
Pigeonpea 
Horsegram

ICTP-8203
TS-3R
GPM-6

Akola/semi-arid (hot moist)/Vertisols Soybean 
Cotton 
Pigeonpea 

JS-95-60
PKV-Rajat
PKV-Tara, Vipula

Bengaluru/semi-arid (hot moist)/Alfisols Fingermillet 
Pigeonpea
Field bean

GPU-28
BRG-2, TTB-7
HA-3, HA-4

Indore/semi-arid (hot moist)/Vertisols Soybean
Pigeonpea
Horsegram

JS-95-60, JS-93-05, RVS-2001-4
Pusa-992
AK-42

Parbhani/semi-arid (hot moist)/Vertisols Soybean
Pigeonpea
Greengram 

MAUS-81
BDN-711, BDN-708 
BM-4
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Jhansi/semi-arid (hot moist)/Inceptisols Sesame 
Blackgram

JTS-08
Azad-2, Sekhar-1

Rakh Dhiansar/semi-arid (moist dry)/Inceptisols Maize
Blackgram 

Double Dekalb
Pant U-19, Uttara

Ballowal Saunkhri/sub-humid (hot dry)/ 
Inceptisols

Maize 
Blackgram 
Sesame 

PMH-1, PMH-2
Mash-114
RT-346, Pb Til-1

Chianki/sub-humid (hot moist)/Inceptisols Upland rice

Maize 
Fingermillet
Sorghum
Sesamae
Blackgram
Pigeonpea
Horsegram

IR 92521-7-5, Vandana, 
Sahbhagi Dhan
Kanchan
A-404
CSV-20
Shekhar
Brirsa urd-1
Bahar, ICPH-2671, Birsa Arhar-1
Madhu, GHG-19

Faizabad/sub-humid (hot dry)/Inceptisols Rice 
Pigeonpea 

NDR-97, Baranideep
NDA-1, NDA-2

Rewa/sub-humid (hot dry)/Vertisols Soybean
Rice 
Pigeonpea

JS-95-60, JS-93-05
Sahabhagi Dhan
Asha

Varanasi/sub-humid (hot dry)/Inceptisols Rice
Sesame 
Pearlmillet 

NDR-97, Vandana
GT-1
Pusa-322

Jagdalpur/sub-humid (hot moist)/Inceptisols Rice
Fingermillet 

Sahabhagi Dhan
GPU-28

Phulbani/sub-humid (hot moist)/Oxisols Rice
Maize 
Blackgram 

Vandana, Sahabhagi Dhan
Nirmal-51, Navjot
PU-30, Sekhar

Biswanath Chariali/Per humid (hot)/Oxisols Rice 
Blackgram

Gitesh, Ranjit, TTB-404, Dishang
Pant U-19

4.2 Resilient cropping systems

Different intercropping and double cropping systems were demonstrated in AICRPDA-NICRA villages and 
agro-ecology specific best performing/risk resilient cropping systems were identified.

Centre/soil type/climate Intercropping system Double cropping system

Arjia/semi-arid (hot dry)/ 
Vertisols

Maize + blackgram (2:2)
Groundnut + sesame (6:2)
Sorghum + greemgram (2:1)

-

Anatapuramu/arid (hot)/ 
Alfisols

Groundnut + pigeonpea (11:1)
Pigeonpea + pearlmillet (1:1)

-

Agra/semi-arid (hot dry)/ 
Inceptisols

Pearlmillet + clusterbean (4:4)
Pearlmillet + sesame (4:4)

Pearlmillet - mustard
Greengram/blackgram (green manuring 
after first picking) - mustard

Hisar/arid (hyper)/Inceptisols Pearlmillet + greengram (6:3)
Pearlmillet + clusterbean (4:4)

Pearlmillet - chickpea/raya
Greengram - raya

Kovilpatti/semi-arid (hot dry)/
Vertisols

Cotton + radish (1:2)
Cotton + onion (1:2)
Cotton + sesame (2:2)

-
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Rajkot/semi-arid (hot dry)/
Vertisols

Cotton + sesame (1:1)
Cotton + fodder maize (1:1)
Cotton + soybean (1:1)
Groundnut + castor (3:1)

-

SK Nagar/semi-arid (hot dry)/
Entisols

Castor + greengram (1:1)
Castor + sesame (1:1)

-

Solapur/semi-arid (hot dry)/
Vertisols

Pigeonpea + sunflower (1:2)
Pigeonpea + soybean (1:3)
Pearlmillet + pigeonpea (2:1)

Blackgram/greengram/cowpea - rabi 
sorghum

Vijayapura/semi-arid (hot 
dry)/Vertisols

Pearlmillet + pigeonpea (2:1)
Pearlmillet + castor (2:1)
Pigeonpea + groundnut (4:2)

Greengram - rabi sorghum/ chickpea

Akola/semi-arid (hot moist)/
Vertisols

Cotton + greengram (1:1)
Soybean + pigeonpea (4:2)
Cotton + sorghum + pigeonpea + 
sorghum (3:1:1:1)

Soybean - chickpea
Greengram - safflower

Bengaluru/semi-arid (hot 
moist)/Alfisols

Pigeonpea + filed bean (1:1)
Fingermillet + pigeonpea (8:2)
Castor + fingermillet (1:2)

Cowpea - fingermillet
Fodder pearlmillet - cowpea

Indore/semi-arid (hot moist)/
Vertisols

Soybean + pigeonpea (4:2)
Maize + soybean (2:4)

Soybean - chickpea/wheat/safflower

Parbhani/semi-arid (hot 
moist)/Vertisols

Soybean + pigeonpea (4:2)
Cotton + greengram (1:1)
Cotton + pigeonpea (6:1)

Greengram - rabi sorghum
Sorghum - safflower
Soybean - chickpea

Jhansi/semi-arid (hot moist)/
Inceptisols

- -

Rakh Dhiansar/semi-arid 
(moist dry)/Inceptisols

Maize + blackgram (2:1) Maize - wheat/mustard
Blackgram/greengram - wheat

Ballowal Saunkhri/sub-humid 
(hot dry)/Inceptisols

Maize + greengram (2:1) Maize - wheat/taramira/raya
Sesame - wheat/raya

Chianki/sub-humid (hot 
moist)/Inceptisols

Pigeonpea + okra (1:1)
Pigeonpea + sorghum (1:1)
Pigeonpea + groundnut (1:2)

Rice - wheat/chickpea/lentil

Faizabad/sub-humid  
(hot dry)/Inceptisols

Pigeonpea + maize (1:1)
Blackgram + sesame (1:1)
Pigeonpea + blackgram (1:1)

Blackgram - mustard/chickpea
Maize - chickpea

Rewa/sub-humid (hot dry)/
Vertisols

Soybean + pigeonpea (4:2)
Sesame + pigeonpea (4:2)

Rice - wheat/chickpea/lentil
Soybean - wheat/chickpea

Varanasi/sub-humid (hot dry)/
Inceptisols

Pigeonpea + rice (1:1)
Pigeonpea + okra (1:1)
Maize + blackgram (1:2)

Rice - chickpea/lentil/mustard
Sesame - chickpea
Maize - lentil

Jagdalpur/sub-humid  
(hot moist)/Inceptisols

Sorghum + okra (1:2)
Sorghum + sesame (1:1)
Maize + cowpea (1:1)
Rice + pigeonpea (4:1)

Rice - chickpea/linseed/pea

Phulbani/sub-humid (hot 
moist)/Oxisols

Maize + cowpea (2:2)
Maize + pigeonpea (2:2)

Rice - greengram/horsegram
Maize - potato

Biswanath Chariali/Per-humid 
(hot)/Oxisols

Sesame + blackgram (2:2) Sali rice - potato/toria
Ahu rice - greengram/blackgram
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5. Adaptation Strategies for Resilient Cropping Systems

Adaptation to climate change involves changes in agricultural management practices in response to changes 
in climate conditions. The major adaptation strategies include the use of short duration and drought 
resistant/tolerant varieties of crops, intercropping systems, crop diversification, changes in cropping pattern, 
conserving soil moisture through appropriate land management and mulching, rainwater harvesting and 
efficient utilization, balanced nutrition and real-time contingency planning to cope with seasonal drought.

5.1 Experiences gained/constraints

The major constraints in implementation of crop based RTCPs were: Unavailability of near-real time rain 
forecast, limited favorable soil moisture period, unavailability of seed of alternate crop/variety and in 
sufficient quantities, unavailability of suitable sowing implements to cover large area in limited period, and 
high cost of labour and seed for repeated sowings.

To further strengthen the implementation of crop based approaches to cope with weather aberrations, more 
emphasis is to be given on the following:

•	 Quality agro-advisories 

•	 Production of seed of alternate crops/varieties by State Seed Corporations (SSCs), State Agricultural 
Universities (SAUs), KVKs etc: Seed multiplication programmes in SSCs, SAUs etc have greater role to 
provide suitable drought tolerant and short duration seed material during the event of delayed onset 
of monsoon 

•	 Establishment of community/village seed banks for production and distribution of quality seeds 

•	 Establishing and operationatiolizing farm implements custom hiring centres for timely and precision 
sowing, weeding, intercultural, in-situ moisture conservation practices etc.

•	 Converging some of the interventions like bunding, land leveling, inter-terrace land management 
practices with MGNREGS

•	 Appropriate seed storage mechanism including godowns and fumigation systems have to be evolved 
for different regions

5.2 Adaptation strategies

Since rainfed agriculture is risk prone due to weather aberrations such as delayed onset of monsoon and in-
season drought/long dry spells, adoption of location-specific improved crop management practices including 
crops and varieties, crop rotations and intercropping systems, integrated nutrient and pest management, 
rainwater management are essential prerequisite for drought mitigation and enhanced productivity of 
rainfed crops (Ravindra Chary et al., 2016). The key resource conservation-based technologies include  
in-situ moisture conservation, rainwater harvesting and recycling, energy efficiency in crop production, and 
contingency crop planning to minimize loss of production during drought/flood years.

5.2.1 Technological interventions

Seedbed preparation: Land/seedbed preparation (preparatory as well as post-harvest tillage operations) 
influences the infiltration, run-off flow and rate of soil erosion and also varies depending on the crop. Deep 
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rooted crops respond to deep ploughing while shallow tillage is sufficient for most of the cereals. Deep 
ploughing or chiseling after crop harvest has been found to increase the infiltration rate especially in soil, 
where hard pan formation is very common. Minimum tillage (least disturbance to land surface and planting 
in one operation) is advantageous for soil and water conservation in those areas, where land configuration 
has been changed in favour of soil and water conservation. Since soil moisture is the limiting factor of crop 
production in rainfed areas, tillage practices should be aimed to fulfill the need of conservation of rainwater 
and moisture. 

Sowing: Time of sowing varies with the variety, agro-climatic conditions and crop growing season. The 
optimum time of sowing for most of the rainfed cops is immediately after the onset of South-west monsoon 
(June/July). The optimum time of sowing for temperate/rabi crops like wheat and barley is from the last week 
of October to first week of November. Early sowing of kharif crops is important to obtain vigorous seedlings, 
avoid incidence of pests and diseases like shoot fly on sorghum and downy mildew/ergot on pearlmillet and 
to vacate land early for a second crop in regions wherever possible like Malwa region, Madhya Pradesh. 
This can be achieved by preparing seedbed during off-season, widening of row distances but maintaining 
full population and by resorting to dry seeding in some areas where rains can be expected with some 
certainty (eg. pearlmillet in Hisar). Generally, onset of monsoon, time of sowing and relative earliness of 
cultivars are the other factors which decide the crop and variety selection.

Plant population and crop geometry: In rainfed regions, one of the major constraints for low yield of crops 
is low plant population per unit area and lack of optimum crop geometry. The optimum plant population 
density per unit area varies with environment, genotype, seeding time and season. Plant population should 
be defined not only in terms of the number of plants per unit area (i.e., plant density) but also in terms of the 
arrangement of the plants on the ground (spatial arrangement or plant rectangularity). Plant rectangularity 
can be most easily visualized in the row crop where it can be defined as the ratio of the distance between 
plants within the row to the distance between the rows. In a broadcast crop, it may be more generally 
defined as a measure of the unevenness of distribution. Competition may be too intense between some 
plants and insufficiently intense between others, resulting in low yield under broadcast method compared 
to square or rectangular planting methods. The new high yielding varieties of crops, as also the hybrids, 
yield better with higher population levels than local varieties. To obtain good plant stands, higher seed 
rate, quality seed and method of seeding become important. Normally seed drills give better crop stands. 
Further, maximum yields are obtained from plant population which does not allow plants to achieve their 
individual maximum potential. Thus, the entire community of plants is considered for higher production 
rather than individual plant performance.

Rainwater management: The intermittent long dry spells affects rainfed crops adversely even in areas with 
moderate to high rainfall. Thus, improving soil surface conditions to increase infiltration and improving 
water-holding capacity are two basic requirements in drylands. The inter-terrace management practices 
for in-situ conservation of rainwater and ensuring its uniform distribution within the field and throughout 
the crop growth period assume paramount importance in dryland crop production. The choice of the 
most appropriate practice is a function of the soil type, rainfall characteristics and topographic features. 
Temperature increases in more sporadic rainfall events and it is possible that irrigation needs could increase 
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in the future due to global warming. Plants growing in a high carbon dioxide environment may have lower 
water needs. In addition, widespread increased humidity will slow transpiration, further reducing the need 
for water. The crops will transpire more heavily than when under “normal” growing conditions, and would 
likely need more water to adjust to these climactic changes. In anticipation of these changes, selection 
of suitable drought tolerant crop and varieties adaptable to varying levels of temperature and moisture is 
very important. Inter-terrace land management practices such as broad bed and furrow system helps not 
only to mitigate dry spells with better in-situ moisture conservation but also facilitate draining of excess 
water. Further, despite the adoption of in-situ conservation measures, some degree of run-off is inevitable 
during high intensity storms. This run-off water can be harvested in dug out ponds and reused for protective 
irrigation of kharif or succeeding rabi crop. In general, short duration crops are more responsive than log 
duration crops to lower level of supplemental irrigation (1-5 cm) from harvested water. And besides micro-
irrigation, alternate furrow irrigation was found efficient method of supplemental irrigation. In addition, 
the runoff harvesting and storage structures also act as flood and drought moderating climate risk resilient 
technology by saving the crop during both deficit and excess moisture situations. 

Interculture/weed management: In rainfed areas, weeds cause reduction in yields by 30 to 80%. This loss 
may be still higher during drought years due to competition for moisture by the weeds. Generally, if not 
controlled, weeds can compete and uptake 30% of moisture and nutrients, thus adversely affecting crop 
performance and yield. Essentially, the rainfed crops need a weed free period for at least first 30 days of 
crop establishment. Appropriate, integrated and cost effective weed control measures need to be employed 
for effective weed management. Off-season tillage helps to minimize weed problem in kharif crops in light 
soils. First weeding operation has to be necessarily completed within 20-25 days for crops and varieties of 
about 100 days duration and up to 35 days for about 150 days duration crops. Drill/line sowing in wide 
rows facilitates mechanical weeding with hoes. Avoid broadcasting of fertilizer since it encourages weed 
growth. Increasing competitive ability of the crops is one of the cheapest and most useful methods of weed 
control. Time of planting, cultivar grown, plant density, the nature and time of fertilizer application are to be 
manipulated to optimize crop growth and minimize wed growth. Planning suitable crop rotations helps to 
avoid crops associated and parasitic weeds. For instance, cotton, safflower, cowpea, groundnut and castor 
grown in rotation with sorghum reduce the incidence of striga, a root parasite. Herbicides use in rainfed 
areas is limited due to mixed/ intercropping and surface moisture characteristics. 

Nutrient management: Soils in drought prone regions are universally deficient in nitrogen. Most of them are 
also deficient in available phosphorus, sulphur and some micro-nutrients (mainly Zn and Fe). The soils are 
also degraded with a large number of physical and chemical constraints. Research in this area in AICRPDA 
has primarily focused on overcoming the textural problems posed by dryland soils, tillage and water intake 
properties, soil fertility management through use of chemical fertilizers, organics and biofertilizers. Contrary 
to the past belief on excessive risks associated with the use of chemical fertilizers, research findings have 
conclusively established that there is vast potential for increasing crop yields through fertilization, typically 
N fertilizers, across contrasting rainfed environments. The cost-benefit ratio is highly favourable when crops 
are fertilized. A fertilized crop is able to withstand drought better than a non-fertilized one. A stressed crop 
can also recover faster if it is fertilized following relief from stress. Split application ensures against loss 
in nutrients and deep root system for reaching subsurface stored moisture in the aberrant weather more 
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so against loss in nutrients with occurrence of above normal rainfall during crop growth period. Nutrient 
deficiencies can be alleviated through site specific nutrient management (SSNM) which takes into account 
all nutrient deficiencies to ensure that crop demands are met and soil fertility is improved. SSNM improves 
nutrient use efficiency, increases crop productivity, and enhances economic returns. Balanced nutrition 
through the correct method entails timely availability of essential plant nutrients (e.g., primary, secondary 
and micronutrients) in readily available form, in optimum quantities and in the right proportion required 
for specific soil/crop conditions. Components of balanced fertilization include judicious use of chemical 
fertilizers based on soil test and used in conjunction with other sources of plant nutrients such as organic 
manures and bio-fertilizers.

Real time contingency planning: In view of the frequent weather aberrations impacting agricultural 
production round the year in some part of the country, the need was felt to implement contingency measures 
on real-time basis to minimize the losses in agriculture and allied sectors and to improve the efficiency of 
the production systems,. Thus, Real time contingency planning is considered as “Any contingency measure, 
either technology related (land, soil, water, crop) or institutional and policy based, which is implemented 
based on real time weather pattern (including extreme events) in any crop growing season” (Srinivasarao et 
al., 2013). The real-time contingency measures aim to (i) to establish a crop with optimum plant population 
during the delayed onset of monsoon; (ii) to ensure better performance of crops during seasonal drought 
(early/mid and terminal drought) and extreme events, enhance performance, improve productivity and 
income; (iii) to minimize damage to horticultural crops/produce; (iv) to minimize physical damage to 
livestock, poultry and fisheries sector and ensure better performance) to ensure food security at village level 
and (vi) to enhance the adaptive capacity and livelihoods of the farmers. Some of the methods/measures to 
be adopted as real-time contingency plan implementation during various weather aberrations are presented 
in Table .

Table: RTCP measures for various climatic aberrations in arable crops

Climatic 
aberration

RTCP measures

Delayed 
onset of 
monsoon

	Beyond the sowing window, choice of alternate crops or cultivars depends on the farming 
situation, soil, rainfall and cropping pattern in the location and extent of delay in the onset of 
monsoon.

Early  
season 
drought

	Re-sowing within a week to 10 days with subsequent rains for better plant stand when germination 
is less than 30%.

	If the plant population is 50 to 75% of the optimum population (gaps in rows and also in between 
rows), sow the same crop of shorter duration variety in the gaps either within or in between rows. 
If less than 50% optimum population, sow suitable contingent crop as per the remaining effective 
growing season e.g. pearlmillet in place of sorghum up to 1st week of July. 

	Thinning in small-seeded crops.

	Interculture to break soil crust, remove weeds and create soil mulch for conserving soil moisture.

	Avoid top dressing of fertilizers till favourable soil moisture.

	Opening conservation furrows at 10 to 15 m intervals.
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Early  
season 
drought

	Pot watering along with gap filling when the crop stand is less than 75% in crops like cotton.

Mid-season 
drought

	If symptoms such as drying of leaves, wilting of plants and cracking in black soils are observed, 
blade harrowing in rows during dry spell helps in creating dust mulch and closing of cracks in 
black soils. After relief of dry spell, open conservation furrows at 1.2 m distance, spray with 2% 
urea, particularly in pulse crops, castor and sunflower. Apply additional 10 kg N/ha.

	Plant protection.

	Supplemental/protective irrigation, if available.

	Repeated interculture to remove weeds and create soil mulch to conserve soil moisture.

	Avoid top-dressing of fertilizers until receipt of rains.

	Opening conservation furrows for moisture conservation, foliar spray of 2% KNO3 or 1% water 
soluble fertilizers like 19-19-19, 20-20-20, 21-21-21.

	Opening of furrows in alternate crop rows.

	Surface mulching with crop residues.

Terminal 
drought

	Providing life-saving or supplemental irrigation, if available. Harvesting crop at physiological 
maturity with some realizable yield or harvest for fodder. 

	Prepare for winter (rabi) sowing in double-cropped areas. 

	Ratoon maize or pearlmillet or adopt relay crops such as chickpea, safflower, rabi sorghum and 
sunflower with minimum tillage after soybean in medium to deep black soils in Maharashtra.

	Prefer contingency crops (horsegram/cowpea) or dual-purpose forage crops on receipt of showers 
under receding soil moisture conditions.

Unseasonal 
heavy 
rainfall 
events

	Re-sowing.

	Providing surface drainage.

	Application of hormones/nutrient sprays to prevent flower drop or promote quick flowering/
fruiting and plant-protection measures against pest/disease outbreaks with need based 
prophylactic/curative interventions.

	At crop maturity stage, prevention of seed germination and harvesting of produce.

	If untimely rains occur at vegetative stage, the contingency measures include: 

	Draining out the excess water as early as possible.

	Application of 20 kg N + 10 kg K/acre (0.4 ha) after draining excess water.

	Gap filling either with available nursery or by splitting the tillers from the surviving hills in rice.

	Suitable plant protection measures in anticipation of pest and disease outbreaks.

	Foliar spray with 1% KNO3 or water-soluble fertilizers like 19-19-19, 20-20-20, 21-21-21 at 1% 
to support nutrition.

	Interculture at optimum soil-moisture condition to loosen and aerate the soil and to control 
weeds.

	Earthing up the crop for anchorage etc.
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Floods 	In sand-deposited crop fields/fallows, ameliorative measures include early removal or ploughing 
in of sand (depending on the extent of deposit) for facilitating rabi crop or next kharif crop. 

	In silt-deposited Indo-Gangetic Plains, early rabi crop plan is suggested in current cropped areas 
and current fallow lands. 

	Draining out of stagnant water and strengthening of field bunds etc.

	In diara (flood prone) land areas, measures include alternate crop plans for receding situations.

	Community nursery raising.

	Re-transplanting in damaged fields and transplanting new areas or direct seeding depending on 
seed availability.

	Prevention of pre-mature germination of submerged crop at maturity or of harvested produce by 
spray of salt solution.

Source: Adapted from Srinivasa Rao et al. (2016)

5.2.2 Research

Few researchable and extension issues on cropping systems under changing climate conditions need to be 
addressed on priority. The important issues include developing zone-wise climate resilient cropping systems 
packages along with associated management practices, agroforestry based cropping systems, evaluation of 
crop varieties in cropping system mode, evaluating cropping system modules in farming systems perspective 
and demonstration of proven systems in cluster approach for large scale adoption. 

Crop planning as per climate-soil-site suitability: Agriculture is mainly a land based activity, and thus 
requires better land resource management for higher productivity and conservation of resources. Efficient 
resource management has become more relevant in recent time to address the twin problems of unabated 
land degradation and impact of changing climate on land productivity. Further, the natural resources have 
profound influence on cropping pattern and crop productivity. Since each plant species need specific 
soil-site conditions for its optimum growth. As a result, soil-site based landuse planning has capacity to 
double the yield under many rainfed conditions (WATP-MMLUP-III/28-Final Report 2006). Therefore, soil-
site suitability for crops needs to be determined to grow most suitable crop(s) in each land use types. 
Plant requires a reasonable moisture and nutrient supply, linked to a sufficient rooting depth and a good 
energy regime for photosynthesis and biomass production. And the adaptability of crops in an area is 
the interaction between existing edaphic conditions and fitness of the cultivar under those conditions. 
Further, the productivity and profitability of agriculture are largely determined by field preparation and 
harvesting conditions, while workability and trafficability factors may also have to be considered for some 
land utilization types. 

Although, lot of experimental data on crop production have been generated, but rarely correlated with 
soil-site conditions. Thus, there is need to identify and specify the suitability criteria for different annual 
crops through land evaluation approach using soil parameters and yield data (Sehgal et al. 1989; Sys et al. 
1991). Some efforts were made to develop criteria for the major crops, which further helps in identifying 
the potential area for maximizing the production and also to suggest ameliorating measures for better crop 
management (NBSS&LUP, 1994). 
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Development of new crop varieties: The development of new crop varieties including types, cultivars and 
hybrids, has the potential to provide crop choices better suited to delayed onset of monsoon, temperature, 
moisture and other conditions associated with climate change. This involves the development of plant 
varieties that are more tolerant to such climatic conditions as heat or drought.

Seed of resilient crop varieties: Timely availability of quality seeds for sowing and re-sowing (in case 
of loss of standing crop due to early season stress) is critical for successful farming. The strategies for 
availability of resilient varieties include a) developing community seed banks to meet local seed demand as 
a contingency measure and facilitate the revival and distribution of traditional and stress-tolerant crops and 
varieties, b) a robust decentralized seed system to provide quality seed material at affordable prices at right 
time, c) ensuring conservation of the local agro-biodiversity which has inbuilt tolerance to various stresses,  
d) improving seed quality of farm saved seeds and seed production, distribution and storage conditions at 
farmers’ level and e) strengthening seed village concept in a coordinated effort.

Resilient cropping systems: Intercropping is an efficient strategy that can be followed with desirable outcome 
in the present climate change scenario. Grain-legume intercrops have many potential benefits such as stable 
yields, better use of resources, reduction of weeds, insect-pests and diseases, and reduced N leaching as 
compared to sole cropping systems. Crop/cropping system based technologies need to be centered on 
promoting the cultivation of crops and varieties that fit into new cropping systems and seasons. Improved 
and novel agronomic and crop production practices like adjustment of planting dates to minimize the effect 
of high temperature increase-induced spikelet sterility can be used to reduce yield instability, by avoiding 
flowering to coincide with the hottest period.

5.2.3 Institutional interventions

It is essential to have institutional structures at the village level to guide the implementation, and continuation 
of interventions for long lasting impact. A Village Level Institution (VLI) is a formal body intended to ensure 
sustainable agriculture and rural development in India. The very purpose of forming VLI is to provide 
people ownership of any development project by making them an integral part of decision-making, giving 
them control over their resources, autonomy to implement the project and carry on the process even after 
the completion of such projects (Srinivasarao et al., 2013). The VLIs like Village Climate Risk Management 
Committee (VCRMC), Custom Hiring Centre (CHC), Seed bank, Fodder bank etc have a greater role to play 
in the initial preparedness for implementation of real time contingency planning. 

Village Climate Risk Management Committee (VCRMC): A VCRMC, a unique institution at the village 
representing all categories of farmers, is formed with the approval of the gram sabha (village level decision 
making body). In the NICRA villages adopted by AICRPDA centres, the VCRMCs played a greater role in 
identifying and implementation of need based climate risk resilient interventions such as renovation and 
or establishing new farm ponds/percolation tanks/ other water harvesting structures for creation of water 
assets for drought proofing, crop based interventions, establishing and efficient functioning of custom hiring 
centres etc (Srinivasarao et al., 2013).

Custom Hiring Centre (CHC): Timeliness of agricultural operations is crucial to cope with climatic variability, 
especially for sowing and intercultural operations as soil moisture status provides a limited sowing window, 
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particularly in rainfed agro-ecosystems (Reddy et al., 2015). With increasing climatic variability, timely 
sowing or re-sowing is important, which is required for ensuring optimum plant population and better crop 
growth. However, small holding farmers often are not able to take up sowing in time for want of labor and 
implements. Though farm machines are used for completing farm operations, their access is limited (Mehta 
et al., 2014). 

In the NICRA villages adopted by AICRPDA centers, Custom Hiring Centers (CHCs) were established with 
need based implements made available (both bullock drawn and tractor drawn) which ensured timely and 
precision agricultural operations covering large areas in short span. This is an important intervention to deal 
with variable climate like delay in monsoon, inadequate rains needing replanting of crops etc.

Village seed bank: Providing seeds of improved and stress tolerant varieties to farmers in time is one of the 
important interventions for imparting resilience against climate variability. The purpose of a village seed 
bank is to serve as an emergency seed supply when farmers experience shortage of seeds, where there is 
a need for re-sowing of crop. The farmer groups are trained and given seed and guidance to multiply the 
seed. Participatory village level seed production of short duration, drought and flood tolerant varieties was 
demonstrated in several villages in rice, soybean, groundnut, green gram, finger millet, foxtail millet and 
pigeonpea. The resilient varieties are multiplied on the farms, processed and stored by the communities 
to ensure more farmers access the improved seeds. Community seed banks can take different forms, for 
example, seeds can be stored in pots in a shed or community buildings, in clay pots on the floor, or in a 
family granary.

Fodder bank: Fodder bank consists of planting of high-quality fodder species which can provide high 
biomass in short time and bridge the forage scarcity during the annual dry seasons and also during the 
long dry spells within the growing season. Planting of high biomass yielding and fast-growing grasses and 
shrubs suitable for fodder not only increases fodder availability, but also reduces erosion and landslides 
that originate in these areas. These fodder banks also help in the preservation and storage of surplus fodder, 
availability of nutritious fodder during the period of fodder scarcity and enhance nutritive value of crop 
residue and other cellulosic waste for animal feeding (Dhyani et al., 2013).

5.2.4 Policy framework

Implementation of agriculture contingencies in real time needs a stronger policy support. India has a very 
comprehensive framework of legal and institutional mechanisms in the region to respond to the tremendous 
challenges to the environment it is facing, owing to population growth, poverty and illiteracy augmented by 
urbanization, and industrial development (Prasad and Kochher, 2009). The country has had, over the last 
six decades, major programs addressing climate variability concerns. These include cyclone warning and 
protection, coastal protection, floods and drought control and relief, major and minor irrigation projects, 
food security measures, research on climate resilient agriculture, and several others.

A sound policy framework should address the issues of redesigning the social sector with focus on 
vulnerable areas/populations, introduction of new credit instruments with deferred repayment, liabilities 
during extreme weather events, and weather insurance as a major vehicle to transfer risk (Venkareswarlu 
and Shanker, 2009). Better seed systems to be established to ensure quality seed availability during delayed 



51

monsoon conditions and in the conditions of complete crop failures in severe droughts or flood conditions. 
Availability of seed material of contingent crops such as legumes, millets and oilseed crops need to be 
ensured. In many rainfed regions, often the window for crop sowing operation is limed due to less number 
of rainy days. Hence, it is necessary to ensure farm implement availability in the village to complete sowing 
of crops. However, farm machinery supply should be for both bullock and motor operated mode as large 
numbers of farm holdings are small and marginal. Similarly, ensuring the availability of bullock/tractor 
drawn implements of sowing of different intercropping systems is important for promoting adoption of 
resilient intercropping systems. Every part of India experiences some weather aberration like droughts, 
floods/cyclones, heat wave and hailstorm, frost etc. often resulting in grain damage during harvesting stage. 
Hence, strong implementable interventions are needed to ensure the purchase of damaged grain at local 
level. 

A good convergence among research organizations and various government programs such as national/
state action plans, NMSA, NFSM, Pradhan Mantri Krishi Sinchayee Yojana (PMKSY), soil health schemes, 
water mission, green climate fund etc. will further contribute to scaling up of resilient crops and cropping 
systems to cope with weather aberrations in rainfed regions of India. ICAR-CRIDA has developed 650 
District Agriculture Contingency Plans (DACPs). Operationalization of these plans is necessary particularly 
to cope with delayed onset of monsoon and seasonal drought. Further, regular stakeholder meetings should 
be organized to arrange for suitable drought tolerant and short duration seed material and other inputs. 
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