VE-F Sl ) ojlead Y Al SB o085 wlibs

Effect of Plant Growth Promoting Rhizobacteria (PGPR) Inoculation on
Arsenic Uptake by Sunflower, Corn and Pumpkin in Contaminated Soil

Abdolreza Akhgar'®, Mojtaba Hatamizadeh? , Payman Abbaszadeh Dahaji®, Mohsen
Hamidpour*

(Received: March, 2023 Accepted: August, 2024)

Abstract

Remediation of heavy metals from soil through phytoremediation is considered one of the most cost-
effective and environmentally friendly methods. In many cases, beneficial soil microorganisms are
utilized to enhance the extraction of heavy metals. In this research, 15 bacteria resistant to arsenic were
isolated from the rhizosphere of six native plants around the Sarcheshmeh copper mine in Rafsanjan.
According to minimum inhibitory concentration tests of arsenic,it was found that all isolates were
resistant to 150 mg L™ of arsenic and about 70 percent of them were able to grow at a concentration of
500 mg.L* of arsenic. Among the arsenic resistant isolates, eight were capable of producing siderophore
in the CAS-agar medium and while five were able to produce hydrogen cyanide. Additionally all isolates
demonstrated the ability to produce IAA and solubilize insoluble phosphorus compounds in the liquid
medium. To evaluate the effect of these isolates on arsenic uptake by plant, three arsenic-resistant
isolates with growth-stimulating characteristics were selected for a greenhouse experiment as factorial
based on a completely randomized design with four replications. The tested factors included three levels
of plant (sunflower, corn and pumpkin) and bacteria in four levels (non-inoculation, inoculation with
BH6, BH9 and BH10 isolates). The results of the greenhouse experiments revealed that the highest
arsenic uptake (77.8 pg pot®) was observed in the interaction between the BH9 isolate and pumpkin,
representing a 62.1 percent compared to the control. Furthermore, the highest transfer factor (TF) of
arsenic was obtained from the interaction of BH9 isolate with pumpkin (0.825), significantly differing
from other treatments. In general, pumpkin and corn plants due to their higher biomass production were
more effective in extracting arsenic from the soil, compared to sunflower. The P9 isolate demonstrated
the highest efficiency among all isolates tested.
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Table 1. Some physical and chemical characteristics of the studied soil

% mg kg
Characteristics ~ Soil texture pH EC Equivalent CaCO3 Arsenic
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Table 2. Growth and non-growth of isolated strains in different
concentrations of arsenic
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Table 3. Analysis of variance for Plant growth—promoting properties of isolates

Mean Square

Source of variation of P- solubilization =~ IAA- production  Siderophore production
Isolates 9 2198* 0.373** 1.38**

Error 20 808 0.015 0.011

CV (%) - 12.3 115 9.35

* and ** respectively significant at 5% and 1%

AD



e Slos 8L Gimale 5t

eyl 55 Gy S y20 i (aKilso dumlio—F Jguz
Table 4. Mean comparison of the Plant growth—promoting properties in isolates

Isolates P- solubilization 1AA Siderophore HCN
mg It (ug ml?) Halo colony™ *
BH1 253a 2.75de 1.13d 1
BH2 179 3.10cd 0.00e 2
BH3 209¢ 2.25f 1.11d 1
BH5 247a 3.50bc 0.00e 1
BH6 249a 3.90ab 1.15d 1
BHS 244ab 4.30a 1.65b 2
BH9 255a 4.35a 1.87a 1
BH10 238ab 2.50ef 1.97a 3
BH11 241ab 3.10cd 1.38¢ 2
BH12 191bc 4.10a 1.12d 1
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Mean values in each column having a common letter are not significantly different (P < 0.05)
* 1(no production), 2(low production), 3(medium production), 4(high production), 1(very high production)
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Table 5. Variance analysis of the effects of bacteria and plant on amount of Arsenic
in shoot and root

Mean Square

Source of variation df Shoot Root
Plant 2 1012401** 1086616**
Bacteria 3 1521539** 679525**
Plant x Bacteria 6 125993** 49368**
Error 36 17714 13043
CV (%) - 6.92 3.76

*and ** respectively significant at 5% and 1%
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Table 6. Mean comparison of interaction effects of plant and bacteria on arsenic uptake (ug pot?)

Plant
Sunflower Corn Pumpkin

Treatment Shoot
Control 37.8f 52.0de 48.0e
BH6 51.3e 77.0a 68.5e
BH9 57.9cd 77.7a 78.8a
BH10 59.4c 67.8c 69.2b

Root
Control 62.29 119¢ 79.1e
BH6 71.4f 122bc 89.8d
BH9 81.0e 136a 95.5d
BH10 79.9e 126b 94.3d

Ailioe SIS g yds due )0 iy e )8 ls e OIS WL et o 0 S e B SO Bl sl sl Sl
Mean values in each column having a common letter are not significantly different (P < 0.05)
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Table 7. Variance analysis of the effects of bacteria and plant on transfer factor
of arsenic (TF)

Mean Square

Source of variation df Arsenic
Plant 2 0.219**
Bacteria 3 0.068**
Plant x Bacteria 6 0.008*
Error 36 0.002
CV (%) - 8.12

* and ** respectively significant at 5% and 1%
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Table 8. Mean comparison of interaction effect of plant and bacteria on transfer factor
of arsenic (TF)

Arsenic
Treatment Sunflower Corn Pumpkin
Control 0.607c 0.438d 0.612c
BH6 0.722b 0.632c 0.767ab
BH9 0.717b 0.570c 0.825a
BH10 0.747ab 0.460d 0.737b

Al g SIS g ds oy my aw jo o gme M| W gn a0 S ie By S PBlas s sla Sl
Mean values in each column having a common letter are not significantly different (P < 0.05)
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Table 9. Variance analysis of the effects of bacteria and plant on Arsenic
concentration in rhizosphere soil

Mean Square

Source of variation df Arsenic
Plant 2 719*
Bacteria 3 1850**
Plant x Bacteria 6 369*
Error 36 158
CV (%) - 6.32

* and ** respectively significant at 5% and 1%
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Table 10. Mean comparison of interaction effects of plant and bacteria on extractable arsenic
by DTPA

Arsenic (ug kgl)

Treatment Sunflower Corn Pumpkin
Control 5099d 6202bc 6122bc
BH6 5903c 6697a 6376abc
BH9 6607ab 6430abc 6496abc
BH10 6603ab 6699a 6612ab

Ailoe HSIS g ydy s 0 gy b H0 lo g OIS WL g o 0 S e B S Blas gl sl Sl
Mean values in each column having a common letter are not significantly different (P < 0.05)
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