Lsﬁ} @J.c =5 GL&LA@@..:JJS
Environmental Stresses In Crop Sciences

22 Journal homepage:
University of Birjand https://escs.birjand.ac.ir Vol. 16, No. 4, pp. 905-918 (Winter 2024)

https://dx.doi.org/10.22077/ESCS.2023.5127.2111

Original article

Effect of foliar application of chitosan and humic acid on yield and
yield components of bread wheat under end-season drought stress

A.R. Jahanbani, R. Asghari Zakariaz", V. Ashrafi3, M. Ghasemi Kalkhoran4, R. Shahryaris

1. PhD student in Agrotechnology (Crop Physiology), Islamic Azad University of Parsabad Moghan, Iran

2 Professor, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili, Ardabil, Iran

3 Assistant Professor, Department of Agriculture, Pars Abad Moghan Islamic Azad University, Pars Abad Moghan, Iran

4 Assistant professor, Horticulture Crops Research Department. Ardabil Agricultural and Natural Resources Research and
Education Center, AREEO, Ardabil, Iran

5 Assistant Professor, Department of Agriculture, Ardabil Branch Islamic Azad University, Ardabil, Iran

Received 31 October 2021; Accepted 12 February 2022

Extended abstract

Introduction

Drought is considered one of the most important factors limiting crop performance worldwide.
Consumption of humic acid on plants, in addition to soil fertility, increases plant tolerance to drought
and soil water holding capacity. Chitosan is also a natural biopolymer modified from chitin and non-
toxic, biodegradable, and environmentally friendly substances that acts as a potential stimulant in
agriculture. Chitosan and humic acid reduce the negative effects of abiotic stresses. Accordingly, due to
the drought crisis in arid and semi-arid regions, in this study, the modulating effect of humic acid and
chitosan foliar application on wheat tolerance to drought stress at the end of the season was investigated.

Materials and methods

This experiment was performed to study the effect of foliar application of chitosan and humic acid on
improving drought tolerance of wheat genotypes in the form of split split plots based on a randomized
complete block design with three replications. The main plot includes irrigation treatments at two levels
(full irrigation and cessation of irrigation in spike stage), sub-plots including three wheat genotypes
including Mihan, CD-93-9, and CD-93-10, and sub-plots including humic acid and chitosan foliar
application levels (Zero, 2 g.L-* of humic acid, 3 ml.L-* of chitosan and the combination of humic acid
and chitosan). The experiment was carried out on a field in Ardabil Agricultural Research Station.
Sowing was done in October 2020 with a planting density of 450 seeds per square meter. Chemical
fertilizer based on NPK soil test at 50, 100, and 20 kg.ha, respectively was added to the soil before
planting. Each genotype was planted in 1.5 cm by 7 m plots. The length of each row was 7 m and the
distance between the rows was 20 cm and the seeds were sown at a depth of 5 cm. STAR 2.01 statistical
software was used to analyze the data including data analysis of variance and comparison of means by
LSD method at a 5% probability level.

Results and discussion
The results showed that the interaction effect of cultivar x stress x foliar application was significant in
all studied traits including plant height, number of seeds per spike, number of spikes, spike length, and
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grain yield, except the number of tillers per plant and 1000-seed weight. Regarding the number of tillers
per plant, the interaction of cultivar x foliar application was significant and for 1000-seed weight, the
interaction of cultivar x stress and stress x foliar application was significant. Although there were
differences in the response of wheat genotypes to the foliar application under both stress and non-stress
conditions, in most traits such as number of tillers, number of seeds per spike, spike length, plant height,
and 1000-seed weight, the best result was the simultaneous use of chitosan and humic acid. Was
obtained. Also, both under non-stress and under stress conditions, the highest grain yield of the studied
genotypes was obtained in simultaneous foliar application of chitosan and humic acid. In general, it can
be concluded that the combination of chitosan and humic acid (2 g.L-* humic acid and 3 ml.L-* chitosan)
significantly showed the best results in increasing the yield and yield components of wheat compared to
the control treatment in both non-stress and the end of the season drought stress conditions.

Conclusion

Foliar application of humic acid and chitosan increased and improved the studied traits, both under
drought stress and non-stress conditions in wheat genotypes compared to non-foliar application. The
maximum number of tillers, number of seeds per spike, number of spikes, spike length, 1000-seed
weight, and grain yield were obtained by foliar application of chitosan and humic acid under both full
irrigation and stress conditions. Therefore, it is recommended to use simultaneous spraying of chitosan
and humic acid to increase tolerance and achieve higher performance. Also, the study of different
concentrations of these two substances in combination with each other and at different stages of wheat
growth can determine the best dose and time of their consumption in this strategic crop, which is
recommended to conduct studies in this regard.

Keywords: Antitranspirants, Low irrigation, Plant growth stimulant, Plant protectants
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Table 1. Physicochemical properties of field soil and irrigation water used
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Fig. 1. Comparison of the average of four foliar application levels in each of the wheat genotypes in terms of
number of tillers per plant in the average stress levels. Means with the same letters showed no significant
difference (p <0.05) between the treatments in each wheat genotype.
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Table 3. Means comparison of interactions of drought cultivar and foliar application of chitosan and humic acid in
terms of yield and yield components of wheat genotypes
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Stress  Genotype Foliar Yield  weight of Plant  Spike Spikes Seeds per Tillage
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OReo | S0
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The means with common letters in each level of stress and genotype do not have a significant difference 5% probability level
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Fig. 2. Comparison of the means among the four levels of foliar application (a) and among wheat genotypes (b)
in terms of 1000-grain weight in each of the stress levels. Means with the same letters showed no significant
difference (p <0.05) between the means at each stress level.
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