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This research was conducted to investigate the effect of camellia seed coating on
germination characteristics under salinity stress conditions. The experiment was conducted
as a factorial in a completely randomized design with three replications. Humic acid,
polymer, micro elements, gibberellic acid, combination of humic acid with polymer,
combination of humic acid and polymer and micro elements, combination of humic acid and
polymer and Micro elements and gibberellic acid were used for coating. The stress levels
were applied at four levels (0) control, 150, 180, 210 mM. The studied traits included seed
germination percentage andseed rate, root and shoot length and dry weight of seedling. The
results showed that the polymer coating, the combination of humic acid with polymer,
gibberellic acid increased some of the different characteristics of germination in moderate
and severe stress levels and were suitable for these stress levels. Polymer coating in salinity
stress of 150 mM and 180mM increased seedling length (36.48%, 32.19%) and dry weight
(80.95%, 75%) compared to control Also, the combination of polymer coating with humic
acid increased seedling length (34.35%, 28.45%) and seedling dry weight (69.23%, 87.50%)
and gibberellic acid coating at 210 mM salinity stress compared to the control. It caused a
17.84% increase in seedling length and a 60.62% increase in dry matter. In general, polymer
coating and polymer combination with humic acid and gibberellic acid in salinity stress of
150, 180 and 210 mM increased seedling length and dry weight compared to the (0) control.
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EXTENDED ABSTRACT

Introduction

Camelina (Camelina sativa L.) is an oilseed crop with
potential for cultivation under diverse environmental
conditions. However, salinity stress can adversely affect
seed germination and early seedling establishment,
which are critical stages in determining successful crop
establishment. Excessive salt concentration reduces
water availability to seeds, disrupts physiological
processes, and consequently limits radicle and shoot
growth. Therefore, improving seed performance under
saline conditions is an important approach for enhancing
crop establishment in salt-affected soils.

Seed coating is a practical technique that can improve the
physiological and agronomic performance of seeds by
placing beneficial materials around the seed surface.
Depending on the coating material, this technique may
improve water availability, nutrient supply, and early
seedling development. Materials such as polymers,
humic substances, micronutrients, and plant growth
regulators can potentially enhance seed performance
under environmental stresses. However, the effectiveness
of these materials may vary according to the type and
severity of stress.

The present study was therefore conducted to evaluate
the effects of different seed coating treatments on the
germination and early seedling growth of camelina under
different levels of salinity stress. The main objective was
to identify coating treatments that could improve
seedling establishment and reduce the negative effects of
salinity during the germination stage.

Materials and Methods

The experiment was conducted during 20222023 in the
Seed Laboratories of Ferdowsi University of Mashhad
and the Razavi Seed and Plant Institute. Camelina seeds
of the Soheil cultivar (registration No. 17992), produced
in 2022 by Biston Shafa Kermanshah Knowledge-Based
Company, were used in the experiment.

The experiment was arranged as a factorial experiment
based on a completely randomized design with three
replications. Before applying the coating treatments, the
seeds were pelleted using kaolin and the fungicide
carboxin-thiram.  Polyvinyl alcohol (PVA) and
polyvinylpyrrolidone (PVP) were used as adhesives.
Different seed coating treatments were then applied,
including humic acid, polymer, micronutrients (Zn, Cu,
and Mn), gibberellic acid (GA3), humic acid + polymer,
humic acid + polymer + micronutrients, and humic acid
+ polymer + micronutrients + gibberellic acid. The
coating solution was applied at a rate of 70 mL kg™ seed
using a rotary seed coater. Uncoated seeds, disinfected
with 3% sodium hypochlorite, were considered as the
control treatment.

To evaluate seed performance under salinity stress, NaCl
solutions with concentrations of 0, 150, 180, and 210 mM
were used. Fifty seeds were placed in each 15-cm Petri
dish containing filter paper. The dishes were transferred
to a germinator maintained at 20°C for 16 h under
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darkness and 30°C for 8 h under light. The experiment
continued for seven days, and germination was recorded
every 24 h.

The evaluated traits included germination percentage,
mean germination time, radicle length, shoot length, total
seedling length, and seedling dry weight. Statistical
analysis was performed using SAS 9.4 software, and
treatment means were compared using the least significant
difference (LSD) test at the 5% probability level.

Results and Discussion

The results demonstrated that salinity stress significantly
affected seed germination and early seedling growth.
Increasing salinity generally delayed germination and
reduced seedling development. The mean total seedling
length decreased from 4.942 cm under non-saline
conditions to 1.209, 0.779, and 0.835 cm at 150, 180, and
210 mM NaCl, respectively. Similarly, seedling dry
weight decreased from 0.014 g under control conditions
to 0.008, 0.004, and 0.007 g at 150, 180, and 210 mM
NaCl, respectively. Mean germination time also
increased with increasing salinity, indicating that salt
stress delayed the germination process.

The coating treatments produced different responses
under saline conditions. Although the uncoated control
generally showed the highest final germination
percentage, with an average of approximately 95.67%,
this did not necessarily correspond to superior seedling
growth under salinity. The polymer treatment had an
average germination percentage of approximately
87.83%, while gibberellic acid resulted in approximately
81.00%. These results indicate that evaluation of coating
effectiveness based solely on final germination
percentage may not adequately describe seed
performance under stress conditions.

Among the tested treatments, polymer coating showed a
particularly positive effect on seedling growth. The mean
seedling length under polymer treatment reached 2.829
cm, compared with 2.562 cm for the uncoated control.
Polymer coating also increased seedling dry weight,
reaching approximately 0.014 g compared with 0.006 g
in the control treatment. Under 150 and 180 mM NacCl,
polymer treatment increased seedling length by 36.48%
and 32.19%, respectively, compared with the uncoated
seeds. Seedling dry weight also increased by 80.95% and
75% at these two salinity levels.

The combination of humic acid and polymer also
improved seedling performance under saline conditions.
Compared with the control, this treatment increased
seedling length by 34.35% and 28.45% at 150 and 180 mM
NaCl, respectively. In addition, seedling dry weight
increased by 69.23% and 87.50% at the same salinity
levels. The improved performance associated with
polymer and humic acid treatments may be related to their
effects on moisture retention and the availability of
nutrients around the seed during the early stages of growth.
At the highest salinity level tested (210 mM NacCl),
gibberellic acid showed a comparatively better response.
Under this condition, GA; increased seedling length by

Ol al 5k 5318 5 p ke & 45

Vol.: 15, No.: 3, Autumn 2026

VP20 5ol Fosled VO W



21

Saboohi et al.

17.84% and seedling dry matter by 60.62% compared with
the control. The positive effect of gibberellic acid may be
associated with its role in promoting germination and early
seedling growth. In contrast, micronutrient coating alone
showed poor performance under saline conditions, and in
some treatments no radicle growth was observed.

Overall, the findings indicate that the response of
camelina seeds to coating treatments depended strongly
on salinity level. The beneficial effect of a coating
material was therefore not constant across all stress
levels. Polymer was particularly effective at moderate
salinity levels of 150 and 180 mM NaCl, while
gibberellic acid showed a more favorable response at the
highest salinity level of 210 mM. The results also
demonstrate  that seedling growth parameters,
particularly seedling length and dry weight, can provide
important information about the effectiveness of seed
coating treatments that may not be reflected in final
germination percentage.
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Conclusion

Salinity stress negatively affected germination and early
seedling growth of camelina by delaying germination and
reducing seedling length and dry weight. However,
appropriate seed coating treatments were able to alleviate
some of these adverse effects. Among the treatments
evaluated, polymer coating showed the most consistent
positive effect, particularly at 150 and 180 mM NaCl.
The combination of humic acid and polymer also
improved seedling growth and dry weight under
moderate salinity. At 210 mM NacCl, gibberellic acid was
comparatively more effective in improving seedling
length and dry matter. In contrast, micronutrient coating
alone was not suitable for improving camelina
performance under the saline conditions tested.
Therefore, polymer, humic acid + polymer, and
gibberellic acid can be considered promising seed
coating treatments for improving camelina seedling
performance under salinity stress, although their
effectiveness depends on the severity of salinity.
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33 z) s T L
Zn Zinc 45qgr Sigma-Aldrich
o - S0 T LS
Cu Copper 45q¢r Sigma-Aldrich
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Table 2- Analysis of variance (ANOVA) of the seed coatings on germination traits of camelina seed

bl dsb iy Jsb ol sk Sl ey W5 oS € oSt 03
Shoot Length Radicle Length Seedling Germination s ule Seedling Dry
(cm) (cm) Length (cm) percentage M.G.T Weight (g)
W’“ 0.808** 6.820** 11.419** 2622.470** 4.552%* 0.0002**
Coating
“SM_L "d 13.933** 37.432** 96.963** 3379.042** 4.628** 0.0004**
Salinity
Lise 5
= c :”“ 0.207** 2.664** 3.979** 154.375** 0.194** 0.00004**
CH N S
):V a 11.165 9.461 8.478 8.159 8.046 13.903

o3 O Jlex| C}Ja..,« Iy gme ¥
* ** significant at the 5% level of probability.

LS5 (55 il Dlis 5 R gl 1 S0 gl Y g
Table 3- Mean comparison of some seed germination and early seedling growth characteristics of camelina seed

S iy slales bl dob iy 0 kS b S5l s NSRS T ¢ CRESS
T )
Seed Coating Shoot Length Radicle (cm) Seedling Germination S8l e Seedling Dry
Treatment (cm) Length (cm) percentage M.G.T Weight (g)
L
N 0.806 ¢ 1.756 a 2562 ¢ 95.667 a 1.287 g 0.006 d
Control (a)
Lewl k’_{:ﬂ}-—h
T 0.959 b 1.313¢c 2272¢ 89.167 b 1.663 e 0.009d
(Humic acid) (b)
- 1.004 b 1.826 a 2.829a 87.833 b 1.632¢e 0.014 a
(Polymer) (c)
35 pole
(Micro elements) 0.302e 0.100 e 0.402 e 66.667d 1.465 f 0.003 e
(d)
Al S
(Gibberellic acid) 1.015b 1.807a 2.823a 81.000 ¢ 1.932d 0.012 b
()
(b+c) 1.103a 1.531b 2.633Db 76.167 2.166 ¢ 0.013 a
(b+c+d) 0.649d 0.325d 0.974d 64.000 d 2.794b 0.003 e
(b+c+d+e) 0.769 ¢ 0.268d 1.037d 52.000 e 29752 0.006 d
LSD 0.075 0.086 0.134 5.098 0.131 0.001
Sosh
Salinity
(aalz)
1.959 a 2.984 a 4942 a 93.417 a 1.499 d 0.014 a
Control (1)
150 (2) 0.588 b 0.621 b 1.209 b 76.167 b 1.772¢ 0.008 b
180 (3) 0.367 ¢ 0.412c 0.779 ¢ 69.500 ¢ 2.202b 0.004 ¢
210 (4) 0.389 ¢ 0.447 ¢ 0.835¢ 67.167 2.485a 0.007 ¢
LSD 0.053 0.061 0.095 3.605 0.092 0.001

LI Jles! éa.d 3 Gl gae s wiline (g > slyls Glal s
*Treatments with the same letter don not have significant differences.
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Table 4- Mean comparisons of the treatments interaction on camelina seeds germination characteristics of camelina seed

% e oy g slsles bl b raty, dsb ol Jyb S deys SN i s o
G A Seed Coating Shoot Length Radicle Seedling Germination suler Seedling Dry
Level of Treatment (cm) (cm) Length (cm) percentage M.G.T Weight (g)

Salt Stress

1 2.349b 3.264 e 5.613 ¢ 98.667 a 1.128 ij 0.0177 ¢
2 2409 b 4,987 b 7.397 a 98.667 a 1.195 hij 0.0197 b
3 1.207 e 0.401 mno 1.608 efg 93.333 abc 1.284 hij 0.0137 efg
Bt 4 2.405 b 4.777c 7.183 a 98.667 a 1.242 hij 0.0160 cd
control
5 2.633 a 4.035d 6.667 b 96.000 a 1.646 fg 0.0170 c
6 1.345 de 0.575 kim 1.920d 85.333 bedef 2.173 e 0.0067 ijk
7 1.368 d 0.519 kim 1.887 d 77.333 fghi 2.313 de 0.0103 h
8 1.954 ¢ 5.314a 7.268 a 99.333 a 1.013j 0.0120 gh
1 0.618 hijk 0.878 gh 1.496 fgh 82.667 defg 1.287 hi 0.0080 i
2 0.708 gh 1.110f 1.817 de 90.667 abcde  1.348 hi 0.0217 a
3 0.000 p 0.000 q 0.000 r 61.333 kim 1.421 gh 0.000r
150 4 0.504 ijklm 0.863 gh 1.367 ghij 81.333 efg 1.765 f 0.0060 jkI
5 0.801¢g 0.957 fg 1.758 def 72.667 ghij 2.157 e 0.0133 efg
6 0.627 hij 0.255 op 0.882 mno 70.000 hijk 2.762 ¢ 0.0033 nop
7 0.962 f 0.234 op 1.196 ijki 56.000 Imn 2.352 de 0.0077 ij
8 0.488 jkim 0.668 ijk 1.154 jkI 94.667 ab 1.083 ij 0.0047 Imn
1 0.390 Imno 0.542 klm 0.931 Imno 82.667 defg 2.107e 0.0030 nopq
2 0.519 ijklm 0.627 jki 1.146 jKIm 83.333 cdef 1.654 fg 0.004 mno
3 0.000 p 0.000q 0.000 r 56.000 Imn 1.407 gh 0.000 r
180 4 0.643 hi 0.820 ghi 1.463 ghi 76.667 fghi 2.273 de 0.0143 def
5 0.528 ijkl 0.559 kim 1.086 kim 70.667 hijk 2.360 de 0.0080 i
6 0.250 0 0.183p 0.432 pq 53.333 mn 2.739¢c 0.0007 r
7 0.2850 0.110 pg 0.396 q 40.000 op 3.789 a 0.0013 gr
8 0.324 no 0.453 Imn 0.777 no 93.333 abc 1.284 hij 0.0017 pgr
1 0.478 kim 0.569 KIm 1.047 klm 92.667 abcd 2.130e 0.0053 klm
2 0.380 Imno 0.579 klm 0.959 Imn 78.667 fgh 2.331de 0.0107 h
3 0.00 p 0.000q 0.000r 59.333 Imn 1.750 f 0.000r
210 4 0.509 ijKIm 0.769 hij 1.278 hijk 67.333 ijk 2.450d 0.0127 fg
5 0.448 Imn 0.571KIm 1.019 kimn 65.333 jki 2.502 cd 0.0147 de
6 0.375mno 0.288 nop 0.663 opq 47.333 no 3.502 b 0.0027 opq
7 0.459 Imn 0.208 p 0.668 op 34.667 p 3.447b 0.0047 Imn
8 0.459 Imn 0.591 jkl 1.050 kim 95.333 ab 1770 f 0.0053 klm
LSD 0.149 0.1796 0.2701 10.033 0.2725 0.0019

IO Jles! c!a..: 03 ol gme Ol Wl o5 > (slyl> (gl gr
*Treatments with the same letter do not have significant difference.
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oy S 3 A Sla (o 4y A e 5 iy
Sl 53 e L eSngn S 5 5 5 Sn olie el &S o
Ngadhe TV 5N (25 mh w53 Ll o3y g (A5 0ok

el CS Gl iy 4 by s 4l Ao o ol
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VO YN a5l el 5w yY e LAY ()5 i 2
S Cmmen 5 HLIKen 5 s ST AS Lo ,5AV/D SYA/FD
Sl 3 ok it o kS e K
3,05 0T 5, Shes 5 Lisw ails Giasl » ade 55 ol
(Kimetal., 2022; Verma &Verma., 2014)

el 4 o 5V g e Y+ A5 3 el S e B
PPN il 5 amalS b clo ) WAF il Esls
o psbw 53 by 25 f e oS i S o3l g3
S5 s ek by B e waz 5 L BTl 5 YL
5 S & Al el S 5 ey L Sapn Al
48" sl planil 2o La 3T Qarecki et al., 2021) RJIE O
e e wol& s i dg p 33 Chitosan+alginate/PEG
S (D ALE Glolpa )50 b A8 i Hdo (A3 B0 s
S50 53 5 o 3 gy St (Sl el
(Mahdavi., 2014) > 4% .
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S VOB S Ol 4 ook Sib 45 43 S jaiia (2015
g > Byl ey I g Gl p SV sl e
O, S e gl Ll 5,13 ol 4t (65T
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