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Abstract

Introduction: Water deficit is one of the most important abiotic stresses that reduces crop productivity. Biotic and abiotic
elicitors such as nanoparticles and mycorrhyzal fungi are the useful sterategies to reduce the harmful effects of drough
stress in crops.

Methods: In order to investigate the effects of selenium nanoparticles and the mycorrhizal fungus Piriformospora indica on
drought tolerance in two selected barley genotypes (Yousef as the tolerant genotype and Morocco as the sensitive genotype)
during the vegetative stage, a greenhouse experiment was conducted in a factorial design within completely randomized
blocks with three replicates per sample. The emphasis was on evaluating several growth-related traits and antioxidant
indices. Experimental treatments were designed with three irrigation levels (70 %, 30 %, and 10 % of field capacity), three
levels of selenium nanopatticles (0, 3, and 6 mg/1), and two levels of fungal treatment (inoculated and non-inoculated).

Results: Drought stress led to a reduction in growth-related traits in both genotypes, especially in the sensitive genotype,
and a significant increase in hydrogen peroxide and malondialdehyde contents. Selenium nanopatticles especialy at 6 mg/1
concentration and Piriformospora indica inoculation caused increase in growth indices and antioxidant enzymes activities, but
decrease in hydrogen peroxide and malondialdehyde contents.

Conclusion: Drought stress increased the content of malondialdehyde as a product of peroxidation of membrane lipids,
especially in the sensitive genotype, by increasing oxygen free radicals. The application of selenium nanoparticles, and the
inoculation of Piriformospora indica resulted in improved growth and antioxidant traits in the studied genotypes under
drought stress.
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Figure 1- Chlamydospores of the fungus Piriformospora indica in the root tissue of barley plant
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Table 1- Mean square of growth and biochemical indices in selected barley genotypes in response to selenium
nanoparticle treatment and Piriformospora indica fungus inoculation under drought stress

Mean square

5.0V GST SOD MDA H,0, APX POX CAT RootDW RGR  Arial part DW  RWC LA df
Genotype 2936 0.099 20.89"  3869™ 0.002” 1.025" 1.23” 31.80™ 037" 20.96" 147.55" 45017 1
P indica 33.12"  6.9557 330.8" 47103 0.031” 34777 0.15 326.57 170" 538" 357917 7.257 1
Genotype * P, indica 1.906" 0217 9.648" 3232 0.005" 0313 0.204 043 027" 0.04 77.90 1.53" 1
Drought 26.84" 10377 3482 150917 0.0247 2334" 1347 632.0" 412" 95.24" 1248.91* 45917 2
Genotype x Drought 2.082" 02397 0.159 1879™ 0.002” 0898 0876 14717 0.02 2.18 24.08 3227 2
P indica x Drought 3986 02657 27447 16901  0.0027 1.074" 0.144 69.29" 032" 553" 27.96 0.09 2
Genotype x P, indica x Drought 1.384  0.045 3.038 5.269 0.004™  0.267" 0.156 7.67" 0.01 0.24 14.24 0.18 2
SeNPs 8.051 3469 3245™ 8297 0.048™ 0455 0.978" 0.27 0.01 0.46 51091 0.73° 2
Genotype x SeNPs 0.151 0.04 2.566 245.06 0.0003  0.099™ 0.563"  0.46 0.02 0.01° 1291 0.11 2
P indica x SeNPs 0.405" 0.094 16.51"  1090™ 0.044™ 0.405™ 0.031 0.27 0.02 0.17 2.58 0.36 2
Genotype x P, indica x SeNPs 0.045 0.127 2.889 241.609 0.0002  0.082" 0.111 0.53 0.21" 0.96 1.67 0.23 2
Drought x SeNPs 0.213 0.601”  7.926™ 8047 0.014™ 0.053" 1.98™ 0.87 026~ 2597 65.31 0.35 4
Genotype x Drought x SeNPs 0.084 0.008 0.513 361.59° 0.001™ 0.084™ 0.202 0.29 0.04 0.50 45.26 0.21 4
P, indica *x Drought x SeNPs 0517 0.075 2.348 970.2™ 0.012” 0.023 0.198 0.31 0.06 2,197 159.517 0.17 4
Drought x P. indica x Genotype x SeNPs ~ 0.13 0.036 0.441 237.486 0.0001  0.111" 0.187 0.39 0.12 0.26 63.33 0.18 4
Error 0.109 0.034 1.198 113.63 0.0002  0.02 0.134 1.58 0.07 0.48 34.28 0.17 72
Ccv 16.09 234 20.5 18.9 22.45 29 26 15.30 23.00 934 6.76 6.48
Significant at 0.01, *Significant at 0.05 == df: degree of freedom; SOV: source of variation el do 0 7y 5 S a0 (50 Sre i 5 A g
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Figure 2- Effect of mild (30% FC), severe (10% FC) water stress, selenium nanoparticle (Se) and Piriformospora indica
fungus on relative water content (A), dry weight of aerial part (B), relative growth rate (C) and leaf area (D) in resistant
(Yousef) and sensitive (Morocco) genotypes of barley
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Figure 3- Effect of mild (30% FC), severe (10% FC) water stress, selenium nanopatrticle (Se) and Piriformospora indica
fungus on root dry weight (A), hydrogen peroxide content (B) and malondialdehyde content (C) in resistant (Yousef) and
sensitive (Morocco) genotypes of barley
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