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Introduction

Among the nutrients used by the plant for the growth of nitrogen due to its participation in the structure of
proteins, amino acids, coenzymes and nucleic acids are the main factors involved in plant growth and fertility. In
recent decades, a group of soil bacteria in the rhizosphere has been introduced as plant growth-promoting
bacteria that have been able to improve crop growth. In addition to the positive effects on soil properties, these
bacteria are economically and environmentally beneficial and a good alternative to chemical fertilizers.
Azotobacter and Azospirillum are the most important Plant growth-promoting rhizobacteria (PGPR) in plants
that, in addition to bio-stabilizing nitrogen, produce growth-promoting hormones such as auxin, gibberellin, and
cytokines. Modification of root system architecture by PGPR implicates the production of phytohormones and
other signals that lead to enhanced secondary root branching and development of the root system. Since
accessible water is the main factor limiting growth in dryland farming, so one of the ways to improve nutrition
and plant growth is to use PGPR. Therefore, this study was carried out on the role of Azospirillum + Azotobacter
on root traits of new wheat cultivars in Ilam province.

Materials and Methods

In order to investigate the effect of growth-promoting bacteria on root system criteria in wheat under dryland
conditions, a field experiment was carried out as a factorial arrangement based on a randomized complete block
design with three replications at the farm station of Sarablah Agricultural Research Center during 2019-2020
cropping season. Experimental treatments include different wheat cultivars (Sardari, Karim, Koohdasht and
Rijaw) and treatment of different fertilizer sources, including control (without fertilizer treatment), 50% urea
chemical fertilizer (50% of required), Azospirillum + 50% urea chemical fertilizer (50% of required),
Azotobacter + 50% N fertilizer, Azospirillum + Azotobacter + 50% urea chemical fertilizer (50% of required)
and 100% urea chemical fertilizer (100% of required). Each experimental plot consisted of eight planting rows

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
ET distribution and reproduction in any medium or format, as long as you give appropriate credit to

the original author(s) and the source.

4 https://doi.org/10.22067/agry.2021.68851.1023



http://agry.um.ac.ir/
https://jame.um.ac.ir/page_46.html?lang=en
https://orcid.org/0009-0005-2932-4441
https://orcid.org/0000-0002-6569-3413
https://orcid.org/0000-0002-3055-6216
mailto:r.naseri@ilam.ac.ir
https://doi.org/
https://doi.org/10.22067/agry.2021.68851.1023
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/agry.2021.68851.1023
https://doi.org/
https://doi.org/10.22067/agry.2021.68851.1023

VPt bl Vo lods 08wl (55 )9bis bt pgo a9 pii Y 4A

with a row spacing of 20 cm and a length of 4 m. Nitrogen fertilizer (120 kg.ha') was applied at planting and
stem stage based on soil test. Phosphorus fertilizer was applied from triple superphosphate source at the
recommended rate of 50 kg.ha'at planting time. In this study, root length, root fresh and dry weight, root
volume, root surface, root diameter, specific root length, root length density, root specific mass, root tissue
density and root surface area density were evaluated. Experimental data were analyzed using SAS statistical
program. Comparison of means were done by Duncan test and graphs were drawn with Excel software.

Results and Discussion

The results of this study showed that the interaction between cultivar x fertilizer sources was significant in
root characteristics of dryland wheat, so that the maximum root length (115.6 cm), root volume (13.3 cm?®), root
surface (137.2 cm?), specific root length (46.9 cm root length.g™* DW root), specific root mass (0.0045 g of DW
roots.cm soil volume), root length density (0.214 cm root length.cm? soil volume), root tissue density (32.4 g
root.cm? soil volume) and root surface area density (127.5 cm2cm?®) was obtained in Rijaw cultivar x
Azospirillum + Azotobacter + 50% 50% urea chemical fertilizer (50% of required) compared to control treatment
(without fertilizer sources).

Conclusion

The results showed that due to the lack of rainfall in most dryland fields of the province and also due to the
positive effect of fertilizer biofertilizer in maintaining soil moisture, improving the physical and chemical quality
of soil, to achieve proper grain yield in dryland conditions of biofertilizer with chemical fertilizer used nitrogen.
In this study, it was observed that in the combined system of biochemical and chemical fertilizers, the rooting
system increases so that the maximum root length, root volume, root area, root-specific volume, root length
density, root tissue density and root surface density was observed from Rijaw cultivar x Azospirillum +
Azotobacter + 50% N chemical fertilizer. Bacteria increase plant growth by affecting the plant by improving
physiological and biochemical conditions to increase resistance to adverse environmental factors in dryland
farming. Therefore, the results of this study can be concluded that in dryland conditions where the intensity and
fluctuations of rainfall are not predictable, having a strong root system can greatly reduce the harmful effects of
water deficit against environmental stresses in the region and cause an acceptable increase in the grain yield of
dryland wheat.
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Table 1-Studied wheat cultivars characterstics
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Karim b J 2011 J
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Table 2- Monthly mean value of precipitation and relative humidity in Agricultural Research Field Station of Sarableh
during 2019-2020 cropping seasons
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Table 3- Soil physical and chemical properties (0-30 cm depth) of experimental area 2019-2020
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7- Special root lenght
8- Dry root weight

9- Root water content
10- Root length density
11- Soil volume

12- Special root mass
13- Root tissue density
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Interaction between cultivarxdifferent fertilizer sources
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Fig. 1- Interaction of cultivar X fertilizer treatments on root length of wheat under dryland conditions
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple

Range Test.
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Interaction between cultivarxdifferent fertilizer sources
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Fig. 2- Interaction of cultivar x fertilizer treatments on root volume of wheat under dryland conditions
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Interaction between cultivarxdifferent fertilizer sources
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Fig. 3- Interaction of cultivar x fertilizer treatments on root area of wheat under dryland conditions
(595 oloowd 3¢5 1 )d O + pguls serwg ;T :AZOSPIFIIIUM + 50% Nitrogen « 59,5 (oo 368 1o y> 8+ :50% Nitrogen wals :Control
395 Moyd O + iShgisl+ packs yecwg;/:CO-in0CUlation + 50% NItrogen 59, obewd 398 2o )3 8+ + L5455/ :Az0tobacter + 50% Nitrogen
059558 srlontd 365 Mo yd Yo+ :100% NItrogen 5 59,55 (o lowsd
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Interaction between cultivarxdifferent fertilizer sources
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Fig. 4- Interaction of cultivar x fertilizer treatments on root diameter of wheat under dryland conditions
(595 oloowd 365 1o )> O + pguls peruwg ;T :AZOSPIFIIIUM + 50% Nitrogen « 59,5 (olbewd 368 1oyd 8+ :50% Nitrogen wals :Control
395 Mo yd O + iShgisl+ packs sy i/:CO-in0CUlation + 50% NItrogen 59, obessd 345 203 8+ + L5455/ :Az0tobacter + 50% Nitrogen
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Interaction between cultivarx<different fertilizer sources
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Fig. 5- Interaction of cultivar x fertilizer treatments on specific root length of wheat under dryland conditions
(595 oloowd 365 1o )3 O + pguls perwg i :AZOSPIFIIIUM + 50% Nitrogen « 59,5 (obewd 358 1oy 0+ :50% Nitrogen «als :Control
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Interaction between cultivar=xdifferent fertilizer sources
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Fig. 6- Interaction of cultivar x fertilizer treatments
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Interaction between cultivarxdifferent fertilizer sources
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Fig. 7- Interaction of cultivar x fertilizer treatments on specific root mass of wheat under dryland conditions
(595 oloowd 365 1o )> O + pguls serwg ;T :AZOSPIFIIIUM + 50% Nitrogen « 59,5 (olbewd 368 1oy> 8+ :50% Nitrogen wals :Control
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's
Multiple Range Test
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Fig. 8- Interaction of cultivar x fertilizer treatments on root tissue density of wheat under dryland conditions
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Fig. 9- Interaction of cultivar x fertilizer treatments on root surface area density of wheat under dryland conditions
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Fig. 10- Interaction of cultivar x fertilizer treatments grain yield of wheat under dryland conditions
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