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Abstract

Identification of primings that induce secondary metabolites in order to withstand cold stress can be effective in the establishment
and yield of crops. This experiment was conducted in the laboratory conditions as a completely randomized design with three
replications to evaluate the effect of seed priming on cold tolerace of three genotypes and one cultivar of chickpea during
germination stage in 2020. Treatments include temperatures of 5, 10, 15 and 20 ° C, genotypes of MCC505, ILC8617, MCC495
and Saral cultivar and primings included control (non-primed), hydropriming, sodium chloride, acid salicylic, sodium
nitroprusside, phosphorus and potassium soluble bacteria, Full spectrum of 20 essential amino acids, potassium nitrate, zinc sulfate.
Results indicated that the treatments of sodium nitroprusside, hydropriming, acid salicylic and zinc sulfate prevented the
germination activity from stopping due to the decrease in temperature and among them, sodium nitroprusside treatment was able
to improve germination percentage, germination rate, hydrogen peroxide and catalase under 5 ° C compared to the control by 5.7,
19, 4 and 15%, respectively. In addition, the above treatmens under 20 ° C resulted in 2 and 4.7% improvement in alpha-amylase
and hydrogen peroxide, respectively. Generally, the effect of priming on cold tolerance at the germination stage showed that cold
stress reduces seed germination and germination rate and has a negative effect on germination indices, enzymatic and biochemical
activity. However, the use of primings, especially sodium nitroprusside, moderated the effect of cold stress and improved seed
characteristics under cold stress.

Keywords: Hydrogen peroxide, Acid salicylic, Sodium nitroprusside, Hydropriming.
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Table 1- Characteristics of the studied chickpea genotypes along with their origin

- Laze ot & Lo 4y 1Sl =
Genotype Origin Pedigree Type Reaction to cold Reference
MCC#505 (ILC533) s b S 4 V’”Lf (Bahmani et al., 2020)
Egypt Not traced Kabuli Sensitive
15, s [FE .
ILC}8617 o ILC482 (mutation) o ] (Singh et al., 1995)
ICARDA Kabuli Tolerated
Sel93TH24460 15, S pslie
(J,L) ILC3470 x ILC8617 ) ] (Saeed et al., 2010)
2 ICARDA Kabuli Resistant
\;)lgil . db\f L g . N
MCC495 Flip93-262¢ . ; (Beihaghi et al., 2010)
ICARDA Kabuli Medium

dghe 3 g3 O 5uSIS MCC

+MCC: Mashhad Chickpea Collection, {1 International Legume Chickpea.
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Table 2- Sources of variation, degree of freedom and mean squares of germination percentage and
germination rate in priming chickpeas under temperature

S eoliT amys S8 oy il e
S.0.vV df FGP GR
s 3 554%% 8.67**

Genotype (G)
s
T 9 282%* 4.40%*
Priming (P)
L
: 3 101792%** 1590%*
Temperature (T)
Sled e X oS ) 27 8.69* 0.136*
GxP
Lsx L g)
2X s 9 75.2%%* 1.17%*
GxT
Lax g A
SX ks Sy 27 53.1%* 0.831%*
PxT
Lasx jlad iwX s 85
DX led X 55 81 5.17ns 0.081ns
G xPxT
s
320 5.53 0.086
Error
(1) O s o b
e e 3.73 3.72

C.V. (%)

Q‘&%RIC.V.M}J&{{}M)A@Jb\éﬁ.u)éé)\é&:u‘-\.ﬁ)é@Jb\éd.u)\:&nxi:_’_;}?q%&# o 1S
ns, *, ** non-significant of 5 percent probability, significance of 5 and 1 percent of probability, C.V: Coefficient of variation, respectively.
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Table 3 - Effect of priming and chickpea genotypes on germination percentage

S = VJ,)
Primin Genotype Cultivar
£ MCC505 ILC8617 MCC495 Saral
dals
62.3e-k 64.6a-g 60.6h-m 65.6a-f
Control
Komil 5k .
T 64.6a-g 68.0a 63.0d-j 67.6ab
Hydropriming
[ 58.0l-n 63.0d-j 58.0l-n 62.6d-k
Sodium Chloride
Sl el .
T 63.0d-j 65.0a-g 61.6g-1 66.0a-¢
Salicylic acid
oy s
pke s 65.6a-f 67.6ab 64.6a-g 68.3a
Sodium nitroprusside
i oS b S
Aok s S 59.0k-n 63.3¢-] 59.0k-n 62.0fk
Phosphorus-soluble bacteria
Ly oS b St
S sl AL 59.6j-m 62.3¢k 55.3n 61.6g-1
Potassium-soluble bacteria
a Tl
T 62.0f-k 62.0f-k 57.6mn 62.6d-k
Amino acid
by Ol 25
LS 62.6d-k 65.3a-g 60.3i-m 64.3b-h
Potassium nitrate
oW
0= 64.3b-h 67.0a-c 63.6¢-i 66.3a-d

Zinc sulfate

51 (Sl e g5 Aoy gy e 53 LSD g ST el S 2 Cog sl sl Sl
Means followed by the same letter are not significantly different at the P <0.05 level of Least Significant Difference.
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Table 4 - Effect of genotype and temperature on germination percentage of chickpea

s )] 3
Temperature (°C) Genotype Cultivar
MCC505 ILC8617 MCC495 Saral
20 99.7a 100a 99.8a 100a
15 67.2¢ 71.3b 63.3d 71.2b
10 52.8f 55.8¢ 50.2g 55.4e
5 28.8i 32.1h 28.1i 32.2h

55 (6l e 3l Ay oy e 53 LSD g0 5T ol jr S 2 g Shils sl Kol
Means followed by the same letter are not significantly different at the P < 0.05 level.
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Table 5 - The effect of seed priming and temperature on the germination percentage of chickpea

Les
s o
’ ; W Temperature (°C)
Priming 20 15 10 5
dals
100a 69.6b-d 54.3h-j 29.3mn
Control
Kool y5pkn
el 100a 72.3bc 58.3fg 32.6lm
Hydropriming
S L
~ A , 99a 68.6cd 493k 24.60
Sodium Chloride
Sl dl .
T 100a 69.6b-d 55.0g-1 31.0mn
Salicylic acid
s sens
pre i 100a 73.3b 58.0-h 35.01
Sodium nitroprusside
ind oS > (sl ST
Aok s 100a 64.3¢ 51.0jk 28.0n0
Phosphorus-soluble bacteria
y odS” L SL
p S sl S 100a 61.3ef 49.6k 28.0no
Potassium-soluble bacteria
Ll
oo 100a 63.3¢ 51.0jk 30.0mn
Amino acid
b ol
FR e 100a 68.3d 52.3i-k 32.0lm
Potassium nitrate
oW
e 100a 71.6b-d 57.0gh 32.6lm

Zinc sulfate

55 (6l e 3l Ay gy e 53 LSD g0 5T olil jy S 2 3 Shils sl Kol
Means followed by the same letter are not significantly different at the P < 0.05 level of Least Significant Difference.
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Table 6 - Effect of seed priming and genotype on chickpea germination rate

o SE 5
; N w Genotype Cultivar
riming MCC505 ILC8617 MCC495 Saral
dals
7.79¢-k 8.08a-g 7.58h-m 8.20a-f
Control
Km0 .
T 8.08a-g 8.50ab 7.87d-j 8.45ab
Hydropriming
L b
~ A , 7.251-n 7.87d-j 7.25l-n 7.83dk
Sodium Chloride
Sl .
T 7.87d-j 8.12a-g 7.70g-1 8.25a-¢
Salicylic acid
-
e sy 8.20a-f 8.45ab 8.08a-g 8.54a
Sodium nitroprusside
bd oS b S
A S s L 7.37k-n 7.91c 7.37kn 7756k
Phosphorus-soluble bacteria
by oS > slas SL
p S s S 7.45j-m 7.79¢-k 691n 7.70g-1
Potassium-soluble bacteria
T deul
. 7.75fk 7.75f-k 7.20mn 7.83d-k
Amino acid
by ol
FR 7.83d-k 8.16a-g 7.54i-m 8.04b-h
Potassium nitrate
Sl
S0 8.04b-h 8.37a-c 7.95¢-i 8.29a-d

Zinc sulfate

55 (6l e 3l Ay oy e 53 LSD g0 5T ol jr oS 2 g shils sl Kol
Means followed by the same letter are not significantly different at the P < 0.05 level of Least Significant Difference.

35 5d Gl S ples 5 B 1=V Jader
Table 7- Effect of genotype and temperature on chickpea germination rate

. NPy s
Genotype Cultivar
Temperature (°C) MCC505 ILC8617 MCC495 Saral
20 12.4a 12.5a 12.4a 12.5a
15 8.40c 8.91b 7.91d 8.90b
10 6.60f 6.98¢ 6.28g 6.93¢
5 3.60i 4.01h 3.51i 4.03h

55 (6l e 3l Ay gy e 53 LSD g0 5T ol y S 2t 3 Shils sl Kol
Means followed by the same letter are not significantly different at the P < 0.05 level of Least Significant Difference.
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Table 8- Effect of seed priming and temperature on chickpea germination rate

Sbes A T - °C)
. emperature (°
Priming 20 5o 10 5
dals
12.5a 8.70b-d 6.79h-j 3.66mn
Control
Kol s ks
P 12.5a 9.04bc 7.29fg 4.08Im
Hydropriming
o L
~ "’K_ 12.3a 8.58¢cd 6.16k 3.080
Sodium Chloride
Sl sl .
T 12.5a 8.70b-d 6.87g-1 3.87mn
Salicylic acid
L bl o]
po s 12.5a 9.16b 7.25fh 4371
Sodium nitroprusside
pd oS Las S
A oS s S 12.5a 8.04¢ 6.37jk 3.50n0
Phosphorus-soluble bacteria
ey oS” las ,SL
r e s 12.5a 7.66¢f 6.20k 3.50n0
Potassium-soluble bacteria
el el .
T 12.5a 791e 6.37jk 3.75mn
Amino acid
S
Fn 12.5a 8.54d 6.54i-k 4.00lm
Potassium nitrate
oW
ST 12.5a 8.95b-d 7.12gh 4.08lm

Zinc sulfate

1 (13 onn a5 o ys gy e 53 LSD 0 ga3T ol s e85 ke o (15 sla Sl
Means followed by the same letter are not significantly different at the P < 0.05 level of Least Significant Difference.
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slasles 5 ILC8O1T 355 55 Sml sk
MCC495 555 55 S35 Qw}w}ﬁv\.ﬂ Llog o5
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Table 9- Sources of variation, degree of freedom and mean squares of a-amylase, hydrogen peroxide and
catalase in seed priming chickpeas under temperature

Ol s CL‘« &ol5T a4 ys SLTWT 05954n LS,y Y6
S.0.V df a-amylase H,0, Catalase
e 3 84, 1% 0.033%* 0.00%*

Genotype (G)
s
T 9 45.4%% 0.096** 0.00%*
Priming (P)
Lo
3 11296%* 74.1%* 0.064%**
Temperature (T)
Lo b X a5
TR e 27 1.50%* 0.001ns 0.00ns
GxP
Lax S ¢
i 9 3.10%* 0.002ns 0.00%*
GxT
Lax Hlas &
2T o 27 1.60%* 0.015%* 0.00%*
Px T
Losx Hlod X )
TR 81 0.400ns 0.001ns 0.00ns
G xPxT
(123
320 0.600 0.001 0.00
Error
(1) & s o b
i 1.01 127 6.34
C.V. (%)

Ol il g2 :C.V.széiijd..;)>@dk:>\ck.~); ‘5)|>L;‘x»gw);@dha>lcbﬂ
ns, * ** Respectively non-significant of 5 percent probability, significance of 5 and 1 percent of probability,
C.V: Coefficient of variation.

O 033 .8 2 do19) SATUIT 0 5T S dlab 5 g8 slas 55 5 o slod g ST -) 0 Jgr

Table 10- The effect of seed priming and genotype on the activity of a-amylase enzyme
(units per gram of seed weight) of chickpea

S e ] )
Pn"minw Genotype Cultivar
s MCC505 ILC8617 MCC495 Saral
dals
74.60-s 76.4d-1 74.9m-s 76.9a-j
Control
Keas
TAd 76.4e-1 78.1a 75.8h-0 77.7a-d
Hydropriming
e S 7375t 75.5k-r 7375t 75.6j-q
Sodium Chloride
Sl sl
e 75.9¢-n 76.7ck 75.5k-r 77.1a-h
Salicylic acid
L bl v}
I 77.2a-g 77.9abc 76.8b-k 78.0ab
Sodium nitroprusside
id oS a s SL
Ad e e S 74.5p-t 76.1f-m 74215t 75.6j-q
Phosphorus-soluble bacteria
Ly oS’ b Sl
pi S U s S 74.6n-s 75.8i-p 733t 75.6k-q
Potassium-soluble bacteria
AR
e 75.7i-p 75.6j-q 74.4q-t 76.1e-m
Amino acid
OIS
= 75.9g-0 77.0a-i 75.11r 76.7ck
Potassium nitrate
o
S 76.4d-1 77 4a-¢ 76.3¢-1 77 4a-f

Zinc sulfate

55 (6l e 3l Ay oy e 53 LSD g0 5T ol r S 2 3 Shils sl Kol
Means followed by the same letter are not significantly different at the P < 0.05 level of Least Significant Difference.
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Table 11- The effect of genotype and temperature on the activity of a-amylase enzyme
(units per gram of seed weight) of chickpea seeds

. 555 g
Genotype Cultivar
Temperature (* C) MCC505 1LC8617 MCC495 Saral
20 87.7b 89.0a 87.3b 89.2a
15 77.7d 79.3¢ 76.8¢ 79.2¢
10 71.2¢ 72.1f 70.7g 72.1f
5 65.4i 66.1h 65.2i 66.1h

5 (13 onn DplE o y3 iy e 53 LSD 0 pa3T ol 1 oS 2 U (51l (sla S0k
Means followed by the same letter are not significantly different at the P < 0.05 level of Least Significant Difference.
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Table 12- Effect of seed priming and temperature on the activity of a-amylase

enzyme

(units per gram of seed weight) chickpea seeds

s . - o)
. emperature (°
Priming 20 15 10 5
aals .
87.5de 78.3hi 71.5Im 65.50-q
Control
Kol sy
T 89.5ab 79.71g 72.6kl 66.20p
Hydropriming
Sl 87.1e 76.9j 70.0n 64.5q
Sodium Chloride
Sl ol
T 88.8a-c 78.7gh 71.8k-m 65.90p
Salicylic acid
s s 2
b i 89.9a 80.3f 72.9k 66.70
Sodium nitroprusside
b 0 S b St
Ao s S 87.5de 77.0j 70.8mn 65.2pq
Phosphorus-soluble bacteria
by oS e S
pr e b s S 87.1e 76.4j 70.6mn 65.2pq
Potassium-soluble bacteria
aal ! ..
T 87.9cde 77.21j 71.1mn 65.60-q
Amino acid
L Ol s
R 88.5b-d 78.5g-i 71.6lm 66.10p
Potassium nitrate
oW
ST 89.4ab 79.5-h 72.4k1 66.20p

Zinc sulfate

55 (6l e 3l Ay gy e 53 LSD g0 5T olil jy S 2 3 Shils sl Kol
Means followed by the same letter are not significantly different at the P < 0.05 level of Least Significant Difference.
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Table 13- Effect of seed priming and temperature on hydrogen peroxide content
(micromoles per gram of fresh weight) of chickpeas

Les
e Temperature (°C)
Priming 20 15 10 5
dals
1.75n 2.12j 2.77d 3.56a
Control
Kool 550
o 1.74n 2.03k1 2.67fg 3.44bc
Hydropriming
L
- A , 1.73n0 2.1 2.76d 3.55a
Sodium Chloride
Sl el
T 1.670 2.02k-m 2.65fg 3.50ab
Salicylic acid
ore
ot s 1.670 1.96m 2.56hi 3.42¢
Sodium nitroprusside
bud oS lags S
A s SL 1.69n0 1.98Im 2.71d-f 3.53
Phosphorus-soluble bacteria
oS’ L SL
p S g 5;_. 1.70no 2.08jk 2.73de 3.53a
Potassium-soluble bacteria
LTt
T 1.71no 2.08jk 2.68e-g 3.53a
Amino acid
b Ol s
L 1.70no 2.03k1 2.63gh 3.44bc
Potassium nitrate
oW
G 1.72n0 2.04k1 2.55i 3.43bc

Zinc sulfate

55 (6l e 3l Ay oy pelan 53 LSD g0 5T ol jr S 2 3 Shils sl Kol
Means followed by the same letter are not significantly different at the P < 0.05 level of Least Significant Difference.
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Table 14- Effect of genotype and temperature on enzyme activity of catalase
(units per gram fresh weight) of chickpea seeds

<55 o
b Genotype Cultivar
Temperature (* C) MCC505 ILC8617 MCC495 Saral
20 0.030f 0.030f 0.030f 0.031f
15 0.034e 0.035¢ 0.034¢ 0.035¢
10 0.050d 0.053¢ 0.050d 0.053¢
5 0.081ab 0.083a 0.079b 0.082a

5 (13 omn DplE o y3 gy e 53 LSD 0 5a3T ol 1 oS 2 U (51l (sla S0k
Means followed by the same letter are not significantly different at the P < 0.05 level of Least Significant Difference.
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Table 15- Effect of seed priming and temperature on enzyme activity of catalase
(units per gram of fresh weight) of chickpeas

Lo
’Lu "’M Temperature (°C)
Priming 20 15 10 5
Aals
0.0280 0.0311-0 0.043h 0.075¢
Control
Kol sk .
2 0.0280 0.036i-k 0.052¢-g 0.085a
Hydropriming
il 0.029n0 0.0311-0 0.044h 0.075¢
Sodium Chloride
Sl Al .
T 0.0321-0 0.036i-k 0.053ef 0.084ab
Salicylic acid
Ao Ll S
po A 0.032l-n 0.038i 0.057d 0.088a
Sodium nitroprusside
fud oS L SL
A P s S 0.0311-0 0.034kI 0.050g 0.076¢
Phosphorus-soluble bacteria
[Nty L SL
po e s 0.030m-o 0.034kl 0.048g 0.076¢
Potassium-soluble bacteria
T sl
s 0.030m-o 0.034k-m 0.051fg 0.081b
Amino acid
b ol s
FrR = 0.0311-0 0.034j-1 0.055de 0.084ab
Potassium nitrate
o
S0 T 0.030n0 0.038ij 0.058d 0.087a

Zinc sulfate

1 (13 onn a5 o ys gy e 53 LSD 0 ga3T ol s e85 ke o (15 sla Sl
Means followed by the same letter are not significantly different at the P < 0.05 level of Least Significant Difference.
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