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Pulses – World Scene



Global investment  in grain legume R,D&E is  too low 
compared with cereal crops: (US $ 175 million per 
annum in 13 pulse crops)
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World drylands



Drought alone is 
estimated to reduce 
yield by 30% annually.

This will become more 
severe under 
predicted climate 
change scenarios.

Targeted breeding and 
selection for tolerance 
to drought and heat 
are urgently required 
(including agronomic 
packages). 



Grainbelt of 
Australia

Knights and Siddique (2003)
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• Climate: cold wet winters and hot dry summers

• 12 million ha of arable land in the south west

• 4,000 farmers, farm size  3,000 ha

• Rainfall focused between May-Aug

• Pulses are sown in autumn (Apr – Jun), 
often flowering from mid-Aug

Mediterranean zone of Australia



Lack of very wet
years & 
decrease in 
variability

2010 - driest year
on record

Significant drop in rainfall in southwest WA in the mid 1970’s
Source: Bureau of Meteorology

2018

Southwestern Australia getting drier



SW WA is getting hotter
Four

hottest 
years on 

record

Source: Bureau of Meteorology http://www.bom.gov.au/cgi-bin/climate/change/timeseries.cgi?graph=tmean&area=swaus&season=0112&ave_yr=0

2018



Various effects of 
temperature stress on 
reproductive 
development stages in 
legumes



(a) Disintegration of tapetum layer that offers nutrients
to pollen,

(b) disruption of pollen and pollen sterility,

(c) anther dehiscence due to degeneration of tapetum
layer and reduced concentration and availability of
soluble sugars in anther walls,

(d) pollen shattering due to meagre pollen adhesion
on stigma which reduces pollen viability,

(e) reduced germination of pollen grains on pollen tube
due to poor tube growth and pollen production,
and less stigma receptivity



Observations of the ultra-structure of
leaves in normal sown (NS) and late
sown (LS) lentil plants. Heat Tolerant and
Sensitive genotyeos

Disrupted cell organelles, thickened
cell wall, disrupted chloroplast,
damaged and increased number of
mitochondria,

dispersed chromatin in nucleus,
shrinkage of vacuoles, and fewer and
smaller starch granules in the
chloroplast in a heat-sensitive
genotype under LS conditions.



SEM observations under normal (NS) and late-sown
(LS) environment on reproductive components in
heat tolerant nd sensitive lentil genotypes.

Note the (l) lack of pollen tube growth in the stylar
region of LS heat sensitive genotypes compared with
(k) heat-tolerant genotypes.





Morphological effects of heat stress (HS) 
observed on chickpea plants: plant height 
with more number of pods; under control (a), 
reduced plant height with lower number of 
pods; under HS (b), 
healthy leaves; under control (c), leaf 
chlorosis under HS (d), leaves necrosis; under 
HS (e), leaf scorching/leaf bleaching of 
leaflets due to photooxidation under HS (f),

healthy flower; under the control (g), aborted 
flower under HS (h), comparative pod size 
under control and HS (i) and comparative 
seed size under control and HS environment 
(j).



Chilling Tolerance in Chickpea

More pollen tubes of CTS60543 grow
down the style to the ovary at low
temperature stress (7oC) compared
to Amethyst.

Styles were fixed 24 h after
pollination and stained with aniline
blue.



The effect of temperature on the proportion of
germinated pollen tubes to reach the ovary
after 5 and 24 h in hand pollinated flowers in
vivo in sensitive and tolerant genotypes.



Schedule for chickpea
improvement, including repeat
cycles of pollen selection at low
temperature stress, which was
used successfully to develop new
cultivars for Australia



Influence of salt stress on the
growth of different chickpea
genotypes.

Genotype DICC 8187 performed
better under salt stress than the
other genotypes.



Terminal drought
The soil moisture stress that occurs during flowering, 

pod filling and seed development stage 

A major constraint in >80% of global chickpea area



Breeding  and selection for drought 
resistant genotypes are required

 Identify chickpea genotypes with resistance to drought in 
Mediterranean-type  environments;

 Investigate the underlying physiological mechanisms.

Overall objectives –



Evaluation of germplasm from 
ICRISAT and Australia 

2013

2012
York - water-limited 
environment, 108 lines; 
large plots

Bindi Bindi & Cunderdin -
water-limited 
environment, 62 lines; 
large plots

Glasshouse - controlled 
environment; Physiology 
of drought



Large 
variation in 
seed yield 
across the 
field sites
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Physiological responses of 
chickpea to drought stress 

Plants in wheelie bins (over 100kg 
field soil/bin) 10 times larger than in 
small pots

More nutrient and water resources –
mimics field situation better 



Water treatments

Well-watered (WW)
Water-stressed (WS)

Started at early podding



Monitor soil water content precisely 
is critical to drought study

80L wheelie bins
A custom-made balance to 
weigh bins



Change in soil water content after 
drought stress
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Genotypic difference – 24 days after 
stopping water

The soil water content was similar among different genotypes - ~2.6% 
(w/w), equivalent to 13% of SFC.

Neelam CICA0912



Flowers of Rupali at three stages of development in well-
watered (A–C) and water-stressed plants (D–F) 

Flowers in the WS plants did not burst when LWP 
decreased to –1.2 MPa. 
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Drought reduced reproductive 
processes



Drought reduced pollen viability 
and germination
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Pollen tube reached the ovary in all 
flowers when soil water content reduced 
from 80% to 25% field capacity

Pollen tube growing down 
and reaching the ovary

• Increased flower abortion –pollen 
tube growth into ovary could not 
guarantee the success of fertilisation

• Possible inhibition on ovary fertility;

• Short of carbohydrate supply, 
and/or hormone?



Abscisic acid was likely related 
to early pod abortion

Pods developed 

from flowers tagged  

Abscisic acid concentration (ng g-1 FW) 

DICC8156WW DICC8156WS DICC8172WW DICC8172WS 

80% SFC 907  ± 166 1157  ± 225 474 ± 32 620  ± 103 

50% SFC 781 ± 97 5197 ± 425 622 ± 57 2907 ± 524 

 

ABA in young pods at 9 
days after flowering

ABA accumulation in the seed/pod may be associate with pod/seed abortionPa
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ABA concentration increased 
3-5 times under WS

Tissue Days after 

flowering 

Abscisic acid concentration (ng g-1 FW) 

DICC8156WW DICC8156WS DICC8172WW DICC8172WS 

Pod wall 16 544 ± 22 1493 ± 155 345 ± 49 840 ± 49 

23 76  ± 18 405 ± 97 74 ± 4 322 ± 44 

Seed 16 625 ± 44 1746 ± 41 637 ± 87 1451 ± 297 

23 1236  ± 68 3008  ± 461 1260 ± 178 3969 ± 69 

 

Seeds developed from 
flowers produced at 80% 

FC

Pang et al. J Exp Bot 2016



Drought reduced seed size
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Drought reduced seed yield
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Chickpea root system phenotyping 
platform



Taproot length
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Summary: 
Drought impacts 
on reproductive 
process

Flower 
abortion Pod abortion

Possible fertilisation failure 
due to ovary viability

or other factors e.g. ABA, 
sugar

Pollen sterility

Reduced yield

Drought

Cessation of 
seeds



Genotype

Gene(s)

Trait/QTL

Phenotype

Transc
Proteo
Metab
TILLIN
EcoTIL

EST Sequen
Genome Seq
Map-based C

Genetic Mapping
Physical Mapping

Genetic Mapping
Association Mapping

QTL Mapping
Trait Correlations

Genetic 
Resources

Improved 
germplasm

Trends Pl Science 2005
Trends Biotech 2006

Source: Rajeev Varshney

Genomics-assisted breeding: 
predicting the phenotypes



Functional Genomics of Chickpea to 
enhance drought tolerance

Crossing the genome to phenome divide in the crop 
legume Chickpea (Cicer arietinum) to enhance its drought 
tolerance. 

• development of pangenome and gene-linked 
proteomics and metabolomics focused on drought 
tolerance. 

• use genetic resources from Indian and Australian partners 
• combine expertise in the development of genome/ 

protein/ metabolite datasets that will define genomic 
variation and gene/protein expression profiles linked to 
drought tolerance.

2019-2023
Australia India 
Strategic 
Research Fund (AISRF):







A genomic region 
(called QTL hotspot) 
harbouring QTLs for root 
traits and various other 
drought tolerance 
related traits identified 
on LG 4

ICC 4958 × ICC1882 RILs 

ICC 283 × ICC 8261 RILs

Source: Varshney et al. 2014.



To investigate the mechanisms underpinning the 
positive effects of ‘QTL-hotspot’ on seed yield under 
drought, we introgressed this region from the ICC 
4958 genotype into five elite chickpea cultivars. 

The resulting introgression lines (ILs) and their
parents were evaluated in multi-location field trials
and semi-controlled conditions.

The results showed that the ‘QTL-hotspot’
region improved seed yield under rainfed
conditions by increasing seed weight,
reducing the time to flowering,
regulating traits related to canopy
growth and early vigour, and enhancing
transpiration efficiency.



Phenotypic characterization of 3D-leaf area in chickpea introgression lines (ILs) and their parental lines using the
LeasyScan platform.

Barmukh et al 2022



Effects of ‘QTL-hotspot’ on transpiration efficiency in chickpea introgression lines (ILs) and their parental lines
under water deficit.

Barmukh et al 2022



Yield performance of chickpea introgression lines (ILs)
and their recurrent parental lines in the rainfed multi-
location field trials in 2018–2019.

The donor parent in each case was ICC 4958, which
possess ‘QTL-hotspot’.

Mean plot yields are shown for (A) Pusa 372 and BGM
10216, (B) ICCV 10 and DIBG 205, (C) RSG 888 and BGM
10218, (D) Pusa 362, BG 4005, and BG 3097, (E) JG 11,
DIBG 505, and RVSS 51.

The locations are as follows: GUL, Gulbarga; COI,
Coimbatore; VIJ, Vijayapur; BAD, Badnapur; RAH,
Rahuri; NAN, Nandyal; ARN, Arnej; SEH, Sehore.

Barmukh et al 2022



Drought tolerant chickpeas in India

Pusa JG 16
Yield potential: 

2,124 kg/ha

IPC L4-14
Yield potential: 

1,600 kg/ha

Pusa Chickpea 
10216

Yield potential: 
2,575 kg/ha

Pusa Chickpea 
4005

Yield potential:
1,940 kg/ha



Drought tolerant 
chickpeas in Africa

Geletu
 Yield potential: 3,822 kg/ha
 15% yield advantage over check variety in Ethiopia

Girar
 Yield potential: 2,139  kg/ha
 14.2% yield advantage over check 

variety in Ethiopia

Drought-tolerant chickpea lines entering 
variety release pipeline (EUCK-6, EUCD-P6, 
and EUCD-P52) in Kenya

Farmer-preferred MABC lines of drought tolerant chickpea in Tanzania



Simultaneous occurrence of drought and
heat stress significantly affects the various
traits (morphological, physiological,
biochemical and genes) of the plants.

At physiological level, relative leaf water
content, stomatal conductance, chlorophyll
concentration and photosynthetic traits
decrease canopy temperature depression,
electrolyte leakage, respiration and
oxidative stress increase.

Plants adapt themselves under such
conditions by modulating the expressions of
antioxidants, osmolytes, and stress proteins.

All these traits synergistically affect the yield
and resulted in major agronomic .losses



(a) Aboveground biomass (stems, leaves and
pod shells) and (b) seed weight per plant of
six chickpea genotypes that were heat
tolerant (HT), heat sensitive (HS), drought
tolerant (DT) or drought sensitive (DS), in the
normal-sown well-watered (Control),



Fast-forward breeding approaches

Trends Genet. (2021)

Innovative genomic breeding approaches can integrate superior haplotypes/ alleles into 
elite varieties to accelerate the development of superior varieties



Strategy for 
strengthening 
the breeding 
process

Journal of Experimental Botany (2018) Rajeev K. Varshney, Mahendar Thudi, Manish K. Pandey, Francois Tardieu, Chris Ojiewo, Vincent Vadez, Anthony M. 
Whitbread, Kadambot H. M. Siddique, Henry T. Nguyen, Peter S. Carberry and David Bergvinson

Conclusions
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