Environmental Stresses in Crop Sciences

2 Journal homepage:
University of Birjand https://escs.birjand.ac.ir https://doi.org/10.22077/escs.2025.8260.2312

Original article

Effect of foliar application of salicylic acid and inoculation with
mycorrhizal fungi on some physiological and biochemical traits of
barley (Hordeum vulgare L.) cv. Fortuna under different salinity
levels

Nasim pourtaghi, Saeid Khomariz'®, Raouf Seyed-Sharifi3©, Esmaeil GoltKalanpa4 ,
Zahra Vatanpours

1. Ph.D. Student in Crop Physiology, Department of Plant Production and Geneties Engineering, Faculty of Agriculture and
Natural Resources, University of Mohaghegh Ardabili, Ardabil, Iran AN

2. Professor in Crop Physiology, Department of Plant Ecophysiology, Faculty of Agriculture, University of Tabriz, Tabriz,
Iran

3. Professor in Crop Physiology, Department of Plant Production and Genetics Eﬁgineering, Faculty of Agriculture and
Natural Resources, Ardabil, Iran

4. Associate Professor in Soil Chemistry and Fertility, Departmentiof Soil Science Engineering, Faculty of Agriculture and
Natural Resources, University of Mohaghegh Ardabili, Ardabil, Iran

5. Assistant Professor, Department of Plant Physiology, Germi Branch,%lamic Azad University, Germi, Iran

Received 10 October 2024; Revised 9 November 2024; Accepted 18 Noveffiber 2024

Extended abstract

Introduction

Soil salinity is a majer abiotic stressithat limits plant growth and productivity. Agricultural soil salinity
induces several detrimental effects, including oxidative stress, osmotic stress, and disturbances in
nutrient uptake. Howeveryplants that can enhance their defense mechanisms by sustaining antioxidant
capacity, maintaining osmotiec adjustment, and improving nutrient acquisition under saline conditions
are able torexhibit rélativelystable growth and acceptable performance under such conditions. Salicylic
acid and mycorrhizal fung\bsymbiosis play essential roles in alleviating the adverse effects of salinity by
indueing antioxidant‘defenses and regulating carbohydrate metabolism in crops. Mycorrhizae can
enhanceyplant growth and performance through several mechanisms, including mitigating the adverse
effectsiof salinity, improving plant water status, producing growth-promoting hormones, and enhancing
photosynthesis%alicylic acid, synthesized in root cells, plays a central role in regulating physiological
processes ‘and functions as a key signaling molecule in activating plant defense responses. Soluble
sugars, along with free proline, function as osmotic regulators and signaling molecules that trigger
diverse defense responses under salt stress.

Materials and methods

In the present study, the effects of foliar application of salicylic acid (o, 0.6, and 1.2 mM) on enhancing
the symbiotic association with arbuscular mycorrhizal fungi and its consequent impacts on plant growth,
membrane stability, antioxidant enzyme activities, free proline and soluble sugar contents, as well as
maximum quantum efficiency of photosystem II (Fv/Fm), were investigated in barley (Hordeum
vulgare L. cv. Fortuna) under salinity stress (0, 60, and 120 mM NaCl). The present experiment was
conducted as a factorial arrangement in a randomized complete block design (RCBD) with three
replications at the Research Greenhouse Complex of the Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, during the 2021—2022 growing season.
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Results and discussion

The combined application of mycorrhizal fungus and salicylic acid significantly increased relative water
content of leaves by 125.92% under salt stress. Inoculation with mycorrhizal fungi markedly enhanced
cell membrane stability index, maximum quantum yield of photosystem II (Fv/Fm), total chlorophyll,
chlorophyll a, free proline content, and polyphenol oxidase (PPO) activity. Foliar application of salicylic
acid also led to significant increases in cell membrane stability index, maximum quantum yield of
photosystem II, total chlorophyll, chlorophyll a and b content, soluble sugar content, and PPO activity.

Conclusion
Application of both salicylic acid and mycorrhizal fungi enhanced the tolerance of barley cv. Fortuna to
salinity stress, primarily by improving leaf relative water content, maintaining cell. membrane integrity,
increasing chlorophyll concentration, and enhancing PPO activity.
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ns, ** and * indicate non-significance and significance at 1 and 5% statistical levels, respectively.
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Table 3. Effects Salinity x mycorrhiza x salicylic acid
sliced by mycorrhiza x salicylieyacid effects for Relative
Water Content of barley. M: Mycorrhiza; Mo: Without
mycorrhiza; M1: Using mycorrhiza; SA: Salicylic acid;
SAO0: Without salicylicacid; SA1: Salicylic acid 0.6 mM;
SA2: Salicylic acid 1.2 mM,; MS: Mean sguares

SA M MS Pr>F
SA0 Mo 0.08 0.0006™
SA0 M1 0.25 <0.0001™
SA1 MO £0.05 0.0092"™
SA1 M1 4 0.01 0.34"

SA2 MO 0.02 0.186™

SA2 M1 0.14 <0.0001™

S sire ;e M8 TN [0 Lozl s 1o lo cire o Sy FF
ns, ** and *\indicate non-significance and significance at 1
and 5% statistical levels, respectively
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Fig. 1. Mean comparison of the salinity x mycorrhizax salicylic acid hteraction effects on the leaf
Relative Water Content (%RWC) of Hordeum vulgare Fortuna. MeanszS.E. with at least one common
letter in each chart using Dancan test have no significantidifference at the 5% probability level. ns, **
and * indicate insignificance and significance at the statistical, level of 1 and 5%, respectively. S= Salt
stress (0, 60, 120 mmolar), M= mycorrhiza(0,1), SA= salicyh’Qacid (0, 0.6, 1.2 mmolar). The lines above
the columns show the standard error of the mean ofithe data.

o ekl Yso ASNY (558 5 Jsbo
oSy aily rels as s Y selila s @S oy
Ao Sl sal x Yoo (Lo P (Gheds (5l
Syoo &S Jlo o g Liolaldels 4 cod ws o VYD
NVA Golgdl el Y ga oo ol Sl Il aul x 20
efile anslie (VIS BEE wals a4 o 500
Pl @9 WSCdisaddle ol x5 )58 ail>gs &l
X (6,89 9 I YT | W Ml X C)ls gC)ls X (G 980 J»Lo...,o
Sl asld sl g il Sleacdlos sl x £ )8
(Pisum sativum) S5,80550 (53, » (owypr S 50

GRS el 4y Cos (5,95 5 0 Lad g laly a3 ls
G 6,90 i pm (o (Youssef et al.,2023) el
oo slid sl asls a3 5 Gl (2 2
Jd laiss s bayll o oSl Jdo a woly o rels

Tobw (ol 5l Olupe Jlas oSl amlic .F Jgua
M g2 (Jebw slid ilwl pele » 13,000 Glise
3,5 LML 5,50k 0,6 g Hlewd (MO 3 50k

Ol o JBlos 1Kl (LS Means o3 5550 Lo

Table 4. Comparison Least Square Means main effects
of mycorrhiza on Membrane Stability Index on Barley.
M: Mycorrhiza; Mo: Without mycorrhiza; M1: Using
mycorrhiza; LS Means : Least Square Means

M LS Means Pr>it|
MO 94.37 <0.0001™
M1 95.66

LY Jlisl e ol g e
** indicate significance at 1% statistical levels.
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Table 5. Comparison Least Square Means for effect Salinityx Salicylic acid of Membrane Stability Index Barley. S:
Salinity; So: None salinity; S1: Salinity 60 mM; S2: Salinity 120 mM; SA: Salicylic acid; SA0: Without salicylic acid;
SA1L: Salicylic acid 0.6 mM; SA2: Salicylic acid 1.2 mM; LS Means: Least Square Means; LS Means Number: Least

Square Means Number.

(©la yo JBlos (lo) Least Square Means

S S0 S0 S0 S1 S1 S1 S2 S2 S2
SA SA0 SA0 SA0 SA1 SA1 SA1 SA2 SA2 SA2
LS Means 95.75 95.92 95.28 97.05 94.80 95.15 90.94 95.70 9455
Number LS Means 1 3 4 5 6 7 8 9
AN
ilj 1 2 3 4 5 6 7 8 9
1 1
2 0.76 1
3 0.41 0.27 N
4 0.03 0.05 0.004 1
5 0.1 0.06 0.41 0.0004 1 N\
6 0.29 0.18 0.81 0.002 0.55 1
7 <0.0001 <0.0001 <0.0001 <0.0001 <0:0001 <0.0001 1
8 0.94 0.71 0.46 0.024 0.12 0.33 <0.0001 1
9 0.04 0.02 0.21 0.0001 0.66 0.30 <0.0001 0.05 1
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Fig. 2. Mean comparison of the salinity x salicylic acid interaction effects on Membrane Stability Index
(MSI) of Hordeum vulgare Fortuna. Means+S.E. with at least one common letter in each chart using
Dancan test have no significant difference at the 5% probability level. ns, ** and * indicate insignificance
and significance at the statistical level of 1 and 5%, respectively. S= Salt stress (0, 60, 120 mmolar), SA=
salicylic acid (0, 0.6, 1.2 mmolar). The lines above the columns show the standard error of the mean of

the data.
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Table 6. Comparison Least Square Means main effects
of mycorrhiza on Quantum vyield of photosystem Il on
Barley. M: Mycorrhiza; Mo: Without mycorrhiza; M1:
Using mycorrhiza; LS Means : Least Square Means.

M LS Means Pr>1ti
MO 0.64 0.029"
M1 0.68

e Jeis] pda o ls e
* indicate significance at 5% statistical levels.
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Fig. 3. Mean comparison of the salinity x salicylic acid interaction effects on PS II (Fv/Fm) of Hordeum

vulgare Fortuna. Means£S.E. with at least one common letter in each.c

using Dancan test have no

significant difference at the 5% probability level. ns, ** and * indicate insignificance and significance at
the statistical level of 1 and 5%, respectively. S= Salt stress (0, 60, 120 mmolar), SA= salicylic acid (0, 0.6,
1.2 mmolar). The lines above the columns show the standard,error of the mean of the data.
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Table 7. Comparison Least SquarésMeans for effect Salinityx Salicylic acid of Quantum yield of photosystem Il of
Barley. S: Salinity; Se: None salinity; S1:“Salinity 60:mM; S2: Salinity 120 mM; SA: Salicylic acid; SA0: Without
salicylic acid; SA1: Salieylic acid 0.6 mM; SA2: Salicylicacid 1.2 mM; LS Means: Least Square Means; LS Means
Number: Least Square Means Number.

(Ol J8las 1 Kileo)Least Square Means

S S0 S0 S0 s1 s1 s1 S2 S2 S2
SA SA0 SA0 SA0 SA1l SA1l SA1l SA2  SA2 SA2
LS Means 079 © 0.82 0.85 0.53 0.60 0.70 0.42 0.54 0.68
Number LS Means 1 2 3 4 5 6 7 8 9
jfi L WY 2 3 4 5 6 7 8 9

1 1

2 0.38 1

3 0.13 0.51 1

4 <0.0001I <0.0001 <0.0001 1

5 <0.0001 <0.0001 <0.0001 0.07 1

6 0.02 0.002 0.0004 <0.0001 0.012 1

7 <0.0001 <0.0001 <0.0001 0.006 <0.0001 <0.0001 1

8 <0.0001 <0.0001 <0.0001 0.93 0.09 0.0001 0.005 1

9 0.006 0.0006 <0.0001 0.0004 0.04 0.59 <0.0001 0.0005 1
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Tabele 8. Effects of salicylic acid levels of Salinityx
Salicﬁ?c acid sliced by SA on Quantum yield of
phetosystem - 11 of Barley. SA: Salicylic acid; SAO:

Withoutsalicylic acid; SA1: Salicylic acid 0.6 mM; SA2:
Salicylic acid 1.2 mM; MS: Mean Squares

SA MS F Pr>F

SA0 0.21 50.13 <0.0001™
SA1l 0.13 32.14 <0.0001™
SA2 0.05 11.93 0.0001™

** indicate significance at 1% statistical levels.
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Table 9. Comparison Least Square Means mycorrhiza
main effects on chlorophyll a of Barley. M: Mycorrhiza;
Mo: Without mycorrhiza; M1: Using mycorrhiza; LS
Means : Least Square Means.

M LS Means Pr>|t|
MO 23.49 0.01™
M1 25.82
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** indicate significance at 1% statistical levels.
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Fig. 4. Mean comparison of the salinity x salicylic acid interaction effects on chlorophyll a of Hordeum
vulgare Fortuna. MeanszS.E. with at least one common letter in each chart using the Duncan test have
no significant difference at the 5% probability level. ns, ** and * indicate insignificance and significance
at the statistical level of 1 and 5%, respectively. S= Salt stress (0, 60, 120 mmolar), SA= salicylic acid (0,
0.6, 1.2 mmolar). The lines above the columns show the standard error of the mean of the data.
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Table 10. Comparison Least Square Means for effect Salinityx Salicylic acid chlorophy“‘a of Barley. S: Salinity; So:
None salinity; S1: Salinity 60 mM; S2: Salinity 120 mM; SA: Salicyliciacid; SAQ: Without salicylic acid; SA1: Salicylic
acid 0.6 mM; SA2: Salicylic acid 1.2 mM; LS Means: Least Square Means; LS Means Number: Least Square Means
Number.

(Ol o J8los 255Lw)  Least Square Means

S S0 SO SO S1 S1 S1 S2 S2 S2
SA SA0 SA0 SA0 SAl SA1 SAl SA2 SA2 SA2
LS Means 24.50 25.82 27.39 22.05 24728 29.59 15.88 21.09 31.32
Number LS Means 1 2 3 4 N\ 5 6 7 8 9

ilj 1 2 3 4 5 6 7 8 9

1 1

2 047 1

3 0.12 0.4 1

4 0.19 0.05 0.006 1

5 0.90 0.4 0.099 0.23 1

6 0.009 0.05 0.24 0.0002 0.006 1

7 <0.0001 <0.0Q01 <0.0001 0.0019 <0.0001 <0.0001 1

8 007 Q.014 0.001 0.6 0.09 <0.0001 0.0076 1

9 0.0007 0.005 0.04 <0.0001  0.0005 0.35 <0.0001 <0.0001 1

N\
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Ol po (5Kl :MS j¥ g0 (Lo VY Selncdle
Tabele 11. Effects of salicylic acid levels of Salinityx Salicylic acid sliced by SA on chlorophyll a of Barley. SA: Salicylic
acid; SA0: Without salicylic acid; SA1: Salicylic acid 0.6 mM; SA2: Salicylic acid 1.2 mM; MS: Mean Squares

SA MS F Pr>F
SA0 118.21 11.71 <0.0001™
SA1 34.92 3.46 0.043"
SA2 23.36 231 0.11m

Sogire NS oo g+ /o0 Jliml s )0 o sre ol S T g T
ns, ** and * indicate non-significance and significance at 1 and 5% statistical levels, respectively.
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Fig. 5. Mean comparison of the salinity x salicylic

vulgare Fortuna. Means£S.E. with at least one common letter in each,c!

RO

acid interaction effects on chlorophyll b of Hordeum
t using Duncan test have no

significant difference at the 5% probability level. ns, ** and * indicate insignificance and significance at
the statistical level of 1 and 5%, respectively. S= Salt stress (0, 60, 120 mmolar), SA= salicylic acid (0, 0.6,
1.2 mmolar). The lines above the columns show the standard,error of the mean of the data.
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Table 12. Comparison Least Square Means)for effect:Sal

Al L :SA2 ¥ g0 (oo +/F Somd s el b :SAT Solond b
Ol w0 JBlos il @l Lo o yleus :L.S Means Number
inityX Salicylic acid chlorophyll b of Barley. S: Salinity; So:

None salinity; S1: Salinity 60 mM; S2: Salinity,120 mM;"SA: Salicylic acid; SAO: Without salicylic acid; SA1: Salicylic
acid 0.6 mM; SA2: Salicylic acid 1.2 mMj LS Means: Least Square Means; LS Means Number: Least Square Means

Number.
(Ol o J8los Kilw)  Least Square Means

S SO S0 SO S1 S1 S1 S2 S2 S2
SA SAD,~ SA0 SA0 SAl SAl SAl SA2 SA2 SA2
LS Means 14.03 14.19 14.19 6.31 11.09 14.71 3.73 13.57 1151
NumberLS Means 1 2 3 4 5 6 7 8 9

i N 2 3 4 5 6 7 8 9

1 1

2 0.92 1

3 0.92 <0.0001 1

4 <0.0001 <0.0001 <0.0001 1

5 0.07 0.06 0.06 0.005 1

6 0.67 0.74 0.74 <0.0001 0.03 1

7 <0.0001 <0.0001 <0.0001 0.11 <0.0001 <0.0001 1

8 0.77 0.7 0.7 <0.0001 0.13 0.48 <0.0001 1

9 0.12 0.1 0.1 0.002 0.79 0.05 <0.0001 0.2 1
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Fig. 6. Mean comparison of thesalinity x salicylic acid interaction effects on total chlorophyll of Hordeum
vulgare Fortuna. Means+S.E. with at\least one common letter in each chart using Dancan test have no
significant difference at the 5% probability level. ns, ** and * indicate insignificance and significance at
the statistical level of 1 and 5%, respectively. S= Salt stress (0, 60, 120 mmolar), SA= salicylic acid (0, 0.6,
1.2 mmolar). The linesiabove the columns show the standard error of the mean of the data.
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Table 13. Comparison Least Square Means mycorrhiza
main effects on total chlorophyll of Barley. M:
Mycorrhiza; Mo: Without mycorrhiza; M1: Using
mycorrhiza; LS Means : Least Square Means

M LS Means Pr>iti
MO 34.22 0.0006™
M1 38.07
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** indicate significance at 1% statistical levels.
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Table 14. Comparison Least Square Means for effect Salinityx, Salicylic acid total chlorophyll Barley. S: Salinity; So:
None salinity; S1: Salinity 60 mM; S2: Salinity 1200mM; SA: Salieylic acid; SA0: Without salicylic acid; SA1: Salicylic
acid 0.6 mM; SA2: Salicylic acid 1.2 mM; LS Means: keast Squ{re Means; LS Means Number: Least Square Means

Number.
(Ol o JBlas . Silwo)Least Square Means

S SO SO SO S1 S1 S2 S2 S2
SA SAO0 SA0 SA0 SAl SA1l SAl SA2 SA2 SA2
LS Means 38.53 40.01 41.58 28.36 35.37 44.31 19.61 34.67 42.83
Number LS Means 1 2 3 5 6 7 8 9

jli 1 2 3 4 5 6 7 8 9

1 1

2 0.5 1

3 0.17 0.48 1

4 <0.0001 1%0.0001  <0.0001 1

5 0:16 0.04 0.007 0.003 1

6 0,01 0.06 0.22 <0.0001 0.0002 1

7 <0.0001 <0.0001 <0.0001 0.0003 <0.0001  <0.0001 1

8 0.08 0.02 0.003 0.006 0.75 <0.0001  <0.0001 1

9 0.06 0.2 0.57 <0.0001 0.002 0.499 <0.0001 0.0007 1
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Tabele 15. Effects of salicylic acid levels of Salinityx

Salicylic acid sliced by SA on total chlorophyll of Barley.
SA: Salicylic acid; SAO: Without salicylic acid; SAL:
Salicylic acid 0.6 mM; SA2: Salicylic acid 1.2 mM; MS:
Mean Squares

SA MS F Pr>F
SA0 537.96 37.89 <0.0001™
SAl 50.65 3.57 0.04"
SA2 11.25 0.79 0.46

I 9 LYRA JL@..\.>| CJa.w)o )bu’_;.:.n w)aa ad 5&
** and * indicate significance at 1 and 5% statistical levels,
respectively.
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Fig.7. Me?h comparison of the salinity X salicylic acid interaction effects on Malondialdeyde content of
Hordeum vulgare Fortuna. Means=S.E. with at least one common letter in each chart using Dancan test
have no significant difference at the 5% probability level. ns, ** and * indicate insignificance and
significance at the statistical level of 1 and 5%, respectively. S= Salt stress (0, 60, 120 mmolar), SA=
salicylic acid (0, 0.6, 1.2 mmolar). The lines above the columns show the standard error of the mean of

the data.
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Table 16. Comparison Least Square Means for effect Salinityx Salicylicacid Mal%dialdeyde of Barley. S: Salinity; So:
None salinity; S1: Salinity 60 mM; S2: Salinity 120 mM; SA: Salicylic acid; SAQ: Without salicylic acid; SA1: Salicylic
acid 0.6 mM; SA2: Salicylic acid 1.2 mM; LS Means: Least Square, Means; LS Means Number: Least Square Means

Number.
(ol J8lue uS5lw) Least Square Means
S SO SO SO S1 N s1 S1 S2 S2 S2
SA SA0 SA1 SA2 SAO0 SAl SA2 SAO0 SAl SA2
LSMeans 0.030 0.030 0.025 0.035 0.160 0.200 0.057 0.170 0.260
LSMeans Number 1 2 3 4 5 6 7 8 9
i/j 1 2 3 4 5 6 7 8 9
1 1
2 1 1
3 0.79 0.79 1
4 0.79 0.79 0.61 1
5 <0.0001 <0.0Q01 <0.0001 <0.0001 1
6 <0.0001 QOOOl <0.0001 <0.0001 0.03 1
7 0.17 0.17 0.11 0.27 <0.0001 <0.0001 1
8 <0.0001 <0.0001 <0.0001 <0.0001 0.61 0.093 <0.0001 1
9 <0/0001 <0.0001 <0.0001 <0.0001 <0.0001 0.004 <0.0001 <0.0001 1
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Table 18. Comparison Least Square Means mycorrhiza
main effects on Proline of Barley. M: Mycorrhiza; Mo:

Without mycorrhiza; M1: Using mycorrhiza; LS Means:
Least Square Means

M LSMeans Pr>|tl
MO 0.09 0.013%
M1 0.11

b S| mlas jo o See ®
* indicate significance at 5% statistical levels.
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Tabele 17. Effects of salicylic acid levels of Salinityx
Salicylic acid sliced by SA Malondialdeyde of Barley.
SA: Salicylic acid; SA0: Without salicylic acid; SAL:
Salicylic acid 0.6 mM; SA2: Salicylic acid 1.2 mM; MS:
Mean Squares

SA MS F Pr>F
SA0 0.001 1.08 035"
SA1l 0.037 32.86 <0.0001 ™
SA2 0.092 82074, <0.0001 ™

s e WS Y Jlis| a0 ls s
Ns and ** indicate non-significance and significance at 1%
statistical levels, respectivelys
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Fig. 8. Mean comparison of the salinity x salicylic acid interaction effects on Proline content of Hordeum
vulgare Fortuna. MeanszS.E. with at least one common letter in each chart using Dancan test have no
significant difference at the 5% probability level. ns, ** and * indicate insignificance and significance at
the statistical level of 1 and 5%, respectively. S= Salt stress (0, 60, 120 mmolar), SA= salicylic acid (0, 0.6,
1.2 mmolar). The lines above the columns show the standard error of the mean of the data.
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Table 19. Comparison Least Square Means for effect Salinityx Salicylic acid Proline of Barley. S: Salinity; So: None
salinity; S1: Salinity 60 mM; S2: Salinity 120 mM; SA: Salicylic acid; SAO: Without salicylic acid; SA1: Salicylic acid
0.6 mM; SA2: Salicylic acid 1.2 mM; LS Means: Least Square Means; LS Means Number: Least Square Means

Number.
(Ola po J8lus u55kw)  Least Square Means
S S0 SO SO S1 S1 S1 S2 S2 S2
SA SAO0 SAl SA2 SAO0 SAl SA2 SAO0 SAl SA2
LSMeans 0.057 0.058 0.052 0.110 0.160 0.120 0:110 0.120 0.120
LSMeans Number 1 2 3 4 5 6 7 8 9
i/j 1 2 3 4 5 6 7 .8 9
1 1
2 0.91 1 \
3 0.73 0.65 1
4 0.0005 0.0007 0.0002 1 \
5 <0.0001  <0.0001  <0.0001 0.002 1
6 <0.0001  <0.0001  <0.0001 0.5 001 1
7 0.002 0.002 0.0007 0.65 0.0007 0.26 1
8 0.0003 0.0004 <0.0001 0.82 0.004\ 0.65 0.5
9 0.0003 0.0004 <0.0001 0.82 Ob94 0:65 0.5 1
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Tabele 20. Effects of salicylic acid levels of Salinityx
Salicylic acid sliced by SA Proline of Barley. SA: Salicylic

acid; SA0: Without salicylic acid; SA1: Salicylic acid 0.6
mM; SA2: Salicylic acid 1.2 mM; MS: Mean Squares

SA MS F Pr>F
SA0 0.00007 0.11 0.89 "
SAl 0.0039 6.02 0.006 ™
SA2 0.0002 0.31 0.74™
- et NS [ g o 1+0 Jloiol s 5 s gtes i 50

Ll

P
ns, ** and * indicate non-significance and significance at 1
and 5% statistical levels, respectively.
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Table 21. Comparison Least Square Means for effect Salinityx Salicylic acid Soluble sugare content of Barley. S:
Salinity; So: None salinity; S1: Salinity 60 mM;_S2: Salinity 120 mM,; SA: Salicylic acid; SA0: Without salicylic acid;
SAL: Salicylic acid 0.6 mM; SA2: Salicylic acid 1.2emM; LS MeanS{Least Square Means; LS Means Number: Least

Square Means Number.

(ol yo SBloo 2550s)  Least Square Means

S SO SO SO S1 S1 S1 S2 S2 S2
SA SAO0 SAl SA2 SAO0 SAl SA2 SAO0 SAl SA2
LSMeans 1.15 1.75 1.97 1.57 1.75 1.94 2.11 2.37 2.92
LSMeans Number 1 2 3 5 6 7 8 9

i/j 1 2 3 4 5 6 7 8 9

1 1

2 <0.0002 1

3 <0.0001 0.06 1

4 0.0006 0.13 0.001 1

5 <0'0001 ™\0.97 0.055 0.14 1

6 <0:0001 0.09 0.81 0.002 0.089 1

7 <0.0001 0.003 0.24 <0.0001 0.003 0.16 1

8 <0.0001  <0.0001 0.001 <0.0001  <0.0001 0.0008 0.03 1

9 <0.0001 <0.0001 <0.0001 <0.0001  <0.0001 <0.0001 <0.0001 <0.0001 1
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Fig. 9. Mean comparison of the salinity x salicylic acid interaction effects on the Soluble sugare content
of Hordeum vulgare Fortuna. Means+S.E. with at least one common,letter in each chart using Dancan
test have no significant difference at the 5% probability level. ns, ** and* indicate insignificance and
significance at the statistical level of 1 and 5%, respectively. S= Salt stress (0, 60, 120 mmolar), SA=
salicylic acid (0, 0.6, 1.2 mmolar). The lines above the columns show the standard error of the mean of
the data.
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Fig. 10. Mean comparison of the salinity x salicylic acid interaction effects on the Polyphenoloxidase of
Hordeum vulgare Fortuna. Means+S.E. with at least one common letter in each chart using Dancan test
have no significant difference at the 5% probability level. ns, ** and * indicate insignificance and
significance at the statistical level of 1 and 5%, respectively. S= Salt stress (0, 60, 120 mmolar), SA=

salicylic acid (0, 0.6, 1.2 mmolar). The lines above the columns show the standard error of the mean of
the data.
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Tabele 25. Effects of salicylic acid levels of Salinityx
Salicylic acid sliced by SA Polyphenoloxidase Enzyme
of Barley. SA: Salicylic acid; SA0: Without salicylic acid;

SA1: Salicylic'acid 0.6 mM; SA2: Salicylic acid 1.2 mM;
MS: Mean Squares.

SA MS F Pr>F

SAO0 0.14 3 0.06 ™

SAl 1.13 24.51 <0.0001™

SA2 1.67 36.29 <0.0001™
S N R N I PN N

Lls

J
ns, ** and * indicate non-significance and significance at 1
and 5% statistical levels, respectively.
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Tabele 22. Effects of salicylic acid\levels of Salinityx
Salicylic acid»sliced, by “SA "Soeluble sugare content of
Barley. SA: Salicylic acid; SAQ0: Without salicylic acid;
SA1L: Salicylicacid 0.6 mM\SAZ: Salicylic acid 1.2 mM;
MS: Mean Squares.

SA MS F Pr>F

SA0 1.39 36.29 <0.0001 ™
SAl 0.75 19.65 <0.0001 ™
SA2 1.85 48.07 <0.0001 ™

RV JL«.}‘ 6]4“’ BN )L>‘5;.ue O
**Sighificance at 1% statistical levels.
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Table 23. Comparison Least Square Means mycorrhiza
main effects on Polyphenoloxidase Enzyme of Barley. M:
Mycorrhiza; Mo: Without mycorrhiza; M1: Using
mycorrhiza; LS Means: Least Square Means.

M LSMeans Pr>|t|
MO 1.21 0.005™
M1 1.38
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**Significance at 1% statistical levels.
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Table 24. Comparison Least Square Means for effect Salinityx Salicylic acid Polyphenoloxidase Enzyme of Barley. S:
Salinity; So: None salinity; S1: Salinity 60 mM; S2: Salinity 120 mM; SA: Salicylic acid; SA0: Without salicylic acid;
SA1L: Salicylic acid 0.6 mM; SA2: Salicylic acid 1.2 mM; LS Means: Least Square Means; LS Means Number: Least

Square Means Number.

Least Square Means S x SA

S S0 SO SO S1 S1 S1 S2 S2 S2
SA SA0 SAl SA2 SA0 SAl SA2 SA0 SAl SA2
LSMeans 0.82 0.94 0.87 0.95 1.65 1.79 112 1.73 1.78
LSMeans Number 1 2 3 4 5 6 7 8 9

Li/j 1 2 3 4 5 6 7 ) 9

1 1 4

2 0.35 1

3 0.69 0.59 1 \N

4 0.32 0.95 0.55 1

5 <0.0001 <0.0001 <0.0001 <0.0001 1 \

6 <0.0001  <0.0001 <0.0001  <0.0001 0.25 1

7 0.02 0.15 0.05 0.16 0.0002 <0.0001 1

8 <0.0001 <0.0001 <0.0001 <0.0001 0.52 0.61 <0.0001 1

9 <0.0001  <0.0001 <0.0001 <0.0001 0.29« 0.93 <0.0001 0.67 1
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improve growth and tolerance of wheat
(Triticum aestivum L.) plants grown in saline
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