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This experiment was conducted in order to evaluate the effects of osmo-priming on the
characteristics of germination, seedling and some physiological characteristics of two
cultivars of rapeseed (Brassica napus L.) under saline conditions. The seeds of two spring
rape varieties (Hayola 401 and Ocapi) were pretreated with 29.5 mM potassium nitrate
(KNO3) for 12 hours at 30 degrees Celsius. In the first experiment after priming, 25 primed
and unprimed seeds were placed in petri dishes with 4 levels of salinity (0, 50, 100 and
150 mM of NaCl) factorially in a completely randomized design. Four replicates were
included. The results showed that the germination percentage of primed seeds was more
than non-primed seeds. It seems that tolerance to salinity in primed seeds is due to the
higher ability of these seedlings in osmotic regulation. In pot culture, the pots were kept
for three weeks in the greenhouse with a temperature of 26/16 degrees Celsius (day/night).
The pots were watered every day with saline solutions (0, 50, 100 and 150 mM of NaCl).
This experiment was also carried out based on a completely random design with 4
replications. The results showed that salt stress reduced the dry weight of seedlings of both
cultivars, but the dry weight of seedlings obtained from primed seeds was more than that
of non-primed seeds. The multi-way interaction results also showed that the primed seeds
had higher antioxidant enzyme activity and higher content of soluble sugars and proline,
at the same time, cell membrane damage was lower in them due to the lower concentration
of malondialdehyde compared to non-primed seeds. Under the salinity stress of 150 mM,
the highest dry weight, antioxidant activity, accumulation of soluble sugars and lower
concentration of malondialdehyde were observed in Hyola 401 variety. This research
showed that priming with KNO3 improves canola seed germination under stress
conditions.
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EXTENDED ABSTRACT

Introduction

Seed priming is a method by which seeds are
physiologically and biochemically prepared for
germination before being placed in their substrate and
facing the ecological conditions of the environment. This
can improve many biological and physiological
manifestations in the primed seed and the resulting plant,
especially in unfavorable environmental conditions, so
that these things can be seen in the speed, percentage and
uniformity of germination or seedling emergence.
Globally, soil salinity is one of the most important
ecological issues of rainfed agriculture and has become a
major obstacle to crop yield. Rapeseed seeds are usually
planted in unsuitable soil in terms of humidity (due to
lack of rainfall at the time of planting), and drought and
salt stress, which are factors that reduce water
availability, inhibit and delay germination. This stress
has an adverse effect on the growth and development of
rapeseed and leads to a decrease in yield and economic
efficiency. The purpose of this research is to investigate
the effects of osmo-priming on the dynamics of
germination and seedling growth of two canola cultivars
(Hayola 401 and Okapi) under salt stress and to evaluate
the physiological effects of priming on the activity of
antioxidant enzymes.

Materials and methods

This research was carried out in the laboratory of the
Seed Science and Technology Department of Islamic
Azad University, Shushtar branch, with the aim of
investigating the effect of potassium nitrate pretreatment
on the germination characteristics and some antioxidant
enzymes of two rapeseed varieties in 2020-2021. The
seeds of two canola cultivars (Hayola 401 and Okapi)
were obtained from the International Institute of Tropical
Agriculture (1ITA), Safiabad Dezful Research Station. In
the first experiment after priming, 25 primed and
unprimed seeds were placed in petri dishes with 4 levels
of salinity (0, 50, 100 and 150 mM of NaCl) factorially
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in a completely randomized design. In pot culture, the
pots were kept for three weeks in the greenhouse with a
temperature of 26/16 degrees Celsius (day/night). The
pots were watered every day with saline solutions (0, 50,
100 and 150 mM of NaCl). This experiment was also
carried out based on a completely random design with 4
replications.

Results and discussion

The results showed that the germination percentage of
primed seeds was more than non-primed seeds. It seems
that tolerance to salinity in primed seeds is due to the
higher ability of these seedlings in osmotic regulation. In
pot culture, the results showed that salt stress reduced the
dry weight of seedlings of both cultivars, but the dry
weight of seedlings obtained from primed seeds was
more than that of non-primed seeds. The multi-way
interaction results also showed that the primed seeds had
higher antioxidant enzyme activity and higher content of
soluble sugars and proline, at the same time, cell
membrane damage was lower in them due to the lower
concentration of malondialdehyde compared to non-
primed seeds. Under the salinity stress of 150 mM, the
highest dry weight, antioxidant activity, accumulation of
soluble sugars and lower concentration  of
malondialdehyde were observed in Hyola 401 variety.

Conclusion

Improvement in seedling growth, development and
establishment is correlated with water absorption
efficiency of seedlings obtained from primed seeds. In
this research, the seeds pretreated with KNOj3 produced
higher germination percentage, shorter average
germination time and stronger seedlings, while the
number of established seedlings per unit area was also
higher. Therefore, pretreatment with potassium nitrate
may be an efficient method to overcome germination
problems and improve seedling growth in the field,
especially in saline conditions.
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Table 1- Analysis of variance of experimental treatments on germination traits in rapeseed

N 35T 4y ¥ Sl Aoy Sl Ly S8l Ol Lo s wealS oS 05
S.0.V. D.F. FGP GR MGT Seedling dry weight
g 1 220.11"s 1.821m 6.9 7.16m™
Cultivar
(P
T 1 17.04 " 0.142 7.41 1 7.94 s
Priming
e 3 1.85 159 0.034" 0.251"
Salinity (dS/m)
CxP 1 4,55 20.89 s 0.056 ™ 0.054 s
CxS 3 3.36™ 289 0.049 s 0.024 s
PxS 3 3.9 16.46 ™ 0.021 ™ 0.025 ™
CxPxS 3 392.7" 12.94 ™ 10.7" 0.13"
L
48 31.18 13 0.7 0.017
Error
( ) Ol ks o et
Y st 7.9 12.1 9.5 8.7
%CV

** indicate significant at 1% probability level.

MJ:QQCEM); PR -

MGT, GR and FGT abbreviated of Mean Germination Time, Germination Rate and Final Germination Percentage, respectively
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Table 2- Mean comparison of salinity on germinating traits and seedling dry weight of rapeseed

OGYse ) (5555 el (b5 o) aopalS s 05 GV 38l Obej wsze G/ od) G548l sy sl Gl Lo
Salinity level (mM NaCl)  Seedling dry weight (mg) MGT (1/day) GR (seed/day) FGP (%)
0 754a 0.6la 125a 100 a
50 60.21 Db 0.48 Db 8.33Db 92.12Db
100 4532¢ 0.39¢ 6.68 ¢ 86.64 ¢
150 32.11d 0.25d 4.73d 31.3d

Al p ol Si8ler Ao d 5 G54l o ¢ S5l Ol Jaw ste Caibes 5 5 4 FGP 5 GR MGT
MGT, GR and MGT abbreviated of mean germination time, growth rate and final germination percentage, respectively.

Soph Cilibun s 53 IS (55 55 6SCast 05 5 S3a1r Slho ST (slasled (2T 0m 5 80k e U s
Table 3- Mean comparison of the interaction of experimental treatments on germinating traits and seedling dry weight
of two cultivars of rapeseed in different levels of salinity

ity F ) Ypls &5 F ) Ypls =51 F)Ypls
Ocapi Hayola 401 Ocapi Hayola 401 Ocapi Hayola 401
JL T o E E
N 30 = S = 2 = 3, 3, 2 2
5 52 Le 5 %2 5% S Y2 Y2
~ B i . . . [+ . [+ S S
4 £2 R Q%ESQ%ES 3 A Tz s A<
w2 E S I wZE IwTE 2 Ak 5 3 F 3, o 7 o
>3 b 2PT oy 22 kT RO o2 Kl
= X 5 . 5 2 = 2 = ¥ 3
3 5 3 5 3 3, x x
o o Y Y Y Y
(2] w
0 NP 0.32a 0.35a 26e 26e 96.1a 97.2a
P 0.33a 0.37a 2.1de 2.9de 97.3a 97.1a
- NP 0.26b 0.27 ab 3.2d 27e 95.1a 97.1a
P 0.29 ab 0.26 ab 3.3d 2e 93.6a 95.3a
100 NP 0.17d 0.20c 7.2b 6.2b 80.1c 835¢
P 0.24b 0.23b 53¢ 41c 89.3b 91.2 ab
150 NP 0.11f 0.16d 89a 8.3ab 52.1e 68.3d
P 0.14e 0.19¢c 6.9b 48¢c 75.5d 84c

.c_w.\A.pﬁc;écla.d):)l:d;uq;&:sl(,_uammwo}:.a,a,:fpgjf

The same letters in each column indicate an insignificant difference at the P=0.05 level.
NP and P, abbreviated of non-priming and priming, respectively

S s 4 Yool 51 gl 5 by te iy G5l sl b by G380 Ol 2l 31 o go (655
S 58l T3 adsl Jol ey Koyl (Sas oSG o
QJJ&"}?- d\:-).ﬁ LQ‘AJJ._: L;}L_w r.._.‘.J:J).s ¢,._§L;>-.a L;._y.‘).la

.;\;_J:Al{l)\}kfrsu.a,a@juﬁ Obe) Lo gie ¢y 9d

LSL“)“\{)‘J:JJJLSJJ-:‘ %‘HQ}JGMﬁ‘ﬂdL&JM

> Godmie la ,1 S (Sivritepe et al., 2003) sl
S il e Sl o das e Ol 4S50
Ruan et al., 2002; ) 33Lu -Kas ol 58 Ske &S5 s 1 byl
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Tavili et al. .(Ascherman-Koch et al., 1992) s, &
Sl by gaCale glaydy jles i 45" disls 5,158 55 (2008)
S8l e el (1 Lol ks 2 5 S
ST 0 e o 3 Sladd iy Ll 0Ly 0T LS
oS IS (5l 05 02 53 b L g5 5 oloed g
5355 o0 T WT o350 5y G54l 55 Jois Gl 5T

AS o gesleT Sialsem 6l 5

Slazols” Slogas vy
S S a8 sl 0l e 53 (ol glasles ()
Olle 5 omn (glaks ke camalS oSt 05 p 5ot
Il O‘J':AJ{)J_JJJ@JL‘J:-\éLw)J LT 6
233 13 dme A ;3 &S5 ()T el 55 OIS | ST

(F Jsda) 355 55 gme g Ol ais Ol Jl> e

ety Sl ok 1 S o (Damirkaya et al., 2006
lapllila 5l w38 5150 m )5 Sol ol O 5 L
358 oo S pali IS 5 Sl ST b 515 sl
2565 5 S aler Co 5 oy Sl Csl an o oS
(Omidi etal., 2005) 355 o alS 5 p o
)au\._&vi‘ﬂéu)v\;).)b&l.@as‘)m‘fJ_,.pjbd‘)}_&
B3 5 e el Ol ecla_.~ ol L sl s eu il
" T. . - B /. -
22 S8l Less il 6o 5aT 0L DI Rl Hles
9 J‘jﬁ(r d)v\-") .>|.> g};""hgh"-‘:"vi‘ﬂ 6@).»\)[:4.‘“1‘.&.»
b plab S Jgn oo V01 (555 53 (Gj4lsm Ao ss 0 5 0S
)ﬂ-x—&v—l‘ﬁ‘su)-\du-byf\_;—::;uu):b*/\ )A?
o.»\.&v.g_‘ﬂ L;LA)AJ (¥ d)u\>) S Lsilf‘)‘;.\ Y}ilﬁ ‘av\.&:v.i‘ﬁ
(.u\;.)};)\.})?j:M).]ﬂ:’u)‘UTu&)}dﬁYb@T)l{)‘
b o by e ) (S ple bl &S Sl g s

SET amalu garaiy 5o 5l 5555 sl Jialem AT

IS 55 aalllae 3550 Slis p 2aleT slasless 3T il 4o —F Ut
Table 4- Analysis of variance of experimental treatments on studied traits in rapeseed

o (5]
E 2 g S
(o)) o] N 3 <
38 ER-= 35 32 s
. T A = _?5 2 ’3 2 = E ] ?f <
ulj::.mc\;ﬁ 65T am s bg _g\ i g x-—t é 2 8 :?) (_g_; "‘5 <
S.0vV D.F \,, E’ S g _\—ﬂ_., E x ; 5 \éx =
b3 g 78 iy
3 c g "3
O 5}
[a
Vs_) 1 76.89 ™ 37.8m™ 0.034 s 0.251"™ 0.047 s 0.016 ™
Cultivar
oo 1 127" 159" 0.059 s 0.187 " 0.054 s 0.024 s
Priming
e 3 21.67 39.7 0.047" 0.34" 0.061 "™ 0.042
Salinity (dS/m)
CxP 1 21.67" 9.7m 0.87 0.43 M 0.096 s 0.80 ™
CxS 3 11.14 8.88 0.196" 0.806" 0.021° 0.042
PxS 3 11.96~ 5.602" 0.202 0.712¢ 0.037 0.019
CxPxS 3 11.42 9.8" 0.62" 171" 0.214" 1.23"
L
48 0.53 9.5 0.07 0.62 0.38 1.3
Error
( ) Ol oS s
H023) S s 9.11 114 12.6 10.3 8.9 10.7
%CV

Lo y3 & 5 iy e 53 s gre o ie TS

*and ** indicate significant at 5 and 1% probability level, respectively. MDA abbreviated of Malonodialdehyde
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05 2 65SIOT 08 Jen ¥V 515VEE Sl o (o) b
S 10T 0 8 e VIF o 13 AF I 31 aiBs 55 055
oy Y go (e VO ()b pea 53 483 53 s 5 0 8
Sasbe 313 0Lt (6 Bt o8 3 SIS 5 o 5T U
o 53 4ids 55 S5 0 8 6 5nS1OT p 5 Ja NA 51 oS
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Table 5- Mean comparison of salinity on some physiological traits and dry weight of rapeseed

S o St 0 Y o 5T el ST o 5T Il LT g3 0l ke IS Jshous slauis
O g hes) (¢5) eals Cataéz;\]sze ?]::éivity Perox(i??;se rr?ectivity (36 055 .8 2 dpes,S0) Totgluzg::ble
S(";‘T']',C,; %:é’,‘;' vai?gﬁf’(g;y <mgHzOz/)g;.pro/min> <mgH202/)g;.pr0/min> MD@fnoor}fgef‘f\tArgt'O” mglg.dw)
0 137a 4.07c 8.8d 0.0016 ¢ 2.38d
50 132a 6.17b 13.33¢ 0.0018 ¢ 36¢
100 1.18b 6.95b 16.1b 0.0148 b 5.28a
150 094c 7.6a 19.1a 0.0188 a 575a
LSD (P=0.05) 011 0.55 2.3 0.0012 0.95

Sk b lin 53 65 e o e L ) 5500 sl T3
Sl Al 52 (Kattimani et al., 1999) i o oy ok
N5 5 S S 1 (6ol s 0 OLES 7 3,15 352
3 ol S a5 e sl slayd 03 S s
35 0 § 5% ol ged (B4 Lsd h g b Las e S
23 G35 ) sb men (Burgass & Powell, 1984; Bray, 1995)
s ) T der 33 A o b (S pbie Slafled a5
draiy) o A SAeOlS s s e e 1) (el GV b
Sl o5 & (Dell’Aquilla & Beweley, 1989) 55,8
Ay 53 S as e el bl glasd 53 8 (K s
B oy p e g bT e ez Il s g i (b
335 (0 i G My s 5 355 o s s Konl
2l sl dIs gl 5,18 (Burgass & Powell, 1984)

Lag Phase

Iranian Journal of Seed Science and Technology

S X o s omsl g % 5555 &l 53 Jlize S 31

033 2 o= X Syl X o35 88w 1S n s ) gb s
ol (6,8 o3Il (K550 Sl 5 aeald oSt
058 45 35 OLts 6 bz Sl 1y (F k) 5 s e
Sk 3 eha osh RIBIL WS, 55 8 53 oalS s
sl L6, ba odtol sl bawlas s oAl
S ot 5 5T s a sl ) (8 sue) 3L jalS
el ALE Gl Osaspp s oSl 5 iy
Yozl okl p (sla sk 45 3.0 154 (Munns et al., 1988)
25 e b o i B8 (S5 S b s S
I g AL e 5T (g5lula Sl (A6 il e
P e 55 0) 31 o dslonn B Sl g0 A5 93 0 e
(S oy o ST oy 5l dlal gy sdbl s slasd 53

Ol o 55Ls 5 pshe o 2

Vol.: 13, No.: 3, Autumn 2024

VFoF 5ol F osled Y s



Y4

IR

Bhattacharjee ) 35,5 5,55 Ll 5 55 b oo O smllnST,
a3 ,5 (& Mukherjee, 2002; Maggio et al., 2002
Sis 25 ) s s il Ol e Sanchez et al. (1998)
LUl s s IS A B B F o (K55 5
@\)sg.\.:JeA»L:wL;N\r#;:)&:Sjﬂ.&\jél;ﬁd)l;&u
b 4l eay Sl Sl Cadis s B e
gl HIFL I 035 55 ulT 30l Bl Ol o
sy Km0y 53 52 55 (F Jgr) S8 sl sy 53
okl S5 b aglie 3 15 S AT 650 Jle (s siome
Cble (g e 100 U 6o I L it 5 s
=5 (o ed—dml g el S, sla,d js WlT 650 s
PR TSI TYS S PP RV PRVEL { S P
036 035 p 8 s 8o /I 50 IA slie ol ) Vuls
Sl 5 LT G20l Slale 2530 .(F Jguor) i &5
Sl £ A5 ) (b o A Il o e cLii

ol O3S Jlad

5 sRNA (215 DNA o 04 Caelan o 5o
3o 03Tl Gl b e 5 g (o M) Rl S
McDonald, ) 5,15 3 35 ¢35 5 o b ploe o ts talS
I3 5 n aalS iy iy Lame )3 (5555 3 25 (2000
O o sb b s 20l 0T s 5 (K595 58 (St
o9 ae 6y 5s s (Godfery et al., 2004) Coul Jlw
Yl o33 Ll (7 Jsisr) guu:.i\plvg,,;,a)n,fﬁ
sodbol s sl ol Sl o (513 g D P
L&Klvs,,u:.,!lc.\_;aa.um&,}_;ch_ﬁﬁyu_x
Voo s e 53 Sy s (sl g s Kol
Jadr) ols RT3l el glasids b avslde 55 Jga Le 100
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Table 6- Mean comparison of the interaction of experimental treatments on some physiological traits and seedling dry
weight of two cultivars of rapeseed

=51 F V)Y, =51 (PR Py F )Yyl
:5; Ocapi Hayola 401 Ocapi Hayola 401 Ocapi Hayola 401
b : 8 3% 3% 433 s
. S 8 8 . .
YE or2 o3 % 38 w E w E 1378 4 7%=
Yy = = D = D = . \?\/H/\ . Aol : ?":'E ' '-';,,:E
) _} g . . ‘ % i % E % i OC) E 3 D = 3 T C
_19*> = 30 2D 30 2 . ¥ o%" . ¥ o% 3 % ¥ o 3 x5 Ko
Ko o a Q \’:l'cg )y Yoo ¥\ £ ¥\ £ OME): 3\\’R8=
2z b TP oy T e 1 282 3 282 5 ©88 3 °8E
b= ' = ' £ BRI E RN =g 3 g 3
= 3,, S 3,. = = o S 3 3 <= 3 3 <=2
3 8 8 25 25 T 5 2 T 5 Q
» n & O O 22 22
0 NP 14a 1.36 a 0.54 ef 0.39¢ 0.0016d 0.0016 d
P 1.35a 1.39a 0.47f 0.37¢g 0.0016d 0.0015d
50 NP 131la 1.25a 0.57e 0.69 d 0.0017d 0.0019d
P 1.32a 1.3b 059e 0.61 ed 0.0018d 0.0016 d
100 NP 1.1d 1.13d 0.98d 1.52b 0.020 a 0.017 b
P 1.21cd 1.27c 1.28 ¢ 1.98 b 0.012 ¢ 0.010¢c
150 NP 0.76 f 0.80 ef 1.52b 2.47 ab 0.026 a 0.018 b
P 1.08¢ 1.14d 2.6la 2.83a 0.018 b 0.013¢
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The same letters in each column indicate an insignificant difference at the P=0.05 level.
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Figurel- Effect of salt stress on leaves soluble sugars of two primed and none-primed spring rapeseed

1> e sk 4 o 5Tl S o) sl I HIL
R Y P B PP PSR HRT W PG Y ]
05 ko YV S LST 085 55 Rl ol sls (il o3,
O/A 4y ol sl y sLasdy ) akds )3 (55 p 5 H2O2
0 ol s slayds 53 4ids 53 s 0 8 1 H2O2 ¢ 5 e
05503 0T e Sl 53 5 ey J g (o VO (65 5 s
oS35 085 2 H02 05 Jeo VF 510 5T al c b Y gl

Iranian Journal of Seed Science and Technology

33 o gl BB Ol VBT e U adal s

(55 33 amlie (Y JS8) A3 odalie (550 Jaul b o 3
ot g ol Sbyds 53 VBT Cled Of e 487 515 OLES
LY JS8) 3 5 b (g o8 L amlie 53 F0) Ypla o3
b Olge T ol il s Uy 53 (5558 b 231
23 M g 5 ol 4 5 3L el (St 55ba VB
PNV ale 03, 55 SOT Jbm by d g (e 101 (5558 ela

Ol oy 655L8 5 pske @ 50

Vol.: 13, No.: 3, Autumn 2024

VFoF 5ol F osled Y s



¥\

IR

3,5 & sIlel V';) 93 o o ly gi""’\?‘”g‘gfﬂ LE

R 4ids 53 55 5 0 8 2 HAO2 0 8 s WYY 4 4ids )
e lad LTS Sy Sl s 550131 2L

14 »
12 | ®Ocapi eln
— H Hayola 401 NP a
. c 10
- 29 8
N o a
bL S {z 6
5 <O
.7:‘ (&) IN 4
g 2
0
0 50 100 150
(Jyéy)d)}&
NaCl (mMm)
14 r kil a
12 | M Ocapi P a
= 10 H Hayola 401
3 k=
J ZE 8
= 2 2
5 5
t R 6
7 T,
€
T 0
0 50 (Uye o) 5,200 150
NaCl (mM)

(NP) A.uﬁtﬁ)(P)a,uﬁ\ﬁA)Lﬁ61}15‘.3”;efﬁ,:m:tfmﬂggwﬁ@};uw;t—v IS
Figure 2- Effect of salt stress on leaves catalase enzyme activity of two primed and none-primed spring rapeseed
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Figure 3- Effect of salt stress on leaves peroxidase enzyme activity of two primed and none-primed spring rapeseed
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Table 7- The simple correlation coefficient among studied traits in Rapeseed seed
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Peroxidase activity enzyme
ol 5l L ) RExx
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*and ** indicate significant at 5 and 1% probability level, respectively.
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