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To assess the impact of melatonin pretreatment on germination indices, initial growth, and
a-amylase activity in Camelina (Camelina sativa L.) Soheil cultivar seedlings under osmotic
stress, an experiment was conducted in a factorial arrangement based on completely
randomized design in the research laboratory of Bardsir Agricultural Higher Education
Center, Shahid Bahonar University of Kerman in 2023. The first factor was melatonin at
three concentrations (0, 100, and 200 micromolar), while the second factor was polyethylene
glycol solution (PEG6000) at seven levels (-0.2, -0.4, -0.6, -0.8, -1.0, and -1.2 MPa) with
three replicates. The highest germination percentage (92.7%), shoot length (18.9 mm), root
dry weight (1 mg/plant), and seedling dry weight (1.2 mg/plant) were observed under non-
osmotic stress. Moreover, a 100 uM melatonin concentration increased germination
percentage, shoot length, root dry weight, and seedling dry weight by approximately 31.4%,
27.1%, 36.9%, and 35.1%, respectively, compared to plants pretreated with distilled water.
By decreasing the osmotic potential from 0 to -1 MPa, the germination rate, seedling vigor
length index, root length, shoot dry weight and a-amylase enzyme activity in seeds
pretreated with 100 pmol melatonin increased by about 36.8, 77.2%, 58.23%, 62.5% and
75.7%, respectively, compared to seeds pretreated with distilled water. In seed pretreatment
with 200 uM melatonin under osmotic stress of -1.2 MPa, germination occurred over a
period of ten days but no seedling growth was recorded. It seems that increasing the
melatonin concentration was unable to mitigate the negative and inhibitory effects of -1.2
MPa osmotic stress.
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EXTENDED ABSTRACT

Introduction

The processes of seed germination and seedling
development are crucial stages in a plant's life cycle,
which can be influenced by various stressors like drought
and aging, leading to a decline in seed quality and
viability. To enhance and standardize seed germination,
seed priming has been applied to enhance plants'
tolerance to osmotic stress. This method s
straightforward, cost-effective, and poses minimal risk.
In this regard, the aim of this experiment was to evaluate
the effect of seed pretreatment with melatonin on
germination indices, initial growth and a-amylase
enzyme activity of Camelina seedlings under osmotic
stress.

Materials and Methods

This experiment was carried out in a factorial
arrangement based on completely randomized design at
Bardsir Agricultural Higher Education Center, Shahid
Bahonar University of Kerman, Iran, in 2023. The first
factor of melatonin at three concentrations (0 (distilled
water), 100 and 200 pmol) and the second factor of
polyethylene glycol solution at seven levels (0 (control),
-0.2,-0.4, -0.6, -0.8, -1 and -1.2 MPa) was performed in
three replications. Homogenous seeds of Camelina were
surface sterilized using 10% sodium hypochlorite
solution for 30-second to eliminate possible Seed-borne
microorganisms, and then rinsed three times with sterile
distilled water. The seeds of Camelina were exposed to
seed priming; the first group was hydro-primed
(immersed in distilled water), while the second group
was osmo-primed (soaked in 100 and 200 pM melatonin)
for 24 hr., based on concentrations suggested by
preliminary experiments. After soaking period, the seeds
were air-dried and then subjected to the different
concentrations of PEG solution. Then, germination
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indices and a-amylase enzyme activity were measured.

Results and Discussion

The experiment results indicated that the highest
germination percentage, shoot length, and seedling dry
weight were observed at a concentration of 100 uM
melatonin. Non-stress treatment produced the highest
germination percentage, shoot length, and dry weights of
roots and seedlings. Pretreatment with 100 pumol of
melatonin improved germination rate, seedling vigor
length index, a-amylase enzyme activity, root length, and
plumule dry weight, enhancing tolerance of Camelina
seedlings to osmotic stress. Under an osmotic potential
of -1.2 MPa, seeds pretreated with distilled water did not
germinate. In contrast, seeds treated with 200 pmol
melatonin germinated over ten days under the same
osmotic stress, but showed no seedling growth.
Considering that, germination rate was more sensitive
than germination percentage and applying of melatonin
caused to stimulate germination indices. Regarding the
impact of melatonin on the elongation of plumule and
radicle, it was noted that the response of both organs
varied and was concentration-dependent, affecting the
organs' sensitivity.

Conclusion

Melatonin's effects are generally dependent on its
concentration, with previous studies showing that high
concentrations can inhibit or not promote germination.
Pretreatment with 100 uM melatonin under osmotic
stress enhanced germination, early seedling growth, and
a-amylase activity compared to seeds treated with
distilled water or 200 uM melatonin. At the highest
osmotic stress level (-1.2 MPa), control seeds did not
germinate, while seeds with 200 uM melatonin
germinated but exhibited no early seedling growth.
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Table 1- Variance analysis of germination indices, early growth and a-amylase enzyme activity of
camelina seedlings under osmotic stress
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Table 2- Comparison of the mean traits of germination indices, early growth and a-amylase enzyme activity of camelina
seedlings under seed pretreatment and osmotic stress
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0 44.85bh £1.6 8.72b £3.6 0.41b 0.2 0.50c +0.23
100 65.38a 1.4 11.96a +3 0.65a +0.2 0.77a £0.27
200 62.57a £1.5 9.04b +3.8 0.52b +0.1 0.61b +0.22

IS Sl (1) 55805 Loy il J b wrady; S 05 ealS S 0
(IS Germination (o) (63005 k) €50 505 )
(PEGso000) percentage Plumule length Radicle dry weight Seedling dry weight

(MPa) (%) (mm) (mg. plant?) (mg. plant?)

0 92.77a 0.3 18.97a 0.4 1.03a+£0.2 1.20a +0.24
-0.2 83.33b +0.6 15.56b +0.7 0.87a +0.04 1.02b £0.05
-0.4 65.44c £1.9 11.92¢ +0.5 0.67b +0.08 0.80c +0.09
-.06 62.77c £0.8 9.26d +1.06 0.51bc £0.09 0.61d +0.095
-0.8 50.88d +0.5 7.21e £1.04 0.36cd £0.07 0.43e +0.094

-1 36.22e £0.6 4.98f £1.03 0.22d + 0.06 0.27e £0.071
-1.2 11.77f +0.5 1.44g £1.02 0.04e +0.03 0.05f £0.049

Non-common letters in each column indicate significant differences
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iy ok el 5 ealS oSis 05 (S8l o s
oYL (Teimoori et al., 2023) 1> § LlS 53 aseals
Aoy g Al el (P Ke -V /Y) (Sist 25 pela
aopalS e Job e b 5 Sialer S S50l
43 (Fagopyum esculentum) ,Mos o )ls L5 s
A3 o fo S8l (el 25 pde (M et al., 2023)
St g 5 0y bl dsb o 50l S o 500

(Awan et al., 2023) A L s o150 slapll

SI0lgr S
&j%shwwé)bu;m@jwcﬂv.\; Ll 5 s
S Jo 55 s K odalin G54l o Bl 5l dals
Jsur) 350 513 sime OV ol (6ol (25 - la alad s
O g o YK 8 M O e e e 1 (Y
O Jade) w3 K o g5l (Ul e =1/Y) (6l
Ngo s S Vor e L aS glaydy 53 Giadler oo
TANO 5 TXFIN (il 31 O 5 4 L3 g 0dd Hled i o 5o
A5 o M Y s Sa Yoo CBLE 5 ali b i s
o 02 5V 53 (¥ Jgr) isls 0l JISal e =Y (5 jam
2o e sn e SV ses Sn Ve Sl (g el 55
OT J¥ 509, Ko Yoo Cdale Lawslie 53 dmys YV/A 550

(FJsde) s §
ST adsl Sl Olie 5 S 28T s 4 (gl 23
5 bt LT3 5 oaly el o Jly (i 1
Ao y3) S38l sl petls (A o (G4l pd e
Teimoori et al., ) 535 o (s G385l S ¢ 55401 5
Lol il oo (Sioh S5 05 4 (i 8 A (2023
a e 45 555 OLLE 53 05 ST ST G dIs), W5
S 358 0 JonS 50 I 5N, e 5 HO; o Rl
(Guo et al., 2022) 5,148 o e Sl oS 40 s s,
3l St Bl e b Sy s
L5 S S5 e 1y Cle o5 ui (Daucus carota L.) ¢S7s 5

@QJ@|J&;MJ§OHU\)@4&§QL—;3~W‘S
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Lol e iy Slasds 2 (G54l 0L Ds I b el
by e L5 el sl 4 o s
oAl s e 53 DhsTa o s Laes 5T (3lwdlad
Sl (i S Ay Calg 03 S ATP 4 (o s
OlalS ,3 aa, 415l (Garcia-Céanovas et al., 2024)
Gomlby glacble 53 ey a4 (SN Lok 2 e iy
Al Sl S e st i 5 S o Ll e
Olge 4 lily o o8 s YL cLale (Tousi et al., 2020)
S il 5 4 Yol 48 08 Jae oS Ut aiyls e
Sl 3L 55 o o 53 0T mand 5 505 52 IS
s 5 S a3 g 98 520 S5 5 555k (ToOUSH et al., 2020)
Oma3n &S5 0l g 4 o Cl Db gty 5 3l 0l iia cogilly
stz (S35 sl T3 53 48 Cil T il g aLS
G 59 (AUE il 5 (5 s e ) AUS sl £
OB (F ) A oo 5 Lls ) ey LokST B (s
23 e Hlas iw 5,8 .(Mazrou et al., 2023) 5,ls
(Chen et al., 2009) 15" 5 (Akbari et al., 2020) & & 4,
oMo Y ge Sea Yoo )8 s el 15 4 e
iy ol (¥ 5a S Yoo 510 B0 ) ) e )
54 gl caaly  Jsb (el Ce e (G4 A
(Guoetal,, 2022) ws SIS 5 oS 5 ealS J b

S ol A5 el 511 oS 515 05 80k A lie il
Sl 25 pls lad 7 (g2 4 (3L SRl Sl Ao
S 5 S38ler As 3 o e el A3 QYWY Sl L
S o3 WY 80k by (JSb e =1/Y) s (5 5o
(Y Jsa) 55 Jeol= |y 34l Ao s

38 ey S (St il g S
5 Syl sladn T, 18 SL L oK ol
Al o e Sl el o) s S5 s 5
4 Gyl 25 5L g5lu ST ol (Cao et al., 2019)
el il 5 OT O nme alS s bkee ,dy 5 4l
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OLen 5 (6 oS

Ve S Ver Chale ys g 3,508 a8 Sl s (il
(Bai et al., 2020) 4& a2y S54l s sla e li 55 Eobs
|58 5 (Canak et al., 2020) LlalS™ ;5 (5 ol (25 ol 53!
(il Ao ys falS 4 > (Mamedi et al., 2022)

s 8 ety ) Igb 5 arble dob ¢ S50l e e

Lile plag 3T a8 555 ol D)l 5 G4l 2 s
3sn S3lndS pmta 5 g sun e oS 55 5 5 DT
)JJJJ‘}_&‘SAij}Z_wdi;:ﬁ‘JLJ}LJJcMeﬁ:LS
Loy G5l (15K 5 S e 0 e Salgs
S ol A5 el 21531 (Rosifiska et al., 2023) »f o

u,‘.'.ﬂ:lf ay a\:f BE) 6.3)'43‘}9.- I e B ) (PEG-6000%)

S ol 55 o LlalS” sl SAT=0 o 5T b 5 gl oy ¢ S50 sl st Ly g3 o sl iy S0bie A lin =¥ Uy

Table 3- Mean comparison of seed pretreatment with melatonin on germination indices, early growth and a-amylase
enzyme activity of camelina seedlings under osmotic stress

5 25 1 E 2
283 34 €s T ESR 3283 752 w2 Lo
WEE wdBs 5% 3§ 3B T g€ HER 185
p=T 4 2E %6 w £ by 1928 A%
2 > g i3 e ¥ = 3 %
A o & o 3
0 2.99a £0.00183 54.61bc +1.51 44.05ab +1.162 0.16a +0.00085 7.33ab +0.0709
-0.2 2.109c +0.00126 33.20d £0.613 32.77cde £0.0381 0.14d £0.0011 6.19de +0.494
-0.4 1.619f £0.05799 18.34gh £1.25 27.52ef £1.369 0.10f £0.00043 5.14f £0.737
0 -0.6 1.459 £0.14499 13.28hi +1.175 20.33gh £0.512 0.08h +£0.00225 3.60i +0.084
-0.8 1.028h +0.00825 8.29ij +1.161 14.11hi +0.857 0.05k £0.000173 1.27k +0.12055
-1 0.628jk +£0.0572 2.99jk +0.356 9.23i +0.0839 0.031 £0.000573 0.791 £0.0693
-1.2 01+0 Ok £0 0j+0 0 m=0 0m=0
0 3.1a +0.00767 61.92a £1.85 45.22a +1.367 0.17a +0.000438 7.67a+0.0789
-0.2 2.66b +£0.0919 56.57ab +1.2 46.55a +0.778 0.15b +0.000338 7.15b £0.3065
-0.4 2.06cd +0.0359 49.36c 1.8 46.99a £1.511 0.14d £0.000318 6.60cd +0.0872
100 -0.6 1.89e +0.0245 35.58d +£1.907 38bc +0.771 0.12e +0.000033 5.52f £0.0541
-0.8 1.47fg £0.00952 22.01fg £1.39 29.67de +0.195 0.09g +0.000696 4.619g +0.00069
-1 0.995h £0.0161 13.12hi +0.472 22.10fg £1.369 0.08i +0.000153 3.26i £0.093
-1.2 0.708ij +0.0555 3.11jk 0.315 11.66i +0.335 0.05k +£0.000261 2.06j +0.0478
0 3.095a +0.0552 62.31a £1.285 46.55a +1.604 0.16a +0.000485  7.63a +0.000484
-0.2 2.598b +0.0942 54.02bc +1.523 44.33a +1.188 0.14c¢ +0.000481  7.01bc £0.09035
-0.4 1.913de £0.0495  32.48de +1.627 35.66¢cd +1.701 0.11e +0.00093 6.07e +0.108346
200 -0.6 1.609f +0.0455 26.85ef +1.654 29.88de +0.621 0.09g +0.00095 5.09f £0.180419
-0.8 1.071h +0.00558 14.16hi +0.826 18.94gh +0.766 0.06j +0.000208 4.13h £0.05047
-1 0.811i +0.0437 5.42jk +0.3713 9.91i +0.075 0.031 +0.000057 2.45j +0.209
-1.2 0.51k +£0.00839 Ok +0 0j 0 0m=0 Om 0

Non-common letters in each column indicate significant differences.
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Vo) o sdhe ((JSal e =+ /Y) (g ol 25 X(GY 5o 5 SCo
(Y 3n5 Son T 0) 05 5Mhe 608 ol 25 pits X (5Y g Som
el 25X (Y g0 S ¥00) 5 5 5 (5 jomsl 15 pde
FE/O0 FF/0 sla 5Kl L o 5 4y (JSaly e —+/Y)
53 F o) s SSodaltie e Lo FE/YY 5 ¥5/00 FO/YY
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SLd b aslin 537 00/Y 57 OMY 35d i 5 &5 o0 5o
(¥ Jgde) Cob il 3 Y e pmol cble 5 jled i 09

wils 36 olE e plie 5 w3 S pue 3 oslizal
oke e e a0 g5 92 g1 i g O 5 4 e S
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23 S A 00 b s ey S5 e 55 2015
Lo 31 oD 457 Sl OT s 4 457 555 00 OLLE
(Qarehkhani et al., 2021) 4_ib o pnS | a4 (g Lo
a\_»f)%;}.,_.ﬂ\dust.u);&jsmﬂyjﬁy\n 5,8
F/RY o80be bata s b o ity Sl g bl 09l
Ao s A1 el 5 50 5 )8 e (Ad e e
St 035 5 o 4 e L (el e e (S50l
Ol e O e o 3 8 (el 25 Jal 5 53 4palS
Wiy gliaisy Eel S| Gl dewly 4 o 5D (i
A olS ol 55 olsm slaphl by I el S
5 (St (55 58) (5 ol 25 pde (Kabiri et al., 2018)
A5 HA39 (3, oty sk o ity Sl 8 50 3
(Fuetal., 2024)

ol Job
Vo) o 5 lS a8 sls Ol (Kl alie s

e oo Yoo a5 0T O s pike 0 S (G¥ 505 S
Jsb o s YF/F 5 YV il Eel C 54 s
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G ope Ve S Yoo 5 Ve lac bl (JS LK
s Jsb el b 3L FFA 5L WIY s Cm o S 5
L3 gy 0dd e i e OTL A Gla)ds 4 o ol S
o pde Jolize 51 lie 55 (F dads) As 8
13 (b & A /Y) (ol 25 o o 5YUX 5 e
x (Ygn 5,80 Vo) o pdhe Cble e 5VL Joline
SO b 53 (Sl —V/%) (sl 25 o o 5L
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e o 508 Lol (SIS e =+/8) (6 ol 25 s
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el i do 5 ¥ alS el S s S il
woalS 4w Jb esLs (Seyed-ahmadi et al., 2013) s
o5 T g Ol G560 o3 5 amalS U b I ab
N o o 4 e sT 51 g MS olie Jasl 288 (ol
Joles 53 I L g 03,57 oot (6,5 sl J b o
23,8 oo ama LS ub, alS g e (pas s
23 Y e s +/¥VO) 5 5Me 5 5,8 (Soltani et al., 2006)
Sl doys e el (St A5 e bl 2
wn Jsb el 5 Ga,y VPN Siail e oo (JAF/\F)
(Fagopyum esculentum) ;3> 5,15 olS 3 (1+0F) amald
2 03 o 5Me Caliee gl s I (M et al., 2023) A2
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