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In order to study the effect of the response of primed nigella sativa germination to different
temperature conditions of the growth environment under salt stress conditions, an
experiment was carried out as a factorial experiment in a completely randomized design
with four replications in seed science and technology laboratory of plant production and
genetics engineering department of Agriculture Sciences and Natural Resources University
of Khuzestan in 2023. In this experiment, the effect of three experimental factors included
2 treatment of priming (gibberellic acid and potassium nitrate), salinity stress (zero, 50, 100,
150 and 200 mM) and the temperature of the germination environment (10 and 25 °C). The
results of analysis of variance showed that the effect of priming, salinity and temperature on
all traits were significant at the probability level of 1%. And the triple interaction effect on
all the traits except the germination index trait was significant at the probability level of 1%.
The results of mean comparison showed that salinity stress decreased the germination
indices. But priming at 50 mM concentration of salt stress improved the germination indices.
Also, at a temperature of 10°C under salt stress conditions, germination was higher than at
a temperature of 25°C. The average comparison results showed that the interaction effect of
priming, temperature and salinity, priming with potassium nitrate and gibberellic acid at
10°C and salinity stress up to 100 mM increased the germination percentage and rate,
Coefficent of Velocity of Germination, germination rate index and reduced the average
germination time. Became. But at the temperature of 25°C, the application of priming did
not have a positive effect on the germination indices, but it caused a decrease in the
germination indices in black seeds. Cultivation of nigella plant in the cool days of the
cultivation season is recommended due to the positive reaction of nigella seed germination
to lower temperature (10°C).
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The effect of priming on the response of Nigella sativa. ...

EXTENDED ABSTRACT

Introduction

Salinity stress is one of the most important factors
limiting the growth and production of agricultural
products worldwide, especially in arid and semi-arid
regions such as Khuzestan. Salinity stress severely
affects seed germination and seedling establishment by
disrupting water and mineral absorption. Germination is
a sensitive and decisive stage in the plant life cycle, the
success of which forms the basis of the final yield.
Therefore, priming is a practical solution to improve the
germination capacity of seeds under stress conditions.

Materials and Methods

In order to study the effect of the response of primed
nigella sativa germination to different temperature
conditions of the growth environment under salt stress
conditions, an experiment was carried out as a factorial
experiment in a completely randomized design with four
replications in seed science and technology laboratory of
plant production and genetics engineering department of
Agriculture Sciences and Natural Resources University of
Khuzestan in 2023. In this experiment, the effect of three
experimental factors included 2 treatment of priming
(gibberellic acid and potassium nitrate), salinity stress
(zero, 50, 100, 150 and 200 mM) and the temperature of
the germination environment (10 and 25°C).

Result
The results of analysis of variance showed that the effect
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of priming, salinity and temperature on all traits were
significant at the probability level of 1%. And the triple
interaction effect on all the traits except the germination
index trait was significant at the probability level of 1%.
The results of mean comparison showed that salinity
stress decreased the germination indices. But priming at
50 mM concentration of salt stress improved the
germination indices. Also, at a temperature of 10°C under
salt stress conditions, germination was higher than at a
temperature of 25°C. The average comparison results
showed that the interaction effect of priming, temperature
and salinity, priming with potassium nitrate and
gibberellic acid at 10°C and salinity stress up to 100 mM
increased the germination percentage and rate,
Coefficent of Velocity of Germination, germination rate
index and reduced the average germination time. became.
But at the temperature of 25°C, the application of priming
did not have a positive effect on the germination indices,
but it caused a decrease in the germination indices in
black seeds.

Conclusion

The results showed that ambient temperature plays a key
role in the effectiveness of priming treatments. Priming
treatments with potassium nitrate and gibberellic acid are
only able to improve the destructive effects of salt stress
on black seed germination at lower temperatures (such as
10°C). Cultivation of black seed plants on cool days of the
growing season is recommended due to the positive
response of black seed germination to lower temperatures.
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Table 1- Variance analysis of the effect of priming treatments on the response of nigella sativa seed germination to
temperature under salinity stress conditions

Slos o o Silee
MS
4
Ol s alie - 53 i . b
gg\/c &sl3T S8l Aoy S s 38l Ol Lo 520 Skl et la &'&ﬂ""a’ sl T’.c)"’ Bl
D.F.  Germination  Germination Mean Germination G "”_M’?_ C\(;gggi'f;g?f
Fhation ti ; ermination
percentage rate germination time index ate index Germination
Kemsl
o 2 9943.60** 14.77** 34.46** 621.54** 0.01** 0.023**
Priming (P)
_‘sfﬁ 4 17231.46** 94.79** 28.47** 2461.99** 0.10** 0.14**
Salinity (S)
Les
1 81745.20** 256.66** 110.52** 7910.66** 0.48** 0.40**
Temperature (T)
$§. |, 5
; #’*;”“ 8 651.76** 1.33** 3.92ns 50.89ns 0.002** 0.002**
X
Koyl xles
iD‘ ’;_ 2 6931.60** 18.54** 0.96ns 468.48** 0.002** 0.02**
X
X e
"S’“T 4 6145.86** 10.19%* 96.64** 264.15%* 0.023** 0.015%*
X
el px ixles
i 8 585.76%* 0.99** 8.39%* 36.73ns 0.005%* 0.001%*
PxSxT
s
E 90 20.40 0.15 2.72 20.47 0.00060 0.00040
12 i g 6 CV - 8.25 13.05 41.01 27.04 16.52 16.68

Aoy ) gl Jwtc@,: DI sre 5,13 gae b LS5 A gw e GNS

ns and ** means non-significant and significant at 1% probability levels, respectively

Yoo 5000 O glachle UKl 5,58 O )b
Jlee b (Al &S oo 5 iy 1 20) Sl y Y g s
YO slos yo Ve de Yor 500 o ble b gy A5
313 0l s IS 5 gk 4 (Y Jd) Al o 5 8 Sl e )
b 3wl oy 5l F Sl amys Ve gles y5 4 &S
a3 Ve (glos ys ki als 5l § Sl am 55 YO (glos 4y s

Y i S8l A 53 A el gt 1S AL

Iranian Journal of Seed Science and Technology

53419 Ao 33
3 A 53 Ol o by s eyl Jder s G
Jlasl 030) dals slajles a5 b g 0 (340 s depys V0 0)
o 83y (ol &S o 5 oty Ol 23) Sl 6 55
5 b (Al S o 5 oy S 2) Sl 5 60—
S 5518 Sl s Ve gl o3 NV ge s 00 ()b

5 slsles 4 by e (G301 OL) S34 1 )

Ol o 658 5 psle 4,2

Vol.: xx, N0.: X, XXXXXX

XXXXXX X o ylads XX M-



41{.}5}‘_;-3.0-‘

22 ORIl O sa) 98 0pl b s sl A S C il eols
RPN 508 o osh A Il A s Gal e sla el
23 Gloyp3 sl o man 3 RGN 4 G4l e )
(Arfan et al., 2007) Gl ol 0315 S 0l Hlas (sl
od—d s ysds 45,87 0Ly Ghana & Schillinger (2003)
aS Wyl euis r‘.‘ﬁ)ﬁ;\i‘fﬁ*ﬁ“;%ﬂ%’i’.')’&yti &bl
338 0 Gl S e s Ay ke ST 4 s
LS J':J\;,f s—n 35 ;> Talebi & Nabavi Kalat (2015)
5 il 13 5ded e o By Sl L e Kl g | 6
S et ol 251 o el IS S g
29 b anslie 53 (658 A5 Ll b s aldabw Sy G54l
L3S b)) 8 Ghiyasi et al. (2019) fiopes b okii !
Lo s bl Cel gyed io Ll 4 5ol v,_u”;u,«f

Al el ﬁ\j’ui{pwuﬁ); il

S o Sl Aoy Sl 3,5 L bl s dals
35 Kol 56 okiasoloii o5 15 S Iy il 3l (6 pd
2SI ol gy s BT Ll s s Siale il
3,08 L gy s S5 sl b ol 8 w4 53 Y0 slos
A el 4y Sl S5l s S e S
! "S:Sr:" Lo Sl Ay S Los-n =540 J,{,':,)
4{‘u.x_¢V;AK&,bj\\,gju!ﬁol}:ﬁﬁ_wtiQ\;g)
il 3 b 5l das e il RNA gDNA L a5y,
oI35 T s S54 2 5 sl p3Y b 5T Ol e
Jolas slowl 55 5 G Jolas Lo (Sl Lo g o ys
03 5 Clibloun (5553 (A5 e S il 53 olE e s s
it o 55 sl o (G5 A0 Ll d Cow 1, 0T Al
S e 5 Sl b, d jles 31 .(Farooq et al., 2013)

Sosh A s Dslize oles Ll i 3 Kl ) o il 5d G54l Ol Jawste 5 S0 by 5 o yd 5 S0ke e —Y Jgd

Table 2- Comparison of the average percentage and rate of germination and the average germination time of nigella
sativa under the effect of priming in different temperature conditions and salinity stress

(v\«ﬂ)h) L,’AJA.'\P do s
Germination percentage

(j)) BE 03}4}‘}?) @‘jdﬂjg- [asvgon

Gay) 380 0l Lo 52

Germination rate N
mean germination time (d)

(%) (seedling/d)
Sosh 3 Sml Temperature (0C) Temperature (0C) Temperature (0C)
Priming and Salinity 100C 250C 100C 250C 100C 250C
0 (control) 100 a 96 ab 6.39 bed 6.13 cd 4.07 cd 474 cd
0-50 42.d 32e 2.67i 2.06 ] 4.01cd 4.32cd
0-100 45d O0g 2.82i 0i 4.08 cd Oe
0-150 29e 0g 1.80 jk Oi 4.10 cd Oe
0-200 21f 0g 1.29 k 0i 4.18 cd Oe
GA3-0 100 a 97 ab 7.02 ab 522 f 3.77d 5.19 cd7
GA3-50 100 a 54 cd 6.78 ab 1.79 jk 4.09 cd 8.34 a
GA3-100 98 ab 29 5.02 fg 0.081 5.14 cd 5cd
GA3-150 97 ab 0g 4.36 gh 01 6.15 abc Oe
GA3-200 94 b 0g 3.14i 01 8.08 a Oe
KNO3-0 100 a 97 ab 6.66 abc 5.92 de 4.08 cd 4.60 cd
KNO3-50 100 a 48 ¢ 6.05d 2.11j 4.43 cd 7.99 ab
KNO3-100 95 ab 3g 5.46 ef 0.041 4.97 cd 5.75 bcd
KNO3-150 98 ab 0g 4.56 gh 01 5.72 bed Oe
KNO3-200 93 ab 0g 3.16 h 01 7.85ab Oe
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Means with similar letters in each column are not significantly different based on LSD test.
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Figure 1- The interaction effect of priming, salinity and temperature on the germination of Nigella sativa
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Figure 2- The interaction effect of priming, salinity and temperature on the germination rate of Nigella sativa
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Figure 3- The interaction effect of priming, salinity and temperature on the mean germination time of Nigella sativa
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Table 3- Comparison of the average effect of priming on the germination index of nigella sativa in different temperature

conditions.
Temperature (0C)
Priming <&l 100C 250C
0 (Control) 16.39 8.06
GA3 29.65 9.46
KNO3 28.50 8.31

I s ne 5 LSD 0503T olal s e 2 55 ailie O b sl SiLe

Means with similar letters in each column are not significantly different based on LSD test.
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Table 4- Comparison of the average effect of temperature on the germination index of
nigella sativa under salt stress conditions.

S Temperature (0C)
Salinity 100C 250C
0 (Control) 36.5623 29.7796
50 26.2363 11.5224
100 25.7709 1.7645
150 20.9159 0
200 14.7736 0

L1 s gan 3l LSD &g 3T ol clgiw 3 alie O3 > b (sl S0k

Means with similar letters in each column are not significantly different based on LSD test.
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Figure 4- The interaction effect of priming and temperature on the Germination rate of Nigella sativa

=@ 10
40 1
x 35 | i~ - Qem )5
28 30 I
i N TNeeaaa
MR N\ Seeo
= 20 N\ -
w E XS
g 157 N\ -
-
10 *
5 1 ~ T
0 T e wm 9
.5 1 Control 50 100 150 200
S5 s
Salinity level

Gldalos Hdo Sjaler Lasli g osd 5 by Jline -0 S
Figure 5- The interaction effect of salinity and temperature on the Germination rate of Nigella sativa
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Table 5- Comparison of the average index and Coefficient of Velocity of Germination of Nigella sativa under the effect
of priming in different temperature conditions and salinity stress.

Sl L e G ls
germination rate index

-
S 5 Sasl

R s ad
germination rate coefficient

Priming and Salinity

Temperature (°C)

Temperature (°C)

100C 250C 100C 250C
0 (control) 0.24 abc 0.21 cde 0.25 abc 0.24 be
0-50 0.24 ab 0.23 abcd 0.107 gh 0.0844 hi
0-100 0.24 abc 0.04 k 0119 0.0016 k
0-150 0.24 abc 0l 0.0721j 0k
0-200 0.23 abc ol 0.051 j 0k
GA3-0 0.26 a 0.196 ef 0.28 a 0.199 ef
GA3-50 0.24 abc 0.121ij 0.27 ab 0.076 ij
GA3-100 0.195 efg 0.09 j 0.194 ef 0.005 k
GA3-150 0.16 gh 0l 0.17 f 0k
GA3-200 0.124 ij 0l 0.13 g 0k
KNO3-0 0.24 abc 0.21 cde 0.26 ab 0.24 bc
KNO3-50 0.22 bede 0.127 hi 0.23 cd 0.0847 hi
KNO3-100 0.20 def 0.04 k 0.21 de 0.0017 k
KNO3-150 0.17 fg 0l 0.18f 0k
KNO3-200 0.127 hi 0l 0.12¢g 0k

10 s an S5l LSD &g 3T ool clgiw a3 aliie o5 > b (sl S0ke

Means with similar letters in each column are not significantly different based on LSD test.
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Figure 6- The interaction effect of priming, salinity and temperature on the germination rate index of Nigella sativa
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