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2- Electrolyte leakage index (ELI)
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Table 1. Analysis of varicance of the morpho-physiological treats in 26 chickpea genotypes

MS
SOV df CT PC2 ELI CAT PPO Cha Chb TotalCh Cartenoid
S(t;ess 1 4312 886806.37**  798.3** 3941 0915 0008  0.008"  27.05" 8.99™
Ge(”ggpe 25 2089  29933.48™ 42536 654~ 0483  0015" 00013~  19.73" 9.71™
St*Ge 25 3.68"s  6573.98"  26.33"s 1639~  1.03™  0.0007°  0.0008°  1.59% 1.91™
Erorr 50  2.52 6182.62 15.10 0196 0117 00001 00001  0.494 0.076
CV (%) 237 1053 8.56 3.12 8.71 7.33 1421 8.61 5.07

oy 0 Joos ol CT (o me s pae g/ 0 /) glas Jlis] zglaw 4o o dme S| cud )y 4 NS o * F*
Judg 15 :Cha last Jid Ly o 3T PPO YIS 0 3T :CAT (g sl cots asli ELL oty 5l aw a5 slaws PC2
aseu,15 Cartenoid 4 Js' s, 05 :TotalCh b L, 45 -Chb a

Loy (25 205 3558 (229 loaaTh (Siglnud Slbo (5aSks dnslie -V Jyox
Table 2. Means of the physiological traits in wild genotypes of chickpea genptypes

No.  Genotype CT PC2 ELI CAT PPO Cha Chb TotalCh  Cartenoid
1 ILwC112  ° 55 62.71c 17.06b 4732 0.229b  0.108abc 0.316b 6.63c
2 ILwc117 S 74 49.86de 14.40d 347fgh  0.137fe  0.079def  0.215fg  4.44fgh
3 ILwcios 7 45 75.35a 11.90ef 3.10h  0.165cd 0.099bcd  0.265de 5.88d
4 ILwcios 4 85 41.92fgh 15.11cd 3.54e-h  0.126fg  0.060f 0.185g 4.22gh
5 iLwciog 3 93 33.27k 18.01a 4.34a-d 0.26a  0.126a 0.387a 7.98a
6 iLwcio 4 84 42.19fgh 10.93g 3.21gh  0.178c  0.133a  0.310bc 7.29b
7 iLwciir - 3 88 37.78g-k 15.23c 4.12a-e 0.157cde  0.116ab  0.274cd 5.13e
8 ILwc1i4 S 69 53.13d 12.27e 4.03b-f 0.16lcd  0.122ab 0.270d 4.93¢f
9 ILwcis 4 84 46.47¢f 15.51c 4.63ab  0.176c 0.088cde  0.264de 5.69d
10 ILwcie 3 88  37.19g-k 16.56b 439abc  0.127fg 0.100bcd  0.227ef  4.51fgh
11 ILwcies 3 90  36.10h-k 14.40d 347fgh  0.153de  0.065ef  0.203fg  4.67efg
12 1Lwcizo 3 89  36.49n-k 18.01a 434a-d  0.109g 0.062f 0.176g 4.03h
13 wcizz 3 89 36.00h-k 15.23c 412a-e 0.157cde 0.116ab  0.274cd 5.13e
14 1Lwciz 4 85 40.97f-i 12.27e 4.03b-f  0.16lcd  0.122ab 0.270d 4.93ef
15 ILwcize 4 85 41.33fgh 15.51¢c 463ab  0.176c 0.088cde  0.264de 5.69d
16 ILwc1z7 3 90  38560-k 16.56b 439%bc  0.165cd 0.100bcd ~ 0.227ef  4.51fgh
17 ILwcio 4 85 40.38f-j 11.34fg 3.82c-g 0.153de  0.065ef  0.203fg  4.67efg
18 ILwcie3 4 85 42.78fgh 11.79¢f 3.74d-h 0109y  0.062f 0.176g 4.03h
19 ILwciss 3 91 34.192ijk 17.06b 473a  0.229b 0.108abc 0.316b 6.63c
20 ILwc2i6 ! 49 69.26b 11.34fg 3.82c.g  0.137fe 0.079def  0.215fg  4.44fgh
21 Lwc2ig 7 48 61.03c 11.79f 3.74d-h  0.127fg 0.099bcd  0.265de 5.88d
22 ILwcios 3 89 38.45¢0-k 15.11cd 3.54e-h  0.126fg  0.060f 0.185g 4.22gh
23 ILwcie 3 91 33.924jk 11.90ef 3.10h 0.26a  0.126a 0.387a 7.98a
24 1LwWC133 4 81 44.12efg 10.93g 3.21gh  0.178c  0.133a  0.310bc 7.29b
25 ILC533 7 48 61.65¢ 11.79¢f 3.74d-h  0.109g 0.062f 0.176g 4.03h
26 ANA 4 85 40.24f-] 17.06b 473a  0.229b  0.108abc 0.316b 6.63¢

\lo



VPV olamo) ¥ o)lods Y 0590 oyl !l mod ey 4y yis

s & (ILWC119) YY 5 (ILWC109) & o,leis
S 1)l cnytier b3,l5 Ol i
Ol o ELI Lasls i 5l oSl aisls plazs
o 4 Connd 505 PPO 5 CAT elags 5T collad
e iz g s (5 p sald a5 lacudsl)
i)l lp g wad aSls Ly 4 polie sla
IS Lalpd o oy 5 4 (el id by
&S ool odd atie 00,8 bl eads
o b e 51 B 8 L SLS s
et |y T T o b g ol3T oISl
Loy 25 5l (26 gl Jotd e 9 iy o0
5 B b 5ST slosisS il 55 Canglin &
(Eometal., 2022) &S oSS Lo oo

5 ILWC109 Coisis 50 Jol Jlo b Luloly
aols s Ul sy 90 ol yan 4 ILWC119
(ola wals lgin) ILCS33 Cigss ¢ (polio
g LS 9 (Soiede 8 Gl b))l sl
Gd mls e S bl bojyw ias cou
99 g (oogiileS O Slee slaosls byl
lales s jo a5 (¥ Jguz) ols olas (FV/Fm)
sy Jedg S ilenysls sl yiolly o ol
e Dold (5 x ey hlite Sl g 0950 sla
3 Lo G5 B molaw o cullad 352 lo
ol 2 JaoslS sl sl ol 25T
e el oy Ky glas Jlazs| o 4o FO
(Y Jguz) cisls 099 ,lo

Dty 45 915 LS (F Jyar) Lo eilin gl
L og5lsS o, Slae jiSlaz) FUIFM ol )l jlade
3 YV Jlas & bgypo (I sty ot
4 ILWC109 sy 5 +IVA Glie s o5 il

a5 ol Glis bt pizmen ool /FVY (5

-F Ll @ by FVIFM il L ol o yiaS
ILC533 o355 9 +/0Y lime a5 ol )5 il ax po

AR

855 Sl (st ey sloaiil b gl ol
Loy 25 5 oo (glos Lasl o s oo (sl
ool Greaisil b anslie ;o (6558 Jg S
Malekzadeh et al.,) s)ls Slsien elS sl
S slecds mSI oo, 0 o of31 (2013
s Jobe Sy msls lsisar olalS il
Bakht et al. 2006., Heidarvand ) o5 oo 48,5
5 V1 WD ol sloiss) imen (et al. 2011
0l e (0o 0 YO 5l 26S) (0 eS glylo YY
Callas CT §PC aLls 55 zuls b a5 ooy ELI
Loy & pglie laceis ol Wl 5 cuils
slecasgdy W ELI Glgims yrals . asal aislil
- b 52 95 g o T ) pslie sl 5 psli
St Sl ohrgr Joodi slapunile 55l
Ba> ol sl v kROS loj caew g £l
oo Slapmilie aws 4 ROS wg S
(Lotfi etal., 2015) 5.5 o plxil 153 ROS
J992) (elerdsn sloosls (Sl anylie s
LYV Y D) oyl slacasgiyas ol las (Y
w3 cdled i glls LT pglio aals of jon
oSt B8 (w3l s (ls VY1 ) VB
ol Lo Jeou odims jlis a5 wsg (PPO)
&8 5 (=1 il (ot Jlsd 3o )b 5l lacassd
w3l LROS

o lods Gy b She anslie mbs ulul
Ot 5 03s S S eSSk (IYFLYY 50
s sl olassl 55 1, @ Jds,lS e
&b slocaizs b L ISl jlas s 5 jasuie
£ 3 eSSk Y7l G Lawgia LYY 5 TY
LYY 50 slacassss S Jedo S Sl 5hes o3
A5l 5 s eSS 00 eSS ke ITAY gt
VIAA Lawsgia LYY 5 0 lacaisis aiss )8 oliee
Ly 8905 Ol crptian 5 0j9 )5 50 )5 ke
Slecasgly sdwel Canvsy mls ulaly wog ls



VPV olamo) ¥ o)lods Y 0590 oyl !l mod ey 4y yis

2 6% Ol w3z Gl 5 Hle ax 0 -F)
e Sy o 5Pl Jb aSly S

Ao il jgld o lin ol iy olenligid
2 oS 3 99 pimme—wgtd liorB928 ) 5
gl 5 Jlad (G2STg 55 e 50 (658 bz 2
Y o d)lee cdgl o o i eny » ILWCI09

Se25 6,3 sxe 5 le T S LT 13, 5 555
53 ILWCL09 oigi amy (o0 55 2 ol
ailys o5 ile a0 -F loy i Lyl
) 99 pimma—wgid Jlad (—2aSTy 55T 00 olaws el
Jusles)s slo ogigd wd by S b
S 0 055 Dyge e 2L b Sl

O 085S Aol 9o o VT I| FOEI VL
4 Jorie ILWC109) g5 15 ot psilSa

osls (O Jguz) (mib)lg 430 5l J—ol> ol
sle los 5 cudgis blite Sl aS cwl ools s
e Slglds (So3sle 5ed Dlao il oleo
30 (S 95 D929 Yo aS wai il gl
o oadehy Dglite (1iSTy S g el G

el gles slales

cigiy ol o Ole il e o /0AY Ol 4
Lo oo S 3l Co iy (Lo oo 4y ol 0all)
99 90 plwgtd olandiend SIS g ad 3 8
S F Y Sles sl less o cenl aiily il ]
59 ot (gog1lsS o Shos o5 o 4z, -
5 IFF IV Cus 5 0g5u slacuigss (FV/Fm)
2 omb lles i 36 Sly ol a5 09 /O
- o ax ;0 -F sles ;o Loguass FVIFM sl
2l Grizes Sl bjled 4l 4 Cod Ol S
ILWC109 Csgis F ol (25 5o ols ol
(FVIFM) 5o pipwgid ogiilyS o ,Shae sl)ls
CoS yaS g Cawl gl dny 4y o (5500
Gedos Gl 285 18 ol slales 25 56
oy 3l S0 FVIFM . ol a5t ol olis
O 4 e slacaisy Sl sl ey

Aol o 0950 oLS H0 Loy
5l b IS (sl el eSilis 4l
Sloy 35 g aS w0 L (F J5u2)
FSlas STas uilow,gld ol 57 il ax 0 -F
oSS (2B 090 28 (pleandgnd 8
Simwgid (2)l5 g 90 iy o Of
Loo cpl jo blie jo .28l rals gyl suas ol

3955 i 955 )l Judg IS il gld (sl ailgo o Lo pas (15 Cillio Zobams 13l il g 325 -Y Jgu
Table 3- Analysis of variance of the different cold stress levels on chlorophyll a fluorescence
in 4 chickpea genotypes

SOV df Fo Fm Fo/Fm Fv/Fm Fv/[Fo ABS/RC  Plabs

Stress (St) 2 228.16" 886806.37** 0.157" 0.157" 14.78" 0542 173.18™
Genotype (Ge) 3 529.66™° 13233.48™ 0.0061"¢ 0.0061"* 0.172"¢ 0.0582"¢ 9.62"*

St*Ge 6 1145  6573.98"  0.003" 0.003" 0.211"° 0.050"  4.70"S
Erorr 12 26358  6582.62  0.0028 00028 0.171 0034  13.70
CV (%) 6.75 10.53 1502 837 1575 1134 1562

il ,5l9) Fm o slo> ol 518) Fo s o B pae g/ O VY zolaw jo lo Jxe BN 5 54 NS * R
) FVIFO (] s olaniigid SIS xSTas) FVIFM o oloardisd 1e (9, y00 (55,5h) FO/FM (slos
S Plabs (Jbs STy 5550 15 (655 Ol yz i) ABSIRC ll gt 15 o a5 oSlyaS

s mgid
** *and ns are significant at 1%, 5% and non significant, respectively
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Table 4- means of chlotophyll a fluorescence in 4 chickpea genotypes

Plabs ~ ABS/RC  Fv/Fo Fv/IFm Fo/Fm Fm Fo Hlos
2.75b 1.07b 1.86b 0.64b 0.36b 694.25h  244.25a f COlles
0.94b 1.42a 1.06c 0.51c 0.49a 481.25¢  234.25a -f C° sles
9.75a 0.91b 3.71a 0.79a 0.21c 1134.13a 242.50a YY C° Gleo
3.14a 1.16a 2.27a 0.672a 0.329b 830.67a  251.16a ILWC109
5.16a 1.10a 2.28a 0.65ab 0.35ab 770ab 233.33a ANA
5.89a 1.01a 2.31a 0.653ab  0.348ab  762.50b  231.66a ILWC119
3.72a 1.25a 1.95a 0.597b 0.403a 716.33h  245.16a ILC533

ol ,5l9) Fm (P8l il y5l8) Fo .col 20,0 0 Jlesol mdaw jo jls cme ST snims lid Hgiw o) 5o Dglate By >

<L) FVIFo (I 155 o3 lon

b ol iSlas) FVIFM o olew—s958 18 (55, 0 55,50 FO/FM (iSTos

(S yimgzd L) PlADS o(Jld aaS1y 5550 50 6,9 by wd) ABS/RC Il pincwgsd 1o O 4555 WSS
Different letters in each column show significant difference at 5% probability level.
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Table 5- Analysis of variance of the cold stress effects on physiological traits in 4 chickpea genotypes

MS(lasye i)
SOV df CAT GPX APX PPO SOD MDA ELI H202 AOS Cha Chb TotalCh Cartenoid
Stress (St) 2 39.41™ 3.53ns 143.12" 0.915™ 0.024™ 0.435™ 395.65™ 1045.72""  0.056™ 0.007™ 0.007™ 27.05™ 7.99™
Genotype (Ge) 3 6.54™ 90.61™ 9.89™ 0.483" 0.0037™ 4.98™ 1150.02™ 3442.28™  0.014™ 0.014™ 0.0012" 19.73" 8.71™
St*Ge 6  16.39™  91.96™ 107.68"™ 1.03" 0.0035™ 1.10™ 43.69™ 407.90™ 0.172™  0.0009™ 0.0007" 1.59" 1.91™
Erorr 12 0.196 2.80 0.52 0.117 0.0002 0.057 3.40 17.60 0.002 0.0001 0.0001 0.494 0.076
CV (%) 3.12 7.38 2.37 8.71 6.14 6.28 5.29 4.19 8.67 7.33 14.21 8.61 5.07
HEEGNS s re S pas 9/ 0 L) zolaw jo s re BWS i @

Catalase (CAT), Guaiacol Peroxidase (GPX), Polyphenol Oxidase (PPO), Ascorbate Peroxidase (APX), Superoxide Dismutase (SOD), Electrolyte leakage index
(ELI), Malondialdehyde (MDA), Hydrogen Peroxide (H2O2) content, Allen Oxide Synthase (AOS), Chlorophyll (Ch)


https://en.wikipedia.org/wiki/Catalase
https://en.wikipedia.org/wiki/Catalase
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Table 6- Comparion mean of the effects of cold stress on physiological treats of 4 chickpea genotypes

CAT
(nmol of (annZ)l(of (ﬁr?fl (nlrjnlj)(ljof AOS
Stress  Genotype dec?rfwoésed guaiacol oxidized purpurogalin S(noq:?\r(nU/ (tﬁgﬂ%ﬁ ELI (%) (L_'nzwgli (ACZ]/)B (ns r}afr (n? r}bfr TotalCh Cartenoid
P P oxidized/ ascorbate/ formed/ mg g 0 g . g9 99 (mg/gfrwt)  (mg/gfrwt)
/ . . - . " - protein)) frwt) frwt) (minmg wt) wt)
. (minmgprotei  (minmgprotei  (minmgprotein) -
(minmgprot protein))
" W) W) )
ILWC109  1551c 20.58¢d 35.67b 473 0209  265¢ 2040 61355 023  0.229 0'1%83'0 0.316b 6.63c
oo ANA 14.40d 22.25h¢ 29.65d 3.47fgh 0209 38cd 2856fg 7096f 057bc  0.137f 0.079def  0.215fg  4.44fgh
ILWC119  1801a 28.92a 33.67¢ 4.34a-d 0.23¢f 305 240 6291y 069  0.165cd O'Oigbc 0.265de 5.88d
ILC533  15.1cd 17.17e 25,76 3.54e-h 026cd  423bc 4295  8045f 0354  0.126fg  0.060f  0.185g 4.22gh
ILWC109  11.90ef 18.34de 25.11f 3.10h 028bc  296e  2483hi 67.84fg 0.65ab  026a  0.126a  0.387a 7.98a
ANA 10.93g 18.18de 23.49¢ 3.21gh 021fg  395cd  307f 8528d 0354  0.178c  0.133a  0.310bc 7.29b
40
ILWC119  14.23d 31.48a 25 33f 4.12a-¢ 021fg  363cd  36.6ed  8279d  0.506¢ 0'15;7“’ 0.116ab  0.274cd 5.13¢
ILC533 12.27¢ 20.99cd 22,669 4.03b-f 021fg  450b  479b  99.8lc  0.65ab  0.16lcd 0.122ab  0.270d 4.93¢f
ILWC109  17.06¢ 24.83b 42,69 4.63ab 033 308  274gh 743def 0722  oarec OO o6ade 5.60d
4o ANA 16.56b 30.36a 36,550 4.39abc 020b  367d  345¢  8l0led 069  0.127fg 0'1%0“ 0.227¢f  451fgh
ILWC119  15.34c 19.46¢cde 33.67c 3.82¢-g 025¢  370d  3843d 850ld  024e  0153de 0065ef  0.203fg  4.67efg
ILC533  11.79f 19.59cde 27.65¢ 3.74d-h 0.5h 5752  6l5a  1196a 073 0109  0.062f  0.176g 4.03h

A Sl s Dglas wo y0 B o mhaw jo SSls slasals wiz el (elul paiis S ie By G glils JBlas (e 2 0 aS Sl Sl
Means with at least one common letter in each column are not significantly different (P<0.05)
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EXTENDED ABSTRACT

Introduction: Changing the chickpea planting system from spring to autumn, due to the increase in the
length of the growing period, proper productivity from the late winter and early spring rains, the
coincidence of the flowering and podding period with suitable soil moisture, and finally avoiding the
dryness at the end of the season, is result in increasing the yield in Mediterranean climates. Wild
relatives are useful sources of genetic diversity and resistance genes to biotic and non-biotic stresses,
and the wider the base of diversity, the more likely the breeder will be able to find the desired genetic
combination.

Methodology: Photosynthetic efficiency and biochemical response of dryland chickpea genotypes were
evaluated as factorial experiment based on a completely randomized design with two replications under
cold stress in two genotypes ILWC109 and ILWC119 along with two genotypes i.e. Ana (resistant
control) and ILC533 (sensitive control). In the controlled environment, three different temperature
levels including 22°C (as control), 4°C and -4°C were considered to evaluate biochemical
characteristics.

Research findings: The results of the field section showed that genotypes number 5 (ILWC109) and
23 (ILWC119) not only had the highest amount in terms of chlorophyll a content, but also in terms of
ELI index and activity levels of CAT and PPO enzymes. They were better than other genotypes and
cultivars and were recognized as cold resistant genotypes. In the controlled part, the results showed that
the maximum fluorescence, the maximum photochemical efficiency of photosystem I, the efficiency
of the water split complex in photosystem Il and the photosynthetic efficiency significantly decreased
in the studied genotypes under cold stress of -4°C. On the other hand, at -4°C, the amount of light
current absorption increased in active reaction centers. The highest level of maximum fluorescence and
photochemical efficiency of photosystem Il and the lowest amount of light current absorption in the
active reactive center were obtained in ILWC109 genotype. It seems that Anna genotypes and ILWC109
line have been able to increase the number of photosystem Il active reaction centers under cold stress
conditions of -4°C, and by absorbing light photons, electron transfer could take place with better
efficiency. The improvement of the photochemical efficiency of photosystem Il confirms this
mechanism of action in genotypes tolerant to cold stress.

Key Words: Cold stress, autumn cultivation, antioxidant enzymes, photosynthesis.
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