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One of the most important problems of camelina in cold regions is the interaction of seed
germination stage and establishment with cold stress, the use of seed priming technology
can be effective in this regard. This study aimed to investigate the effect of priming and
drying methods on germination and some biochemical characteristics of camelina under low
temperature, therefore the research was carried out in the Agronomy and Genetics
Laboratory of the Faculty of Agriculture of Yasouj University during 2021-2022. A split
factorial experiment was conducted in a completely randomized design with four
replications in which the main plot consisted of low temperature at four levels (5, 10, 15 and
20 °C), a sub-factor including priming hormone using salicylic acid (0.25, 0.5, 0.75 and 1
mM) and gibberellic acid (at three levels of 50, 100 and 150 mg/L) and drying method for
primed seed was done in two levels (rapid and normal method). Based on the results, it was
observed that the drying method and priming treatment affected the biochemical and
germination parameters of Camellina. In most of the studied temperatures, priming with
gibberellic acid with concentrations of 100 and 150 mg/L with slow drying method had the
highest proline content and could improve germination indices of Camellia seed. The most
effective method was normal (slow) drying method among drying treatments. Based on the
results of the experiment, it can be stated that applying priming with hormones while
improving the physical characteristics of the Camellia seed, helps germination under
optimum conditions and low temperature.
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EXTENDED ABSTRACT

Introduction

Seed germination represents a vital and highly sensitive
stage in the growth cycle of crop plants. It plays a pivotal
role in determining plants' successful establishment and
yield potential. However, various abiotic stresses, especially
cold stress in cold regions, can hinder germination, causing
reduced germination rates, slower seedling growth, and poor
stand establishment. Camelina (Camelina sativa L.), an
oilseed plant from the Brassicaceae family, has gained
attention in recent decades for its high tolerance to
environmental stresses, including drought and cold, as well
as its suitability for growth in low-input agricultural
systems. Despite these advantages, camelina’s germination
is particularly vulnerable to low-temperature stress, limiting
its establishment in cold climates. This sensitivity
necessitates effective strategies to enhance its resilience
during early growth stages.

Seed priming, a pre-sowing treatment involving controlled
hydration of seeds, has emerged as an effective method for
enhancing seed performance under adverse conditions. By
partially hydrating seeds and initiating metabolic activity,
priming improves germination speed, uniformity, and
seedling vigor. Among priming methods, hormonal priming
with salicylic acid (SA) and gibberellic acid (GA) has shown
great potential in mitigating the adverse effects of abiotic
stresses, including cold stress. SA plays a dual role in
reducing oxidative damage by stimulating antioxidant
enzyme activity and improving seedling growth under stress
conditions. Meanwhile, GA is vital for breaking seed
dormancy and promoting cell elongation, division, and
seedling development. The present study aims to evaluate
the effects of SA and GA priming, combined with two
drying methods, on the germination and biochemical
properties of camelina seeds under low temperatures.

Materials and Methods

The study was conducted using a split-factorial experimental
design within a completely randomized framework, with four
replicates. The factors included: 1- Temperature: Four levels
(5°C, 10°C, 15°C, and 20°C). 2- Hormonal Priming: Two
types of hormones, SA (at 0.25, 0.5, 0.75, and 1 mM) and GA
(at 50, 100, and 150 mg/L). 3- Drying Methods: Two levels
(rapid drying and slow drying). Prior to the experiment,
camelina seeds (cv. "Sohail") were sterilized with 1% sodium
hypochlorite and rinsed with distilled water. For priming,
seeds were immersed in hormone solutions at 20°C for 8
hours in darkness, followed by drying via rapid or slow
methods. Rapid drying involved the use of silica gel in a
vacuum chamber, while slow drying occurred at room
temperature over 24 hours. Post-drying, seeds were subjected
to germination tests at each temperature level, and parameters
such as germination percentage, germination rate, proline
content, malondialdehyde (MDA) levels, root and shoot
lengths were measured.

Results and Discussion

The results demonstrated significant effects of temperature,
priming treatments, and drying methods on germination and
biochemical traits. These findings highlight the interplay
between priming agents, drying techniques, and low-
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temperature stress on camelina seed performance.

1. Germination Percentage and Rate: At lower
temperatures (5°C and 10°C), seed priming with GA (100
and 150 mg/L) showed a pronounced improvement in
germination percentage and rate compared to SA-primed
and untreated seeds. This suggests GA's role in enhancing
enzymatic activity and mobilizing seed reserves under stress
conditions. Slow drying of primed seeds consistently
resulted in higher germination rates across all temperature
levels, likely due to better preservation of seed viability and
integrity during drying.

2. Proline Accumulation: Proline, an osmoprotectant,
plays a critical role in protecting cellular structures and
stabilizing proteins during stress. Seeds primed with GA at
150 mg/L exhibited the highest proline levels, particularly
at 5°C, followed by SA at 1 mM under slow drying
conditions. These treatments enabled camelina seeds to
better withstand oxidative damage and maintain cellular
homeostasis under cold stress.

3. Malondialdehyde (MDA) Content: MDA, an indicator
of lipid peroxidation, reflects the extent of cellular
membrane damage under stress. Seeds primed with SA at
lower concentrations (0.25 and 0.5 mM) under rapid drying
conditions showed the lowest MDA levels, indicating
reduced oxidative damage. Conversely, untreated seeds and
those subjected to higher SA concentrations displayed
higher MDA levels, underscoring the protective role of
optimal priming doses.

4. Root and Shoot Lengths: Seed priming with GA at 150
mg/L significantly enhanced root and shoot lengths across
all temperature levels, particularly at 15°C and 20°C. Slow
drying further amplified these effects, suggesting that GA
priming supports robust seedling growth under stress by
promoting cell elongation and division. SA treatments also
improved root and shoot lengths but to a lesser extent
compared to GA.

Conclusion

The findings of this study emphasize the effectiveness of
hormonal priming, particularly using gibberellic acid (GA),
in combination with the slow drying method, for improving
the germination and biochemical traits of camelina seeds
under low-temperature conditions. Among the tested
treatments, priming with GA at higher concentrations (100—
150 mg/L) paired with slow drying emerged as the most
effective strategy, significantly enhancing germination
percentage, rate, and seedling growth while minimizing
oxidative damage.

Given these results, the application of GA priming with slow
drying is recommended for farmers in cold regions to
promote better seedling establishment and resilience against
cold stress. This approach can support the successful
cultivation of camelina in challenging environments,
improving productivity and ensuring crop sustainability.
Further field-based studies are necessary to assess the
practical implications, scalability, and cost-effectiveness of
this method, ensuring its feasibility for large-scale
agricultural adoption. Utilizing such advanced seed
treatments will enable farmers to address germination
challenges effectively and contribute to sustainable
agricultural production in cold climates.
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Priming (Prim)
e & $Sas
- 4 o 1 5.21" 0.05™ 0.75m 1.51" 2.94m 5.84™
Drying method (Dry. m)
&ﬁlﬁ x Les
. 18 63.02" 0.002" 12.60™ 0.02™ 514.37" 9.60™
Tempx Prim
055 oSas gy xles
3 206.68™ 0.01™ 6.30™ 0.17" 2701.40™ 20.08™
Tempx Dry. m
038 i payx K
. 6 1435.98™ 0.006™ 9.73™ 0.04™ 368.99™ 1.83™
Primx Dry. m
09,5 &St g Bl s - - " " -
. 18 52.34 0.002 7.58™ 0.02 250.42 5.77
Tempx Primx Dry. m
2T (gl
e 156 16.33 0.001 5.81 0.008 44.99 1.06
Error
R B
T 9.2 10.77 2.45 10.95 14.38 11.88
CV
.Jbs’.uda‘g\iﬁ(Jﬁja\.&)é@dgﬁé&_}é}b@.@&}\ﬁgﬁiﬁ4;. ns¢* L**
** *and ™ significant at 1 and 5 percent levels of probability and non-significant, respectively
Eol 5 Sl g 0Lyl (slad ;850 51 (SC Sl ! SIS als gl el gdlw o a8 Sl s,y 5l SO
Al g5 b o Jaows G 5T 55 0lE el Ko s 5 5208 ol o oslinal Calises OLE (g5, (Jame gl ji5
ST b oo 55 1y coge 385 gus 5T b OIS T K Cal 55 s ialS ) ey ¢Sias s 050y 90
NEC QU I ICTE I PO P AT N B NI W L JURE 3 e b4y $SUJLw 4l (Yuan & Lin, 2008)
Lol b plasil Slallls 4 - 5 b (Arfan et al., 2007) 25 g ST BT b 3T 0l Jlnb sy its 8
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Table 2- Mean comparison of different levels of priming and drying methods for some studied traits of
Camelina at a temperature of 5 °C.

1]
L )
~~ Ax a—:? A‘ E".' 1\ — =
30 a3 32T Y388 g8 28 3E
c- Y S . o &“’RE’% 9 3 2 & e~ A= R
) @ 5 5 g dwE8 2382 kse . d:
Y2 JE g » x8g 3 s2% zgx ¥B® b+ B
1§ v J E swegs TwEZ R EF Y2 1§
3 £ Yo T Y=o IR ~ e .2 -
Bg n > 330 5 ‘;‘,«3\'%2 Rg '19*5 49‘%‘
[+ N—r
=
GASB0 (mg.L?) 50.28" 0.31¢ 0.412 29,672 7.20
GA100 (mg.L?) 58.48¢ 0.25¢ 0.452 30.55? 7.622
GA 150 (mg.L™?) 50.25" 0.25¢ 0.402 29.822 7.55%
lf—’"; SA 0.25 (mmol) 30.30 0.31¢ 0.34b 2387 5.47b
as! .
SA 0.5 (mmol) 37.62 0.33¢ 0.30° 24.802 5.40°
SA 0.75 (mmol) 43.24 0.34¢ 0.32° 22.272 5.25b
c SA 1 (mmol) 51.349 0.34¢ 0.34° 24.322 5.16°
5-
GA50 (mg.L™?) 67.80¢ 0.432 0.32° 27.702 7.05%
GA100 (mg.LY) 78.27° 0.35° 0.33° 26.752 7.558
GA 150 (mg.L?) 58.63¢ 0.31° 0.34° 29.722 7.87%
rﬁw | SA 0.25 (mmol) 43.34i 0.37° 0.48? 32.022 7.07%
orma
SA 0.5 (mmol) 49.79" 0.36° 0.36° 36.172 7.17%
SA 0.75 (mmol) 71.36° 0.402 0.36° 31.902 7.558
SA 1 (mmol) 82.032 0.392 0.34° 28.422 7.802

S a6l stme Bt il s & Jolas (6hls (sla Kol clos gl 2 53 5 0l plosl L.S.Means 4 5, 3l ssbizul b 58k s ie
The mean comparison was performed using the L.S.Means procedure, and at each level of temperature, mean with at least one

similar letter did not differ significantly.
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Table 3- Mean comparison of of different levels of priming and drying methods for some studied traits of
Camelina at a temperature of 10°C

2
2 =
R by bisy g 3E 0 2
3 g % ;i“’b‘é% }%ﬁﬁ & 54 S 3 £
5% \'28 \é:é 9 N °Og ?}’\%g A= PO= =
g 28 v& i85 stfe g8 3= 32
3E 33 tige 3718 1 g 2B
= neE ¥}~ 8§ 30 RN 2 &
s

GAS0 (mg.LY) 36.271 0.28¢ 0.48° 43.70° 8.10%

GA100 (mg.LY) 42,55 0.28¢ 0.50¢ 60.85¢ 9.00b

GA 150 (mg.L") 51.30¢ 0.20b 0.45' 54,200 11.422

< SA 0.25 (mmol) 29.80' 0.372 0.429 38.80° 6.10°

Fast  sa0.5 (mmol) 32,761 0.318 0.429 28.95¢ 6.80¢

SA 0.75 (mmol) 38,799 0.20b 0.50¢ 40.60° 6.65¢

o SA 1 (mmol) 4222 0.30° 0.429 30.72° 7.67b¢
GAS50 (mg.LY) 46.94° 0.35¢ 0.730 58,72 8.47

GA100 (mg.LY) 56.56° 0.315 0.53¢ 5257 7.50b¢

GA 150 (mg.L") 69.49° 0.27¢ 0.842 59,45 9.66°

G 5p 0,25 (mmol) 32,861 0.352 0.61¢ 43750 7.27bc

Normal < x 0.5 (mmol) 37.59" 0.372 0.48° 44325 5.50¢

SA 0.75 (mmol) 46.56¢ 0.325 0.48¢ 48.70° 5.42¢

SA 1 (mmol) 54.18° 0.325 0.56° 46.25° 5.20¢

I e b (1 e OBk e O3 S5 Bl (5151 (5Ua S0 cles o o 3 5 0kt plowil L.S.MBANS 455 31 e3litl b (5 ibe 4 lie
The mean comparison was performed using the L.S.Means procedure, and at each level of temperature, mean with at least one

similar letter did not differ significantly.
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Table 4- Mean comparison of of different levels of priming and drying methods for some studied traits of
Camelina at a temperature of 15 °C

1oz
~— 3, - K €< —~ =
30 33 L% 5 8% o, 8 3 E 3E
oY = . a\ AYS = o ?J\ o & =~ D= 3 =
AR =T x 2 3 258 0w B 3 ~ &9 3 = 7S
R - - 5 585 5 +2% L 22L 1% 1%
1§ Ve J & xwes 5 $85 b 3EZ B g
@ = “ a QLS D= 2~ = .2 .-
e wE UF 0 A% ioE 3T 3% 3y
-8 78 ~*E § S5E 3 Ag 22
(Bv
S =
GAS0 (mg.L%) 29.92m 0.27° 1.58% 54.77¢ 11.20°
GA100 (mg.L?) 37.94" 0.25¢ 1.430 66.52° 9.15¢
GA 150 (mg.L"Y) 48520 0.29° 1.852 80. 62° 15.87°
& 5A025 (mmol) 25.18" 0.29° 1.300 47.80° 9.87%¢
as
SA 0.5 (mmol) 28.54m 0.26° 0.54¢ 58.92¢ 8.27°
SA 0.75 (mmol) 33.70 0.25¢ 0.56¢ 80.40° 11.67°
s SA 1 (mmol) 40.999 0.27° 0.54¢ 31.22¢ 10.65"
GAS0 (mg.L%) 43.07° 0.322 1,67 60.62° 14.30°
GA100 (mg.L) 53,75 0.33° 1.78° 44,559 14.92°
GA 150 (mg.L"Y) 63.21° 0.30° 1.85° 87.75° 11.15
N“é"‘”l SA 0.25 (mmol) 31.50' 0.352 0.86¢ 74.60° 8.40¢
orma .
SA 0.5 (mmol) 36.64' 0.31° 0.91¢ 72.22° 8.70d°
SA 0.75 (mmol) 41.96" 0.322 0.94¢ 76.75 11.320
SA 1 (mmol) 50.47° 0.20° 0.84¢ 69.10° 11.65

A1 e b (ola gtme M sl 5 &S5 Sl syl (sla o Kola e Tl 2 55 5 0 plonl L.S.Means « , 3l oslizal b ,La 4yl
The mean comparison was performed using the L.S.Means procedure, and at each level of temperature, mean with at least one

similar letter did not differ significantly.
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(Khan et al., 2020) & ,5 s 03101 35
oS 55 5 SL0lnS| ST Ol ea A oS 0o
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Table 5- Mean comparison of of different levels of priming and drying methods for some studied traits of
Camelina at a temperature of 20 °C

=

(]
210 sg 12 L 48y g 1 E 2 E
2 o = . o fwEg 2338 c ~ 2 E 3 =
S 2 ., @ X 2 4 Q2§ 3 2 2= -‘3’1‘0*.' 3 = 25
¥ 32 3 e = 5 xog B x2E ENE=1 ¥ 5 ¥ B
S Yo v E XN 22 2w S 5 3Exs B 15
i Q £ p E D - £ ) a zo 2 2 =0 B K P
g% o 538 a ‘5'*4%52 N E~ 4= jb*g
ce 0o 258 32 EE & e 25

S E

=
GAS50 (mg.LY) 29.471 0.29° 1.58° 49.87° 8.720¢
GA100 (mg.L?) 34.66' 0.32° 1.43° 38.67° 10.62
GA 150 (mg.L"?) 42.31° 0.24° 1.52° 55.550 10.872
FC"; SA 0.25 (mmol) 23.24! 0.372 1.30¢ 55.55b 10.422

as! .

SA 0.5 (mmol) 28.83! 0.33 1.44° 57.60° 10.30¢
SA 0.75 (mmol) 24,64 0.30° 1.48° 65.95° 10.772
20-C SA 1 (mmol) 35.52¢ 0.25% 1.41° 65.62° 7.40°
GAS50 (mg.LY) 38.04¢ 0.36° 167 44.90° 9.42°
GA100 (mg.L?) 48.97° 0.32° 1.782 38.67° 9.672
Jsme  GA150 (mg.L?) 54.312 0.26 1.852 30.50¢ 1058
Normal  SA 0.25 (mmol) 28.291 0.29° 1.59° 30.62¢ 9.972
SA 0.5 (mmol) 31.499 0.29° 1.782 29.624 9.672
SA 0.75 (mmol) 36.00° 0.31° 1.65 38.67° 9.25
SA 1 (mmol) 42.08° 0.31° 159 43.80° 8.450¢

I e L (1 e OBl e O3 G Bl (5151 (5Ua S0 e o o 3 5 0kt ol L.S.MBANS 45 31 e3lizl b (5 ibe 4 lie
The mean comparison was performed using the L.S. Means procedure, and at each level of temperature, mean with at least one

similar letter did not differ significantly.
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Figure 1- Mean comparison of of different levels of priming and drying methods for some studied traits of
Camelina at a temperature of 5, 10, 15 and 20 °C
(The mean comparison was performed using the L.S.Means procedure, and at each level of chitosan, mean with at least
one similar letter did not differ significantly.). (GA = gibberellic acid, SA = salicylic acid).
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