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Abstract

Drought stress is considered one of the most significant environmental factors reducing the growth and
yield of many plants, especially in arid and semi-arid regions worldwide. Nowadays, using growth-
promoting fungi and bacteria is an effective way to combat environmental stresses. This research was
conducted over two years as a split-factorial experiment within a randomized complete block design. The
main factor was drought levels (50, 80, and 110 mm based on a Class A evaporation pan), and the sub-
factor was mycorrhizal fungi and Rhizobium bacteria (inoculation and non-inoculation, factorially
arranged). The study was replicated four times, and the antioxidant activity and mineral content of grass
pea (Lathyrus sativus) were evaluated. The results showed that drought stress increased the activity of
catalase, superoxide dismutase, and malondialdehyde enzymes. The application of fungi and bacteria
significantly improved the measured indicators. Co-inoculation of seeds with mycorrhiza and Rhizobium
significantly increased potassium at all drought stress levels and calcium under severe drought stress.
Overall, the highest measured indicators under both control and drought stress conditions were observed
in the treatments involving the use of bacteria and fungi. Fungi and bacteria can induce tolerance in plants
against drought conditions. Since this method is less costly than other approaches, it can be recommended

for increasing yield in areas facing stress conditions.
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Table 1: Physicochemical properties of soil sample
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Table 2: Combined Analysis of Variance for the Effects of Year, Irrigation, Fungi, and Bacteria
on Antioxidant Enzyme Activities and Element Accumulation of Grass Pea.

(MS) Sl o (3o

| e a9
cV &5 il g5 oalle s 35 gy S oS 3 g il s
df . Superoxide . .
Malondialdehyde Catalase . Potassium Calcium
Dismutase
Jle 0.0192ns 0.0274"s 0.0111ns 5.254ns 21.031ms
1
Year (y)
(rep) ,,55 6 0.0166 0.0124 0.0012 3.352 31.002
S 3.2119* 0.6989" 1.4391™ 22.413" 36.201"
2
Stress (S)
Y xS 2 0.0689 s 0.2138 ns 0.0596 s 2.4071s 11.244ns
kol gl 6 0.0311 0.0891 0.0154 3.076 861.4
Main error
132555k &z, | 0.3609" 0.0017 ns 0.2194" 21.543* 44.842"
Mycorrhizal fungi (M)
P9y G1SL 0.3414" 0.0234 s 0.2186" 20.108" 49.254"
Rhizobium bacteria 1
(R
yxM 1 0.0212ns 0.0544ns 0.0224 s 7.094n 9.002"
y*xRI 1 0.1327ns 0.1012ms 0.0241ns 3.102m 22.163"
SxM 2 0.3465" 3.2560"" 0.2295" 91.331"  276.615™
SxRI 2 2.0321™ 4.1801™ 0.8321™ 69.337" 159.821™
MxRI 1 0.1002ns 0.0103 s 0.0332 "¢ 121.523* 14.512"
yxSxM 2 0.0311ns 0.0223"s 0.0621ns 241108 8.911m™
yxSxRI 2 0.1103"s 0.0715nms 0.0521ns 3.435ms 16.203"s
yxMxRI 1 0.0354ns 0.0417n"s 0.0184ns 1.284ns 8.354m
SxMxRI 2 3.2981™ 3.2554™ 1.004™ 48213  211.241™
yxSxMxRI 6 2.2761m™ 1.3241™ 1.4314™ 56.122™ 189.102"
58 sl 66 0.0251 0.0312 0.0326 2.982 6.381
Sub-error
(90 58) &l ki g pid 421 5.67 341 4.92 3.56
Coefficient of variation .
(%)

ns e &
) ¢

el (5 I8 Fe pas g 0o )3 ) 50 mh jo (gl pe sniaslis Cui B 4
"* ** and ns denote significance at the 5% and 1% levels, and non-significance, respectively."



A (A by oyled) VF+F Hloo ) oylods ¥ 090 ‘be.f e gln jo dpgh alxo

R 43 +
\:é: o0 ®mRO moR1 a
N E 38 .
$ 2 i
3
- 33 + .
H A v,\ C
2 8E 28 -
Sazg d = d
34z P e o
g 18 =
—)\ - I.I
i s 13 o
- 8 1 } 1 } 1
MO M1 MO M1 MO M1

aoll (63 (gllo 3T il 1 pamniy 655 5 1525950l E B 232)5 9 (ol o5 (AT ok Al 90 S o e I 1Y S
Figure 1: Effects of Combined Two-Year Interaction of Drought Stress Levels and Application
of Mycorrhizal Fungi and Rhizobium Bacteria On the Concentration of Malondialdehyde
Enzyme
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MO: No mycorrhizal fungi inoculation, M1: Mycorrhizal fungi inoculation, RO: No Rhizobium bacteria inoculation, R1:

Rhizobium bacteria inoculation, 50mm: 50 ml evaporation from evaporation pan, 80mm: 80 ml evaporation from
evaporation pan, 110mm: 110 ml evaporation from evaporation pan.
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Figure 2: Effects of Combined Two-Year Interaction of Drought Stress Levels and Application
of Mycorrhizal Fungi and Rhizobium Bacteria on On Concentration of the Catalase Enzyme.
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MO: No mycorrhizal fungi inoculation, M1: Mycorrhizal fungi inoculation, RO: No Rhizobium bacteria inoculation, R1:

Rhizobium bacteria inoculation, 50mm: 50 ml evaporation from evaporation pan, 80mm: 80 ml evaporation from
evaporation pan, 110mm: 110 ml evaporation from evaporation pan.
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Figure 3:Effects of Combined Two-Year Interaction of Drought Stress Levels and Application
of Mycorrhizal Fungi and Rhizobium Bacte on Concentration of Superoxide Dismutase
Enzyme.
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MO: No mycorrhizal fungi inoculation, M1: Mycorrhizal fungi inoculation, RO: No Rhizobium bacteria inoculation, R1:
Rhizobium bacteria inoculation, 50mm: 50 ml evaporation from evaporation pan, 80mm: 80 ml evaporation from
evaporation pan, 110mm: 110 ml evaporation from evaporation pan.
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Figure 4: Effects of Combined Two-Year Interaction of Drought Stress Levels and Application
of Mycorrhizal Fungi and Rhizobium Bacteria on Leaf Potassium Content.
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MO: No mycorrhizal fungi inoculation, M1: Mycorrhizal fungi inoculation, RO: No Rhizobium bacteria inoculation, R1:

Rhizobium bacteria inoculation, 50mm: 50 ml evaporation from evaporation pan, 80mm: 80 ml evaporation from
evaporation pan, 110mm: 110 ml evaporation from evaporation pan.
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Figure 5: Effects of Combined Two-Year Interaction of Drought Stress Levels and Application
of Mycorrhizal Fungi and Rhizobium Bacteria on Leaf Calcium Content.
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MO: No mycorrhizal fungi inoculation, M1: Mycorrhizal fungi inoculation, R0: No Rhizobium bacteria inoculation, R1:
Rhizobium bacteria inoculation, 50mm: 50 ml evaporation from evaporation pan, 80mm: 80 ml evaporation from
evaporation pan, 110mm: 110 ml evaporation from evaporation pan.
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