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Abstract

Introduction

Heavy metals enter the surroundings through natural means as well as human activities. These metals reduce
biomass, growth and photosynthesis and absorption of nutrients, which ultimately lead to plant death.
Heavy metals such as copper, induce oxidative stress in plants by producing reactive oxygen species.
Nowadays, heavy metal refining by physical and chemical methods are less used for economic and
environmental reasons, and biological refining has been introduced as an alternative method. Among these,
we can refer to the inoculation of plants with mycorrhizal fungi and rhizobium, which can protect the plants
against this stress. The purpose of this research was to study the effects of mycorrhiza and rhizobium on the

physiological and biochemical traits of soybean under copper stress.

Materials and Methods

For this purpose, a factorial greenhouse experiment based on a randomized complete block design with three
replications was performed in the Faculty of Science, Urmia University in 2021. Experimental factors included
four levels of copper sulfate stress (0, 50, 400 and 200 mg/kg soil) and four inoculation treatments (control,

* Corresponding Author: Jalil Khara
E-mail: jakhara@yahoo.com

@ © 2023 The Author(s). Published by Shahid Chamran University of Ahvaz. This is an open-access article distributed under the terms of
@ the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution,
BY

and reproduction in any medium, provided the original work is properly cited.


https://plantproduction.scu.ac.ir/
mailto:jakhara@yahoo.com
https://orcid.org/0000-0002-6773-1516

Plant Productions, 45(4), Winter, 2023 604

mycorrhiza, rhizobium and mycorrhiza + rhizobium). Plants were colonized by inoculum Glomus verusiforme
(for mycorrhiza) and Rhizobium japonicum (for rhizobium). The soybean plants were grown in 16 treatment
groups with a diurnal regime of 16-hour light and 8 hours dark at 18-29°C. Forty days after planting, the harvest
was done and the factors were examined. The studied traits included the activity of guaiacol peroxidase and
catalase enzymes, malondialdehyde, fresh and dry weight, soluble sugar of shoots and roots and chlorophyll a

and b content.

Results and Discussion

Results showed that chlorophyll a and b content, soluble sugar and dry and fresh weights of shoots and roots
were significantly reduced in treated plants compared to the control. This decrease was less evident in
Inoculated plants than in non- Inoculated samples. However, antioxidant enzymes activity and
malondialdehyde increased under copper stress. Increased enzymatic activity was more dramatic in rhizobia
and mycorrhizal plants samples than non- rhizobia and mycorrhizal ones, which was the opposite of
malondialdehyde. Based on the results of this study, the use of fungi and rhizobia in copper stress conditions
reduced the effects of stress. The highest enzymatic activity, soluble sugar, fresh and dry weight and
photosynthetic pigments and the lowest amount of malondialdehyde were observed in co-inoculation with
Mycorrhiza- Rhizobia and control, respectively. The efficiency of plants inoculated with rhizobium and
mycorrhizal against copper stress can be due to the reduction of oxidative stress, high antioxidant capacity,
maintenance of natural plant metabolism, increased phosphorus uptake, increasing the rate of photosynthesis,

Impact on heavy metals bio-availability and improvement of nitrogen fixation e in these plants.

Conclusion

According to the results, it is concluded that copper stress has severe effects on effects on soybean (Saba
cultivar) and inoculation with mycorrhizal fungi and rhizobia can somewhat reduce this stress. Furthermore
arbuscular mycorrhiza and rhizobia had synergistic effects so in many cases co-inoculation was more effective
than single inoculation. On the basis of these results, co-inoculation with Glomus verusiforme and Rhizobium

japonicum is suggested for improving soybean tolerance to copper stress.
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Table 1. Analysis of variance (mean squares) of some traits in shoot of soybean inoculated with mycorrhiza and

rhizobium under copper stress conditions

shoot shoot
Chlorophyll Chlorophyll Soluble
5.0.V df PRy Py MDA  dry fresh GPX  CAT
a b sugar 8 X
weight weight
Block 2 8.09™ 1.43™ 5.68 " 3.290 0.00™ 1.35m™ 0.17" 225"
Inoculation 3 32.36™ 6.96™ 390.91™ 27.67"" 0.16™ 4.84" 23.37" 13.33™
Cu 3 413.92™ 156.84™ 1266.91™" 1704.08" 1.86™ 116.01™ 47450™  303.45™
Cux - 3 .
N 3.71 0.67™ 3.24m 1.32m 0.04 0.25m™ 0.81"™ 1.52m™
Inoculation
Erorr 30 3.80 0.65 21.70 4,39 1.14 0.01 1.45 1.30
C.V (%) 25/60 21/80 5/88 7169 29/40 24/50 13/59 22/83

*,** and*** Represents a significance at a probability level of 5% ,1% and 0.1% respectively, and ns; non-significant.

Table 2. Analysis of variance (mean squares) of some traits in root of soybean inoculated with mycorrhiza and

rhizobium under copper stress conditions

S.0.v df  Soluble sugar MDA root dry weight  root fresh weight GPX CAT
Block 2 17.02m 6.73™ 0.001 "¢ 0.15™ 1.68™ 0.37m
Inoculation 3 164.28™ 36.21™ 0.07" 8.43™ 41.18™ 22.50™
Cu 3 8192.50™ 1679.16™ 10.03™ 200.73™ 898.34™"  463.77™
Cux Inoculation 9 2.96™ 0.86™ 0.01" 0.19" 1.30™ 0.80™
Erorr 30 5.85 9.38 0.005 1.49 3.89 1.88
C.V (%) - 7.22 1.77 22.73 22.93 16.98 17.65

*, ¥ and*** Represents a significance at a probability level of 5% ,1% and 0.1% respectively, and ns; non-significant
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Table 3. Comparison of some physiological and biochemical traits of soybean shoot under inoculation treatments

and different levels of copper stress
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Control 3.60°¢ 2.84¢ 72.50¢  33.322 2.90° 7.17°¢ 3.75¢
Mycorrhizal 7.18% 3.54>  80.50°  26.29° 3.69% 8.58"° 483"
Rizobium 7.77° 3.76>  77.58> 2531} 3.50% 9.10° 5.13°
Mycorrhizal+Rizobium 5.76° 469*  86.16°  20.72°¢ 4.44° 10.56*  6.31°
Cu (ppm)
0 1529  5.23*  118.83* 16.01¢ 7.782 2.204 0.474
50 8.71° 438>  86.25>  20.56°¢ 4.131" 5.88°¢ 1.97¢
100 4.80¢ 1.47¢  68.17¢  29.37% 1.47¢ 10.58> 583"
200 1.66¢ 0.45¢ 43509  43.07° 0.454¢ 16.75*  11.74®

Means with the same letter in each column are not significantly different at 5% level (Duncan’s Multiple

Range Test)

Table 4. Comparison of some physiological and biochemical traits of soybean root under inoculation treatments
and different levels of copper stress

Inoculation treatments Soluble sugar MDA root fresh weight  GPX CAT
(mg/g DW) (mol/gFWp)  (gr/plant) (mol/gFW/minp) (mol/gFW/minp)

Control 41.33¢ 19.77¢ 4.28¢ 9.25¢ 9.44¢
Mycorrhizal 46.83° 21.65° 5.50% 11.45° 7.55°
Rizobium 45.25° 22.39® 52210 11.98° 7.99®
Mycorrhizal+ Rizobium  50.252 23.952 6.31° 13.752 9.44*
Cu (ppm)

0 78.67* 10.474 1.08° 2.144 1.054
50 53.92° 15.56°¢ 0.67° 7.56¢ 4.87¢
100 31.92¢ 24.22° 0.46°¢ 14.69° 9.79"
200 19.174 37.50* 0.334 22.05% 15.45%

Means with the same letter in each column are not significantly different at 5% level (Duncan’s Multiple Range Test)
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Table 5. Effect of interaction between inoculation treatment and copper levels on shoot and root dry weigh

Inoculation treatments Cu(ppm) Shoot dry weight (gr/plant)

Root dry weight (gr/plant)

0 0.70 0.70¢
50 0.33% 0.25¢f
Control ni .
100 0.14™ 0.08!
200 0.03! 0.02!
0 0.820¢ 0.62"
Mycorrhiza_] 50 0.44¢f 0.319¢f
100 0.18sh 0.09M
200 0.05M 0.04!
0 0.92° 0.72°
L 50 0.47¢ 0.34%
Rizobium ) _
100 0.198M 0.148h
200 0.06M 0.05!
0 1.35% 0.93*
50 0.62% 0.414
M hizal+ Rizobi
ycorrhizal+ Rizobium 100 0.248" 0,20/
200 0.08" 0.07'

Means with the same letter in each column are not significantly different at 5% level (Duncan’s Multiple Range Test)
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