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Extended abstract

Introduction

Marigold, scientifically known as Calendula officinalis,is an important medicinal and ornamental plant
of the Asteraceae family. Marigold.is known for.its diverse medicinal properties, including antioxidant,
anti-inflammatory, antibacterial, antifungal, and antiviral activities. Research has shown that this plant
contains chemical compounds such as a-cadinol, linoleic acid, and salicylic acid. Heavy metal stress is a
major abiotic stress and has attracted considerable attention over the past 30 years. A heavy metal is an
element characterized by:high density that can exert toxic effects even at low concentrations. Among the
identified elements, 53 have been classified as heavy metals. Chromium (Cr), lead (Pb), cadmium (Cd),
silver (Ag), cobalt. (Co), platinum (Pt), arsenic (As), and nickel (Ni) are among the elements that can
adversely affect plant physiological processes.

Materials and methods

To investigate the effects of melatonin on the germination, growth, biochemical indices, and some
secondary metabolites of seedlings under cadmium stress, a factorial experiment was conducted using
a completely randomized design with three replications at the University of Mohaghegh Ardabili. The
experiment involved melatonin pretreatment of seeds, followed by the application of cadmium stress
during germination in a germinator. To measure the biochemical characteristics of seedlings, samples
were randomly collected from 10-day-old normal seedlings and stored at —80 °C until biochemical and
enzymatic analyses were performed. Statistical analyses were performed using SAS software, version
9.4. The normality of the data distribution was evaluated using the Kolmogorov—Smirnov test. Means
were compared using Duncan's multiple range test at the 5% significance level. Graphs were generated
using Microsoft Excel software.

Results and discussion

The results showed that cadmium stress significantly reduced the germination percentage, germination
rate and seedling growth. Pretreatment of seeds with 150 pyM melatonin improved germination and
seedling growth, significantly enhanced the activities of antioxidant enzymes (catalase, peroxidase, and
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polyphenol oxidase), and increased the contents of phenolic and flavonoid compounds. Melatonin
pretreatment reduced the adverse effects of cadmium stress by enhancing the antioxidant system and
increasing secondary metabolite content, thereby improving the physiological performance of marigold
seedlings. Under cadmium stress at a concentration of 300 mg L™1, the highest germination rate
(34.38%) and germination percentage (12.71%) were observed following pretreatment with 150 uM
melatonin. The highest seedling dry weight was recorded following pretreatment with 150 uM
melatonin, which was significantly higher than that in the other treatments. Conversely, the lowest
seedling dry weight was recorded in the control treatment exposed to 300 mg L™1 cadmium, which was
91.5% lower than that recorded in seedlings pretreated with 150 uM melatonin. Cadmium stress
increased peroxidase activity, with the greatest increase observed at a cadmium concentration of 300
mg L1, where peroxidase activity was 84.2% higher than in the control treatment. Furthermore,
melatonin pretreatment enhanced polyphenol oxidase activity. The highest polyphenol oxidase activity
was recorded in seedlings pretreated with 150 uM melatonin and subsequently exposed to 300 mg L1
cadmium stress. This value was significantly higher than the values recorded in the other treatments,
representing a 31.70% increase compared with the control. Melatonin pretreatment‘increased proline
content, with the 150 uM treatment resulting in a 64.21% increase:

Conclusion

Seed pretreatment with melatonin, particularly at a concentration of 150 uM, had the most favorable
effects on seed germination, seedling growth, and seedling antioxidant'enzyme activity under cadmium
stress. This study suggests that melatonin could serve as an effective, low-cost, and environmentally
friendly biological strategy for enhancing the tolerance,of marigold to cadmium stress. Given the
positive effects of melatonin on seed and seedling ‘performance, its application is recommended in
sustainable agriculture programs, particularly in areas contaminated with cadmium.
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Table 1. Analysis variance of cadmium stress and Melatonin effects on seed germination and growth of marigold
seedlings

Sialez oy (Giailer s ) azalS LS o5y
L Germination Germination axals Jsb Seedling dry
S.0.V % be gt percentage rate Seedling length weight
Cadmium stress (Ca)  pgwodls i 2 513** 118.14* 4412 0.80*
Melatonin (M) e 3 57* 440.19* 3.62* 0.085*
Mx Ca PowodlS’ (Wi X pigiSe 6 9= 9.82* 0.53= 0.003*
Error W 24 1.33 2 0.055 0.0001
CV % I JUUE T TR 1.28 251 2.62 1.73
**Significant at the one percent probability level 0oy S Jlaot mhans 4o o Jme s
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Fig. 1. The Effect of Cadmium and Melatonin on the Germination Percentage of Pot Marigold Seeds.
The values‘are the mean values of Three repetitions + standard deviation.
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Fig. 2. The effect of melatonin treatment on the Germination rate of marigold seeds under cadmium
stress. The values are the mean values of three repetitions + standard deviation
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Fig. 3. The Effect of Cadmium and Melatonin on plant length of marigold seedling:length. The values
are the mean values of three repetitions + standard deviation
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Fig. 4. The Effect of Cadmium and Melatonin on the dry weight of marigold seedling lengthunder
cadmium stress. The values are the mean values of three repetitions + standard deviation.
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Fig. 5. The effect of cadmium stress treatment (a) and melatonin (b) on catalase enzyme activityof marigold seedlings.
The values are the mean values of three repetitions + standard deviation.
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Fig. 6. The effect of cadmium stress treatment (a) and melatonin (b) on Peroxidase enzyme activityof marigold seedlings.
The values are the mean values of three repetitions * standard deviation.
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Table 2. Analysis of variance of the effects of cadmium and melatonin stress on_biochemical activity of marigold

seedlings
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SOV Catalase  Peroxidase Polyphenol adll (g8 0393948
enzyme enzyme oxidase enzyme oo Malon- Hydrogen
df activity activity activity Proline dialdehyde  peroxide
popedls i 2  0.0003* 0.00008** 0.29¢ 0.43* 0. 29+ 0.0007*
Cadmium stress (C)
ol 3 0.00002*  0.000009% 0.025* 0.0002% 0.0006** 0.00008**
Melatonin (M)
Mw.c’:"mx"’w ol 6 0.000002" 0.0000004 " 0.011" 0.000026™ 0.0000004 "™ 0.000003™
X
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rror
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ns, * and **are non-significant and significant at the five percent, one percent probability level, respectively
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Fig. 7. The Effect of Cadmium and Melatonin on the on polyphenol oxidase enzyme activity of marigold
seedlings. Values are mean + standard deviation of three replicates.
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Fig. 8. The effect of cadmium stress treatment (a) and melatonin (b) on proline of marigold seedlings. The values are
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Fig. 9. The effect of cadmium stress.treatment (a) and melatonin (b) on Malondialdehyd of marigold seedlings. The
values are the mean values of three repetitions + standard.deviation.
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Table 3. Analysis of variance of the effects of cadmium
and melatonin stress on secondary metabolites of
marigold seedlings
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20V Total phenol Flavonoid
i ~ 83562
Cadmium stress (C) 299885
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s 24 0.38 0.27
Error
Ol g 6
CV % 1.81 117
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**Significant at the one percent probability level

a5 o odwlive wigidle Vgag,Soe 10 Jlei s Ll
s o .l Ll aoys YA sals Jla 4y Cod
aols les )0 IS 18 (ylie (0 S cpguedlS (il zalan

() JSCs) ol oomlive (pigidle

igig o
Jgoz) laesls (uib)lg 520 Jouzr 5l Jol> gl pulsl
Flie Sl g (pigidle g poesls il Cod adeighs (V
Al pre do 0 S Jlessl a0 pigidle x pgaeolS
L lpdieed j3d ogei Jled Gt a5 ol plis mls
2 G gae jsb ) azals asgdls e (g
Oliee eSS (5 pgbariols GRlEl p5eedlS zolaw plos
IS5 Gl ey s 9 g dalls jled )0 0 SgigS
OF J58) 0t ounlile yigdle Vaos 5o 10 ,less ;o
Slesd il 0 msS e Yoo pgedlS a5 Ll po
Do, VFIOV ) adeigdd e ydgidle Y a0g,500 VO
VN 0S5 e igide Yoeg o Ve e Lo

I control

[1 50 UM Melatonin
g = 100 pM Melatonin
I :: B 150 UM Melatonin

2
LL
(@)
.5
X E
2
3, = 0,02
S
3 5%0015
N =
2.8
32 o001
(3]
S 0.0054
S
T 0 -
control 300
Cadmium (Mg LY) (i 1 o5 (o) pgmodls gelans

2105w uile polie lepaived GLoazxalS 159y dumSTy 3 cwigdlo 9 pasedls Hlouws ST e S

demd Lo Bl il

Fig. 10. The Effect of Cadmium and Melatonin on the Hydrogen peroxide of marigold seedlings. Values

are mean * standard deviation of three replicates.
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Fig. 11. The Effect of Cadmium and Melatonin on the Total phenols of marigold seedlings under
cadmium stress. Values are mean * standard deviation of three replicates.

60 - c 1 control
o | Bl [ 50 UM Melatonin
" E 50 | — 100 pM Melatonin
2 ,'g 2 40 - & 150 UM Melatonin
‘5 S =
155 %]
L3 20 -
g
— 10 A
0 -
control 100 300
Cadmium (Mg L) s 32 055 (heo) pgmodls gebans

s o Bl 1S5 il 1 3lie - )lpined SLoazalS aigigd 3 uigiSlo 9 pamadls jloui il Y JSCi
Fig. 12. The Effect of Cadmium and Melatonin on the Flavonoidsof marigold seedlings under cadmium stress. Values

are mean = standard deviation of three replicates.
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