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Abstract

Introduction: Chickpea (Cicer arietinum L.) is the second most important leguminous crop that is
cultivated in 59 countries of the world with an area of 13.98 million hectares and a production of 13.73
million tons. Chickpeas are cultivated throughout the Mediterranean basin, Central Asia, East Africa,
Europe, Australia and North and South America, but mainly in developing countries, where more than
90% of chickpea production is consumed locally. Annual chickpea varieties are obtained from
interspecies crosses with cultivated chickpeas and are classified into three gene pools (primary,
secondary and tertiary), which indicate their genetic distance from cultivated varieties. Chickpeas have
two types of white and usually large Kabuli seeds and colored and usually small desi seeds. In addition
to the importance of chickpeas as an important food source in human diet and animal fodder, this plant
can have significant importance in soil fertility, especially in rainfed areas and in rotation with cereals.
Chickpea is very valuable due to its nutritional quality and health benefits and its ability to improve
soil fertility and sustainability of agricultural systems. Due to the fact that chickpeas are often
cultivated in marginal lands in a dry land and completely dependent on the moisture stored in the soil
and rainfall during the growing season, it is affected by various abiotic stresses during its life cycle.
In most cases, such tensions have overlapped each other, resulting in a significant decrease in crop
growth and productivity. Plants undergo abiotic stresses through a series of morphological,
physiological, biochemical and molecular changes in an attempt to compensate for such adversities.
Materials and Methods: In this article, an attempt has been made to review the method of content
analysis by searching the keywords of chickpea, drought stress, living stress, etc., proteomics,
genomics, transcriptome analysis, RNA sequencing, hybridization, microarray, chain reaction.
Polymerase chain reaction in related articles in Google scholar, Web of science, PubMed and Scopus
websites.

Results and Discussion: The extracellular signals that pea plants respond to, such as inositol
phosphate, sugars, reactive oxygen species (ROS), calcium ions (Ca2*), cyclic nucleotides (CAMP and
cGMP), and nitric oxide (NO), are coupled to particular receptors in the plant's stress sensing system.
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As a result of these signals being sent to additional cells, the plant's reaction to stress expands.
Chickpea plants have benefited greatly from the activation of crucial antioxidant enzymes by SA,
which has helped to reduce oxidative damage brought on by stress. Simultaneously, the development
of stress tolerance by SA has also been demonstrated to be significantly influenced by the management
of stress effects, particularly in roots where proline and sugar buildup occurs. In chickpea, eight HSP
genes—flowering time regulators (efll, FLD, GI, Myb, SFH3, bZIP, bHLH, and SBP)—have been
identified. These genes are critical for the plant's ability to withstand heat stress. QTLs that account
for 22.6-48.5% of the phenotypic variations have been found in the genomic areas of LG4 that are
related to salinity performance. A QTL responsible for 11.5 to 48.4% of the phenotypic variations in
cold stress tolerance has been found in LG8. The primary detrimental impact of cold stress on pea
plants is that it results in freezing during cold stress, which severely damages membranes owing to
cellular dehydration.

Conclusion: To produce pea plants that can withstand harsh environmental conditions, various genetic
improvement techniques must be integrated, and our understanding of the molecular, biochemical,
and physiological mechanisms involved in abiotic stress response must be improved. With
consideration for the effects of climate change, a more precise and efficient screening/selection of
genotypes and/or genes/alleles may help boost grain yield with medium- and long-term implications
on chickpea production.
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Figure 1- The origin of field pea (C. arietinum L.) and its subsequent distribution around the world (Croser et al., 2003), (O);

primary centers of diffusion based on Vavilov (Vavilov, 1926), (@); secondary centers of diffusion based on Vavilov (Vavilov,
); migration routes based on the studies of Varshani et al. (Varshney et al., 2019b).-1926), (

Sl 5l ol o Shes (S 5 £54) YU s e 2
(LS ;5 0 SokSTAD o Shos Lawgie) Fimmly Sl Sk
(FAOQ, 2023) ..l
Jib loaisT Bz g 0 ey Jolaf 505 o LS
cd e 45" (Reactive Oxygen Species(ROS)) y5.us'
u}»._.u‘du._.ws‘): e ;,u_ﬂj d.J)JO )l ‘) 09.70 aL:.f ‘_,’J.a...la
Sge B3 oo S iy A 0,551 5G]
(GPOX) " slau—uST,, JsSLlsS (CAT) T;VLLS (SOD)

3 Guaiacol Peroxidase (GPOX)

LS arkio VEIAF Jles ciS ) mla o L wgis
S jo o3 Ve o Slae 5Kk g o5 audee VO/- A 0dgs
Oz ol )3 Sl e Jgmae (eogd VoV Jlow o
Bo 5 5,55 (95 saiiSadeS e S 01 ,0)
L) 2o ol jo 0555 (RoOrKiwal et al., 2020)c !
S9a> 3 Shos (Sl b ((Siam) o8 5 (o) SLES 979
282 0 5 7) (T el 51 1eS s LS 50 o5 S
(St (oS 5 g ke il og b e wd s (A Ll b
e 5l 0958 SloaisS (559000 2 Sy 5 Loy oS
oo of,4 55 o0l o (Arriagada et al., 2022) 5,135 .

1 Superoxide Dismutase (SOD)
2 Catalase (CAT)



obls.m’wu'suﬁ

VAY

DHAR LS55, ol,sS s ouns s MDHAR Lo,
555l slaoilginel g (b5l § GSH) laglonsT 1
Kumar et Yool ools 2al380 1) (ordg g Cmtinms) (35 4
Sl sl )3 Sl i o @l 2021
Joles Laa> L (AM) )YsS sl (633,050 slag B 5 (SA)

Bharti ) el 00,5 slanl 0456 ,0 1, jiid Joos oS g0,
S ol slap—usilSe > 1o .@and Garg, 2019

S5t e G L5 SA el b el slog il
J ool b (Kaur et al., 2022)cc il jase il wess jo
0395 j Jaa> el SA o (Ksl ) il iy
FolamasT (25 (225 g 0 (g B9 (s Fimgtd 2L
loga—is axl; (59042 4z 10 5 00— ROS jlgw 5k

s o
Cojlagzms b 5k 0505, S olsieas SA L )4 Sl

3l oola Jools Giolidl Cately duat g

Slocwis) b adei 5 () pé 15 4 Jood d9ue 12
(Kaur et al., 2022)ccul outs oS 5950

10000000 1 9152978.33

9000000
8000000
7000000
6000000
5000000

i e
Product rate (Ton)

4000000

3000000 794809.84

2000000 520175.92

1000000

518001.79

(ASA-GSH) ' 55555~ 58wl a s > slag 3l
ol sl S 905550 (APOX) T jlauuS1 ) &l yeSwl
5 (DHAR) T5LuSg0, ol e85 uly,uos (MDHAR)
Bharti and ) oS e adg 1, (GR) %5LiS g0, oaslsgls
a3l ,50,ST (GIXS) laynS 90 5515 (Garg, 2019
At Gy | 8 g 055 (GSH) (56515 alauly L
OS50, 56l8 5 S «(Kumar et al., 2021) abss o
L (C. arietinum L) s535 [(LOC101493651 (CaGrx]
PUSA- o555 slais o8 99 b 5,808 slaiales] (ol
(S 4 oolus) ICC-1882 4 (S5 4 Joe) 362
Ol eJemite 03, ( Seid i Ll e el sant ol
ools plois ol o3, b auslie o 1, s 5YL CaGIX o5
el il ecely CaGIX o5l i ol ol
0956515) (ST T (la 3T 45 00 (oS50 5lS
CAT GYLLS GPX a1y 0,5:3LslS (GR LiSso,
GST 3l il 5-S- 55655 APX a1, ol oSl
SYB jlaaTyy 55l5 GR laenST 5 oS 9390

206096.22 179857.2

44130241 415721

207287.75 197990.52

Aoy olyd S

Iran Mexico

e
Country

(FAOSTAT, 2023) 5555 00iSadgi 5 5o ,528 50 ¥o¥) G ¥ode gl b Job 53 (oF) 3955 dudgi cpuSileo -F S5
Figure 2- Average chickpea production (tons) during the years 2010 to 2021 in the top chickpea producing countries (FAOSTAT,

4 Dehydroascorbate Reductase (DHAR)
5 Glutamine Reductase (GR)

2023)

1 Ascorbate-Glutathione (ASA-GSH)
2 Ascorbate Peroxidase (APOX)
3 Monodehydroascorbate Reductase (MDHAR)



1AD ot 9 OF i byl pls )5 6y dySlanil g o0 )y S 41 Jozxd 50 brcus 48 5 oo ygbuws :(Cicer arietinum L.) sg5

90 7 822
80 A
70 A
g 60 A
g 40 ~
[a 30 -
20 A
10 A 19 59 52 4.8
[ ] [ ] [ ]
0
Ls) domgdl L S L]
Europe QOceania Africa Americas Asia
5,8
Continent

(FAOSTAT, 2023) calizeo slao,5 50 Y+¥Y G Yode o Jlo Job 50 0955 odgs cuSiles ¥ S
Figure 3- Average chickpea production during the years 2010 to 2021 in different continents (FAOSTAT, 2023)

ST a5 o) 053 b 5 (0,68 5 S gllaali pH 5 (oS
Raza et al., 2023; Soln and Koce, ) ol (acale 4
(St 8555 51 Sl 5 Sa e sk (5 )5las (2022
4okt Sl (65)9liS pimsST 5l 9 (6590 02
50 &S g i gl ol o Shoe Sl g 0 bl
5 olatil ot gl o ST 5 b Ll
Ol g sS4 Slez 5 e gl )5 (slea]
bl ol e oS sla ille alas 3l og—2d o)l |
Coraz & oo Ay (A 15 Wl le oy slmy 5 slo Lo
sleaize (Ll (z (Gl lspsol i (o Gl
ol sl Gl (g il lie bl LB 2
Jy—ame b Sgne 9 0,8ee Gl (6l &5 Cil ope
Brs S5 o o Wb 4335 IS Sl slaghs,
Abbass et ) sgiis 5y o jlae 45 ol 005 a8 g 0055

.@l., 2022; Wang et al., 2022

3956 My g (e (S
o s 2l 5 ol Slini g e 05 G 08
2o Sly al 45 039y (b @lie 4 sl oty (Sl
OSae (1 5035 o 58l (65 )5l S Y5 ame (550 2
el ol Culed g aaS B | e iS LB sla ey ol

4V L ) s glaJlo Jobo )3 9558 (590
4 o ol Lol el a8l Gl gy jsboas (an
o Sl Al al B 55 (G je g ) Sl
5 Laeidlip 5 5l ogama 5 5,5 soliiul s 4 Yoz
ez (Upadhyaya et al., 2017) ol sasSTanl opalls
Sl a0 Ve B 0956 0 ,Slee wilgs oo olo S g (St
sla i 4 cpoes wyss (Varshney et al., 2014) sas
SOy b (Fawg ) (Sorwg wile) (G
(9 S B S i gS ] (S sy 98
Liet) coul julas (s ;2 slacale 4 Helicoverpa
Glize sla i jl —sU sla s S s .@l., 2015
3,50 9955 (5530 e LRI FN jeleds b (S 1€ g (S
2 yS 8 azg

&
45 S5l o0 A5 (plrond 5 (Suied et W55 50 A (A5
5,Slas O G O o obou! Jolss ouis o2 Jeloe asgas
3o as &A‘jﬁ ;55_...: IRV IR [ g_ajLAb ‘5’.9‘5 9 05.5.”3
odilgm> a5 Jolge pb 4y o v g 0 ,Sae ol
(8 g o (Sii>) 03]yl Wilgi oo Jolge 1l Codle aigd o
Slls Sogll (gdia dlge 0gueS ( Soj7w oy Yl Lo



O‘)&MSMLSL@B

AS

S50 i bl b cmd alS calise slacdly jo (s
05 S 98 ee Jgmarmo dacnaty p ilaid 515 osli
OB g o S5 (6l g el 50 aslllae 5 wis
Sl dpde Jomame yiion Soetr $ln cmlbie 05 5 e
(Keerthi Sree et al., 2023)

S bas)me ll, 3y plals o IS edls o
99Dy ln &5 Wg e azlye At (lwn né Slo i
S g Loy la a5 lejed g8y Cnl pdo olS ags
Sz slsp 5 ol @ s wad St S @ ol
) o5 5 (Suislsnid ((Sislsdroe sloisSly wlsi oo
WS o SG5d slacawl o 4 (iS5 90 (ol Al s
90— » Jo¥ge Dl 5 aloo—Bom 5 (Soielsn b
Olased £33 (S pgbas i3S oo i 3l oS o Slhee
Sleion FrePy Joaze 0y sln 1) llpd (S g Lo
Jolaie (J9SIge 9 (Sojelgid (HBlim sloo S0, 4 HlolS
S5y S 5 Lo lo il 4 Jood slp (ol 5
Lot 5l (S 5 4 oS sla STy sz genlls gl oo
Sl Sglite leias gl 51 S e 4 s (St g Loy
(Hussain et al., 2018)

A s al b el ) s iz 5 s )l
st FHB bt ogllae Lulyh 5lelS ab) (6l a5 WS o
) slacdlad o 1) pla auSTy (Ol s (nl g o)l alold
S  ae lin Lyl, 5 o a8 S e sl ]
RN WHCHI SV EVIRUININ IRX SO FECEINS
Gl 1) ol Sy bl 5 bl cae SYob (sl S
Raza et al., 2023; Wijerathna-Yapa and Hiti-) aas .
5 Jelse oy Sete e slo s (Bandaralage, 2023
el Ygamo g il g Lo & 2l lalS 3 Slae 2alS
Aoy Vo=V hiad elys (bl o Slas lawgin dig—i o
o) mé sla a5 (Basra, 1997) asb gyl il o Slos
O—=ST Jlad slaaiss pood 5 0y ()05 A5 Rl
Jslws sl YU slocdile o 45 oS e <Ll 1, (ROS)
OgelaaS Ty el SlS 5 onl 0y ot e 5l
Sl sl 43 5yl gy 3T s b o oy
OS5l Jol mls 098 oo Jobo slalid o 55

oeals glil e Gy slaaul ol cows 1 ol o

(Gaur et al., 2013) &S o ol sl gl (55 (2l
(85— oo YU gloo ( Sis wiibe are sl s
el kS slis lom Jelge 5 il jgle ansl ol LIS
b5 (nl g 99800 QLS (53, » eciliBe (sua Sl ST sl
3 e e & Slaz sl 3 Jgmame Sl ol Jols

51 s b o (Bulgari et al., 2019) sl oo 9o, 0+

e (218 DYz Sl g )l 3 Slee (sl (25 Ll
G5 Adls b ol (GUpLa et al., 2020) ol solazsl
Olyee aloz 5l (goamin Jolge ay 155 cl adeiol S
Keerthi Sree et al., ) o,ls Ko 35 Gliwe 5 S5,
(ol bulgy yo IS ol L lals 5o Ol 54008 (2023
QLBLS u—‘ dfm u‘;uc].: 9 QJ;J.W |) ULQL\.?WJGM M)
2 S s yzie w0l saiiSagase Jelge 0,105 o )A.,l_a
ol s b s 4 Boee a5 wigs oo Jslow o) Jobo
(Fahad et al., 2017) el jglxe slo Jolo 5 (o392 35l
w68l (S g (oS a5l (69l b T gaeS Ll
(Keerthi Sree et al., 2023) sas oo youss | LS
58lgz Al ya 5ol 9o g 0y Jolpe ples p (Sas
5 0,5kee 3 Cules ,o g atsls e 56 o] Slesl Jole b
G300 0 a0, B L ols cwo T hads coas
3o 0 YV aS 59 g0 00 (pred 39 o0 sl Jgmame
S9y0 O )l (S SRS Az 5o Gl 50 d9 adg
aby p i ol ke I3t (Varshney et al., 2009b)
Sislstyze sLayils L ol Sy g 595
Sl oo IS8T (J5SUs0 5 (alor—dsm « Salslsnied
ddzme (S delipn L og5u oL (Rashid et al., 2021)
awsS ol el b (Splie slaas] Il
a5k S bl il o a0l Sz 00 ol S Uls s, e
L Gl gl g Sis 4 oo gla Shg il
3,5 slo JsSUge 40 a5 SLeladl o )ls 0939 SleS y0 oLS
Soslaaz yolatoar asly o5 o plasl Loyt asile cops

&ozs Dl ) p sl 98 6yl Glgean ((JsSge



VAV ot 9 OF i byl pls )5 6y dySlanil g o0 )y S 41 Jozxd 50 brcus 48 5 oo ygbuws :(Cicer arietinum L.) sg5

Sladllas 51 solass S0 55w 5l (Pushpavalli et al., 2020

|) WA OL.GA_AMi))ﬁc u,w..: A Oy s‘S:Lbu5LQJ Go.l.:
S e a5 9 3% 3l (G5alg b 5 e plie
a5 Joyo 009l dijg,y oy Ay g slie S LSS yols cws
TRT SO LEPIP R WKV ] 51 B BREC AN IV S ON At
Forni et al., )ogs co Jouame 5,Sloe 2als 5o, ials
.(2017; Pushpavalli et al., 2020

@ ol el e LS (SCAS A p ade ol
5 St 4y Jood o Siis 5l ol aslosls sy |, S
5l ole=! (Carraro and Di lorio, 2022) Sz 5l 1,8
&y bwgio b podle JlucSiis Lal,s o boes a5 oo
w1 3 @IS U slacdnlin oz oS ails 2
S9= )‘ | u] c]o-o ;,uﬁ)Ja u,uJ‘)S‘ 9 d_u.u) A_..u) U""J‘)ﬂ
Loosas (Sis byl cod (S5elenid codlad 5l adi i
oy (Sl S (g el g glaST Ol s alS
JolS (Sas 15 9,0 5l B 1, 095 (S 43 2 lalS
U 29z Sl e ((Soilnsed (29,5 bl 5 S e
Olyiedn Olgige 1y Sl lgime Gilidl 5 (Sas
25 ganaib Jod b S—i5 ) ol sl il
Ll cnl 5 (o5l G 5l a8l oo mizmen (Lol
S solial Sas
g giat] 5l ool il 5 (eSaaglgalin 5 (wSoostis
> » «Razzag et al., 2019) Joo o5 S locan
oo slacassn; (plulid (Bl (a5l els lapailSee
Slagly 53 J3s slags (ol S oriten 5 JSe
(Raza et al., 2019) slos 5 o |y 15 25 Jolge 4 oLS
wlS o O Sy MKA () g L;Lm&;.‘i dor gl
‘-,’Jsl..) O9r LgLAJL.iH.J L aS el 6.0[} L;leod.:]i ‘J.AL..:

J51s slge 5luln; 5 Lt slam 5T s5; 23U o Jobo
de Mendoza and Pilon, 2019; Lietal., ) ol o Jolw
(2020

oA glaaoly

ot BB e 20 slaglwgi b SU gl i
oS Sl pliie 55l 5 S g slagSl (55, 5 00l JeesS
S )l b 25 B s Jparme 4 &)l o
5 T g o5 o e Jlolse o s Yol 295 00
Shao et al., 2022; ) uS o P jlzo 1) Hlls o)
(Zhu et al., 2023

oW gl 33950 s8> 5,55l

C,S).> d")‘la )l “\""‘5"6" as od.j)' u‘é?}a ﬁLM: I »
olelS s cdadlxe 595 5l 5 aisS Ol 1 s bl 5l
4 a8 Wlos,S sl 1) slite 6,850 b Joos (sbapansilSn
3lg oS glis ogm 5l 15 s Julge ply o awo o ol LBQT
(Giordano et al., 2021) oS culos Loyl gos g o,
P 5 sl p G o Gl 4 olS ozl
Bhattacharyya ) s oL eudslio 5 (55592 528 j0 S
al> o a4y Wlgs o pimen o wly ol (6T al., 2020
7550 pll ) 8l ioren g S Dl g Dol o So5e09a8
Seymen, ) a—sl aiwoly (i Cod b gl penslS o
(2021

@ =) DYgmame (Sojeds it 5 aliedon slagaly

Sl e el (Soe (5)5—5 5 YL Ol 4z o ( Sas
WDl 5 ol asls |, Jessl 25 ply 50 Craglie S it
&S yo—l s (Forni et al., 2017) oo olai 1y goliw
Vb slos (55 9 (S22 5,03 @l STyl Wl e
950 5 So3es 58 Slalllas (FOMi et al., 2017) ozl
OlalS 3 1) selie slagwl (2ly; GBS ple 5 Joe oL
(ke S sl (5,58 (15 5 (St o) Ll Cow
U slaaisS ads 5 jwgnd Colled e o ol Jols poe
Forni et al., 2017; ) aas o oL—i5 (ROS) (5 us]



o1y 5 cond LB

VAA

o A8 Cwl oo Bl 35 (eSS b iy
edsdy Sl SA Lt (15 4y Jood dnsgi 5l pdil gl
WS oo et |y (213055 Oliee (2925 dag— L olyen 395
o5l e aals Lagin ) 5 9936 SVl Jes ol
Kaur et al., )ogi Sl oS 5 o sogllae g 050 b))
(2022
sl bl o 4l sl )3 pylas j5boas ROS
ST Slapgilsle o Shos S a1 5 95300 a3
Sk 505 camwl el wilgs sad 9950 50 D9 g0 aliSee
0O el g WIS i wgtd )5 e R LeaSsis LS
S oo IS i gulanS i s o B sl
2 Ssdsred 5 elrerdsn sl 10 "CAGIX (il
o Sl (9P 3950 )3 (6500 g (St A5 Rl
o Slos (sl slas 3 L8 Cliass olwl Lol el
sidadle panilSe S lgieds g 0ol 7,k CAGIX  Jlozs!
59 @S oo dgamme |, ROS w5l o adgs CaGIX S

Campdi ) ool yd Ly ol (las il
Ozed ROS w290l (Kumar et al., 2021)a5
5 S Jos o5 Sl 5 U slaJ5Sge olyieas g5
3556 STy oS alaulg ) 0950 olS )0 Jood (sl pmunslSo
0976 oL 4T (Jloj 5 Sl (2 gz 0uij et Lo
Sl seaite (Sarlal (Slap—cilSo S o i 1) 25
(5 bl 3 5 ROS wxjl i adgs 20l gl 05 oo
CAT SOD wiile 055 sos 31 sloylouuST 5T 0456 oLS
o7 el iy 1S (g0 gy 1y 028 5 (POX) V3lasT
15 e 5280 pilSe Ky (5 ol 208 Eliblors lga ]
sk groels ol s 18 il o 45 Canl 9555 o
(Kaur et al., 2022) .5 S5
Sla ol goas cely (S (Byme ;S B85 13
2 sz 5 (T89) P US Jslxe (sloass asls 55

EoS sl 00D 3558 adgi 90 o it sleplad]

6 Chickpea glutaredoxin (CaGrx)
7 peroxidase (POX)

8 total soluble solid (TSS)

ST e slaaisS oo woliwd g el asle) ols
@5l slaasyilSy (Ca%) o ulS slags (ROS)
Bgd o Jaie (NO) TSy 08T 3 (CGMP 5 'cAMP)
& ey 58 o Jsls s o o i ol JUasil 3 5l 5
5l e -(Novakovic et al., 2018) o swlgs 551,58 o5
Py 4 S o Jlab 1y ool (5l s Lo J o JUi]
(Newton et al., 2016) oS o s |, oS sloz—wly
lojliS etig n dojlile b dojliS’ g n nl 2 ogdle
sl 5lojlS as 5 (MAPKS) Tj3gn b ooty Jlab
o 50 b e ol 45 Ll (CDPKS) © oIS o
(53, s ule L5 (Rayapuram et al., 2018)
b onlpls S oo abyaundo b ab el 1) s ols gl
Zandalinas ) 55,5 o jlee o] sig, b g g o Jib
Yy amms glp gy, Jeles 5l Sy (et al, 2018
S5,345 5 sl el lsieay ool oot gLl calisa
Casl o g9, 55516 G DZIP (Solanum lycopersicum)
Ui arolS e csliaS (6o ;0 1, SIDZIPL 5 a8
(Zhu et al., 2018) wiS o Jled 35 so (Sis g (5,9
> SAIAM lojlas r“L* S50 50 Slwsl (S az S
5970l 4 U Lol el 55290 99505 55 silae ST 225 L o)L
5 SA il (oS 5 5 o Sl )00 0 (ko gen
R IRRIC S I [T PR S CH VPSR .\ Y|
Sl ol S AM il b oS 5 50 SA J3Sge JLSe
1 ST 5T elos slapsilSe Cl o San a5 il
S oleml 093 o 1 eads e glo i Jes g 0iS Caels
Iy goSes JoSe AM 5 SA midli (o5 5 sl )bos
=B Sl fass slp 955 (orexd sbaolly sk
Bharti and ) osles S pal,8 e0s) s (iS5 Coms calisee
©olS SlauST 5T sl 31 (55L—w Jleé (Garg, 2019
Ol (B gl ST (235 S9ng 53 (oot 5 SA L
i O3l e o] Ollgeds el ails 8456 ol o

cdadlone ol b g g aud e L loa iy )0 o5

1 cyclic AMP (CAMP)

2 cyclic GMP (cGMP)

3 Nitric oxide (NO)

4 Mitogen-activated protein kinases (MAPKSs)
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sloos i o3 waiyge (Karalija et al., 2022) o5& »
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Hloadly dguge au e 4 S SaS s LrelS g ol o
Peter et al., ) og—i o (S 25 LialS 5 ol By ae
9 S5 o £ ORIP 4 i Wl oo (Mol slaaal
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A S Sz @it Gl o caisS S sl ik bas e
b QTL jlosla ol g olwls (Peter et al., 2019) sas
D955 (5,90 e Ot A lgS g0 (SiS 4y Jood Slas (gl
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S S 4 bl asile ¢ JsSUge oMol slacSiss
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2SS ool 0956 o 1) 0 Sles alS a0 0 Vel i
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S i g sladles 5o (ple S A5 g (St Ely
Sls 551 ,0 HSPAO 5 sleeslgils (Liu et al., 2019)
oad )l B Lo 5 (St A5 b agzlsn o 0536 5 5
O G ooyl ogdle (Agarwal et al., 2016) c._.!
SFH3 Myb Gl FLD £fll) auls ;lej ooS pulass
Upadhyaya ) o—& 5,135 o456 ,0 (SBP 9 ODHLH bHZIP
sblie ;o (S o,les extensin-like a3 .et al., 2015
63,5 ol g 0591 gl | 2 sl ,S5 sl ls a5 QTL
(o Flen sebay a5 o 3155 g oo gl 8 (ol
b S o Lais | 00,5 algd Jol o les S LSS
3ils 00,5 alg) oy g 00,5 Siadlex 0 e i Loyl
39,5 oelS w538 sl b (Wang et al., 2018)
N Jlys S Ll ogidls oLS YA (59, o) SHY
st SV g ael o Wl VY ST e
(S5 R4z 5 50 (A5 00 S 1) o - Sty (LRR) (s
WS LRR o9 a8 008 (oolais] 1) G ol
g o, alaly JEKm JGSI e [0 1) 355 2k S oo
(Guyon et al., 2004) ool sols yLis 0o

log—uly S0 @l B35 480 g0 (b oegi) Vg2
=3 oLS iz 50 1) 0aisnd g 0nd; (Sla AL 43 odazey
pe5 b Jlss (Roorkiwal et al., 2020) ¢l 05,5 ool
bz slapgs G yd (0955 00 S Slpis b3l g 093
anwgi 4 e (Varshney et al., 2019b) g xla s o
el oot gl calises Sl 4 pglie 3935 glgil
SaS 4 iwaigl g, (Bharadwaj et al., 2021)
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osolaxwl (Jaganathan et al., 2015) s436 ale> 51 (2017
Slr Seaglnlio 9 (0959 0 L3,Sug; 2 ogdle il 0o
Parankusam et al., ) Lo )5 Joss JoSg0 peucilSe 550
o Sl 5 b QTL (o s i sl olo 52 (2017
Thudi et al., ) coul oo slol 0555 ;0 bo)F Jossl Las o
(2014

3 Single nucleotide polymorphisms (SNPs)

J=le ol i (Devasirvatham et al., 2012) s,
Jna) 5,585 o b wls o, Shae b S5alsa 5l e, Cilisee
So5ela s slma il s elgl opl s ogdle (et al., 2014
wolass 5 Lte ) (5l o505 o i agth il
Zhao et al., ) &8 oo 18 b, a5 b Cod (g el
(2020

iz ely; GlolS 50 (2lo)S (A8 (S p—nilSe
Janni et al., ) ceul ad F 18 ) 00,50 00,208 jgbay
BEYR|PS IR VIPCIN . X P DYK g A )A.,L iS5 sbas (2020
Sy50 30 3l (K Yo Ol azyo 9 (58,5 15 (o
(Si992)90 3 S e Sl le)S S g aile Shg
ol 51 .(Sita et al., 2017) o jls Lieadss 9o, 5 659092 58
loaiss 3 oole 5 5 ilide slocdlioi) » ole)S 25
(Liu et al,, 2019) coul oot () 1pa3] Slges aliisea
S Sob slacntisn bWl SYyame 300 5
eoly J5uS s cilisee slacglio s HSP )3 slaoslgils
oo .danni et al., 2020) ailea—s 5,158 ole S i
A5 338 n hre 3l s gai 5 03,5 ke 0 ale S
ol g og—dor cloy APt alS & yomie azs )
S ya Juad 15005 o )__;b 0956 0 Slae 5 Sadba bolag,
4z Ve Vb sles ML 5 uae 0955 aiile (Slage>
Bhandari et ) ss—& oo o Slas 2alS 45 e ol 5 il
Gl duzn o S oo, i a5 ol @l 2017
) 3gez 3980 J S b QTL S 5l (5 ke b oS
Olbizmes 0936 50 (ole S A5 Jeod sl by s
| plo «Devasirvatham et al., 2013) coul 3.5, 2l
odalio b 355 o Shee g gai iy p 2le)S 25 Ol S s
el e YU slos &y Jomeie 5] gy 51y osl,5 Slio

Ll ole)F s Joos o bl 285 HSP (slagys
SWQTL >lsi 5 o5 ¥Y (Jhaet al., 2021b) aiss ;5
ol CalLGO07 4 CaLGO04 .CaLG02 .Cal GO1
HSfS sas YA g 0,50 j0 casliin jsboay (yeizman ailoass
Liet) wlacd ;S )5 Ligw poj5e9,S 10 (55, o5 oud gluliss
2 HSP 5 slaoolgils a5 el oo 5,155 .@l., 2014

1 Heat Shock Proteins (HSP)
2 Leucine-Rich Repeat (LRR)
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SO0 9 bludl G1alS ((Go,15) oSy (s 9,5 daazal.s
3 w93 olS (85 )18 oDle jli(59,50) b S e g S
csinly al> o o (Yadav, 2010) siws boyus (25 (2,20
Loy s 3151 55 00,8 algd a5l Cnilows 9 JS i
ik Sl o sl Jlcpll (Nayyar et al., 2005) cu!
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syl Sis ) 5w el nl by (Yadav, 2010) 54 o
ool 5l Loy (25 Joz sl ol (6l Jolawygyo

‘S‘JJ50.>5;M9J9M)‘Q;;‘-¢Q)|)B iu«w)ut
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F95Ug0 slop—ailSe 5 3l wcanls S50 (onlply (2014
2 ade lp plagliul (b 4 ol S s e
S Slalllas S 3956 3,50 50 S oo S5 0y lals
5 )5 2 S0 55 5 U wpale S0 (oS
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ol s was oy s ol SLQTL (slasdlas 3 .cul
oS G5 o Jyis 45 el 0 (B3 (o5 blis
(Qhaetal., 2021b) yiis anlllas cqz) dwn
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WIS e wly Gy S o 1) Sl 090 i Clio
9955 50 09 S jeboay (le)S S oo (S Dl
Sl .Jha et al., 2021a) ol azs 3 18 aslas 5,90
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L baie QTL SO ol 1 o9dle (Paul et al., 2018)
(S ygeilo Ve alols 5 3555 LGB o b IS (slyime
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(haetal., 2021a) wloas olwlis b5 Joos 4 by o
alo jleibize ca oV glp 1)l QTLAY plasil,
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5 s algs e adS U 59, sl ,lul sLQTL (2021
03995 @M il Lo Jood slml (sl (ool Julge
b dslio ;o ba,dy des e o)l a5 cl )18 silSe
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CBl b wiilgs so (Mol slaasls,, (Mir et al., 2021)
a2 olie Dl i oy 4 ()55 wiile Slao
et 9 ST T welas Gl (g ol 0uiS clablns
Loy e Joi b g8l 0y (59, el yomne (ol (35 Sl 50
ol by b 5500 .(Rani et al., 2021) s 55 05
Logs corbsm 5 Shslsnid et b QLS o (b a5 e
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b oS SaS 0955 GlalS 4 Wil oo Loy b (6 5510 093 o0
B s sty LSl 2ol b oy (LS slabes 5o
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31, 0955 )&y 45 el (a8 00 yus Sipanl s @l 2021
ools ylis g wod o B Lo yus i S (B pee o CiS
OlS ) (maly sloys Jom aT bl o8 ol on s
args BB 38 (e jl els dzmi 50 g 0iS o e 9950
Oz (Thakur et al., 2020) sy 0 05alls slacidle
5 C. reticulatum asle se50 iy laiglin g3 5l ool
00 Lo yaw 4y S g Cenglie ceLC. ChinOSpermum
Jlossl gulie 1, sl o5 atinn ologeisis b (S LB
SLMir et al., 2021) osS o Joos oy ar Joi sl

uLo) ‘)"‘5’@ e).ul..l CeiS wile ‘5».))4;)..0 L;l‘boﬁ‘“_“’ “59).10

2 Membrane Stability Index (MSI)

s 8,Shae lals 5 Sl el il JBlas 4
EW)l (Jdg,lS par b alex jla 2, la el (o St
Solamly xS ‘(RWC)\uT e Slyims ol S
2byl oL 5 Shas g ails oo )59 0395 ; (MSH elie
5 S e sloas b 5l e S50 iz
Sachdeva et ) ol cws aa s Soe b o o So5g0g 58
Slocaisy i3S b 5l Gl bl 2l 2 @l 2018
bgie 058 6,50 ol ol ol b Sis 4 Joie
S T e Judd 5 Sl 05 Sl 0550 51 5 50 0
=5 Pl G 50 05 E55 5 (S jef 5 Sy Rl
oS Sy ge S,k 5l (Sachdeva et al., 2018) ol

odgi 1 sl oo (Mol 0] 3 (5 lgubs el o el)5 9956

sy 7 g (S SOG4 i Suaglio b 5 )
Lim et al., ) ol oass 5 js0be Jolate sloyos, 3,k
39, 5 5 Vo)) ol B Sl (oo (2007
«Arriagada et al., 2022) 5455 ails o Sl (Y+V+ Jw
Slasl 4y oliws 50 Slae (S55 dgmpe 4 5L onmo s
Raina et al., ) el | S0l b [l 5,00 gadss
Comer Om 9 IS )0 (S5 £5 g 5] 0512019
55 (&l 5 Cl 59— (sl by o sl 3950
@l s ol St Sl Sl IS (b (S5
(Fischer et al., 2013) ¢l Jgame s Shoe 5
Loy Jooti sl (s39950 (s09i] @lin aSil @y 495 L
lrosgs a5 cul oays )8 58 Lol sl ouis (45158 0g5u yo
el 35S o0 18 Gl Glod oy )0 (885 ((—ims 9550
QTL < .(Abbo et al., 2002) wis— & o (w)09; 25
Gl o oLl LGB s s5kuo lon gy U Las o Lol
ol 553 |y Cdo (pl oTed £33l a0 DO 4S
9 4>¢5 B QTL g0 ¢l 15 odle (Samineni et al., 2016)
QTL 5 sl o0 Lol | oy oo b LS o Sy
GV oS s slwbid o5 g0 ssluw FY/A 5 LG3 o
S0 S (o g | (s illy 5l oo o YFIP
3o, FAIF B AVV/O g oot oluls LG8 s s QTL

5o ,o 4o (Mugabe et al., 2019) sas o b |, Ol poss

1 Relative Water Content (RWC)
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by sl oads (5155 0 000 slaSal gl a5 sk len
a> S1.(Yadav et al., 1989) sg 5 o S bglste slacSes
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3 Genomic Selection (GS)

gaxils JELGA o pulf b lp 6,50 QTL aes o
50 iS s azg |y gudsid Ol Sla o YT U IAD
LG6 ;o ails o ,Slae sliz! sl LQTL 3l aigs G wolys
SAYY a8 il slaws sl QTL G ke 5l cons slolics
ol (Vadez et al., 2012) aao oo oo |, Ol i
LG7 ,0 g yio il YA/? ,0 LGS 15 g0 (o095 ddlaio g0
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E955 5l a3 W LY 0 oS 0l ool (5590 Cow o, Sles
(Pushpavalli et al., 2015) w25 oo o5 |, (cigid
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G 55 Cod S Shee slizl g 0 Ses Blao
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ALEN0 ) wles oo 4z g5 1) misid Dless 5l oo s FAD
3 bl (pl a5 Cul ot U3 ,1F e (et al., 2021
Kosgei et ) sutis Lag o 0955, (Sis 4 Joss L LG4
5l og3s (Mol slodaliy sl Lol oopl sl @l., 2017
9k sl pBl g8 g Lt S8 4 bl s
@by comnl Glls (plsn o T ki s 4y el

3959 )3 (AWol s s,
35 Saogss Slalllas (b olSle car 338 sloans b
39 b Sde SYsb (Mol slaas > ( Mol sla i
G S 258 S 9 )8 o sl il
05,5 gazma |, 0l,5laS )50 o (Seiy slod jgliws 9>
£ Ll (B, 5l (Varshney et al., 2018) .l
gl gl @ (3 Gl sl So (S
Sl 6l QTL s (Jlaylgied cowl Glao o5
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Sl 00 PONRELENYY SRS Lf""'db 90 Croa> S5 )| oalail

£55 4 bgrye Sl 4 a>g5 L (RoOrKiwal et al., 2018)

1 Marker-Assisted Back-crossing (MABC)
2 Marker -assisted recurrent selection (MARS)
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