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Table 1. Means comparison of total carbohydrates (TCH), free proline (FP), membrane stability index (MSI) and relative water

content (RWC) in the leaves of strawberry cv. Parus as influenced by the interaction of jasmonic acid (JA) and silica nanoparticles

(SNA) in response to salinity stress (SS) in soilless condition.

RWC MSI FP TCH SNA JA SS
(%) (%) (mgg!FW) (mgg'FW)  (mM) (mM) (mM)
58.8° 73.1%4 0.13! 72.57¢h 0 0.00
87.1° 76.1% 0.52% 90.30° 1
86.8° 72.9%4 0.262 97.19f 2
81.9% 75.4b 0.22h 53.131 0 0.25
81.7¢d 80.8* 0.45¢d 98.05° 1 0
83.02¢ 71.34 0.30% 237.60° 2
80.5¢ 75.3% 0.23¢¢ 198.70¢ 0 0.50
81.5¢d 74.6° 0.39¢% 174.00¢ 1
92.6* 77.0% 0.262 330.70% 2
69.11 38.71 0.28fh 71.55¢ 0 0.00
75.9¢ 53.2¢h 0.64* 59.16h 1
67.3¢ 57.3f 0.28h 72.23¢h 2
71.8¢ 63.9¢ 0.65* 135.40¢ 0 0.25
76.6° 57.8f 0.46¢ 72.92¢h 1 50
72.5¢ 52.1h 0.35¢f 54.501 2
73.4Fh 65.0% 0.65* 81.35% 0 0.50
75.8°f 50.4h 0.38% 98.22f 1
74.6%¢ 63.2¢ 0.56° 119.20° 2

.X,l8 LSD ;)j.aﬂw\.ﬂ\ﬂ.xﬁpﬁ\ CEM): Gl e N (S e U K Jsl.b—bduwﬁl.f Ot & 53

In each column, means with the same letters are not significantly different (LSD, p < 0.05).
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Table 2. Means comparison of peroxidase (POD), superoxide desmutase (SOD), total soluble proteins (TSP) and hydrogen peroxide
(H202) activity in strawberry cv. Parus as influenced by the interaction of jasmonic acid (JA) and silica nanoparticles (SNA) in
response to salinity stress (SS) in soilless condition.

H>02 TSP SOD POD SNA JA SS
(umol g' FW)  (mgg' FW) (U g'protein)  (uM H202 min"! mg! protein)  (mM) (mM) (mM)

1.55% 0.43bd 3.8¢ 2.20¢¢ 0

1.67% 0.36% 3.6° 2.76b¢ 1 0.00

1.51¢ 0.39¢¢ 3.4¢ 2.03¢¢ 2

1.87¢d 0.444d 3.3¢ 2.39bd 0

1.58% 0.522 3.3¢ 1.844 1 0.25 0
1.45% 0.46*¢ 3.6° 1.844 2

1.13¢ 0.45%4 3.3¢ 1.47¢ 0

1.90<d 0.51% 3.4¢ 2.21¢¢ 1 0.50

1.734 0.51% 3.4¢ 2.58bd 2

3.132 0.25™ 4.4¢¢ 3.682 0

2.582 0.26 5.6¢ 3.13% 1 0.00

2.51° 0.21¢" 5.3f 2.39b4 2

2.64% 0.26 6.6* 1.844 0 50
2.76% 0.14h 6.6 2.03¢¢ 1 0.25

2.55b 0.15" 4.18 2.39bd 2

2.43b° 0.36% 6.14 2.21¢¢ 0 0.50

2.85% 0.18¢h 3.48 2.59b4 1

2.53b 0.32¢f 4.4¢ 2.29¢¢ 2

.>,l8 LSD Qj.aﬂwl.ﬂlﬂ.xﬁpﬁ\ Cla..d); Sl s O (S e U - K Jsl.b—bduu,:i\.f Ot & 53

In each column, means with the same letters are not significantly different (LSD, p < 0.05).
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Fig. 1. Means comparison of the effect of 50 mM salinity stress on malondialdehyde (MDA) in strawberry cv. Parus under soilless
conditions. Columns with dissimilar letters are significantly different (LSD, p < 0.05).
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Table 3. Means comparison of photosynthetic pigment (PHPs) (chlorophyll a (Ch.a), chlorophyll b (Ch.b), chlorophyll a + b
(Ch.a+b) and carotenoid (car.)) in the leaves of strawberry cv. Parus as influenced by the interaction of jasmonic acid (JA) ) and
silica nanoparticles (SNA) in response to salinity stress (SS) in soilless condition.

PHPs (mg g'! FW)

SNA (mM) JA (mM) SS(mM)
Car. Ch.a+b Ch.b Ch.a
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In each column, means with the same letters are not significantly different (LSD, p < 0.05).
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Fig. 2. Means comparison of the interaction effect of jasmonic acid (JA) and silica nanoparticles (SNA) on leaf sodium (Na L) of
strawberry cv. Parus under salinity stress (SS) in soilless condition. JO (0.00 mM JA), J1 (0.25 mM JA), J2 (0.5 mM JA). Columns
with the same letters are not significantly different (LSD, p < 0.05).
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Fig. 3. Means comparison of the effect of jasmonic acid (JA) and silica nanoparticles (SNA) on leaf potassium (K L) of strawberry

cv. Parus under salinity stress (SS) in soilless condition. JO (0.00 mM JA), J1 (0.25 mM JA), J2 (0.5 mM JA). Columns with the
same letters are not significantly different (LSD, p < 0.05).
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Abstract

This study was conducted to investigate the effect of jasmonic acid (JA) and silica nanoparticles (SNA) on
some physio-biochemical traits of strawberry cv. Parus. Three levels of JA (0, 0.25 and 0.5 mM) and three
levels of SNA (0, 1, and 2 mM) incorporated in the nutrient solution plus two sodium chloride treatments (0
and 50 mM) were tested. The experimental factors were set up according to a completely randomized design
with three replications. Traits measured included content of photosynthetic pigments (PHPs), proline, total
soluble carbohydrates (TSC), hydrogen peroxide (H20>), total soluble proteins (TSP), the level of membrane
stability index (MSI), relative water content (RWC), peroxidase (POD) and enzyme activities. Results
showed that the highest RWC, MSI and TSC were obtained at 0.5 mM JA and 2 mM SNA treatments under
control salinity, while these traits were the lowest under salinity stress with no treatment application. The
application of 0.5 mM JA and 2 mM SNA increased RWC and TSP under salinity up to %47.5. The K
absorption was decreased significantly under salt stress (%48.4), while the Na uptake increased by %54.6.
The JA at 0.25 and 0.5 mM decreased Na absorption by %35.2 and %42.3, respectively. On the other hand,
the activity of POD was directly correlated with silicon nanoparticles concentrations. The JA and SNA
alleviated the deleterious effect of salinity on PHPs. In general, the implementation of JA and SNAs could
improve physiological traits under both salinity stress and non-stress conditions as the best results were
obtained at higher application of JA and SNA.

Keywords: Jasmonate, Parus, Salinity stress, Silica, Strawberry.

Background and Objective: It has been documented that 45 million hectares of the world's 230 million
hectares of irrigated lands are currently negatively affected by salinity (4). Strawberry is a sensitive plant to
salinity and its performance is strongly affected and decreased under salinity condition (2, 4). Availability of
jasmones products is a way to cope with stress condition and preserve crops’ yield (1). The effect of sodium
chloride on plant yield is due to sedimentation and increased chlorophyll concentration in the leaf area,
which increases the plant's ability to use light. Moreover, the positive effects of silicon against various
stresses can be due to increased photosynthesis, decreased sodium absorption, and increased enzymes
activities (3).
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Methods: Strawberry daughter plants of Parus cultivar were used as experimental materials. Plantlets
prepared from the greenhouses of the Faculty of Agriculture, University of Kurdistan, and were planted in
pots containing 50% perlite + 50% cocopeat. In this research, a factorial experiment was used based on a
completely randomized design with two salinity levels (zero and 50 mM), three JA (zero, 0.25 and 0.5 mM)
and three SNA (zero, 1 and 2 mM) levels with three replications. The SNA used were synthesized using the
tetracthoxysilane combination method in a polymerized acid medium and prepared as a colloidal solution of
10,000 ppm [4.8 milismolarity (mSMO)] in a volume of 1000 ml. The particle size of nanosilica varied
between 10 and 50 nm. MSTAT-C software was used to analyze the variance and compare the means of the
measured traits. The means were compared using the LSD test.

Results: It was shown that the lowest leaf RWC was related to salinity stress treatment without the presence
of JA and SNA. In general, under salinity stress conditions, cell membrane stability index decreased
significantly compared to conditions without salinity stress. In both stress and non-stress conditions, 1 mM
treatment of SNA increased 78% free proline compared to the control. Salinity stress significantly (p < 0.01)
reduced the amount of TSC in leaf. With increasing the concentration of JA under salinity stress conditions,
TSC was increased. The content of TSP decreased significantly under salinity stress compared to non-stress
conditions. Under salinity stress, treatment of 2 mM SNA plus 0.5 mM JA reduced the effect of salinity
stress and revealed the reduction of TSP by 47.5%. The JA treatment in both stress and non-stress conditions
increased the amount of chlorophyll a, so that at 0.5 mM JA the highest amount of chlorophyll a was
obtained. The amount of sodium absorbed under non-stress conditions was not affected by SNA and JA
treatments, but under salinity stress sodium absorption was strongly affected by SNA. In the present study,
under salinity stress, sodium uptake increased and potassium uptake decreased.

Conclusions: The results of the present study showed that salinity stress reduced some physiological and
biochemical traits such as leaf relative water content, cell membrane stability, total soluble carbohydrate
content, TSP and chlorophyll a and chlorophyll (a + b) content; while it increased chlorophyll b, carotenoids,
free proline, H>O,, POD and superoxide dismutase of strawberry plants. Moreover, SNA and JA either alone
or in combination modulated salinity stress in strawberries and helped them to cope better with the negative
effects of salinity.
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