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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.
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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).

90 (5,9 i (095155 () i 5 () g Ol 52 GNP) slag g 25 maias 3 (MT) (dgidle (5 08 31-Y S
70 Jlizl mlaw j0 S ie slodd s b sla Sl YU slos (25 55 oliws S o8, K5,80s5 llS s (o) (Fu/Fm)

Frsleos 15 (S,8055 oS Sy s IS ol y5ld Gl g aST Ko 5 e 35 55l gy 49
3 XU 4 (Chrysanthemum morifolium L.) sogsls ;o (YY) o), 5 Yang gloadl b bass cpl ol ugundes 4z 0
25552 b IS il 5l Gl Csls ige 5 ST S35 8l ol i 4 (S5 pazsS 4 (1Y) o San
Sl oS sl 5 (SlowaSl 6T laps 3T cudlad ial338 b psgde 5 ST S5 s 0,00 Slgsead il YU glos 25 Lyl
I i 558 0 Lz 2l azes )0 5 glasl slid (S)LS, Laas STy (55,000 aiile ofjT (sla JISG0l,) e Ll
Sy 5 il & sl (Ko 1 28 3 Ko Lk sipeizmod el 005 issis ol 3 Skos Gl crge
ST Sy 5508 5 31T abl a5 by IS (sliiome (il 5 5320t SLoalaSs, a3 g 5 |
| i ol (lomn 978 IS 5 WS Ul 1 i gt S Sl 5 (ogeo (25 PSDA 55 s oetis L il o
OVY) ises S
Uit b gmmliomsyy 9t 59000

Oil8l L (aals) 00 )55 28l o 1) 0T S 25 5 udgidle sl jla 45T SlalS jo ol (lis pol> Giagsy (sleacs

OV PURIIVUM WP S ST PRSP U SRV AP AP SN ¥ [T IS UC IR SURTVARV] PRSP PAPRVOU. 1 JURES PURVE RS
et 1 Sileo ds i () Jgaz) wials lis (wgmadas a0 YO (sles) vl a4y s (g0 ,0 YE/VY 4 £Y/AF o]l
09l 5 ST (5900 0l g1 653l 9eST S y5 5 Do 95 ugades 42 )0 YO (slas ;5 a5 o ] Sike
QST S5 55 5 gD 0 )5 wgudis az 0 Fe g VO slalos jo a5 cewl Jl> 1o (pl () Jguo) cudlas S ool 6o
S (53055 oS oSy 05T (90 gllo 5 STy (159,000 o ine (BN s Y509 S Vo o Clale j3 0yg 4
@l b gl 2 3VL 50 S adall 60 (elle 5 anaSTn 39)0ee (e (e () J9u2) wiad wald lalS o,
S I3 (e gl (90 45 092 ST S0 7 5 i gdle V909,500 Ve v lass 4y b yo (Gogendas 4250 1) oud Lo
a3 60 elle (as,0 YVAF g Fo/-F g STy 59,008 (gaus,0 YY/2 ) 5 YAITA ials cow cud [0S @

() Jgaz) wads oais jles LS & Cos

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 2026-02-03 ]

[ DOR: 20.1001.1.16807154.1400.22.4.6.3 ]

ohes 5 Slio

O30 ile ()5S Jlad slaaisS jiin addgh (35S0l o 00ds Lo sladiges 0 Vb slos (25 ¢ pol> adlllas 5o
stz HB Oliee 4 0o 5 ST S 2 S 5 99 2 0,5 b oS 0d S asill (o0 (glle sl Gl 5 s
- LS (sla 25Ty (55limgtasn (slap il melass b oS|G 5 a8 Casl 00l (3155 Lozl ol )3 .28L als
039598 085S Jlos sl 31 Cdlad (Al BIL rizred 5 (5T g 2 & ST g JI001) oo Gl slaxsly rals
w2z LS s 0T 65 Gelle 5 aSTy 5s,0u coilil (VA) WS o cliblons ¢y gaaslinnsT el 511, oLS ST
ol 3l (Vo) 8L ol e BB Gl 4 oles (i 5 ST S s b ooads Lo (Lolium perenne L)
0ind K e ay S 5 ol a5 el s 0l & e b oot Jlawd sladigad ,0 apeSTyy ie,0ee cailil el
(V) wled oo 2l5pmms |y ST 039 00 aiile (5T JUsd sloaiss 5 05,5 Joo (592!
o3 ol Sl 5T

G155 4 oyl iols (Lt oo (aal381 L 1) (ol (sl (S5 A05 S 5 sl S psSl 5 (55256515 0l
b a0 B e glas )3 g 8l (naliEl @8 4 Gugedes 4250 YO @ Lo (381 L laplanST T (nl jpolio a5 o
VO slos 3 ols (lis izren ezl (1 JS2) aams) (036 (335 p5 52 5 oo VA 5 2 /T o Sy Jlode arion &
55 el )0 (¥ JS8) s Sy sl SepsSsl 5 503Ul 1 631 0mnST S 5 udgDlo 9)l5 ugnds 420
O3l e jlo re SRl o 3pnST G i 5 gDl Slacdale avn ((ugads a0 Fr 5 YO) (oo 25 Ll 0
a0 e g VO sl bl jo Sy sl S sSul (prizmen (A=Y JSKS) wald sals (blS 4 cod (LS Sy
S 5 fosine Sl a1 Syt Vo Koo )+ ke L 5 uigidho CAle 95 50 5, 1S 4y STy 1o (gl
(o =Y o) ols olas sals lals

Uik 5 (SatlS 55 sl 5 o) Moyt ) (s slo5S505,5e & ool e5ilinmsST 25 4y i Yl (sloo
s S28 b gles 25 4 Jeod Gl nl b (TF) 0eboe (ST B slaaist a5l i csll S
Sl glogeST 25 51 256 slaenmnl b allie gl (LS colis slap il o iptes 5 5 0,08 bL3 | Sl
oLS a1 T s dlad (a3l plos (15 llpd o (5SSl sloaisS ax 5l Gt coilil aliag @ o0
SaglaaST Il 5 9Ll 5 el SojsSal wiile (cou 3l e SlaplannT Bl Jold (GlaaST LT pinsns 2BL o0
chle ol Ghagh 5o Cul SlaeSTy JSLE 5 slaasTy SlsSul GV Gbgensd asTnsw aiile a3l
Gl VU slales calises zolan )3 (S5 3055 5 sl SpgSl g Lol 5Bl wiile oo T 2é (sl oS T
Iy LS il (sloreed GmmlionTy 5 Ll (ogmmlaaST oo b5 95 s8axto slo i Ll 5bisls 2l
5 bbb Lol Jolse 5l S 658 ST T bl Lo 4 al S ysSl (A) 05 o cliblns YU sles i
5 Orde S g5 50 2 o lS o el (T b pole halej] sleazms el siilannST Slai ply e plalS
o2 5 (S35 QLS Sy 50 el Syl 5 Ll (y53lslS ke al8l 4y e Y (slos (55 o ST S 29
oot G ST S (T el oo )5 S 3amsS aiile (alS Ko 5o splice sloazes daasil ol b L,
Ot Je525 Gl g 053Ul by s Gl 31 b 0T G 12 i o Wyl (556515 SlysSl (gaz 2 5o
o3 5 seligls Cale L3 (Y0) 5yl i baisl yseilisls phaw (ial3dl 5o cenl fenilisls snijles osle iu a5
Syl JeS5 Jotoms ilgi g0 oS 0l (85 590, SlysSalyyunms 5 LSg0, SlysSuly ammssio slae T culld
a5 wad oo i mgdle b oad jless GlalS 5o del SeajsSial 5 eslialS VL olaw (rizen (V) 25L sl
Sl e o] 5l ooliiul 5 ol 5uilisl — ol sl as iz anile SloweST T Cilides (ol yonns ,> alaly Sy uigidhe
RECHNVJIE T RNRK G T s T

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 2026-02-03 ]

[ DOR: 20.1001.1.16807154.1400.22.4.6.3 ]

welng g i s g Gigio (0 3,15

i 0.45 - .
A 0.4 - a _ad
035 - valam
L 22 03 - Cdcddbc
9 Sk
35_025- e
% E 02
PERors{r L f
= 0.1
0.05 A
0 -+~~~
T=2=Z2Z2e==2=22|e === =
=== =T == == = T === = R=1
Scocoocgo|lEccocg|lEocoooo
onfrZrgongrsioneEn s
Sczel Seze| SgZe
= n A =0z
25 35 40
[P
Temperature (“C)
- 0.35 ~ b ab
B 03 - cdm @O
0.25 - o de i
0.2 ehg [l B
%o 045 4i , i Mhi
Q
v}ggm 0.1 -
J B, 005 -
jgéﬂ 0 T rrrrrrT rrrrrrrrryrrrrrrrrrT
<~ C=2=2=22e=2=2=2=ee==2=2=
B33 23 EE 2 EE S
Scoccoccoc|lEccocco|lEcocoo
onErglonsrnsonEne
ECen|l eCesn ECe
=S 42 2S2%Z =54%Z
7 7 75
25 35 40
Lo
Temperature (°C)

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).
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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.
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