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Abstract

In this research, the effect of plant growth-promoting rhizobacteria, Bacillus pumilus, and Zhihengliuella
halotolerans, on the morpho-physiological traits of Nitraria schoberi under the influence of dust (control and
1.5 g/m*/month) was investigated. The results showed that dust had a negative effect on the morphological
and physiological traits of the plant. Dust caused a decrease of 20, 15, 17 and 20% in chlorophyll a,
carotenoid, total soluble protein, and total dry biomass and an increase in the total flavonoids, total phenol
content, total antioxidant capacity and glycine betaine amounting to 107, 32, 15 and 10 percents,
respectively. Both bacteria improved the condition of the plant against stress, so that B. pumilus and Z.
halotolerans increased the amount of chlorophyll b by 13 and 21%, protein by 27 and 43%, and total
biomass by 60 and 27%, respectively. In this experiment, the role of B. pumilus strain was more than that of
Z. halotolerans strain, so that B. pumilus strain alone had the greatest effect in increasing chlorophyll a and
seedling quality index by 52 and 108%, respectively. The results showed that B. pumilus and Z. halotolerans
strains can increase the resistance of the Nitraria schoberi to dust stress and help us to stabilize salty dusts in
playas.

Keywords: Biological restoration, Plant growth-promoting rhizobacteria, Playa, Physiological traits,
Halophytic species.

Background and Objective: Salt and dust can cause harmful effects on the photosynthetic activity and
serious damage to the plant. Plants under these stresses will experience a series of morphological,
physiological and biochemical changes (4). In recent years, the use of plant growth-promoting rhizobacteria
as a leading strategy in reducing the effects of environmental stresses has attracted the attention of
researchers (3). In this research, the effect of inoculation of two bacteria, Bacillus pumilus and
Zhihengliuella halotolerans, on some morphological and physiological traits of Nitraria schoberi under dust
stress was investigated. The results of this research can help us in the optimal afforestation of this species
under dust in the conditions of climate change in arid and semi-arid ecosystems.
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Methods: Three-month old seedlings of the same size were inoculated by plant growth-promoting bacteria
under dust stress in a two-factor factorial experiment with a randomized complete block design in three
replications in a period of 5 months. The strains of Bacillus pumilus and Zhihengliuella halotolerans were
provided by previously purified research by Amini et al. (2022) (1). Inoculation was applied twice to the
plant roots. Only nutrient broth solution without bacteria was applied to the control plants. Dusting was done
using a simulator. The amount of falling dust equal to 1.5 grams per square meter per month was applied
once a week. After completing the treatments, 8-month old seedlings were sampled for physiological and
morphological tests. The amounts of chlorophyll a, b and leaf carotenoid, total anthocyanin and flavonoid,
total phenol content, total antioxidant activity, glycine betaine, malondialdehyde and total soluble protein
were measured (2).

Results: The results showed that dust had a negative effect on the morphological and physiological traits of
the plant. Dust caused a decrease of 20, 15, 17 and 20% in chlorophyll a, carotenoid, total soluble protein,
and total dry biomass and an increase in total flavonoid, total phenol content, total antioxidant capacity and
glycine betaine amounting to 107, 32, 15 and 10 percents, respectively. Both bacteria improved the condition
of the plant against stress, so that B. pumilus and Z. halotolerans increased the amount of chlorophyll b by 13
and 21%, protein by 27 and 43%, and total biomass by 60 and 27%, respectively. In this experiment, the role
of B. pumilus strain was more pronounced than that of Z. halotolerans strain. B. pumilus strain alone had the
greatest effect in increasing chlorophyll a and seedling quality index by 52 and 108%, respectively. The
results showed that the plant growth-promoting rhizobacteria could increase the resistance of the Nitraria
schoberi under dust stress and help us to stabilize salty dusts in playas.

Conclusions: The results showed that the plant growth-promoting bacteria improved the morphological and
physiological traits of Nitraria schoberi seedlings under dust stress compared to the control. It can be
concluded that the rhizosphere of salt-tolerant plants are suitable sources for isolating salt-resistant bacteria.
It is also concluded that B. pumilus and Z. halotolerans can increase resistance to dust stress via improving
Nitraria schoberi seedlings physiological traits. However, it is necessary to conduct additional field research
in the desert habitat to examine the performance and efficiency of these bacterial strains as suitable bio-
fertilizers to deal with dusty conditions.
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Table 3. The concentration of major elements in the soil sample used as dust

K Fe Al Mg Na Ca s

(%) ckle
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Table 4. The concentration of heavy metals in the dust samples

Pb Cr Ba \% Ni Cd

S polis

18] Co Cu Zn

20.23 116 231 73.4 94 0.6
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Table 5. Analysis of variance for the physiological and morphological traits in Nitraria schoberi

ol

L;;lj a5

Js WP L ls b Lés s a by is e g
Total phenol ~ Flavonoid  Anthocyanin = Caratenoid  Chlorophyll 5  Chlorophyll a df S.0.V
0.324%* 0.050%* 330.29%* 2587.71%%* 1.84% 339.03** 2 O
Bacteria
0.098%** 0.048%* 10.25ns 4268.26** 25.35%* 221.97** 1 s
Dust
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Table 5. (continued)
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Fig. 1. The interactiion effects of bacteria and dust stress on the contents of chlorophyll a (A), chlorophyll b (B), and the effects of
bacteria (C) and dust stress (D) on the content of carotenoids in Nitraria schoberi; Means with at least one similar letter are not

significantly different based on Duncan test at 5% probability level.
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Fig. 2. Effect of bacteria on the content of anthocyanin (A) and interaction effects of bacteria and dust stress on the contents of total
flavonoid (B), total phenol (C), and malondialdehyde (D) in Nitraria schober; Means with at least one similar letter are not

significantly different based on Duncan test at 5% probability level.i
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