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ABSTRACT

Introduction: Stem rust disease of wheat, caused by Puccinia graminis f. sp. tritici, (Pgt) is the most devastating disease affecting wheat
crops. Findings have demonstrated that antioxidant enzymes play a vital role in conferring resistance to biotic stresses, particularly against
biotrophic fungi. This study aims to compare the effects of three distinct races of Pgt on the activity of antioxidant enzymes in susceptible
and resistant wheat cultivars at three time points 24, 48, and 72 hours after inoculation (hai).

Materials and methods: Seeds of two wheat genotypes including susceptible (Morocco) and resistant (Btsr24Agt) to stem rust and spores
of three stem rust races (PTRTF, TKTTF and TTKTK) were obtained from Seed and Seedling Breeding and Production Research Institute
of Karaj, Iran. The experiment was carried out as a factorial in a completely randomized design with three replications. The seeds were
planted in 24 cm diameter pots containing a mixture of peat moss, sand, and soil and were maintained under conditions of 16 hours of light
and 8 hours of darkness at 22-24°C. Inoculation of Pgt races on the whole leaf surface of seedlings was carried out by a brush paint when
they were in stage 12 of the Zadox scale. Control seedlings were treated in the same way with sterile distilled water. In order to establish the
disease, the inoculated and control plants were kept in the darkness for 18 hours at 18°C with 100% relative humidity and then maintained in
a growth chamber with the above conditions. The leaves of the inoculated and control plants were harvested at 24, 48 and 72 hours after
inoculation and the activities of superoxide dismutase (SOD) and guaiacol peroxidase (GPX) were measured.

Results: The activity of the GPX enzyme was significantly increased in infected plants compared to the control at all time points. The
lowest GPX activity was recorded at 24 hours, followed by increases at 48 and 72 hai, and the highest activity was observed at 72 hai.
Notably, the resistant genotype exhibited higher GPX activity than the susceptible cultivar. In contrast, SOD enzyme activity increased in
both cultivars at 24 hai compared to 48 and 72 hai. The PTRTF and TKTTF races showed a significant increase in SOD activity compared
to the controls, while the TTKTK race did not exhibit any changes. Additionally, the susceptible cultivar demonstrated increased enzyme
activity compared to the controls, whereas the resistant cultivar showed no significant changes.

Conclusion: The resistant genotype consistently had higher GPX activity than the susceptible cultivar. Across all time points and races, this
enzyme likely plays a crucial role in scavenging reactive oxygen species (ROS) induced by pathogens, thereby contributing to the plant's
defense mechanisms. In plant-biotrophic pathogen interactions, the activity of antioxidant enzymes is influenced by the type of interaction
(compatible or incompatible) and the specific race, host variety, and hours after inoculation.
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Figure 1- Symptoms of three races (TRTF, TKTTF and TKTK) of Pgt infection at 7 days post
inoculation (dpi) on the susceptible (Morocco) and resistant (Btsr24Agt) wheat genotypes at the

seedling stage.
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Table 1- Analysis of variance for the GPX and SOD activity in the susceptible (Morocco) and

resistant (Btsr24Agt) wheat genotypes under the infection by three races of Pgt (TRTF,
TKTTF and TKTK).

Sl ye (puKilo Sl o (52l @il az o Ol s oo
Mean of squares Mean of squares df Sources of variations
SOD GPX
0.0263™ 1162.971™ 3 5 lew
Pathogen
0.0155™ 173.292™ 2 ok
Time
0.0262" 3296.436™ 1 S5
Genotype
0.0109™ 82.165™ 6 5o x e

Time x Pathogen
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Time x Genotype
0.0289™ 441.437" 3 iy x 3 Lo
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0.00173 21.174 52 Uas
Error
20.88 11.98 (1) s s o

(%) Coefficient of Variation

o )‘Ob.l.xa RW-SN) &’ JLW‘ Gla'w S e
* Significant level (1%).

GPX: guaiacol peroxidase, SOD: superoxide dismutase
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Figure 3- Effects of three races of Pgt infection on the SOD activity. A: SOD activity at 24, 48

and 72 (hai) in susceptible and resistance genotypes, B: SOD activity under effect of three races
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of Pgt in susceptible and resistance genotypes, C: SOD activity under effect of three races of Pgt

at 24, 48 and 72 (hai) in susceptible and resistance genotypes. The bars on each column indicate

the standard error (SE).
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