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Introduction

Salinity is the most important environmental parameter limiting plant growth and productivity. The
detrimental effects of high salinity on plants can be observed at the whole-plant level as the death of plants
and/or decreases in productivity. Increasing salinity is accompanied by significant reductions in number of leaves

per plant, shoot weight, root weight, shoot length, and root length. With an increase in salinity, water potential

and osmotic potential of plants become more negative. Two medicinal species of Coriandrum sativum L. and
Anethum graveolens L. are herbaceous and annual plants of the Apiaceae family, which have many uses in the
pharmaceutical and food industries. Considering the importance of these two medicinal species and the increase
of environmental stresses including salinity stress in recent years, this research aims to investigate the effect of
external application of melatonin on resistance to salinity stress in Coriandrum sativum L. and Anethum
graveolens L. species and its effect on some morphological and physiological characteristics of these two species
under salt stress.

Materials and Methods

This research was conducted in a factorial experimental format based on a randomized complete block
design with three replications. Experimental treatments include five levels of salinity (0, 40, 80, 120 and 160
mM) and two levels of melatonin foliar spraying (0 and 100 pM). After the end of the treatment period, the
morphological and physiological characteristics of the plant were measured by the different methods. Data
analyses were performed using SPSS software version 20. Results were analyzed using one-way analysis of
variance (ANOVA) followed by Tukey’s multiple comparison test. The results were expressed as mean values
and standard error (SE) of the means.

Results and Discussion

The results of variance analysis indicated that species, melatonin and salinity stress have a significant
effect on all morphological factors at the p < 0.05. The results of compare means showed that the number of

leaves in both plants has a significant decrease at the probability level of 5% with the increase in salinity.
However, the amount of this decrease in the samples that have been affected by melatonin is lower than the
samples without melatonin. The use of melatonin has reduced the negative effects of salinity stress in two plants,
so that at the salinity level of 160 mM sodium chloride, the use of melatonin has increased the fresh and dry
weight of coriandrum sativum L. shoots by 7 and 3.61 times, respectively. The results of variance analysis
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showed that melatonin and salinity stress have a significant effect on all pigments. The results shown that with
the increase in the level of salinity stress, a significant decrease (p < 0.05) was observed in the amount of
chlorophyll and anthocyanin pigments of two species. The results of variance analysis showed that species and
melatonin have a significant effect at the p < 0.01 on all physiological parameters, and salt stress has a
significant effect at the p < 0.01 on all the physiological parameters except of relative water content. Also, the
interaction effects of species with salinity, species with melatonin, melatonin with salinity and the interaction of
all three factors have a significant effect at the 1% probability level on the parameters of proline and total
phenol.With the increase in salinity, the amount of total protein in both species decreased, but the amount of this
decrease was lower in the plants that were treated with melatonin. In coriandrum sativum L. plant, the amount of
total protein reduction at 160 mM salinity level is 42.31% compared to the control, but this reduction was 28.9%
in the plants that were treated with melatonin. Also, in the Anethum graveolens L., the amount of total protein
reduction at the salinity level of 160 mM was 29.78% and 21.06% respectively, in the samples without
melatonin treatment and under melatonin treatment.

Conclusions

The results of variance analysis of the data showed that melatonin has a significant effect at the
probability level of 1 and 5% on all morphological and physiological parameters measured in both plants. Also,
the compare means showed that with the increase in the level of salinity stress, a significant decrease in the
probability level of 5% was observed in the parameters measured in two plants. In general, the external
application of melatonin moderates the negative effects of salinity stress, and therefore melatonin can be used to
improve the growth of plants under stress.
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Table 2- The effect of melatonin on the morphological traits of Coriandrum sativum L. and Anethum graveolens L. under salt
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NaCl) () )
0 16.00+0.57¢ 20.33+0.88° 0.66+0.096%¢  0.133+0.014d  0.087+0.003« 0.059+0.009% 6.33+0.33%
40 15.09+0.09¢% 16.66+0.66% 0.51+0.005%¢  0.082+0.004%%  0.069+0.004%f  0.036+0.002° 6.00+0.0b¢
0 80 13.33+0.88¢f 15.66+0.33% 0.42+0.023%  0.061+0.001% 0.056+0.002f 0.025+0.001¢ 5.33+0.33bcd
120 11.00+0.57° 14.66+0.33% 0.34+0.008%  0.053+0.006%  0.050+0.007f 0.020+0.001¢ 5.00+0.0cd
160 7.66+0.669 10.00+0.05f 0.07+0.006¢ 0.026+0.006¢ 0.036+0.0019 0.017+0.001¢ 4.00+0.0¢
0 25.00+0.572 25.66+1.662 1.83+0.1762 0.333+0.0392 0.200+0.008% 0.085+0.013% 7.33+0.332
40 21.00+0.57° 20.66+0.66° 0.98+0.059° 0.167+0.006° 0.108+0.001° 0.046+0.001% 6.33+0.33%
100 80 18.33+0.33¢ 19.66+0.33% 0.80+0.055%  0.137+0.010°  0.059+0.001"  0.040%0.0010 6.00+0.0b¢
120 17.00£0.08%¢  16.33+0.33%%  (0.63+0.006%¢  0.112+0.004>¢  0.080+0.002¢%  0.038+0.001°¢  5.66+0.330<d
160 15.33+0.33% 13.00+0.04¢f 0.42+0.078%  0.094+0.004%%  0.061+0.002¢f 0.031+0.002¢ 4.66+0.33%
Lgd
0 26.00+1.00° 24.00+2.08° 2.40£0.20° 0.437+0.053° 0.390+0.043% 0.145+0.01322 5.33+0.66%
40 19.00+0.0% 19.33+0.33% 0.66+0.03<d 0.149+0.036¢ 0.155+0.031*  0.062+0.0118% 4.00+0.0b¢
0 80 18.00+£0.0bd  17.33+0.663°¢  0.46+0.06% 0.07210.010%  0.080+0.005*  0.034+0.0041bd 3.00£0.0d
120 16.00+0.57¢c 15.33+0.33% 0.26+0.01¢ 0.0370.003%  0.054+0.005¢  0.024+0.0008%  2.66+0.33%
160 13.00+0.0¢ 12.33+0.66¢ 0.20£0.01¢ 0.024+0.002¢ 0.031+0.006¢ 0.018+0.0051¢ 2.00+0.0¢
0 29.33+1.452 31.33+3.522 3.83+0.142 0.579+0.0242 0.436+0.0442 0.184+0.01912 5.66+0.332
40 21.66+0.33° 21.00£0.57% 0.86+0.13¢ 0.128+0.003% 0.191+0.016° 0.074+0.0094° 4.00+0.0b¢
100 80 19.00+1.00% 18.66+0.66° 0.53+0.05« 0.10110.013%¢  0.117+0.015bd 0.056+0.00bcd 3.33+0.33
120 16.66+0.66° 16.33+0.33% 0.35%0.02¢ 0.04410.001%  0.068+0.001¢  0.033+0.0066b 3.00£0.0¢d
160 14.66+0.88% 15.00+0.57% 0.25+0.02¢ 0.028+0.002¢ 0.048+0.007¢¢  0.017+0.0045% 3.00+0.0d

b 2o B Jlois] g 53 (S5 905 bl oI5 gize BB 18 (gt ya > Sy By )b (slaodl>
Means with similar letters in each column are not significantly different based on the Tukey test (p<0.05).
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Table 3- ANOVA for the effect of melatonin application on the leaf photosynthetic pigment content of Coriandrum sativum L.
and Anethum graveolens L. under salinity stress

) Olapo (5l
i askio &3l 4y Mean squares
- R R . £ gee o wsf
’;g 5’ df a Judg l5 b Jsdg l5 J5 Jdg i Ladgds,5  lwgs]
T Chlorophylla  Chlorophylla  Total Chlorophyll ~ Carotenoid  Anthocyanin
ad 1 129.125% 1.006 152.925% 3.198* 0.000017**
Species (S)
origile 1 32.198* 3.561° 58.505° 1.769° 0.000027°*
Melatonin (M)
g 4 76.738% 5.029* 120.733% 4.646% 0.000021%*
Salinity stress (SS)
SxM 4 22.915* 5.351* 50.412*% 0.942 0.000030**
SxSS 4 37.646** 4.298* 66.709** 1.704** 0.000020**
MxSS 4 28.951%* 2.448* 47.875* 1.015* 0.000004**
SxMxSS 40 36.568** 2.925* 60.101** 1.439%* 0.000005**
s 3.986 0.567 7.330 0.286 0.000003**
Error
s oy
S s 355 3.33 3.44 3.17 0.001
C.V (%)

Doy B g ) Jlein] maw )3 ()10 gxe i gy g
** and *: significant at p<0.07 and p<0.05, respectively
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Table 4- The effect of melatonin application on the leaf photosynthetic pigment content of Coriandrum sativum L. and
Anethum graveolens L. under salt stress

eh . JS by 5 -
gt S a Jdg 5 b Juds 5 o ’ Wuaigidy,ls Olow ]
. . otal . . 1
Melatonin Salinity Chlorophyll a Chlorophyll a Chlorophyl Carotenoid Anthocyanin (mg.g
level levels (MM (mg.g* F.W) (mg.g* F.W) 1 (mg.g™ F.W) F.W)
(mg.g* F.W)
(uUM) NaCl)
Coriandrum sativum L. oS
0 8.30%1.35% 3.47+0.45% 11.77+1.80% 2.72+0.382 0.0103+0.0010?
40 4.12+0.21%d 2.24+0.32% 6.36+0.39%¢ 1.70£0.13® 0.0058+0.0006%°
0 80 6.83+1.243c0 3.21+0.45% 10.05+1.70%¢ 2.58+0.41% 0.00900.0008%°
120 5.95+0.428c 3.00+0.21® 8.96+0.64%° 1.78+0.11® 0.0075+0.0015%°
160 3.10+0.47¢ 2.23+0.17® 5.33+0.61° 0.67+0.04° 0.0051+0.0015"
0 7.81+0.64%° 3.14+0.26® 10.96+0.90%¢ 2.52+0.18% 0.0088+0.0010%*
40 3.93+0.77> 1.76+0.22 5.69+1.01% 1.59+0.26% 0.0056+0.0001%¢
100 80 5.72+1.30%% 2.86+0.62% 8.59+1.922¢ 2.11+0.37%® 0.0085+0.0012%¢
120 8.50+1.202 3.86x0.452 12.37+1.66° 2.45+0.36% 0.0098+0.0006%
160 3.61+0.03% 1.97+0.06" 5.58+0.09" 1.26+0.08"™ 0.0045+0.0003¢
Anethum graveolens L. s
0 8.10+0.85" 2.53+0.14P 10.64+0.79° 2.29+0.23 0.0055+0.0006%
40 9.80+0.34P 3.45+0.12° 13.35+0.64° 2.88+0.13 0.0072+0.0004®
0 80 7.30+1.65 2.45+0.61° 9.75+2.27° 2.10+0.45 0.0042+0.0010°
120 5.16+0.79° 1.77+0.33 6.94+1.11° 1.49+0.28" 0.0027+0.0005"
160 6.43+1.98¢ 2.15+0.62° 8.58+2.60° 1.74+0.57° 0.0057+0.0017%
0 22.36+2.53° 6.78+0.91° 29.05+3.45° 4.93+0.412 0.0110+0.0006"
40 8.17+1.29 3.19+0.55P 11.37+1.80° 2.52+0.30° 0.0082+0.0017%
100 80 7.65+0.83 3.080.16" 10.73+0.94° 2.300.27° 0.0079+0.0018%
120 5.12+0.93 2.14+0.51° 7.27+1.41 1.63+0.27° 0.0061+0.0019%
160 7.21+0.85 2.67+0.30° 9.89+1.16" 1.20+0.23 0.0059+0.0008%

Sisbge oy 0 Jloin] pdaw )3 (Se5 905l ool 2 l5 me BMBT JBB gt o 3 S e gy gyl glaosly
Means with similar letters in each column are not significantly different based on the Tukey test (p<0.05).
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Table 5- ANOVA for the effect melatonin application on the Physiological traits of Coriandrum sativum L. and Anethum
graveolens L. under salinity stress

Slaspe (ke
ay’ Mean squares
5 qlie Gl Slamigge gpedi B o Js
S.0.V df Water relative lon P iy Total Total
roline - .
content leakage Protein phenolic
Af’f 1 538.756* 25.585** 1316.385*
Species (S) 13183.41  2817.105
O M” 209.686* 484.820% 213.868* 117.071%
Melatonin (M) 1762.105
9B 2683.417 7054.123 - 174.706* 101745
Salinity stress SS) 5833.299
SxM 4 0.014 23.207 1.778 14.306*
6355.484
SxSS 4 57.264 945.918* 15.603* 75.759**
4309.023
MxSS 4 7.888 40.416 6.047 3.808**
1316.389
SxMxSS 40 34.278 35.279 0.468 3.342*
1033.496
s
48.022 21.250 107.560 3.17 1.278
Error
Syt 1.16 1.23 3.64 0.79 1.02
C.V (%)

Doy B g ) Jlein] maw )3 ()10 pre i gy g
** and *: significant at p<0.07 and p<0.05, respectively

A Cand Y ga e V0 ()9 o 3 JS (B9 RS (e
o g Me e Gt g (g Jlowi 8B sladiges ;> aald
(5 Jgis) 59 2o > YV -5 g YAIVA Lo

olelS padglio )3 Clpess 9 43, (Eal el ()9 A
sl g3 0l A lS ) SeaS 5 S e 5l (S0 25
Jley lalyd 3 GlalS a3 0aimd 390 (eiomed g b G5
5; Janas and Posmyk, 2013; Li etal., 201) wib o 9o
Jezs lidl coge fwigMe b Jsl>e (Zhang et al., 2015
G5 ol yo (Tan et al., 2011) 54 0 a5 bl 4 lalS
gt 9o AIlg5 oo (Mo (190)9matd &5 A o3> (LS 50
pis g oS blid 3 olS (STele 8 9 (Sjlsire sl S
Sloslarwl a8 s o L 55,500 Olides gl b (IS
048 Jld g e lgin )3 (5598 AT 4 Canglie (g Me
a8 Cawl o 030> L 0 oIS 0lS 53 (Gao et al., 2019) ¢l
Zhangetal.,) 556 0 oLS A5, (iol38l Coge uigMe I oalil
(2014

Lo 5 judS olS g3 o 40 aS ol L bealy (1 Ske gl
s 3 5l gine S (659 o GRIPIL Ol s g5t
cos oS pladiges o ials cpl e Jg @idh w0 s
D13 Ly e bl aS 5352 58,5 )5 igidle o
b Jloisl gdaw 53 ()3 Gl Bl (Sgn Culs 22> (59 o
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{7 Jgiz) Ailioe yieS 03 Sladiged & Comsd (g

i3l gy e 6395 b Sl L 8 s oSl
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Sl sl 8l Sl B S U5 e 5355 gl 15
(7 Jgiz) Ailiem joiS ) it 98 ol )3 (a3l el oo

9 S olS 93 1 53 JS (nBgp (e o9 daw LialBI L
oS pladsge 3 GEalS cpl ol (Jg ol 4l alS 45
oS oS )3 bl oo yieS Wdg 4B )15 g slas coS
Ao Comd Yo e V0 (6)9d o 53 JS (g R (e
Coos &S oladiges 0 ials ol Jo Aib e doyd FY/YY sals
L9 oS ) ¢ puiomad g duo > YA/ i8S )18 1igMe Hlaws
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Table 6- the effect of melatonin application on the physiological traits of Coriandrum sativum L. and Anethum graveolens L.

under salt stress
Tobw 5 psh O o g0
g ‘s’g;iniy Sy ek Ao S oen ) Js g
Melatonin levels (MM Leaf water lon leakage Proline (pg.g* Total Erotem Total pf_11enol
levels NaCl) relative content (%) F.W) (mg.g™ F.W) (mg.100 g** F.W)
(LM) (%)
0 93.30+0.87% 20.27+0.95¢ 3.660.09 33.06+0.53% 8.49+0.027¢
40 88.19+1.04% 53.70+5.64¢ 30.7316.06% 30.82+0.23%¢ 8.57+0.006°
0 80 83.26+0.88% 76.29+1.12% 44.21%3.21%¢ 29.01+0.53%¢ 8.66+0.013¢
120 77.03+2.24° 86.67+0.942%° 64.86+5.32° 27.48+0.30% 8.77+0.044¢
160 48.07+2.82° 95.13+1.75° 153.25+11.89° 19.07+4.82¢ 9.03+0.096°
0 96.73+1.64% 18.00+1.759 8.02+1.04 35.24+0.472 9.50+0.032¢
40 91.80+0.93% 35.08+1.68f 28.40+4.19 32.84+0.41% 10.49+0.005%
100 80 83.89+0.61% 72.67+2.91¢ 13.56+2.12% 32.62+0.53% 10.55+0.0232
120 81.16+0.96% 81.92+2.05° 18.33+2.99% 30.87+0.09%¢ 10.66+0.013?
160 55.12+2.35¢ 89.75+1.16%® 71.29+4.12° 25.03+2.80% 11.42+0.644%
Anethum graveolens L. s
0 80.87+0.85° 17.37+2.53¢ 18.71+7.79° 30.82+0.27° 10.98+0.51¢
40 78.21+0.18? 22.52+0.79¢ 31.98+11.65% 29.29+1.01P¢ 13.61+0.01
0 80 75.47+0.84% 25.82+1.10% 17.17+2.31° 25.24+0.10% 15.93+0.03¢
120 71.02+0.36%¢ 43.1742.52 21.12+4.22° 24.21+0.46°f 21.39+0.05°
160 54.47+1.20° 68.73+5.542 36.29+5.25% 21.64+0.54f 23.57+0.93%
0 86.99+0.942 13.04+1.39%¢ 53.04+5.09 34.75+0.322 13.750.02¢
40 84.19£0.57° 18.00+1.59¢ 16.97+4.03° 31.31+1.18° 15.77+0.05¢
100 80 81.25+0.33? 23.94+1.58¢ 24.91+4.08° 29.62+0.19" 23.42+1.01®
120 76.51+1.422 40.21+4.09 40.16+2.60% 28.69+0.35" 24.48+0.0%
160 49.63+2.32° 60.22+3.87° 38.91+1.14% 27.43+0.90¢ 26.91+2.43?

sl o oy 0 Jloinl pdaw p3 (S5 g0i] bl 15 gme BMBT 236 (gt o ,> S e gy gyl (claosls
Means with similar letters in each column are not significantly different based on the Tukey test (p<0.05).
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