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Abstract

Introduction

In recent years, salinity has become one of the most important limiting factors for plants growth,
causing a decrease in the yield of horticultural crops. Sodium nitroprusside (SNP), a membrane-
permeable free radical and a broad intra- and extracellular messenger, mitigates stresses- especially
salt stress- by modulating signaling pathways. Additionally, certain nutrients, such as silicon, can
enhance plant growth under salt stress conditions by increasing antioxidant activities and reducing
sodium uptake.

Materials and Methods

This study was conducted on one-year-old cuttings of the olive cv. “Zard” in the greenhouse of
Gorgan University of Agricultural Sciences and Natural Resources in 2022. In order to induce
salinity stress, sodium chloride (NaCl) was applied at four concentrations of 0, 50, 100, and 150
mM through irrigation with urban water for 90 days. Irrigation intervals with saline water were
considered to be 4 days. Foliar application of elicitors including nano-silicon (at concentrations of
100 and 200 mg. I'Y) and sodium nitroprusside (at concentrations of 0.5 and 1 mM) alongside a
control, was carried out in four times at 20-day intervals. The measured characteristics included
chlorophyll and carotenoid pigments, total soluble sugars, total phenols, antioxidant capacity, and
sodium (Na), potassium (K), and calcium (Ca) elements in leaves and roots.

Results and Discussion

The results showed that the interaction effect of salinity and elicitor on carotenoid and antioxidant
was significant. The content of carotenoid decreased with increasing salinity, while foliar
application of elicitors (especially nano-silicon) increased it. The application of elicitors at certain
concentrations led to a slight reduction in the antioxidant percentage. However, in most treatments,
no significant change was observed compared to the control elicitor. The independent effects of
salinity on the contents of chlorophyll a, b, total chlorophyll and total soluble sugars were
significant and decreased with increasing salinity. Salinity also significantly increased total
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phenolic content. Foliar application of elicitors enhanced the contents of chlorophyll a, and total
chlorophyll and total phenols. On the other hand, the interaction effects of salinity and elicitor
significantly impacted Na and K concentrations in roots, root K/Na ratio, and Ca concentration in
leaves and roots. Under salinity stress, the concentration of root Na increased slightly. Foliar
application of elicitors, especially at the highest level of salinity, further elevated root Na
concentration. Higher salinity reduced root K concentration and root K/Na ratio, but the use of
elicitors, especially nano-silicon (at 200 mg. I), improved both characteristics under salinity
conditions. The independent effect of salinity significantly increased leaf Na concentration, while
foliar application of elicitors reduced this element. Furthermore, salinity independently led to a
significat reduction in leaf K concentration and leaf K/Na ratio.

Conclusion

Salinity stress, particularly at the highest salt concentration (150 mM), severely damaged one-year-
old cuttings of olive cv. Zard. Application of nano-silicon and SNP mitigated the oxidative stress
and, as a result, enhanced plant tolerance to salinity by modulating antioxidant activity and
increasing the content of chlorophyll and carotenoid pigments.
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Figure 2. Interaction effect of salinity and elicitor on antioxidant capacity of olive cv. Zard
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Table 2. Independent effects of salinity and elicitor on some phytochemical characteristics of olive cv. Zard

Treatments Chlorophyll  Chlorophyll Total Total soluble Total phenols
a content b content chlorophyll sugars content content (mg.
(mg. g% (mg.g*)  content(mg. g (mg. g™ )
NaCl (mM) P<0.01 P<0.01 P<0.01 P=0.02 P<0.01
0 06° 0.17¢ 0.77°2 510.09° 228.35°¢
50 0.54¢ 0.16® 0.7¢2 601.31 2 319.86°
100 0.46° 0.12° 0.59° 625.31 2 382,55
150 0.43° 0.12° 0.55° 600.82 408.59 @
Elicitor P=0.02 P=0.26 P=0.04 P=0.08 P<0.01
Control 0.46° 0.132 0.59° 574.69 281.72°¢
Nano-Si 100 mg. I 0.51%® 0.14¢ 0.65%® 535.63 2 320.13%
Nano-Si 200 mg. I 0572 0.15° 0.722 660.27 2 333.31°
SNP 0.5 mM 0.53%® 0.15% 0.68 % 574522 338.28"°
SNP 1 mM 0.48° 0.132 0.61° 576.77 2 400.77°¢

Ls ls gre Lo )3 o) Jlez| cla.n 5> (LSD) Sl sme ol Bl O g0 5T 3l ealinal b O g ja 55 &S 2 oy o 61l L;La&:i’gp
Means within a column followed by the same letter are not significantly different at 5% probability level, according to
Least Significant Difference Test (LSD)
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Table 3. Analysis of variance for some elements of olive cv. Zard affected by salinity stress and elicitor foliar

application
Mean of squares
S.0.vV Df Leaf K Root K Leaf Na Root Na Leaf Ca Root Ca
concentration concentration concentration concentration concentration concentration

Salinity 3 231.35 ™ 942.73 ™ 49254 ™ 7.95™ 1566.84 * 3116.8 ™
Elicitor 4 10.36 ™ 12.43™ 35.16 ™ 11.34™ 1323.73" 2702.4 ™
Salinity x Elicitor 12 11.37™ 22.64™ 8.24 " 748" 1163.73 ™ 2592.36 ™

Error 40 7.72 0.26 8.02 0.21 412.27 194.13

C.V (%) 15.83 3.85 16.59 3.72 24.62 10.82

Al o I gme Dl S g g phe sne 4™ 5 s o Ol Ay T &S Jlas| C}la..ﬂ BYRE D P FEPVRUREL o R
" and * indicate significant differences at 1% and 5% probability levels, respectively, and "™ means no significant difference.

=¥ Jaue alaf
Table 3. (continued)

Mean of squares

S.0v Df Leaf K/Na Root K/Na Leaf Ca/Na Root Ca/Na Leaf/Root ratio of
ratio ratio ratio ratio Na
Salinity 3 7.15™ 6.19™ 58.96 41.39™ 3.077
Elicitor 4 0.13™ 0.06 ™ 784" 4214 0.6"™
Salinity x Elicitor 12 0.05" 0.16™ 212" 28 0.18™
Error 40 0.11 0.0038 2.14 1.36 0.05
C.V (%) 27.37 5.58 27 10.78 16.31

.Ajﬂl{@)\.}@.ﬂ C))u.? b}?)r.l&s'auQHS)M>GAQUL}M)J@)$_JLQ>‘C}E#)>%}Q\J)\J&&AQBM‘*}**
" and " indicate significant differences at 1% and 5% probability levels, respectively, and "™ means no significant difference



Table 4. Interaction effects of salinity and elicitor on the concentration of some elements of olive cv. Zard

VEO ol oF ol P4 W alS Sl g
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NaCl Elicitor Root K Root Na Root Leaf Ca Root Ca Root Na
(mM) concentration  concentration K/Na  concentration  concentration Ca/Na Leaf/Root
(mg. IY) (mg. IY) ratio (mg. IY) (mg. IY) ratio ratio
P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01
0 Control 17.22¢ 1047 166" 77.33 % 105.33 % 10.1 9" 1.04 9
Nano-Si 100 mg. I 26.19° 11.61 % 2.26? 84 be 125.33 49 10.79 &9 0.8"
Nano-Si 200 mg. I 26.13° 12.09f 2172 70.67 150.67 « 12.45¢°¢ 0.81"
SNP 0.5 mM 29.47° 13.51 04 2182 82.67 117.33 % 8.67 ¢ 0.63"
SNP 1 mM 24.16 ¢ 13.95 b 1.74° 66.67 85.33" 6.117 0.65"
50 Control 15.3°¢ 9.75 Kk 157°¢ 74.67 ™ 192 19.69 % 1.80¢
Nano-Si 100 mg. I 10.77 9 9.78 11¢ 85.33 108 o 11.1¢% 1.56 ¢
Nano-Si 200 mg. [ 14.56 ¢ 14.08 ° 1.03¢ 73.33 105.33 % 7471 1.019
SNP 0.5 mM 10.77 ¢ 13.22« 0.82 ¢ 102.67 101.33 % 7.661 1.337
SNP 1 mM 1297 11.78 * 114 96 125.33 %9 10.67 &9 1.41%9
100 Control 9.22" 12.16° 0.76 1 65.33 ¢ 177.33® 14.59° 1.94 b4
Nano-Si 100 mg. I 9.16" 111791 0.82¢ 70.67 * 161.33 14.45 1.59 ¢f
Nano-Si 200 mg. I 9.77" 12.37¢ 0.79 %9 81.33 % 181.33® 14.66 ° 152 4f
SNP 0.5 mM 7617 12.98 % 0.58" 74.67 % 105.33 " 8.13M 1.42°9
SNP 1 mM 8.231 9.37% 0.88°¢ 69.33 122.67 *9 13.08 b 2.02®
150 Control 5.74! 11.93 0.48" 80 b 105.33 % 8.82 ¢ 2.38%
Nano-Si 100 mg. I 7.04 K 1319« 053" 154.67 113.33 1 8.64 91 1.84°¢
Nano-Si 200 mg. I 7.721 11.04 " 07° 62.67 134.67 ¢ 1224 % 2%
SNP 0.5 mM 7971 14.18" 0.56" 73.33 148 ¢ 10.43 &9 1.41%9
SNP 1 mM 6.554 15.66 ° 0421 104° 110.67 7.061 1.31%

LI PO M,;agdm,tch.u,g(LSDbu@M;;,w ol 05057 51 eslizl b O st 8 0553 &5 2kie g (515 (sla ks

Means within a column followed by the same letter are not significantly different at 1% probability level, according to Least
Significant Difference Test (LSD).
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Table 5. Independent effects of salinity and elicitor on the concentration of some elements of olive cv. Zard

Treatments Leaf K Leaf Na Leaf K/Na ratio Leaf Ca/Na
concentration concentration ratio
(mg. I'") (mg. I'")

NaCl (mM) P<0.01 P<0.01 P<0.01 P<0.01
0 20.13¢ 9.52¢ 2172 8.192
50 19.99 ¢ 16.23°¢ 1.27° 5.46°
100 18.32 19.54° 0.96°¢ 422°
150 11.79° 22.96° 0.54¢ 379°

Elicitor P=0.27 P<0.01 P=0.38 P=0.01
Control 16.25° 20.112 1.062 427°¢
Nano-Si 100 mg. I 17.332 16.6° 12438 6.31°
1Nano-Si 200 mg. I 18.842 16.26° 13438 4,99
1SNP 0.5 mM 17.732 16.07° 12738 5.96 @
SNP 1 mM 17.642 16.28" 1278 5.54

A I3 gan do s = b &S ez cla.»)z (LSD) s gne s ol Oge3T loalizal b O g a3 S 2ie oy > (gllo gu&gl:s
Means within a column followed by the same letter are not significantly different at 1% or 5% probability level,
according to Least Significant Difference Test (LSD)
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