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Climate Change and Heat Stress Tolerance in Chickpea
Pooran M. C a u r, A ravind  K .Ju ka n ti, Srinivasan Sam ineni, S u sh il K. Chaturvedi,
Partha S. Basu, Anita  Babbor, VeeraJayalakshm i, H arsh  Nayyar, Viola Devasirvatham , 
N a lin i M aliikarjuna, Laxm anan Krishnam urthy, and C .L . Laxm ipath i Gowda

A bstract

C hickp ea (C icer  a r id in u tn  L.) is a co ol-seaso n  food leg u m e and su ffers  heavy yield 
losses w hen exposed to heat stress at th e reproductive (flow ering and podding) 

stage. H eat stress is increasing ly  b e co m in g  a severe co n stra in t to ch ickp ea 

produ ction  due to the ch an g in g  scenario  o f  ch ickp ea cu ltivation and expected 

overall in crease  in global tem p eratu res due to ciim ate  ch ang e. A tem p eratu re o f  

35 "C  was found  to b e  critical in d ifferen tia tin g  h eat-to lerant and heat-sen sitive  

genotypes in  ch ickp ea un der field co n d itio n s. Large g en etic  variations exist in 

ch ickp ea for rep roductive-stage heat to lerance. M any h eat-to leran t genotypes have 

b een  identified  through screen in g  o f  g erm p la sm /b reed in g  lin es u n d er heat stress 

co n d ition s in the field. A heat-to lerant breed in g  lin e  IC C V  9 2 9 4 4  has been  released  

in  two cou n tries (as Y ezin  6  in M yanm ar and JG  14 in  India) and is  p erfo rm in g  well 

u n d er late-sow n co n d ition s. H eat stress d u ring  the reproductive p h ase adversely 

affects p ollen viability, fertilizatio n , pod set, and seed d evelopm ent, lead in g  to 

a b sc issio n  o f  flow ers and pods, and su bstan tia l losses in grain  yield. Stu dies on 

physiological m ech a n ism s and genetics o f  heat tolerance, and id en tificatio n  o f  

m olecu lar m arkers and candidate genes for heat tolerance, are in p ro g ress . T h e 

in form ation  generated  fro m  these stud ies will help  in  developing effective and 

e ffic ien t b reed in g  strateg ies for heat tolerance. T h e  p re cis io n  and effic ien cy  o f  

b reed in g  p ro gram s fo r im p roving heat to lerance can  b e  en h an ced  by in tegratin g  

novel approaches, su ch  as m arker-assisled  se lection , rapid g eneratio n  turnover, and 

gam etophytic selection . C hickp ea cultivars w ith en h an ced  heat to leran ce will 

m in im iz e  yield losses in cropping sy stem s/g ro w in g  co n d ition s w here the cro p  is 

exposed to h eat stress at the reproductive stage.

31
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31.1

In troduction

C hickp ea (C iw r arietim tm  L.) is a cool-season food legu m e grow n in m ore than 50 

cou n tries across all co n tin en ts. It is the second  largest grow n and produced pulse 

in  the w orld after bean s. D u ring  2 0 1 0 , ch ickp ea was grow n o n  1 2 M h a , had a 

produ ction o f  11 m illion  m e tr ic  tons, and an average productivity o f  9 1 1 k g h a  1 

(h ttp ://fa o sta t3 .fa o .o rg /h o m e /in d e x .litm l). T h e  m a jo r  ch ickp ea p rodu cing co u n ­

tries inclu de India, A ustralia, Pakistan , Turkey, M yanm ar, E thiopia, Iran , M exico, 

Canada, and the U nited  States. India is the larg est ch ickp ea p roducing cou ntry  w ith 

a share o f  6896 in the area and produ ction o f  ch ickp ea in the world. How ever, this 

produ ction is still n o t su ffic ien t to m eet the d om estic  d em and. As a resu lt, India 

im ports ch ickp ea to bridge the gap betw een dem and  and production.

C hickp ea is a good so u rce  o f  p ro tein  (2 0 -2 2 % ), and is rich  in carbohydrates 

(around 6096), d ietary fiber, m in era ls , and v itam ins [1 -3 ]. T h e re  is a grow ing 

in tern ation al d em an d  for ch ickp ea  and the n u m b e r o f  ch ickp ea im p o rtin g  

cou ntries has in creased  fro m  abou t 60  in 1 9 8 9  to over 1 4 0  in 2 0 0 9 . T h is  is partially 

due to in creased  aw areness about the health  ben efits  o f  p u lses, in clu d in g  ch ickp ea. 

C hickp ea h as several p otential h ealth  ben efits , inclu ding benefic ia l e ffects on  som e 

o f  the im p o rtan t h u m an  d iseases su ch  as card iovascular d iseases, type 2 d iabetes, 
digestive d iseases, and so m e fo rm s o f  can cer [3].

Like o th er leg u m es, ch ickp ea  fixes a tm o sp h eric  n itro gen  through sym biotic 

nitrogen  fixation and this red u ces the need  for ch em ical fertilizer, thereby low ering 

costs o f  p rodu ction  and associated  green h o u se  gas e m issio n s. T h e  residual 

nitrogen  in  the soil a fter ch ickp ea  cultivation ben efits  the su b seq u e n t crop. T h is  is 

particularly im p o rtan t w hen the su bsequ en t crop is a cereal. C rop d iversification  

w ith leg u m es is highly d esired  in cereal-dom inated  cro p p ing  sy stem s for 

im proving and su sta in in g  the overall productivity o f  the cro p p ing  system .

D rou ght and h e at are the m o st im p ortant co n stra in ts to ch ickp ea  production 
globally. It is estim ated  that drou ght and heat stresses together accou n t for about 

5 0 /6  o f  the yield lo sses cau sed  by abio tic  stresses . T h e  eco n o m ic  value o f  these 

losses is estim ated  at U S $ 1 .2 8  billion  [4]. C h ickp ea is a dry and co ol-seaso n  crop, 

largely grow n rain fed  o n  residual soil m oistu re  a fter the rainy seaso n . T h e  

progressively  reced in g  so il m o istu re  cond ition s o ften  lead to m o istu re  stress 

towards the en d  o f  the crop sea so n  (term inal drought), cau sin g  heavy yield losses. 

D ev elop m ent o f  cu ltivars that ca n  escap e (early m aturity) o r  avoid /to lerate (greater 

extraction o f  w ater from  the soil, en h an ced  w ater u se  efficiency) term in al drought 
has been  a m a jo r  ob jective in ch ickp ea  breed in g  p rogram s [5-9].

Exposure to heat stress (35 ,?C and  above) at flow ering and podding in  ch ickp ea  is 

know n to resu lt in  d rastic red uction s in  seed  yields [1 0 -1 2 ], In  co m p ariso n  to 

drought and o th er abiotic stre sse s , heat stress has received relatively less atten tion  

in ch ickp ea b reed in g  p rogram s in the past. How ever, it has drawn co nsid erable  

atten tion  d uring  recen t years. It is now  w ell recognized  that h eat stress  at the 

reproductive stage is  increasing ly  b e co m in g  a serio u s co n stra in t to ch ickp ea 

productivity. T h is  is b ecau se o f  (i) a large sh ift in the ch ickp ea area fro m  cooler

http://faostat3.fao.org/home/index.litml


31.1  In troduc tio n

Figu re  31.1 S h ift  in ch ickp e a area from  northern and northeastern Ind ia  (cooler, lon g-seaso n  
e n viron m en ts) to central and sou thern  India (w arm er, sh o rt-seaso n  en viron m en ts) d u rin g  1964/65 
to 2009/10.

lon g-season  en v iron m en ts to w arm er sh ort-seaso n  en v iro n m en ts , (2) in creasin g  

ch ickp ea  area u n d er late-sow n con d ition s d ue to in creasin g  crop p ing  intensity , and 

(3) expected overall in crease  in tem p eratu res due to clim ate ch an g e [8], In  India, 

d uring 1 9 6 4 /6 5  to 2 0 0 9 /1 0 , d ie ch ickp ea area was reduced by 4 .3  M ha (from  5.1 to 

0 .8  M ha) in n o rth ern  and n o rth eastern  India (Pu njab, H aryana, and U ttar 

Pradesh), w hich  have co oler lon g-season  en v iron m en ts , and in creased  by 4 .3  M ha 

(from  2 .0  a to 6.3 M ha) in central and so u th ern  India (M adhya P radesh , 

M aharashtra, A ndhra P radesh , and K arnataka), w hich have relatively w arm er and 

sh ort-season  en v iron m en ts (Figu re 31 .1 ). T h u s, there has b e en  a co nsid erable  

in crease in  the ch ickp ea area that is prone to heat stress  d uring  reproductive 

developm ent.
In  India, ch ickp ea was previously sow n d u ring  late S ep tem b er to la te  O ctob er in 

m o st o f  the areas, bu t now  there is a w ide range in  sow ing tim es extending to the 

end  o f  D ecem ber. T h is  is b ecau se o f  in creasin g  crop p ing  in tensity  and the 

inclu sio n  o f  ch ickp ea in  new  cro p p ing  system s. Farm ers are desp erate to en h an ce  

their in co m e and are m akin g  eveiy e ffo rt to en h an ce  crop p ing  intensity . So m e 

farm ers w ith  assured  irrigation  facilities are  taking three seq u en tia l crop s in a year; 

for exam ple, a rainy-season crop, su ch  as m aize  (Ju ly -Sep tem b er), follow ed by a 

short-du ration  vegetable crop, su ch  as potato (O cto b er-N o v em b er), w hich  is th en  

followed by ch ickp ea (D ecem ber-A p ril). Irrigated  ch ickp ea in  late-sow n co n d ition s 

su ffers heavy yield losses from  heat stress at the reproductive stage.
M any stud ies on c lim ate  ch ang e have ind icated  that average su rface tem p era­

tures are expected  to rise  by 3—5  ̂C, p o sing  a m a jo r  threat to cro p  produ ction  

(inclu d ing legum es) and agricultural sy stem s w orldw ide, esp ecially  in  the sem i- 

arid  tropics [13 ,14]. M oreover, any in crease  in tem peratu re will have m ore adverse
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effects esp ecially  on co ol-seaso n  crops (e.g., ch ickp ea) than the rainy-season 

crops [15].

T h e  op tim al tem p eratu re for ch ickp ea grow th ranges betw een 10 and 30  :C [16]. 

T h e  reproductive phase (flow ering and seed developm ent) o f  ch ickp ea is 

particularly sen sitiv e to heat stress . A few days o f  exp osu re to h igh tem p eratu res 
(35 "C  o r  above) d u ring  the reproductive p h ase can cau se heavy yield losses through 

flow er and pod abortion . T h e  e ffect o f  in creasin g  season al tem p eratu re on chickp ea 

yield in  northw estern  parts o f  India was studied  using  crop grow th sim ulation  

m odels [17]. T h e  m od els su ggested  a d ecrease in ch ickp ea yield in all the fo u r states 

(Pu njab, R ajasth an , U ttar P radesh , and H aryana) w ith a rise  in seasonal 

tem peratu re. A m axim u m  d ecrease o f  301 kg h a -1  in  grain  yield was observed  in 

H aryana, w hereas a m in im u m  d ecrease o f  53 kg  ha 1 was observed  in  U ttar 

P radesh p er d egree rise  in  season al tem peratu re. T h is  ind icates how  heat stress is 

going to be a ch a llen g in g  issu e  for ch ickp ea productivity u n der future clim atic 
conditions.

T h is  ch ap ter provides an update o n  the past and cu rren t research  efforts o n  heat 

to leran ce in ch ickp ea, and the fu tu re p rosp ects for developing heat-to lerant 

ch ickp ea cultivars for en h a n cin g  its resilien ce  to im p acts o f  clim ate  change.

31.2

Effect o f  H e a t  S t re s s  o n  C h ickpea

H igh tem p eratu res initially  a ffect seed  g erm in atio n  and crop estab lish m en t. 

A lthou gh genotyp ic variation exists in  ch ickp ea fo r h igh -tem p erature to lerance at 

seed germ in atio n , n o  g erm in atio n  was observed at above 4 5 !'C  [18]. T h e re  are 

diverse rep orts o n  o p tim u m  tem p eratu res for seed g erm in atio n , ran gin g  from  

1 0 -1 5  C  [19] to 2 8 -3 3  • C [20]. Covell el al. [21] show ed that 8 0°6  o f  ch ickp ea seed  

germ inated  betw een 31 .8  and 3 3 .8  C. Crop e sta b lish m en t in ch ickp ea is  reduced 

u n der heat stress due to its im p act on im p ortant physiological p ro cesses, su ch  as 
low  ph otosyn th etic rates and h ig h  tran sp iration  rates [18].

H eat stress affects  a w ide ran g e o f  m orp h ological and p hysiological p rocesses, 

and alters the p lan t-w ater rela tionsh ip , u ltim ately  affectin g  crop  grow th and 

d evelopm ent [22]. A lthough red u ction  in  the grow th o f  leg u m es inclu d ing  chickp ea 

has b e en  rep orted  [1 0 ,2 3 -2 5 ] , the bio logical p ro cesses that are a ffected  by heat 

stress are less u n derstood  in  leg u m es com p ared  to cereals . H eat stress-related  

sym ptom s in  leg u m es in clu d in g  ch ickp ea are: w ith ering  and  b u rn in g  o f  

lea v es/stem s, d esiccatio n  o f  plants, stun tin g , sen escen ce , and a bscissio n , shoot 

and root grow th in h ib itio n , flow er and pod abortion , pod dam age, and reduced 

yield [2 6 -2 9 ] . R edu ction  in  sh oo t dry m ass, relative grow th rate, and  net 

assim ila tion  have been  reported  in  oth er crops u n d er heat stress [30 ,31]. Root 
nodu lation and n itro gen  fixation w ere also affected  by heat stress in  ch ickp ea  [32].

P lant phenology' can  b e  m od ified  by ch an g in g  tem p eratu re and photoperiod 

[10,16], A  co m b in atio n  o f  d ifferen t tem peratu res and photoperiods w as im posed  on 

ch ickp ea plants to study th eir e ffe c t on  phenology [33]. It w as observed  that the rate
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o f  p ro g ression  tow ards flow ering was a lin ear fu n ctio n  o f  m ean  tem peratu re. 

Further, there  was no record able in teraction  betw een tem p eratu re and pholoperiod; 

however, the rate o f  progress towards flow ering was increased  u n d er lon g er 

photoperiods. C hickp ea flow ered earlier by abou t 1 w eek u n d er heat stress 

(4 5 /2 5  C) com p ared  to op tim al tem p eratu res [34]. T h e  o ccu rren ce  o f  earlier 

phenology u n d er h ig h -tem p eratn re  cond ition s can  cau se a red u ction  in n u m b e r o f  

reproductive b ran ch es and thereby red u ce seed  yields [35,36]. Days to flow ering 

and m atu rity  d u ration are the key phenolog ical ch aracters that in flu en ce  crop 

perfo rm an ce , especially  u n d er heat stress  co n d ition s, th erefo re  these p aram eters 

are im p o rtan t w hen b reed in g  heat-to lerant ch ickp ea  cultivars.
T h e  m o st sensitive organs to heat dam age in  ch ickp ea are flow ers [32]. In creased  

reproductive organ  d am age [22 ,37], red uced  tim e interval for n o rm al grow th o f  
reproductive organs [38 ,39], and accelerated  grow tli rate [40,41] could  be the m a jo r  

cau ses for yield  red u ction  u n d er high -h eat stress cond ition s. H eat stress could  have 

a negative im p act on floral bud developm ent [42] and seed  co m p o sitio n  [43]. High- 

tem p eratu re stress affects p ollen viability and seed filling, and resu lts  in pod 

abortion  [37 ,44 ,45 ], M ale sterility' due to unviable pollen and  an th er in d eh iscen ce  

w as observed  in covvpea and bean  u n d er heat sh ock  co n d itio n s [46 ,47]. Lower 
n u m b ers  o f  seeds could resu lt due to loss o f  po llen  or stig m a viability [37 ,48 ,49] 

and flow er abortion {as in  Brasstca sp. [38,50]) u n d er heat stress co n d ition s.

Further, h e a t stress could adversely affect m eio sis  in  bo th  m ale  and fem ale 

organs, style and stigm atic  p osition , n u m b e r o f  pollen g ra in s reta ined  on the 

stig m atic  su rface, and grow th o f  en d o sp erm  and also the fertilized  em bryo [51]. In  

ch ickp ea, d evelo p m ent o f  m ale  (p ollen/an th er) and fem ale  (stigm a, style, and 

ovaiy) rep roductive organs is m o st sensitive to ab io tic  stress [52]. H igh  tem p eratu re 

has a particularly  d etrim en tal e ffect on two stages o f  p o llen  d evelopm ent: m eio sis  

in  the m icrosp o re  m o th er cell and m atu re m icrosp ores [5 3 -5 5 ]. H eat stress could 

also affect the d evelopm ent o f  tapetal cells, resu ltin g  in  d egeneration  and 

p rem atu re d evelopm ent o f  po llen  in  the case o f  cow pea and sn ap bean  [54,55], 

P ollen  g erm in atio n  in  ch ickp ea  is op tim al at 25 '"C and g erm in atio n  is reduced 

u n der h e a t stress co n d ition s, lead ing to red uced  fertilizatio n  [56,57]. Studies 

ind icated  that heat stress  in  ch ickp ea h as no sig n ifican t e ffect on  the n u m b e r o f  

flow ers form ed , bu t d ecreased  the n u m b e r o f  days to flowrerin g  [58].

S tu dies have ind icated  that the reproductive p h ase o f  ch ickp ea is m o st sensitive 

to heat stress  [59,60]. H eat stress at the reproductive stage affects pod fill and pod 

se t [10 ,35 ,40 ]. H eat stress  d uring pod d evelopm ent red u ces the yield  to a greater 

extent com p ared  to stress at early flow ering. T h e  d ecrease in yield u n d er heat stress 

at pod d evelopm ent w as about 5 9 %  and 5396 in  desi and kabu li types, respectively. 

H eat stress  at early flow ering affected  pod production by 3 4 %  in  desi and 2 2 %  in 

kabu li type ch ickp ea [11]. Additionally, heat stress also red u ces the b io m ass yield. 
A lthou gh th ere  is co n sid erab le  gen etic  variation for h e a t to lerance in  ch ickp ea, 

m o st genotyp es do n o t se t pods w hen the tem p eratu re exceeds 3 5 'C  [61]. A m ore 

p ro nou n ced  e ffect o f  h ig h -tem p eratu re stress was observed on sin k  s ize  than on 

the so u rce in  ch ickp ea  [11]. H eat stress on developing seed s in s id e  the pod could 

resu lt in  red uced  g erm in a tio n /em erg en ce  and  loss o f  v igor [31].



Sc re e n in g  T e c h n iq u e s  fo r H e a t  To lerance

A sim p le and effective field screen in g  tech n iq u e for reproductive-stage heat 

tolerance in  ch ickp ea has b e en  developed at the In ternation al C rops R esearch  

Institu te fo r the Sem i-A rid  T rop ics (IC R ISA T ), P atancheru . Long-term  w eather data 

was collected  for the IC R IS A T  research  farm  to identify the sow ing tim e that would 

en su re the reproductive p h ase o f  the crop co in cid ed  with h ig h  tem p eratu res {above 

35 ; C). A t P atan ch eru , ch ickp ea is norm ally  sow n in O ctob er and harvested  in 

January/Febru ary. T h e  h ig h est tem peratures d u ring  the reproductive p hase o f  the 

crop are generally  below  3 0  C (Figu re 31 .2). It w as found that i f  ch ickp ea is  sow n 

in February, the h ig h est tem p eratu res would b e  generally  above 35 C starting  from  

the in itiation  o f  flow ering to crop m atu rity  (Figu re 31 .2). T h is  will b e  practically a 

second  crop at P atan ch eru  and provide natural field  screen in g  o f  the crop for 

rep roductive-stage heat to lerance. Generally, one se t o f  test m ateria l is grow n 

d uring the norm al-sow n co n d itio n  (O ctober) and o n e  se t d uring  the late-sow n 

cond ition  (February) to co m p are the p erfo rm an ce  o f  genotypes u n d er no heat 
stress and h eat stress  cond ition s.

A lthou gh the O ctober-sow n crop can  be grow n o n  residual m o istu re  w ithout any 

su p p lem entary  irrigation , the February-sow n crop has to be irrigated  frequ ently  (at 

10- to 15-day intervals). It was found that the n u m b e r o f  filled pods p er plant in  late- 

sow n crops can  b e  consid ered  as a selection  criterion  for rep roductive-stage heat 

to leran ce. F igu re 31 .3  show s the d ifferen ce  in pod set betw een a heat-sen sitive  lin e

37 C lim ate  C h an g e  a n d  H e a t  S tress T o leran ce  in C h ickpea
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F igu re  31.2 Lon g-term  (m ore than 30 years) average tem peratures ( C) for the IC R IS A T  research 
farm . The  no rm al ch ickp ea cro p  is sow n in O cto b e r and the late-sow n cro p  for heat tolerance 
scre e n in g  is sow n in February.
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Figure 3 1 .3  D ifference  i_n pod se t between a heat-sensitive  line  ICC 4 5 6 7  (left) an d a heat-tolerant 
line  ICC 15614 (right) grow n un der late-sown (heat stress) co n d it io n s at ICRISAT.

(IC C  45 6 7 ) and a heat-to leran t lin e  (IC C  15614) grow n u n d er late-sow n cond ition s 

at IC RISA T.
As cellu lar m e m b ra n e  system s are sensitive to h ig h  tem p eratu res, the m easu re 

o f  electrolyte leakage can  give an ind ication  o f  the extent- of dam age cau sed  to 

cellu lar m e m b ra n e s by heat stress [62], S tu dies cond ucted  in  so rg h u m  (Sorg/nun 

b ico lor  (L.) M oench) su ggest that the am ou n t o f  electrolyte leakage fro m  le a f 
seg m en ts  exposed to heat sh ock  in test tubes is  an  efficien t m ea n s o f  d eterm in in g  

the cell m em b ra n e  therm o stability  (CM T) [63]. T h e  m eth od  is rapid, inexpensive, 

and req u ires  little space, en ab lin g  heat to lerance screen in g  o f  m any genotypes. 

E lectrolyte leakage h as been  used  effectively  to m easu re C M T  in  ch ickp ea [64] and a 

n u m b e r o f  oth er crops, inclu d ing  so rg h u m  [65], g rou nd n u t [62], soybeans [66], 

cow pea [27], w heat [67], and potato and  tom ato [68]. C M T  h as been  correlated  w ith 

w hole-p lant heat to lerance in  so m e .genotypes o f  soybean [66] and w heat [69]. 

How ever, fo r cow pea, electrolyte leakage o f  le a f  d isks was negatively  associated  w ith 

rep roductive-stage heat to leran ce [27]. Su b seq u en t genetic  se lec tio n  exp erim en ts by 

T h iaw  and H all [70] co n firm ed  that le a f  electrolyte leakage u n d er heat stress  was 

negatively correlated  w ith heat to lerance fo r the pod set in cowpea.

Pollen viability tests o n  p lants exposed to h e a t stress at flow ering can  also b e  used 

for heat to lerance scre e n in g  [71]. F low er buds are collected  from  plants exposed to 

h ig h  tem p eratu res (35 ; C or above), sta ined  w ith A lexand er’s sta in , and observed 

u n d er a co m p ou n d  m icro scop e. T h e  viable p ollen grains appear red, w hile  the



sterile  pollen grains appear green . A tem p eratu re o f  35 ;C was found to be critical 

in  d ifferen tia tin g  the heat-sensitive lin e  ICC 5 9 1 2  and the heat-to lerant lin e  IC C V  

9 2 9 4 4  for p oilen viability.
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31 .4
Ph ysio lo g ica l M e c h a n ism s  U n d e rly in g  H e a t  To lerance

C ellu lar m em b ra n e  system s need  to rem a in  fu n ctio nal d uring  heat stress , thus 

m ain te n an ce  o f  the integrity  o f  cellu lar m em b ra n e  system s is an  im p ortant 

m ech an ism  for heat to lerance in  cro p  plants [72 j. A study cond ucted  w ith d ifferen t 

leg u m es show ed that ch ickp ea is m o re  sensitive to h ig h  tem p eratu res com p ared  to 

grou nd nut, soybean , and p igeonpea, in  term s o f  m em b ra n e  stability  and 

P hotosystem  II fu n ctio n s [73]. How ever, M alhotra and Saxena [59] rep orted  that 

the critical tem p eratu re fo r h e at to lerance in ch ickp ea  was h ig h er than oth er 

leg u m es, su ch  as lentil, pea, and faba bean. In  soybean, h e at stress cond ition s 

resulted  in in creased  p erm eability  and leakage o f  electrolytes, w hich  in turn 

reduced p hotosynthetic or m itochon d ria l activity, and the ability o f  p lasinalem m a 

to retain  so lu tes and w ater [74]. In  ch ickp ea, m em b ra n e  integrity, chlorophyll 

content, p h oto ch em ical efficiency, and cellu lar oxid izing  ability w ere in h ib ited  by 

the in crease in tem p eratu re, w itli greater im p acts on the sen sitiv e genotypes [75]. 

H eat stress reduced cell resp iration , relative le a f  w ater content, and activity o f  

en zym es, su ch  as R u B isC O , su cro se phosp hate synthase, and invertase [76]. 

Oxidative in ju ry  as lipid peroxidation and hydrogen peroxide co n ten t was 

significantly  greater in  sen sitiv e genotypes [75],

Exogenous application o f  osm o p rotectan ts, su ch  as p ro line, was found to im part 

partial heat to leran ce in ch ickp ea by red ucing  cellu lar in ju ry  and p rotection  o f  so m e 

vital en zym es requ ired  for carb on  and oxidative m etab o lism s [75,76]. T h e  ro le o f  

ab scisic  acid (ABA) grow th h o rm o n e  in  alleviating heat stress in  ch ickp ea was 

evaluated by K um ar et a l. [64]. R esults ind icated  that exogenous ap plication o f  

2 .5  pM  A BA  significantly  m itigated  the seed lin g  grow th at 4 0 /3 5  and 4 5 /4 0  :;C, 

w hile the ap plication o f  fiu rid on e (a b iosynthetic  in h ib ito r o f  ABA) in tensified  the 

in h ib itio n . Sim ilarly , exogenous ap plication o f  osm olytes (proline, g lycine betain e 

and trehalose) a lso prom oted  grow th in  heat-stressed  plants and their action  was 

not significantly  affected  by fiuridone.

K um ar et a l  [75] fou nd  that p ollen viability, pollen g erm in atio n , p oilen tube 

grow th, p ollen load, and stig m a receptivity d ecreased  w ith in crea ses in tem p era­

tures in  ch ickp ea . T h e  heat-to lerant genotypes {IC C V  0 7 1 1 0  and IC C V  92944) 

exp erienced  sign ificantly  less d am age to p ollen and stigm a fu n ctio n  than the 

sensitive genotypes (IC C  5 9 1 2  and IC C  1418 3 ). A t the m etab olic  level, the heat- 

tolerant genotypes appeared to p o ssess a stable and m o re  active antioxidative 

d efen se  m ech a n ism  than th eir sensitive cou nterp arts. D evasirvathain et a l. [77] 

reported  that the h ig h  tem p eratu res reduced pod se t in ch ickp ea by red ucin g  pollen 

viability and p ollen production p er flower. T h e  pollen o f  the heat-to lerant lin e IC C V  

9 2 9 4 4  w as viable at 3 5 / 2 0 ''C  (4 1 %  fertile) and at 4 0 / 2 5 ! C (1 3 %  fertile), w hile the
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p ollen  o f  the heat-sen sitive lin e  ICC 5 9 1 2  was com pletely  sterile  at 3 5 /2 0  “C w ith 

n o  in vitro  g erm in atio n  and n o  germ in atio n  o n  th e stigm a. How ever, the stig m a o f  

IC C  5 9 1 2  rem ain ed  receptive at 3 5 / 2 0 ’ C and non-stressed  p ollen (2 7 /1 6 ° C )  

germ in ated  on  it d uring recip rocal cro ssin g . T h e s e  data in d icate  that p ollen grains 

w ere m o re  sen sitiv e  to h igh  tem p eratu re than the stig m a in ch ickp ea.

H igh n ig h t tem p eratu re is reported  to have a d am aging  e ffect on reproductive 

d evelopm ent, particularly  pod and seed set, in  o th er leg u m es, in clu d in g  co m m o n  

b ean  (P h aseo lu s vu lgaris  L. [78]), lim a b ean  (P h aseo lu s lu n atu s  L. [79]), and cowpea 

(V igna u n g u icu la ta  L. [80]). M utters and H all [81] d em o nstrated  that th ere  is a 

d istin ct period  d u ring  the 24-h  cycle w hen  po llen  d evelo p m ent in  cow peas is 

sen sitiv e  to h ig h  n ig h t tem p eratu res. T h e  d am aging  e ffect o f  h ig h  n ig h t 

tem p eratu re on  pod se t was greater in  long days than in sh ort days, and red and 

far-red ligh t treatm en ts ind icated  that it is  a p h ytochrom e-m ediated  resp o n se  [82]. 

A lth ou gh it is w ell estab lish ed  that h ig h  tem p eratu res adversely affect grain  yield in 

ch ickp ea; a co m p ariso n  o f  the e ffects o f  h ig h  day tem p eratu res and h igh  n ig h t 

tem p eratu res is yet to be m ade.

31.5

G enetic  Variab ility  for H e a t  To lerance

U ntil recently  there w ere few  stud ies on screen in g  o f  ch ickp ea g erm p lasm  fo r heat 

to lerance. Dua el a l. [83] screen ed  25 genotypes for heat to lerance and  identified  

two genotyp es (IC C V  8 8 5 1 2  and IC C V  8 8 5 1 3 ) as h e a l tolerant.

T h e  recen t stud ies on  scre e n in g  o f  ch ickp ea genotypes for h e a t to leran ce ind icate 

the ex isten ce  o f  large genotyp ic variation fo r rep roductive-stage h eat tolerance. 

D elaying the p lanting  by 2  m on th s co m p ared  to n orm al in  the M ed iterran ean  

clim ate  resu lted  in  su ccessfu l identification  o f  heat-to lerant genotyp es [84]. Several 

heat-to leran t genotypes w ere identified  from  screen in g  o f  377  g erm p lasm  

a ccession s. T h e  kabuli types w ere generally  m o re  drou ght and heat su scep tib le  

than the desi types. T h e  d esi ch ickp ea lin es A C C  316  and A C C  3 1 7  exh ibited  

tolerance to drou ght and heat (above 4 0 ;,C) u n d er field co n d ition s. T h e  seed  size  

was not m u ch  affected  by adverse c lim atic  co n d ition s and  show ed the h ig h est 

heritability. It was su ggested  that days to first flow ering, days to m aturity, harvest 

index, b io logical yield, and pods per plant should  be co n sid ered  ahead  o f  oth er 

traits w hile b reed in g  fo r heat- and d rought-tolerant genotypes.

C anci and Tolcer [85] evaluated 68  a ccessio n s o f  e ight annual wild C icer  sp ecies 

(C. bijugum , C . ch orassan icu m , C. c u n ea tu m , C. ech in osp en n u m , C . ju d a ic u m , C. 

p in n a tifid u m , C. reticu latu m , and C. yamasltitae) for heat (up to 4 1 .8 * C )  and drought 

tolerance, and identified  large genetic  variability for these traits. Based  on  h e at and 

drou ght to leran ce sco res , fo u r a ccessio n s o f  C. reticu la tu m  (AW C 6 0 5 , A W C  616 , 

A W C  6 2 0 , and AW C 625) and on e a ccessio n  o f  C. p in n a tijid u in  (AW C 500) w ere 

identified  as p rom isin g .
A scre e n in g  o f  180  genotypes at P atan cheru  (sou th ern  India) d u ring  2 0 0 7 /0 8  and 

115 genotypes at P atan cheru  and K anpur (n o rth ern  India) d u ring  2 0 0 8 /0 9  revealed



large genotyp ic variation fo r heat tolerance in ch ickp ea [86]. T h e  genotypes that 

show ed h ig h  heat to lerance and gave h ig h er yields than the best-know n heat- 

tolerant lin e  IC C V  9 2 9 4 4  over 2 years at P atan cheru  included  IC C V  0 7 1 0 4 , IC C V  

0 7 1 0 5 , IC C V  0 7 1 1 0 , and IC C V  0 7 1 1 5 . T h e  genotypes that show ed h ig h  levels o f  

heat to leran ce both at K anpur and  P atancheru  inclu ded  IC C V  0 7 1 0 4 , IC C V  071 0 5 , 

and I PC 2 0 0 6 -9 9 .
T h e  referen ce  se t o f  ch ickp ea  show ed large genotyp ic variability fo r heat 

to lerance [87]. T h e  re feren ce  se t co n sists  o f  300  genotypes, and rep resen ts genetic 

variability p resen t in  the ch ickp ea g erm p lasm  available at IC R IS A T  and the 

In tern ational C en ter for A gricu ltural R esearch  in the D iy  A reas [88]. T h e  referen ce  

se t (h =  2 8 0 ), exclu ding 20  genotypes (accessio ns o f  wild sp e cies  and very late 

genotypes), w as evaluated u n d er heat stress cond ition s at P atancheru  and Kanpur. 

A heat to lerance ind ex (H T I) was calculated  u sin g  a m ultip le reg ression  approach 

w here grain  yield u n d er h e a t stress is consid ered  as a fu n ctio n  o f  yield potential 

and tim e to 5096 flow ering. T h e re  w ere large and sign ificant variations for H T I, 

phenology, yield, and yield co m p o n en ts at both locations. B ased  on the H T I, 18 

a ccession s (IC C  4 5 6 , IC C  6 3 7 , IC C  1205 , IC C  3 3 6 2 , IC C  3761 , IC C  4 4 9 5 , IC C  4 9 5 8 , 

IC C  4 9 9 1 , IC C  6 2 7 9 , IC C  6 8 7 4 , IC C  7 4 4 1 , IC C  8 9 5 0 , IC C  1 1 9 4 4 , IC C  1 2 1 5 5 , ICC 

1 4 4 0 2 , IC C  14 7 7 8 , IC C  1 4 8 1 5 , and IC C  15618) w ere identified  as stable tolerant. 

So m e o f  th ese  genotypes (e.g ., IC C  4 9 5 8  and IC C  14778) w ere earlier id en tified  as 

d rou ght tolerant [89], thus th ese  are good sou rces for both drou ght and heat 

to leran ce. Several genotypes w ere heat sensitive at both the location s, and the m o st 

sensitive genotyp es inclu ded  IC C  4 5 6 7 , IC C  10685 , IC C  107 5 5 , and IC C  16374 .

Upadhyaya et a l. [90] screen ed  35 early m atu rin g  ch ickp ea g erm p lasm  a ccessio n s 

fo r heat to lerance. H eat stress  affected  traits su ch  as flow ering d uration , days to 

m aturity, pod nu m ber, seed  w eight, and grain  yield. For every d egree rise  in  

tem p eratu re beyond the o p tim u m , a 1 0 -1 5 %  yield loss am on g  genotypes was 

recorded. T h ey  identified  IC C  1 4 3 4 6  to be h igh ly  tolerant to heat stress along w ith 

n in e  o th er to lerant en tries (IC C  5 5 9 7 , IC C  5 8 2 9 , IC C  6 1 2 1 , IC C  7 4 1 0 , IC C  11916 , 

IC C  1 3 1 2 4 , IC C  142 8 4 , IC C  1 4 3 6 8 , and IC C  14653).
D evasirvatham  et al. [91] screen ed  167  ch ickp ea genotypes for heat to lerance over 

2 years at IC R ISA T . T h e  genotype IC C V  9 8 9 0 2  had a critical tem p eratu re o f  3 8 ' C 

or above d uring  the pod-filling period and produced  the h ig h est grain  yield u n der 

heat stress , in  an o th er study, it was found  that the heat-to leran t genotypes IC C  

1205  and IC C  1 5 6 1 4  had greater pod-setting ability com p ared  to the heat-sensitive 

genotypes IC C  4 5 6 7  and IC C  1 0 6 8 5  w hen exposed  to heat stress at the reproductive 

stage u n d er bo th  field  and contro lled  en v iron m en tal co n d ition s (V. D evasirvatham , 

u n p u b lished  resu lts).

31.6

B re e d in g  S tra teg ie s for H e a t  To lerance

B reed in g  effo rts  exclusively dedicated  to developing heat-to leran t ch ickp ea cultivars 

have b e en  lim ited . How ever, several b reed in g  lin es (e.g., IC C V  0 7 1 0 4 , IC C V  071 0 5 ,

37 C lim ate  C h an g e  a n d  H e a t  Stress T o leran ce  in C h ickp ea
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IC C V  0 7 1 0 8 , IC C V  0 7 1 0 9 , IC C V  0 7 1 1 0 , IC C V  0 7 1 1 5 , IC C V  0 7 1 1 7 , IC C V  0 7 1 1 8 , 

and IC C V  9 8 9 0 2 ) and cultivars (JC  14, JG  16, JG  130, JAICI 9 2 1 8 , JG K  2 , KAK 2, 

IC C C  37, N B EG  3, V ish al, and Vaibhav) developed fro m  the breed in g  m aterial 

se lected  at IC R IS A T  w ere found to have good levels o f  to leran ce to h e at stress at the 

reproductive stage. T h e s e  w ere basically  selected  for drou ght to leran ce, bu t as 

d rou ght and heat stresses  o ften  occu r together at P atancheru , these m ay have also 

b e en  selected  for heat to lerance. P atan cheru  is indeed  an ideal location  for 

scre e n in g  ch ickp ea  for heat to lerance b ecau se  o f  its c lim atic  co n d ition s. It is 

located  at latitude 1 7 ' 3 6 ' 1 0 "  N and longitu d e 78" 20 ' 3 9 "  E, and  h as a w arm  and 
sh ort grow ing season  (9 0 -1 0 0  days) for ch ickp ea.

T h e  effective, e ffic ien t, and sim p le field  scre e n in g  tech n iqu e for h eal to lerance 

developed at IC R IS A T  and several so u rces o f  heat to leran ce identified  from  

ch ickp ea g erm p la sm /b reed in g  lin es have op ened  new  op p ortu nities for ch ickp ea 

b reed in g  for heat to leran ce. IC R IS A T  in partnersh ip  w ith the In dian  N ational 

A gricultural R esearch  System s has in itia ted  concerted  effo rts  to develop heat- 

tolerant ch ickp ea  cultivars adapted to d ifferen t agroecologies.

T h e  b reed in g  m eth od  be in g  used involves cro ssin g  o f  selected  popular cultivars 

w ith heat-to leran t so u rces. Rapid g eneratio n  turnover, as su ggested  by G aur et a l  

[92], is o ften  used to advance the g en era tio n s and accelerate  the breed in g  p rocess. 

F4  or F5 p opulations are grow n u n d er late-sow n co n d ition s for se lectin g  heat- 

tolerant plants based o n  the n u m b e r o f  filled pods p er plant. S in g le-p lant p ro g en ies 

are developed from  the selected  heat-to lerant p lants w ith the d esired  seed  quality 

(seed size , color, and shape). T h e  pro gen ies are fu rth er screen ed  for heat to lerance 

and also evaluated separately  for res is tan ce  to key d iseases, like F u sariu m  w ilt and 

dry root rot. T h e  top pro gen ies are evaluated in  replicated  yield trials at the research  

statio n  and then short-listed  pro gen ies are  fu rther evaluated in  m u ltilocation  
yield trials.

M arker-assisted  se lection  for heat to leran ce ca n  fu rth er acce lerate  the breed in g  

process and facilitate co m b in in g  d ifferen t d esired  traits (e.g., res is tan ce  to d iseases, 

seed  quality, etc.). Excellent progress h as b e en  m ade in  the d evelop m ent o f  

g en o m ic reso u rces for ch ickp ea d uring  the past decade. T h e  availability o f  a large 

n u m b er o f  m o lecu lar m ark ers, d ense g en etic  m ap s, and m ark ers  associated  with 

so m e desired  traits have m ad e it possible to in tegrate g e n o m ics  techn olog ies into 

ch ickp ea b reed in g  program s [93]. R eco m b in an t inb red  lin es are  b e in g  developed 

from  cro sses  betw een highly tolerant and h igh ly  sensitive lin es fo r heat to lerance. 

T h e s e  will b e  used to identify m o lecu lar m ark ers linked to heat to leran ce g enes. 
E fforts will also be m ade to identify candidate g en es for heat tolerance.

T h e re  is also a possibility  o f  developing a p ollen se lectio n  m eth od  for heat 

to lerance, s im ila r to that developed for cold to lerance. C larke and Siddique [94], at 

the C entre fo r L egu m es in  M ed iterran ean  A gricu ltu re in A ustralia, developed a 

po llen  screen in g  m eth od  for cold to leran ce in  ch ickp ea based on  i/i vitro  

g erm in atio n  o f  pollen pre-exposed to ch illin g  tem p eratu re and u sed  it for 

tran sferrin g  cold  to lerance from  IC C V  8 8 5 1 6  (C TS 6 0 5 4 3 ) to the popular variety 

A m ethyst. Pollen  grains o f  IC C V  8 8 5 1 6  w ere exposed to ch illin g  tem p eratu re for 3 

days before  u sin g  them  for p ollination on A m ethyst. Sim ilarly , pollen from  the



resu ltan t F I s  w ere su b jected  lo cold to leran ce screen in g  b efo re  their u se  in 

backcro ssin g  to A m eth yst. T h e  p ollen -selected  pro gen ies w ere as good as the cold- 

to lerant p arent in  pod settin g , and led  to the d evelopm ent and release o f  ch illing- 

to lerant cultivars So nali and Rupali [95]. A po llen  se lection  m eth od  fo r heat 

tolerance h as b e en  developed in  cotton [96] and can be developed for ch ickp ea. 

Pollen  se lection  through heat treatm en t will fu rth er im prove the e fficiency  o f  

ch ickp ea b reed in g  fo r heat tolerance.
A heat-to leran t ch ickp ea b reed in g  lin e  IC C V  9 2 9 4 4  developed at IC R IS A T  has 

been  released  for cu ltivation in  M yanm ar (as Y ezin  6) and India (as JG  14). O w ing 

to its heat to lerance, it was specifically  released  for late-sow n co n d ition s in India. JG  

14 has em erg ed  as a p ro m isin g  variety for late-sow n co n d ition s in India, 

particularly  in  rice-fallow s w here sow ing is delayed due to late harvest of rice .
It is anticipated  that several new  heat-to lerant cultivars o f  ch ickp ea will be 

released  in the co m in g  years and provide greater ch o ices  to the farm ers. H ie  heat- 

tolerant cultivars will fu rth er im prove adaptation o f  ch ickp ea to c lim ate  ch an g e 

and h elp  in  expanding ch ickp ea  cultivation to areas/grow ing  co n d ition s prone to 

heat stress.
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