Effect of Melatonin Pretreatment in Improving some Vegetative and
Physiological Traits of Calendula officinalis under Salt Stress

-

M. Karimi' ', M. Eslami! and F. Ghorbanalizade'

Abstract

The purpose of the experiment was to investigate the role of melatonin in improving the morphological
characteristics of marigold (Calendula offiginalis L.) un salt stress. The present experiment was
conducted as a factorial arrangement in a compleicly randomia€d design with three replications. Melatonin at
three levels (zero, 100 and 150 pM) and salinity at four: S (Ze¢30, 60 and 90 mM) were considered as
the first and second factors, respectively. Accordingj@jthe o?ne}results, the highest plant height, the
highest number of leaves and the longest root | were obtained in 150 pM melatonin without salt
treatment. On the other hand, ahQ0 mM salinity and out the presence of melatonin, the lowest number of
leaves and height were observedNRoot fresh weight at\different salinity levels showed a downward trend
with increasing salinity concefrati
concentration without melatonin.
concentration. The hi
micromolar, and it

concentration decreased. highest a
melatonin and pr? i salini
pretreatm@nt,can be e in improving the vegetative and physiological traits of marigold under salt

water stres

Backggoun d Objectives: High NaCl levels, due to osmosis and ionization, can significantly diminish
plant height, leaf area, and the fresh and dry weights of shoots and roots. Melatonin, a ubiquitous molecule

stress, plantS close the stomata to prevent water loss, and this can result in decreased stomatal conductance
and photosynthesis activity. However, it has been shown that the application of melatonin makes the stress
conditions bearable for plants and leads to the opening of stomata, which has been reported to improve the
photosynthetic machinery in sunflower and citrus plants(Brugnoli and Lauteri, 1991, Meloni et al., 2003, Ye
et al., 2016). The aim of the present study was to investigate the role of melatonin in marigold, in order to
improve vegetative and physiological traits.
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Methods: A factorial experiment in a completely randomized design with two factors and three replications
was conducted in greenhouse conditions at Sari Agricultural Sciences and Natural Resources University.
Melatonin at three levels (zero, 100 and 150 uM) and salinity at four levels (zero, 30, 60 and 90 mM) were
considered as the first and second factors, respectively. The average day and night temperatures in the
greenhouse were recorded as 25 and 17 °C, respectively, with a relative humidity of 75%. Marigold seedlings
were sprayed three times every ten days. One week after the last melatonin treatment, irrigation with sodium
chloride was applied every 7 days for 35 days. One week after the last application of sodium chloride, some
traits such as plant height, number of leaves, flower diameter, root length root fresh and dry weight, relative
leaf water content, soluble sugar, Proline, ion leakage, sodium and potassium Werefleasured.

Results: The interaction between salinity and melatonin affected plant height, number ofleaves; root length,
root volume and root dry weight. The highest plant height (17 cm), the highest number of
longest root length (18.83 cm) were obtained in the 150 uM melatonin treatment with
highest root volume and dry weight were observed in 100 uM rnelatoq’n treatment w
relative leaf water content and potassium percentage were obtained 1 150 uM
highest amount of soluble sugar and Proline were created in sodium chlosi
and sodium chloride 60 mM + melatonin 150 puM, respectively.
melatonin, the lowest Proline was recorded. The highest amount o
chloride. At the concentration of 150 uM melatonin, the amount in the leaf decreased. With the
increase of salt concentration, ion leakage increased and it was the highest at 90 mM salinity. At the
concentration of 150 pM melatonin compared to the congrol treatment, a decrease in ion leakage was
observed. .

ut salt. The highest
tonin treatment. The

salinity without the use of
diumwas recorded at 60 mM sodium

Conclusions: The results of this study showed that salini tressa‘ced the vegetative traits of marigolds,
but the use of melatonin reduced the damage under salimi é conditions. Melatonin, by protecting the
antioxidant system and helping to absorb potassium
and reducing sodium absorptiomycould increase the resigtance of marigold against salt stress. As a result, the

Therefore, based on the obtaind@ resu'
under salinity stress, conditions.
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Table 1. Variance analysis of the effect of melatonin on some Growth traits in marigold under salt stress

Qb-::’d CL«" 63‘)T PN Cw)‘ ij Slows 4.:%) J}lﬂ 4.:%) o oy j; Y s S BT
Sources of . Root Fresh Root Dry
Variation df Height Leaf number Root Length  Root volume Weight Weight
A B
@A) g5 3 125.81°%* 701.22%* 115.97** 267.43%* 66.03%** 3.22%*
Salinity
AU
B) s
B) =5 2 13.88%* 49.11%x 12.50%* 18.36%* 851 0.18%*
melatonin
A*B 6 3.322%* 6.40%* 2.54%%* 3.99** 0.07*
Lo
24 0.05 0.28 0.28 .13 0.02
(Error)
s .
e 2.50 2.99 427 15.97
CV (%)
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Fig. 2. Effect of different melatonin levels on root fresh weight of Marigold
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Table 2. Mean comparisons of the effect of melatonin on some Growth traits in marigoaunder salt stress

S slass Gaile) adyy dsb (S

O¥seshen) 5555 OV 505,550) 055 (e Sl gl Semm ()t S 035
Salinity (mM) Melatonin (uM) Height (cm) Leaf number Root Length (cm) e (cm®) Root dry weight (g)

0 12.16° 26.16° 15.91‘ 9.66° 1.52%

0 100 13.50° 28.5° 1.99°

150 172 342 . 25.33b 1.55b

0 10.08¢ 18.33f 13¢ 0.784%

30 100 10.41% 19.66° 15¢ 0.98¢4

150 10.58¢ 20.66¢ \ 15¢ 15.33¢ 1.21¢

0 78 ‘Wlh 10¢ 11.33¢ 0.45¢hf

60 100 7.33¢8 13.16" @ 12f 0.59°f

150 8f 14.75¢ a0.91} 12f 0.69¢f

0 330 j 9f 10! 0.24"

90 100 6.08i 9f 10.66" 0.33"

150 ‘58h 1 9.66°f 11¢h 0.37¢h

.
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s with the similar le

B N\
3ol-5 LSD 05051 70 J lcla.d):(..algd)bd;ua)w wlie by > b ool Ognw o 5o
Eacha‘m,m

1s are not significantly different at 5% level of probability using LSD test.
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Table 3. Variance analysis of the effect of melatonin on some Physiological traits in marigold under salt stress

i e 3 e O (G i cw b Jshoee 3 s g S R PSS
Sour.ce.s of &\l S Sl S‘Jﬂ Soluble Proline Ion leakage ~ Sodium  Potassium
Variation Sugar
df Relative water Antioxidant
content of leaves capacity
A 5
W) o 3 1379.01%* 268.79%* 0.67%%  74339%% 4158808+  0.06**  0.05%*
Salinity
B)
(B) oo 2 143.47%* 50.08%* 0.25%%* 76.18%* 4066.26** T7H* 0.011%*
Melatonin
A*B 6 6.43%** 10.23%* 0.14%* 14.02¢* 54.9¢™ 0.00027™  0.00094*
Lo
24 1.66 1.94 0.02 0.1 0.0002 0.0003
(Error)
s
A 1.838550 6.17 14.42 3.398867 1.14
CV (%)
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Table 4. Mean comparisons of the effect of melatonin on some Physiological traits in marigold under salt stress

s e S e O (g st O s 13 A -

()‘Y}Adl-:») ()‘ijjgcﬂ) @A) @\M‘@T B rﬁdl-:») ) Jyjjgy) BE (ﬁﬁg—:ﬂ)
T cmatariene ) GSkeS Gk (K S

%) Antio.xidant soluble sugar Proline Potassium
capacity (%) (um gFW) (um g FW1) (mg gDW)

0 81.55¢ 25.88% 0.87% 10.43h 1.59¢

0 100 85.83° 352 0.85% 8.111 1.62°

150 89.542 28.17° 0.79¢ 7.26) 1.68

0 68.53F 22.32d¢ 0.99'& 1.52¢f

30 100 72.97¢ 23.71 0.96¢de 1.55¢%

150 77.38¢ 24.82° . 25.56° 1.58¢d

0 63.80" 19.30s™ 24.12°¢ 1.49¢h

60 100 65.52¢h 20.18¢f . 23.16¢ 1.50¢f

150 66.57¢" 21.06° 1.02bede 35.23% 1.51¢

0 52.85k ‘é 15.36! 1.065¢ 21.11¢ 1.409

90 100 55.54} 17.14% 3b 25.96° 1.46!

150 60.88! *1.15& 11.32¢ 1.47h

LU LSD o

Each column, means with the Sigilar letters are ngt significaritly different at 5% level of probability using LSD test.
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Fig.3. Effect of different salinity levels on ion leakage of Marigold
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