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Article Info ABSTRACT
Article type: Background and objectives: Salinity stress is considered as one of the
Research Full Paper

most important abiotic stresses in agriculture, which reduces crop
production and threatens food security on a global scale. To cope with
salinity, plants use various strategies in response to stress, such as
osmotic regulation, ionic homeostasis, increased production of
antioxidants, etc. Stress-reducing compounds such as potassium silicate
and melatonin can be discussed by helping to facilitate physiological
responses under stress conditions. This experiment was consucted to
evaluate the effect of different concentrations of melatonin and
potassium silicate on growth performance of wheat plants.

Article history: Materials and methods: This study was conducted in split plots based

Received: 2026-10-30 on a randomized complete block design with three replications in the

Accepted: 2026-6-30  research greenhouse of the Faculty of Agriculture, Ferdowsi University
of Mashhad, in 2025 on wheat cultivar Pishgam under salt stress
conditions. Salinity treatments were considered at two levels of 0.5 (as
contron) and 10 dS/m, potassium silicate levels (0.5, 1.0, and 2.0 mM)
and melatonin levels (100, 150, 200 uM) and control. Morphologic
parameters including plants and leaf survival indices, leaf raea and dry
matter acummulation were recorded. Growth indices and biochemical
parameters such as chloropyll content, proline, membrane stability
index, and antioxidant enzyme activity were measured.

Results: The results showed that salinity stress significantly reduced
plant and leaf survival, shoot dry weight, membrane stability index and
photosynthetic pigments. With the application of 2 mM potassium
silicate and 200 mM melatonin, the plant survival percentage (44.65%),
shoot dry weight (11.15%), membrane stability index (59.61%),
photosynthetic pigments (33.35%), anti oxidant enzyme activity

g:tyavl:;;ds‘ including catalase activity (22.16%) and ascorbate peroxidase (28.16%)
Malondialdehyde increased under salinity stress, respectively. Conversely, the application
Proline of melatonin and potassium silicate significantly reduced the contents of
gﬂxtv Zry Weight proline and malondialdehyde, Conversely, the decreased accumulation

of proline and malondialdehyde following melatonin and potassium
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silicate application suggests an alleviation of osmotic and oxidative
stress, indicating that treated plants experienced a substantially lower
stress level than the untreated controls. Correlation coefficients showed
that shoot dry weight (r=0.82**), total photosynthetic pigment content
(r=0.87**), membrane stability index (r=0.76**), plant height
(r=0.77**), and leaf area (r=0.69**) had a positive and significant
correlation with plant survival.

Conclusion: In general, the results showed that the application of stress-
mitigating compounds can reduce the negative effects of salt stress and
improve growth indices such as plant height, leaf area, and increase
wheat resistance to oxidative stress, and can be used in saline land
management programs to increase salt tolerance and production
sustainability in arid regions.
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Table 1. Physico-chemical characteristics of soil used in the pots.
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Table 2. ANOVA of salinity stress and anti-stress effects on survival percentage and morphological traits in wheat
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Table 3. The interaction effect of salinity and anti-stress on survival percentage and morphological traits of
wheat.
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MT Melatonin, Si Potassium silicate. Means with the same letters in each variable are not significantly different at the
five percent probability level based on the least significant difference (LSD) test.
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Table 4. ANOVA of salinity stress and anti-stress effects on physiological traits in wheat
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Anti-stress (B) . - - .
e 6 210 0.098 0.046 0.025
o
AxB . - - .
L A 6 185 0.063 0.092 0.002
Error
o 28 14.0 0.010 0.009 0.0001
C.V(%)
s . 14.6 21.7 21.0 21.1
S o 2
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** *and ns represent significant differences at the 5% and 1% probability levels, and non-significant differences,
respectively.
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Table 5. The interaction effect of Salinity and Anti stress on physiological traits of wheat .

Salinity Sl el a sl b Jis k8 LM.»LJ\'K.;) #
@S.m™) Anti-stress Les Chlorophylla  Chlorophyll b T?r‘;“ plg{;?{;ts
MSI (%) (mg.gFW™) (mg.gFW™) &8
Control 95.2%° 0.337" 0.586° 0.922¢
Si 0.5 (mM) 96.5° 0.379¢ 0.594%¢ 0.973¢
Si 1.0 (mM) 80.8°¢ 0.390°° 0.620° 1.010™
0.5 Si 2.0 (mM) 96.9 0.406" 0.637° 1.043°
MT 100 (uM) 84.8° 0.370° 0.606"° 0.976"
MT 150 (uM) 91.6° 0.391°° 0.622%° 1.013*
MT 200 (uM) 95.6*" 0.396 0.624%° 1.020°
Control 47.82 0.203’ 0.343" 0.546'
Si 0.5 (mM) 66.8° 0.257' 0.419" 0.676%"
Si 1.0 (mM) 73.7%¢ 0.274%n 0.433° 0.708%¢
10 Si 2.0 (mM) 77.0¢ 0.2888 0.450¢ 0.738°
MT 100 (uM) 56.0M" 0.253 0.411%¢ 0.664"
MT 150 (uM) 62.5' 0.271" 0.425¢ 0.696™
MT 200 (uM) 76.1° 0.2778" 0.446" 0.723¢"

Sl Oga30 ol Ao =y Jlez| C]a—.n)é S s alie Gy gl b Sls oy S Sty 59 MT

Al g sls pxe oles (LSD) Sls pxe Cidlest]

MT Melatonin, Si Potassium silicate..Means with the same letters in each variable are not significantly different at the
five percent probability level based on the least significant difference (LSD) test.
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Table 6. ANOVA of salinity stress and anti-stress effects on biochemical traits in wheat

FESEN Mean squares &olas o (Ske
O ns b ) - -
SOV sl s 2540l 65 o5k SVBls S]]
- df Proline MDA CAT APX
BIOCk ns ns ns ns
Sk 2 0.0001 0.00001 597 18.7
Salinity (A) . N " -
. 1 0.432 0.005 412367 2171
S
Error a
lasa 2 0.0003 40.4 1.75 0.389
Anti-stress (B) = - - N
s 6 0.0002 0.00002 4307 3.21
oS
AxB " . . .
e s 6 0.002 0.0002 178 124
s S (G
Error
ot 28 0.0001 0.00001 18 1.67
C.V(%)
s . 25.6 29.2 29.1 22.3

.J.;,."Jb‘da)l;@u;))w(J&jw)sc;é‘M)an_ﬁdub!daw);)bwb‘gwﬁ@wj@HSJ*‘

sk

** *and ns represent significant differences at the 5% and 1% probability levels, and non-significant differences,

respectively.
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Table 7. The interaction effect of Salinity and Anti stress on biochemical traits of wheat.

Salinity (dS.m™) Anti-stress odsn

Proline (mg.gfw™)

MDA (nm.gfw’)

.L;Jﬂ s> 05k

BYH SlaeSt L b,
CAT (unit.gfw™) APX (unit.gfw™)

Control 0.285° 0.029¢ 192! 24.5°

Si 0.5 (mM) 0.290°" 0.030¢ 210" 26.7%

Si 1.0 (mM) 0.292° 0.031¢ 233 27.5%

0.5 Si 2.0 (mM) 0.298° 0.033" 253¢ 29.8%
MT 100 (uM) 0.260¢ 0.036°¢ 211" 25.6™

MT 150 (uM) 0.281° 0.035'% 2298 27.1%

MT 200 (uM) 0.287° 0.031¢ 243 24.7°

Control 0.494° 0.065" 368¢ 36.7¢

Si 0.5 (mM) 0.488™ 0.054* 402° 39.7¢

Si 1.0 (mM) 0.469% 0.049% 409° 42.6

10 Si2.0 (mM) 0.455° 0.044°° 427 42.5¢
MT 100 (uM) 0.495"™ 0.057" 401° 37.4°

MT 150 (uM) 0.481" 0.049" 423" 38.6

MT 200 (uM) 0.443¢ 0.042°° 450° 47.0°

23 o a3 alie Gy lls slay:Sils GlaenST,y ol Sl APX V6 CAT sl 6 0l MDA (el DS ST 55 MT

o s me o slis (LSD) s s C¥astt ilom 0 g51 bl Ao s o Sz el

MT Melatonin, Si Potassium silicate, MDA Malondialdehyde, CAT Catalase, APX Ascorbate peroxidase. Means with
the same letters in each variable are not significantly different at the five percent probability level based on the least

significant difference (LSD) test.
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Figure 1. Pearson correlation matrix for 13 quantitative variables of wheat under salinity stress.PH Plant
height, LSU Leaf survival,S survival, LA Leaf area, MSI membrane stability index, RDW Biomas, Chla

Chlorophyll a ,Chlb Chlorophyll b, TP total chlorophyll, CAT catalase,

Malonodialdehyde, Proline proline content.
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Figure 2. Hierarchical clustering with heat map treatment variable relationships under salinity stress. PH
Plant height, LSU Leaf survival, S plant survival, LA Leaf area, MSI membrane stability index, RDW root dry
weight, Chla Chlorophyll a ,Chlb Chlorophyll b, TP total chlorophyll, CAT catalase, APX ascorbate
peroxidase, MDA Malonodialdehyde, Proline proline content. S1 Salinity0.5 (dS.m™)S2 Salinity 10 (dS.m
),A1C1 Potassium Silicate(control), A1C2 Potassium Silicate(0.5mM),A1C3 Potassium Silicate (1mM),A1C4
Potassium Silicate(2 mM), A2C1, Melatonin(control) A2C2, Melatonin(100pM) A2C3, Melatonin(150nM)
A2C4, Melatonin(200pM).
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