Cereal Biotechnology and Biochemistry

il
"0,

\

Online ISSN: 2783-5170

Razi University Cereal Biotechnology and Biochemistry

Homepage: https://cbb.razi.ac.ir

Selection of drought-tolerant oat (Avena sativa L.) genotypes based on grain

yield and stress tolerance indices
Seyed Mehdi Safavi*? ", Sohbat Bahraminejad?® =" & Hazhir Beheshtizadeh?
1 Department of Genetics and Plant breeding, Ker.C., Islamic Azad University, Kermanshah, Iran.
2Department of Plant Production and Genetics, Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Iran.

3 Cereal Research Center, Razi University, Kermanshah, Iran.
gCorresponding author. E-mail: sohbah72@gmail.com

ABSTRACT

Introduction: Heat and dry stress events during the wheat-growing season, particularly during wheat grain filling, are among the prevalent
environmental constraints that adversely affect wheat growth and productivity worldwide. Because people in developing countries are
highly dependent on cereal-based diets, they are prone to Zn-related diseases. The situation becomes worse when the crop is grown in soil
with low Zn content. Studies have shown that the application of Zinc (Zn) successfully increased wheat grain yield and grain Zn content and
improved wheat tolerance to drought. The present studies are designed to provide a better understanding and further information on the
response of wheat to Zn application under drought conditions.

Materials and methods: The present study included two experiments: a preliminary experiment that aimed to elucidate the effect of the
application of Zn via foliar or seed priming on wheat tolerance to drought stress and a field study that was designed to investigate the effect
of exogenous proline and foliar application of Z on wheat yield and grain nutrient. A preliminary experiment detected the effects of the Zn
application method on the biochemical and molecular characteristics of drought-stressed wheat. Proline-biosynthesis-related gene [Al-
pyrroline-5-carboxylate reductase (P5CS)] expression, proline accumulation, and malondialdehyde content were determined four days after
drought stress was imposed. A subsequent field experiment (Experiment 2) was also conducted to elucidate the effect of foliar application of
Zn [0, 0.1, 0.2 and 0.3% (w/v)] individually and in all possible combinations with proline (0 and 15 p mole) on wheat performance under
post-anthesis drought stress condition. The foliar application was applied at anthesis. All plants were exposed to drought stress by
withholding irrigation for 21 days. The field experiment was conducted in 2021/22 during the wheat-growing season at a commercial wheat-
grown farm. The experiment site is located in Sirvan County, Ilam Province. A durum wheat cultivar, ‘Saji’, was used in both experiments.
Results: Zn application, mainly when applied via foliar, increased P5CS mRNA accumulation and proline content and decreased
malondialdehyde content in the leaf compared to the control treatment. Results of the field experiment showed that the combined application
of Zn the control treatment, exogenously applied proline increased grain yield by up to 4.4%. Results showed that the foliar application of
Zn at 0.2% (w/v) in combination with proline (15 mM) had a more significant effect on increased grain yield. Foliar-applied Zn at 0.1%,
0.2% and 0.3% (w/v) of ZnSO4 solution decreased grain P content by 8.3%, 14.7% and 18.1%, respectively, as compared with the control.
Foliar Zn application of 0.1%, 0.2%, and 0.3% (w/v) of ZnSO4.7H20 solution increased Zn content in grain by 6.3%, 11.9%, and 19.1%,
respectively, to control plants.

Conclusion: Regarding the cost for farmers, foliar application of Zn at a concentration of 0.3% at the anthesis stage can be suggested as the
best treatment to improve both the quantity and quality of wheat.
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Table 1- Entry number, name, and origin of the studied oat genotypes

Laxs Origin —95 b Genotype name w955 0,les Genotype No.
USA Ozark 1
Brazil UPF775456 2

Australia Wallaroo 3
Australia Euro 4
Australia Wintaroo 5
USA GA-Mitchell 6
Australia Potoroo 7
Canada 13Zop95 8
Australia Mortlock 9
USA OH1022 10
USA 1A91098-2 11
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Canada 4Z0op95 12

Australia Swan 13

Sweden Kalott 14

Mexico Tarahumara 15

USA C-1/130 16
Brazil UFRGS948886 17

Finland Nasta 18

Australia Brusher 19

Germany Arnold 20

Australia Quoll 21
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Table 2- Analysis of variance for grain yield of oat genotypes under irrigated (non-stress),
rainfed, and post-flowering drought stress conditions
Sy ya (8dle

Mean squares

= - - - S alia
A ) day a5 Jayl ) @100 4o df
22 oy o sov
Post-flowering drought stress
Rainfed conditions Irrigated conditions
conditions
460092.49 " 2116745.96" 6601668.56" 2 JlSi Replication
2546233.96" 1171748.56° 1748039.61° 20 i 53) Genotype
Ual
996605.47 540550.81 1025734.05 40
Error
il pa
42.59 41.20 28.89 -

CV (%)

NS s

IS sire e g oy ) g O Jleisl mhaw jo jlo e oS 5 4 7

* K

, and "s: Significant (a= 5%), highly significant (a= 1%), and non-significant, respectively.
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Table 3- Drought tolerance indices of 21 oat genotypes based on grain yield
under irrigated (non-stress) and rainfed conditions

GMP MP TOL YS YP i
Y STI ssl
(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha)  Genotype
065 022 0.99 1641.91 1734.83 1120.33 1174.66 2295.00 1
101 054 1.03 2586.13 2748.56 1861.70 1817.70 3679.41 2
130  0.60 0.54 2714.95 2747.67 845.55 2324.89 3170.44 3
1.04  0.46 0.79 2380.31 2451.36 1171.83 1865.44 3037.28 4
170 075 -0.02 3032.07 3032.09 -24.85 3044.52 3019.66 5
099 047 0.91 2399.94 2506.53 1446.40 1783.33 3229.73 6
1.31 1.09 1.20 3662.32 4031.02 3368.41 2346.81 5715.22 7
080  0.38 113 2161.63 2341.26 1798.74 1441.89 3240.63 8
128 073 0.85 2998.48 3108.45 1638.96 2288.96 3927.93 9
049 025 1.53 1763.08 2207.45 2656.60 879.14 3535.74 10
074 037 1.25 2131.99 2377.26 2103.34 1325.59 3428.93 11
131 0.66 0.67 2854.93 2911.54 1142.70 2340.18 3482.89 12
140 072 0.58 2968.75 3010.65 1001.00 2510.14 3511.14 13
074 030 1.06 1918.48 2048.56 1436.67 1330.22 2766.89 14
058  0.27 1.36 1817.44 2097.95 2096.02 1049.94 3145.96 15
076  0.29 0.95 1874.26 1967.08 1194.28 1369.94 2564.22 16
1.35 1.00 1.07 3515.98 3763.74 2686.00 2420.74 5106.74 17
067 036 1.37 2106.23 2441.87 2471.08 1206.33 3677.41 18
094 053 113 2543.98 2756.81 2124.30 1694.66 3818.96 19
046  0.23 1.55 1689.87 2138.86 2622.28 827.72 3450.00 20

1.36 0.76 0.75 3060.32 3141.68 1420.70 2431.33 3852.03 21
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Table 4- Drought tolerance indices of 21 oat genotypes based on grain yield
under irrigated (non-stress) and post-flowering drought stress conditions

GMP MP TOL YS YP R
YSI Yl STI SSI
(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) Genotype

0.83 0.82 0.35 0.48 2100.66 2108.89 372.22 1922.78 2295.00 1
0.55 0.87 0.61 1.33 2744.48 2863.26 1632.29 2047.11 3679.41 2
0.97 131 0.79 0.08 3123.88 3124.22 92.44 3078.00 3170.44 3
0.58 0.76 0.44 1.23 2330.74 2412.92 1248.72 1788.56 3037.28 4
1.08 1.39 0.80 -0.24 3140.63 3143.05 -246.77 3266.44 3019.67 5
0.93 1.28 0.78 0.20 3117.05 3119.02 221.44 3008.30 3229.74 6
0.45 1.09 1.19 1.65 3835.30 4144.48 3141.48 2573.74 5715.22 7
0.48 0.66 0.41 1.56 2249.24 2400.89 1679.48 1561.15 3240.63 8
039 065 049 1.82 2463.96 2736.78 2382.30 1545.63 3927.93 9
024 037 025 2.26 1763.10 2207.46 2656.58 879.17 3535.74 10
0.46 0.68 0.44 1.60 2347.48 2518.02 1821.82 1607.11 3428.93 11
085 127 084 0.43 3222.99 3232.69 500.41 2982.48 3482.89 12
090 134 090 0.30 3331.30 3335.91 350.48 3160.67 3511.15 13
031 036 019 2.07 1542.64 1813.48 1906.82 860.07 2766.89 14
0.76 1.03 0.61 0.69 2758.49 2782.35 727.23 2418.74 3145.97 15
0.96 1.05 0.51 0.10 2519.02 2519.42 89.61 2474.61 2564.22 16
0.63 1.39 1.35 1.09 4079.66 4182.95 1847.59 3259.15 5106.74 17
0.38 0.60 0.42 1.84 2287.09 2549.91 2255.01 1422.41 3677.42 18
088 144  1.05 0.33 3600.34 3606.59 424.74 3394.22 3818.96 19
047 069 045 1.58 2373.33 2541.33 1817.33 1632.67 3450.00 20

112 1.85 1.35 -0.38 4088.62 4095.89 -487.71 4339.74 3852.03 21
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Table 5- Simple correlation coefficients between drought tolerance indices and grain yield
under irrigated and rainfed conditions (below the diagonal) and irrigated and post-flowering

drought stress conditions (above the diagonal)

Ys Yp TOL MP GMP SSI STI Yl YSI

Ys 1.00 025 -0.70™ 0.83" 091" -0.86™ 0.89 1.00" 0.86™

Yp 0.38 1.00 051" 0.74™ 063" 025 066™ 0.25 -0.25

TOL -043° 067" 100 -019 -0.34 095" -030 -0.70™ -0.95"

MP  0.79" 0.87" 021 1.00 0.98" -045" 0.99" 0.83" 045"

GMP 0.90™ 0.74™ 0.00 097" 1.00 -0.59" 0.99™ 091" 059"

SsI -0.83" 020 086" -031 -050" 100 -0.54™ -0.86™ -1.00™

STI  0.87" 078" 0.06 098" 099" -045" 100 0.89™ 054"

Yl 1.00" 038 -043 079" 0.0 -0.83" 087" 100 086"

YSI 083" -020 -0.86™ 031 050" -1.00" 045" 0.83"  1.00

deo ) 50 Jiol maw o s pme i ey ¥ g *

*and ™: significant at the 5% and 1% probability levels, respectively
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