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• A drought-tolerant genotype 
ICC8950 produced more seed 
yield under the combined heat + 
drought stress than other 
genotypes

• Stress damaged membranes, 
and decreased PSII function and 
chlorophyll content

• The levels of oxidative 
molecules (malondialdehyde 
(MDA) and H2O2) increased in 
all stress treatments, especially 
under combined heat + drought 
stress 



• Stress damaged membranes, and decreased cellular 
oxidizing ability, stomatal conductance, PSII function 
and chlorophyll content; damage was greater under 
combined stress. 

• Leaf Rubisco activity decreased severely with combined 
stress.

• Sucrose, starch and their biosynthetic enzymes level 
decreased in all treatments; reductions were greater 
under combined stress. 

• These effects were more severe in heat- and drought-
sensitive genotypes compared with drought tolerant 
genotypes.



• Both heat and drought resulted in marked reduction in the rate and duration of 
seed filling to decrease the final seed size. 

• Combined stresses accentuated the damage to seed starch, storage proteins 
and their fractions, minerals, and several amino acids. 

DT - Drought tolerant DPL 53
DS - Drought sensitive LL699



Control - drought - heat - heat + drought 

Drought tolerant genotype (DPL53)
Drought-sensitive genotype (ILL 2150) 
Heat tolerant genotype (1G 2507) 
Heat sensitive genotype (1G 3973)



Seed sucrose decreased with each stress together with its biosynthetic enzyme

Control - drought

heat - heat + drought 

Drought tolerant genotype (DPL53)
Drought-sensitive genotype (ILL 2150) 
Heat tolerant genotype (1G 2507) 
Heat sensitive genotype (1G 3973)



Observed an overall reduced growth and yield upto 70% under combined stress 
condition compared to individual stress. 
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AWW ambient well watered; 
EWW elevated well watered; 
AWS ambient water deficit 
stress; 
EWS elevated water deficit 
stress; 
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For introgression of high levels of AB and BGM resistance in cultivated chickpea from 
wild relatives, accessions of seven annual wild Cicer spp. were evaluated and 
identified: C. judaicum accessions 185, ILWC 95 and ILWC 61, C. pinnatifidum
accessions 188, 199 and ILWC 212 as potential donors. C. pinnatifidum accession l88 
was crossed with ICCV 96030 and 62 F9 lines resistant to AB and BGM were derived. 
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Incidence of black root rot disease



Incidence of dry root rot disease



Future perspective

Combined stress in crops results in yield loss. To overcome 
this loss, mitigation strategies are required

• Plant Growth Promoting Rhizobacteria (PGPR) 
• Developing tolerant crop cultivars
• Use of Fertilizers
• Deployment of biocontrol species (new species should 

be experimentally tested under different stress 
conditions) 

• Meteorological correlations studies are important to 
understand relationship between weather condition 
and field grown crop health.
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