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Challenges to Global Agriculture
Feeding 9.3 billion population by middle of 21st century 
the safe and nutritious food is the greatest challenge to 
the humanity. Agriculture is vulnerable to global warming 
and depletion of natural resources. Biodiversity loss, 
risk of change in pest dynamics, declining food quality 
and greater risk to food contamination (mycotoxins) 
are other adverse impact of global warming (Dwivedi 
et al., 2013). South Asia and sub-Saharan Africa are 
predicted to be worst affected due to climate change and 
variability effects and it is in these regions that ICRISAT 
mandate crops (chickpea, pigeonpea, groundnut, pearl 
millet, sorghum, and finger millet) are largely grown 
and consumed (FAO, 2014). More importantly, the risk 
absorbing capacity of the farmers in these regions is low 
and therefore, developing climate-resilient technologies 
including improved and nutritious seeds together with 
judicious management of natural resources is the way 
forward to address food and nutritional security. 

Yield Increase and Genetic Gains
Globally, following adoption of improved technologies 
including seed, productivity of maize, rice and wheat has 
been drastically increased, while such a dramatic increase 
was not observed in coarse grains and legumes (Fig. 1) 
(FAO, 2014). Of recent, the yield in many crops either 
stagnated, declined or showed only marginal increase 

(Fig. 1). Genetic gain is defined as the annual increase 
in  yield realized through  crop breeding. A review of 
literature reveals <1.0 year-1 genetic gains through 
breeding in many crops, for example, from 0.65% year-1 

to 0.74% year-1 in wheat (Zhou et al., 2007; Sharma 
et al., 2012), 0.85% year-1 in sorghum (Woldesemayat 
et al., 2015), and from 0.43% year-1 to 1.89% year-1 
in groundnut (Hagos et al., 2012; Haro et al., 2013). 
There is therefore a need to double the genetic gains 
in most crops to increase food and nutritional security 
to growing world population.

Plant Genetic Resources (PGR) for Enhanced 
Genetic Gains
PGR are the basic raw materials to power current and 
future progress in crop improvement programmes. 
Globally, 7.4 million accessions are conserved in more 
than 1,750 genebanks (FAO, 2010). RS Paroda genebank 
at ICRISAT, Patancheru, India has the largest collection 
(1,24,305 accessions) of its mandate crops from 144 
countries (www.icrisat.org), conserved as active (4°C 
temperature and 30% relative humidity in medium-
term storage) and (116,491 accessions) in base (-20°C 
temperature in long-term storage) collections.
	 Low use of germplasm is a major concern as 
only less than 1% of assembled germplasm has been 
used in breeding programmes globally (Upadhyaya et 

Fig. 1. Trends in productivity of important cereals and legume crops during 1961-2014.
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al., 2006) leading to a narrow genetic base in most 
crop cultivars. For example, 50% of wheat, 75% 
of potato, 50% of soybean cultivars grown in USA 
trace back to 9, 4 and 6 genotypes in their pedigrees, 
respectively (World Conservation Monitoring Centre, 
1992). Enhanced use of germplasm can be achieved 
through developing representative core (10% of entire 
collection) and mini-core (10% of core or 1% of entire 
collection) collections facilitating extensive evaluation 
of germplasm and identification of genetically diverse 
accessions with agronomically beneficial traits for use 
in breeding programmes. 

Forming Core and Mini-core Collections
Large size of collections and lack of reliable data on 
traits of economic importance, which show high genotype 
× environment interaction are considered as the main 
reasons for low use of genetic resources. To overcome 
this core and mini-core (Upadhyaya and Ortiz, 2001) 
collections, based on passport, characterisation and 
evaluation data and reference set based on genotyping 
information are now available in ICRISAT mandate crops 
and small millets (Upadhyaya, 2015, www.generationcp.

org). Due to its reduced size and representativeness of 
species diversity, the mini-core collections are an ideal 
genetic resources for an in depth characterisation of 
its biological diversity and use in crop improvement 
programmes (Fig. 2). So far, the Genebank has provided 
274 sets of mini-core collections of different crops to 
scientists in 36 countries and 114 sets to scientists at 
ICRISAT.

Identifying New Sources of Variations using Mini-
core Collections
Systematic evaluation of core/mini-core collections 
resulted in identification of a number of germplasm 
lines with agronomically and nutritionally beneficial 
traits in addition to resistance/tolerance to abiotic and 
biotic stresses. For example, multiple stress resistance 
in chickpea (Upadhyaya et al., 2013); multiple stress 
resistance and nutrient dense (oil, protein, Fe, Zn, oleic 
acid) in groundnut (Upadhyaya et al., 2014a); high sugar 
stalk sorghum germplasm (Upadhyaya et al., 2014b); 
downy mildew resistant pearl millet (Sharma et al., 2015) 
or nutrient dense finger and foxtail millets (Upadhyaya 
et al., 2011 a, b). 

Fig. 2. Mini-core collections for enhanced use of germplasm
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Enhanced Uptake of Germplasm in Crop 
Breeding
An analysis of the uptake of germplasm in crop 
improvement programmes at ICRISAT showed that 
germplasm use has increased since the formation of 
the mini-core collections in some crops. For example, 
30% stresses tolerant accessions used in breeding during 
2005-2009 were from mini-core, while in 2010-2014, 
more emphasis (17%) was given to those germplasm 
possessing yield and seed nutritional traits. The emphasis 
in groundnut during 2005-2009 was on stress tolerance 
(37% from mini-core), which during 2010-2014 changed 
to involving both stress tolerance (54%) and yield and 
quality (52%) traits in breeding. 

Germplasm Released as Cultivars
To date, 109 germplasm lines supplied by RS Paroda 
genebank were directly released as 146 cultivars in 51 
countries, few lines in more than three countries. For 
example, a chickpea landrace ICC 11879 was released 
in eight Mediterranean countries; a vegetable type 
pigeonpea landrace ICP 7035 in Fiji, India, China, Nepal 
and Philippines or a groundnut accession ICG 7827 in 
nine countries. Over 800 cultivars were released in 79 
countries utilising germplasm and breeding lines from 
ICRISAT. 

Economic Impact of PGR Use in Cultivar 
Development
The PGR contribute to development of breeding 
populations or direct release of germplasm as cultivars. 
PGR has been particularly useful in adding disease 
resistance through hybridization or when a resistant 
PGR has been released as cultivar. This has significant 
economic impact on farmers. For example, a wilt resistant 
pigeonpea landrace ICP 8863 released as ‘Maruti’ in India 
in 1986 benefited US$75 million by 1996. Similarly, in 
case of groundnut a single germplasm line PI 203396, 
resistant to tomato spotted wilt virus has contributed 
>200 million US $ annually in the USA. 

Crop Wild Relatives (CWR) for Enhancing Cultigen 
Genepools
CWR harbour genes for stress tolerance, seed yield and 
nutritional traits (Rao et al., 2003; Upadhyaya, 2008). RS 
Paroda genebank conserves a total of 2,876 accessions of 
wild relatives. Several promising sources were identified 
for agronomic and nutritional traits and abiotic and 

biotic stress resistances in all mandate crops. ICRISAT 
made systematic efforts to infuse diversity from wild 
relatives to enhance resistance to pod borer in chickpea 
and pigeonpea, and to rust and leaf spots in groundnut 
(Upadhyaya, 2015). In groundnut wild species through 
amphidiploid has been successfully used to enhance 
100-seed weight, pod yield (Upadhyaya, 2008) and traits 
related to drought tolerance such as specific leaf area 
and SPAD value using chlorophyll meter.

Accelerating Genetic Gain through Use of Genetic 
and Genomic Resources
ICRISAT mandate crops are no more orphan but genetic 
(germplasm representative subsets, stress tolerant and 
nutritionally dense seed, genetic mapping populations) 
and genomics (DNA markers, high density genetic maps, 
reference genomes) resources rich crops. Researchers are 
now using high throughput phenotyping and genotyping 
platforms (including genotyping by sequencing) to dissect 
the genetic and physiological basis of trait expression 
and deployment to accelerate genetic gains in crop 
breeding. In addition, researchers are now sequencing 
genomes of diversity panels (for example, 300-chickpea 
or groundnut genomes) and its comparison with reference 
genome is expected to associate sequence difference 
with agronomically beneficial traits.
	 The judicious use of these genetic and genomic 
resources have enabled researchers identify significant 
marker-trait associations or candidate genes associated 
with agronomic traits, for example, stress tolerance and 
agronomic traits in sorghum, chickpea and groundnut. In 
addition, the use of groundnut germplasm lines identified 
from mini-core collection have resulted in developing 
exceptionally high oil (up to 63%, compared to ~48% 
in control cultivar) and high-yielding breeding lines, 
indicating that new germplasm sources contribute to 
enhancing genetic gains. 
	 In conclusion, plant genetic resources play an 
important role in developing cultivars with high genetic 
gains to meet the adverse effects of climate change on 
global agriculture. Use of representative subsets such as 
mini-core collections serves as an ideal diversity panels 
for trait discovery. The availability of high throughput 
genotyping and phenotyping facility at ICRISAT has 
opened the gateway to accelerate understanding of the 
genetic control of the trait expression and subsequently 
to rapid genetic gains in crop breeding. 
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