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Introduction

Many millions of hectares of wheat-cultivated lands are located in semi-arid areas, and cereal crops such as
wheat grown under such conditions frequently face drought events during their life cycle. A considerable amount
of rainfall in the semi-arid areas of Iran occurs in winter; thus, the critical growth period (grain filling) receives
little to no rainfall. Studies have shown that micronutrients, plant growth regulators, and plant growth-promoting
bacteria are able to improve plant performance under drought conditions. The present study aimed to elucidate
the effect of foliar application of Zn, exogenous application of 6-benzylaminopurine, and foliar inoculation with
Azospirillum on wheat performance under rain-fed conditions.

Materials and Methods

The present study consisted of two field experiments, carried out in a semi-arid area. Experiment 1 was
conducted during the 2020/21 and the second one during 2022-203 wheat growing season. The effect of four
different levels of Zn application (0, 2, 3, and 4 kg Zn ha?) via foliar application was investigated on wheat
yield, yield components, and seed Zn content under exogenous application of two levels of 6-benzylaminopurine
(0 and 10 mg L) under rain-fed conditions. The experimental design was a 4x2 factorial combination of Zn
application and 6-benzylaminopurine exogenous application arranged in a randomized complete block design
with three replications. The experimental plot size was 1 m x 2 m, and the wheat cultivar Sardari was used in the
experiments. Foliar application was applied at the flowering stage (Zadok’s growth stage 65). Based on the
results obtained from the first experiment, a subsequent field study (second experiment) was performed to
elucidate the efficacy of the foliar application of Zn (3 kg Zn ha*) and 6-benzylaminopurine (10 mg L) in the
presence and absence of foliar inoculation with Azospirillum. The second experiment was conducted in the 2022-
2023 wheat growing season. Wheat response to foliar application of 0.3% (w v) ZnSO4, 10 mg L 6-
benzylaminopurine, and foliar inoculation with Azospirillum brasilense Sp7 was investigated under rain-fed
conditions. The plant canopy was inoculated with 10% of 108 colony-forming units of Azospirillum strain Sp7.
All foliar applications were applied at anthesis (Zadok’s growth stage 65). The experimental design for this
experiment was a factorial scheme based on a randomized complete block design with three replications. The
wheat variety used for the experiments was Sardari.
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Results and Discussion

The application of zinc (Zn) significantly affected the seed number, whereas the application of 6-BAP and its
interaction with Zn did not have a significant impact. The highest seed number per head was observed with Zn
application at 3 kg ha™', followed by 2 kg ha™'. The highest Zn application had a negative effect on seed number
per head. The effect of foliar application level and 6-BAP and their interaction on grain weight and grain yield
was significant. Application of 3% (w v?) (3 kg Zn hal) yielded the highest grain weight and grain yield, and
higher application of Zn had a negative effect on grain weight and yield. Foliar-applied 6-benzylaminopurine (10
mg L) significantly improved grain weight and grain yield. Improved grain weight and grain number per spike
affected total grain yield. The highest grain yield was achieved with 3 kg Zn ha'* (0.3% (w v*) Zn plus 10 mg L
6-BAP). Applied Zn significantly increased Zn content in grains. The highest grain Zn content was obtained in
plants that were sprayed with 4 kg Zn ha'* and 10 mg L* 6-BAP. Results of the second experiment revealed the
efficacy of Azospirillum in the improvement of grain weight and grain yield. In the second year of the study, the
effect of exogenous application of 6-BAP on yield and yield components was not significant, which might be
attributed to the precipitation rate. However, foliar inoculation with Azospirillum and foliar application of Zn
significantly affected grain yield. The highest grain yield was obtained from plants foliar-applied with Zn plus
Azospirillum.

Conclusion

Micronutrients, plant growth regulators, and biofertilizers have the ability to improve plant performance,
especially under environmental constraints. The present study, carried out under rain-fed conditions, investigated
the effect of Azospirillum brasilense, Zn nutrition, and 6-benzylaminopurine applied foliarly on the wheat
cultivar Sardari. Overall, the application of Zn at a rate of 3 kg per ha combined with foliar inoculation with
*Azospirillum* produced the best results for wheat performance. Additionally, Zn also improved Zn content in
the grain. As a result, farmers can improve the productivity of winter wheat yield by utilizing a small amount of
zinc fertilizer (3% (w v%) (3 kg Zn ha') and the plant-growth promoting bacteria Azospirillum at the flowering
stage.
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Table 1- Average monthly rainfall and average monthly maximum and minimum temperatures during wheat growing
season in 2021-22
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Table 2- Average monthly rainfall and average monthly maximum and minimum temperatures during wheat growing
season in 2022-23
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Table 3- Analysis of variance for the effect of foliar application of Zn and exogenous application of 6-banzyl amino purine on
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ns, * and **: indicate non-significant and significant at 0.05 and 0.01 probability level, respectively
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Table 4- Analysis of variance for the effect of foliar application of Zn and exogenous application of 6-banzyl amino
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Figure 6- Effect of foliar application with different concentration of Zn on grain Zn content of wheat
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Table 5- Analysis of variance for the effect of foliar application of Zn, exogenous application of 6-banzyl amino purine

and foliar inoculation with Azospirillum brasilense after anthesis on the number of grain per spike, grain weight and yield
in wheat under rain-fed condition
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Figure 7- The effect of foliar spraying with zinc and Azospirillum brasilense, both singly and in combination, on 1000- grain
weight of wheat
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Figure 8- The effect of foliar spraying with zinc and Azospirillum brasilense, both singly and in combination, on wheat grain
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