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Effect of Melatonin and Sodium Nitroprusside Foliar Application on
Improving High-Temperature Stress Tolerance of '"Kurdistan® Strawberry
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Fig. 1. Effect of melatonin (MT) and sodium nitroprusside (SNP) foliar application on morphological responses
of 'Kurdistan' strawberry plants at heat stress. (1) No visible symptoms, (2) slightly curled leaf margin (less
than 10%), (3) marginal necrosis (less than 25%) of whole-plant leaves, (4) moderate necrotic areas (less
than 50%) on leaves, (5) severe necrotic level (more than 50%) of the leaf area.
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Table 1. Effect of melatonin (Mel) and sodium nitroprusside (SNP) foliar application on some physiological
parameters of 'Kurdistan' strawberry plants at heat stress.

o Lo b S5
Treatments Parameters
Leo bt e85 sl oz o Slgime aSy (59,000 KWV ol
Temperature ¢C)  Chemical compounds Injury Sl H20; (umolg? MDA (umolg ™

(LM) symptom RWC (%) FW) FW)
0 le 81.12 a-d 2.24 g 1.82 cd
25 50 Mel le 83.67 a 2.38 e-g 1.89 cd
100 Mel le 82.79 ab 2.29 f-g 1.84cd

50 SNP le 82.19 a-c 2.48 d-g 1.77d

100 SNP le 80.41 a-e 2.31 fg 1.73d

0 216 b 76.15 fg 3.11bc 2.22¢c
35 50 Mel 1.83 bc 78.76 c-f 2.66 d-f 2.06 cd
100 Mel 1.25de 80.02 a-f 2.41 e-g 1.78d
50 SNP 1.66 cd 77.88 d-f 2.74 c-e 1.93 cd
100 NP 141 c-e 79.08 b-f 241e-g 1.85cd
0 3.53a 67.08 i 3.65a 3.17a
40 50 Mel 1.58 cd 71.65h 3.11bhc 2.78 ab
100 Mel 1.08 ¢ 79.74 b-f 2.61d-g 1.90 cd
50 SNP 1.33 de 73.95 gh 3.16b 2.69b
100 SNP 1.14e 77.15fg 2.81 b-d 2.16 cd

Los gl Sl
Means for temperature ("C)

25 1b 82.03a 234c¢ 1.81b
35 1.66a 78.37b 2.66 b 197b
40 1.73a 73.91c 3.07a 254 a

bt slacaS 5 6l (ke
Means for chemical compounds (uUM)

0 2.23a 74.78 C 3a 240a
50 Mel 147b 78.02b 2.72 bc 2.25ab
100 Mel 111c 80.84 a 244 d 1.84d
50 SNP 1.33bc 78.01b 2.79ab 2.13bc
100 SNP 1.18¢ 78.88 ab 2.51cd 191cd
6)|a 6""“
Significance
an **k*x *kk *kx *k%k
Temperature
Ls)w M.S)J *k*k *k%k *kk **k%k
Chemical compounds
olosds oS 5 x Lo Fxk il * *

Temperaturex Chemical compounds

Mean values (means + SE) followed by the same letter-case within each column are not significantly different in
5% level of probability using LSD test. ***, ** and * indicate significance at 0.001, 0.01, and 0.05 levels of
probability, respectively.
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Fig. 2. Effect of melatonin (MT) and sodium nitroprusside (SNP) foliar application on leaf proline content (A)
and maximum quantum yield of photosystem Il (F./Fn) (B) in 'Kurdistan' strawberry plants at heat stress.
Mean values followed by the same letters are not significantly different (P < 0.05).
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Fig. 3. Effect of melatonin (MT) and sodium nitroprusside (SNP) foliar application on leaf reduced glutathione
(B) and ascorbic acid content (A) in 'Kurdistan' strawberry plants at heat stress. Mean values followed by
the same letters are not significantly different (P < 0.05).

Sl S 58wl e g () Sy sl 55Ul (liae 2 (SNP) syl 9555 w5 (MT) dgidle (S0 )l8 31 - S
10 Jlais) w5 S ite glacdy> b glapsSilie YU glod L5 12 i ,S o3, 55,5055 olalS ok o (0)

g1 5T (5o 5T cllad
35 guads 4z 0 YO (slod y0 .8l ol 3Bl b gend duanS g oo 5T colad Los iol38l b Lo jles den o

S 590 e ST 35 0 )5 g Lo a0 YO (Gloo (o aiad salls jlalS 4 a5 S jUgemn 20 0 STy g

yay


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.6.3
http://journal-irshs.ir/article-1-510-en.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1400.22.4.6.3 ]

ohes 5 Slio

ax ;0 Froglos jo 0t sals lalS 4 caws w3l cudled gao,0 AV ol cel a5 0 aunST G 205 Ygeg,500
saaliie a8 S 03 5 (eigle Ygag,Se Voo (lalosd ) jlgennsd SennSTigu ol Clad 2y 525 (gl
(@ - JSs) ol

L (aals) 058,56 el jo 1) 0T G s g wigide syl a5 SlS 10 (bgemss Sl pgw oo 51 SUS 5
Voo 0lS s G 0o 3 FVNVE 5 DAV &lsee s ol s 3 STy s T g VLIS sloy 357 codled Las Lzl
o -V la o) col hals st S s Yaeg,See Vot 0 )l a4 s 0o )0 FYIAD 9 BFIAY 5 igdle Y09 S
S g oeedle 9,8 gl 4250 VO (slos jo wizya sl lad pleend laceS 5 025 g Led (iiSen (g
(Uosbos 4250 Fo 5 ¥0) olos (25 Ll o Lol el 5Ty lysSl 5 5B sl o 5T collad s (63 oS
B (S pog Sy o el al 90 0 Collad (il o 0 ST 2 g gt iz glacdile 518
(z 52 -Y sl

Ol azss .l (al3dl Lo (Lol L 5B gennsd ST gm0l Colad atilon 5 5lacasTyy JoSUIE 030 codlad
e Rl o igidle Vgeg,So Ve gt 1S s V909,500 B0 (Slajles (gemn b 4250 7O (slos )3 0l
5 e Sle 95 2 555 ugak 4z )3 Froslos jowiud wald LS 4 S ST JSSUE Bl ol
Orizeen ezl wiad wald GlalS 4 S 3 Collad o cine Gl el b 08T G55 Vgeg S 00 2dile
ol Cadlad o ST S5 5 g wigdhe sl ,les s (6,18 cire gl gaan Lo a0 YO sloo 0 s ,m ol L
Solosire job 4 yigde sl e )0 w3l Cudlad ogaad a0 Fo slos jo Lol s ssmlins Jla—uSTy JoSLE
0 JS5) 052 ST S sloylons Sl St

Collad halS g slaaSTyy J5SUI 5 5Bgems a1 yy5m sl 3T Colled (ialidl 4 2o Vb slos 3l (talojl yo
ST T glis s gl Sganss dnSTms w5 b S5,555 obE T 30 oSy Sl oSl 5 YIS slagey 5T
GBS slam 3l bawgs ST 39,000 aslsl o ailas oo hiosd 9enSTn (g0 @ 1) ST SIS0, 5 <ol
ol lemsis (F) 5 o 43525 (55T 5 o & 65y chlizh o ;o sy JSSLIE b 5 STy b5
lop 3l clld azg BB Gl oo st Syt g el b plS Jle o ol plas ol el
Solom i 53 G 5l 2 0938 g Ne Al W09y 09,85 S8l o ) L le (pl 45T SlalS L aslie po SlapnST ]
Iy Sl 5T sl 51 51 solaws codlad g 00 )5 Jae slasl mhaw o (Jsge JUSw SO Glgie 4 ol5] sl SIS0l 5
@ Joosi Gl (sl GlaeS| 5T Glam T cudled (l8l 50 igdle GRE 5 (g sloadllas (M) Sylei oo ity
G 4 el 9 ST Sy T T 5 S ae e ools Lii T, (10) Jals asile SLE s e aclasl Lyl
rao ST GlalSosly iluiz o T @Uls 5 Glaasl 550, silmgiosn Laim s 4 Y slos 5l (230 giilapes]
a o0 bl ), clilre slagaly 5l S ales L35 090 Jsb 45 SlapnST ST slops T colled sgege (FF) wily o
s Vpoda 10 L Jsans paif oS o Jlie lyie 4 ol (ALT (slosist il 5 a8 K55 aboos
LaS ol Jgloe jloeeSTy g 3YBL b gound 0T g disle SloweST 6T sl 5T codlad iol381 el slisg g yis
(YD) Wogs cde bl )l ;o ((ples Sgl adBo Vo Do ) YU slos 4y olS sl yhgyadle Joow
ol glradlgo 4 4 5

o (6 S ojl slaaio sl yss IS 5l ao s A+ /FF £game jo Jsl adlge g5 45 ol las Lol sloadlse 4y 4y
Iy o S )13 YL clales Lo yme , a5 ST Sy 2 5 Cpuigidhe il o dale b oo Loy 55,8085 LS 4o
O U)o S azgd

Ya¥


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.6.3
http://journal-irshs.ir/article-1-510-en.html

welng g i s g Gigio (0 3,15

)} m -
B e INT 00T dNS
(&)
g = [N 00T NS 2 ”
il ; < ENT 001 LN S
= = FINT 00T LN S Jp— ! F
5 e [ Y e— (VX611 (0} —
“—~ I [0JU0)) N ,:M ; | D ®
e = N o o m_H” ’ ,mw\
© - HEEl T 05 NS o
2= E N 0§ dNS z P — w , 2
= L Wi on .M ® o o “3 B
T - -3 g 3 et T 05 LIN g
a Tme” WM 0S LIN m, 2 . m
“ —— o -~ e T 001 INS =
5 === WIT 001 dNS e . :
o _%H W 00T IN 2 mo.m_H” WM 001 LN &G
R — “ = —
Y . -~ = [00U0)
e e i (W11 (Ve — T
I T T T T T T T o . ~ . — . 0
SO onono s 94 <o o oS <=
<t N ol = = = = =
?_Bo%mww ) (war01d | Sw syun)
1% aseprxo1ad joderenn)
C
e S50 ¥
= Ha - N 001 INS
= HE F AT 0S NS - B FINT 00T dNS
< M ENT 001 LN 8 < F N 05 dNS
o st N1 05 LA " -E FNT 00T LN R
o ] [011U0) =3 ) T 05 LN
~ . [ jonuo
2 rEmm WY 001 dNS ® o e | 0 D s
o e N 05 NS < do [ — _21 00T ANS e
i = = —
- e W0 ILN 2, 2 2 -EiommZm Lo
v = N1 0S LI\ S g b_.Ie ”Eiogr—lz -3 =
! 2 S c— S
o ] [01Uu0) m s : M\Mb:ﬂmu LIN m
“ === W1 001 dNSS = % o 5
R o Em— WM 001 dNS —
- [T 05 INS & HEmm INT 0S dNS
- S T00LIN S vt W1 001 LN
« s T 0S LIN pryp— AT
———T f_l —T 199490 BN — ) (VL]
NRC T A= R OT OO R S =
(urajoud | Sw spun) (uro301d | B syup))
asejnwsip aprxoradng aseprxorad ayeqroosy
¥ s ool |5 F s
- yuaadlly qf |
9 < CR®)

[ 90-2T-G20z uo Jrsysii-feunol woly papeojumoq |

Fig. 4. Effect of melatonin (MT) and sodium nitroprusside (SNP) foliar application on superoxide dismutase (A),

catalase (B), ascorbate peroxidase (C), and guaiacol peroxidase (D) activities in the leaves of 'Kurdistan'

strawberry plants at heat stress. Mean values followed by the same letters are not significantly different (P

< 0.05).
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Fig. 5. Principal component analysis (PCA) of investigated parameters. IS: Injury symptoms, RWC: Relative leaf
water content, PC: Proline, F./Fm: Chlorophyll fluorescence, H,O,: Hydrogen peroxide, MDA:
Malondialdehyde, GSH: Glutathione, ASA: Ascorbic acid, SOD: Superoxide dismutase, CAT: Catalase,
APX: Ascorbate peroxidase and GPX: Guaiacol peroxidase of strawberry plants (cv. Kurdistan) treated
with melatonin (MT) and sodium nitroprusside (SNP) at heat stress. (N-T1: control plants at 35 °C, MT50-
T1: 50 uM melatonin at 35 °C, MT100-T1: 100 uM melatonin at 35 °C, SNP50-T1: 50 uM SNP at 35 °C,
SNP100-T1: 100 uM SNP at 35 °C, N-T2: control plants at 40 °C, MT50-T2: 50 uM melatonin at 40 °C,
MT100-T2: 100 uM melatonin at 40 °C, SNP50-T2: 50 uM SNP at 40 °C, SNP100-T2: 100 uM SNP at 40
°C.
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Effect of Melatonin and Sodium Nitroprusside Foliar Application on
Improving High-Temperature Stress Tolerance of "Kurdistan® Strawberry

H. Manafi, B. Baninasab*, M. Gholami and M. Talebi?

An experiment was conducted to examine whether the foliar application of melatonin (MA)
and nitric oxide (NO) would improve thermo-tolerance of strawberry plants subjected to high-
temperature stress. For this purpose, a factorial experiment in a completely randomized design
with three replications, in the college of Agriculture, Isfahan University of Technology was
performed. The strawberry plants cv. Kurdistan were exposed to various temperatures (25, 35,
and 40 °C) for 24 hours after pre-treatment with 0, 50, and 100 uM MA and NO. Heat stress
significantly induced hydrogen peroxide and malondialdehyde content and increased proline
accumulation, whereas reduced relative water content (RWC) and the maximal efficiency of
PSII photochemistry (Fv/Fm). In addition, heat stress increased glutathione and ascorbic acid
contents and enhanced superoxide dismutase and guaiacol peroxidase activities, and reduced
catalase and ascorbate peroxidase activities. Treatment with MA and NO decreased heat injury
symptoms and induced antioxidant enzyme systems and increased non-enzymatic antioxidant
contents. Melatonin and NO increased proline content, RWC, and improved Fv/Fm compared
with the non-treated plants. These results suggested that in strawberry, MA and NO alleviate
heat-induced oxidative damage by modulating antioxidant pathways, decreasing reactive
oxygen species, and inhibiting lipid peroxidation.

Keyword: Enzymatic and non-enzymatic antioxidants, Heat stress, Melatonin, Nitric oxide,
Oxidative stress, Strawberry.

1. Ph.D. Student, Professor and Associate Professor, Department of Horticulture and Associate Professor,
Department of Biotechnology, College of Agriculture, Isfahan University of Technology, Isfahan, Iran.
* Corresponding author, Email: (bbanin@iut.ac.ir).


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.6.3
http://journal-irshs.ir/article-1-510-en.html
http://www.tcpdf.org

