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Abstract

Introduction

Nowadays, soil pollution to various heavy metals is one of the most important environmental
issues in human societies, which has adverse effects on soil and soil flora and groundwater
contamination. Among the heavy metals, cadmium with a half-life of about 20 years, its high
mobility in the soil and absorption by the plant, has a significant toxicity that its presence in the
food chain seriously threatens human health. A wide range of studies have shown that
inoculation with mycorrhizal fungi increases the resistance of many plants against heavy metals.

Materials and Methods

In order to investigate the effect of mycorrhizal fungi on biochemical properties of coriander
under heavy metal stress, a pot experiment was conducted in the greenhouses at Ferdowsi
University of Mashhad. A factorial experiment based on completely randomized design with 2
factors and 3 replications was conducted. The first factor was heavy metal in 4 levels of 0, 20, 40,
80 mg/kg nitrate cadmium soil and the second factor was mycorrhiza fungi in 3 levels without
fungi and Glomus mosseae and Glomus intraradicese application. The soil mixture included soil,
leafy soil and sand in a ratio of 1: 1: 1. All traits were measured at flowering stage. The studied
traits include aerial parts dry biomass, chlorophyll, b, a, electrolyte leakage, soluble carbohydrate,
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antioxidant activity, total phenol, total flavonoids and proline Data analysis using Minitab 17

software was done.

Results and Discussion

The results were showed that by increasing the concentration of cadmium, the amount of
electrolyte leakage, soluble carbohydrate, antioxidant activity, total phenol, total flavonoids and
proline increased. However, with increasing cadmium concentration, the amount of dry biomass
of aerial parts, chlorophyll, a, b and carotenoids decreased. So, with increasing cadmium
concentration, the amount of aerial parts dry biomass of coriander decreased by 40% compared
with the control. Based on this study, using of mycorrhizal fungi under cadmium pollution
reduced the stress influence, so that the highest amount of aerial parts dry biomass was found in
plants treated with mycorrhizal and without cadmium application. The lowest amount dry
biomass of aerial parts was found in without mycorrhizal with highest nitrate cadmium
concentration (80 mg/kg soil). The highest amount of proline, soluble carbohydrate, phenol,
antioxidant activity, and total flavonoids was observed in plants which treated with the highest

nitrate cadmium concentration (80 mg/kg soil) and Glomus intraradicese application.

Conclusion

So that inoculated plants with mycorrhizal fungi had drier biomass of aerial parts than plants without
mycorrhiza .According to the results of this study, in the conditions of environmental stresses such as
cadmium stress, the use of mycorrhizal fungi reduces its destructive effects, which can be used as a
management solution in heavy metal contaminated areas. In general, the results of this study showed
that application of Glomus mosseae fungus in cadmium stress has a better effect on the traits and its
application is recommended in this condition.

Keywords: Antioxidant activity, Heavy metal, Proline, Soluble carbohydrates, Total phenol
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Table 1. Analysis variance of mycorrhizal fungi on aerial parts dry biomass and biochemical characteristics of coriander under cadmium stress

S f Aerial part Electrol Total  Solubl Total ~Antioxidant Proline  Tota]
ou‘rc?s © df e . parts dry ectrolyte Chlorophyll a  Chlorophyll b  Carotenoid © oune ot " 1o'x1.dan ot .
variation biomass leakage chlorophyll carbohydrate phenol  activity flavonoids
Cadmium 3 1.22556™ 1140.25™ 326.455™ 198.453™ 0.676297 102596  696.020" 9.91713" 0.024175" 79.1641" 40.5584™
Mycorrhiza 2 1.16984™ 25.117 14.970" 8.046" 2.39075"  36.55" 37.035"  8.02100" 0.000232** 66.8647" 0.3238"
CdxM 6 0.18492" 68.56" 33.973" 18.783" 1.36059"  38.89" 45.916"  2.29693" 0.000775" 33.9855" 2.7271"
Error 24 0.06023 0.09 0.247 0.767 0.07122 0.29 0.859 0.03466 0.000015 0.0954
CV (%) 14.23 0.88 1.35 3.92 8.34 0.86 2.71 1.32 1.34 2.03

", " and”: None significant and significant at 5 and 1%, respectively.
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Figure 1. The amount of aerial parts dry biomass (a), EL (b), chlorophyll a (c), chlorophyll b (d), carotenoid (e), total chlorophyll (f) in coriander under cadmium

stress and mycorrhizal application

AY

#rv S e 04 v A4



C d

Chlorophyll a (mg/g fw)

@Non-Mycorrhizea @ Glomus mosseae Glomus intraradices @Non-Mycorrhizea @ Glomus mosseae Glomus intraradices
60,000 - 35,000 - 2
50,000 - E 30,000 -
oh 4
40,000 - d B o
7 E 2000 - :
30,000 - i be
< Z 1500 :
xix rs S re
20,000 : = 10,000 b
4:4 + =) +
10,000 - yy e ,_5 5,000 T
.4:4 4 - $
0 A 1 ®) 0 M .
0 20 40 0 e “
Cadmium nitrate (mg/kg) Cadmium nitrate (mg/kg)
e f
@Non-Mycorrhizea B Glomus mosseae Glomus intraradices @Non-Mycorrhizea B Glomus mosseae Glomus intraradices
90,000 -
5,000 - s 20 ’
0 4500 o ® 80,000 | - b
'-E ¥ ] = + c
4000 - = 70000 FH[ ] o o o
%b ' be i bed = + 2
g 3,500 - 7 e = 60,000 | % i 7] % [ F7]
~ 7-47 Q‘ AYA ,cy,c Y‘(Y
2 isgﬁ 1 ;ﬂ: 94 : E e & sooo0 | BE | 5 el 1|2 i
£ ’ 4[5 [ + + + = 3 40000 Pt 5% A podlERSS e
i3 2,000 4 |44 " 4 + + o + e iy 44 o4 4+
g L5004 (33 : b : = 30,0004 g 2 pedi oy :
S 1000 4 |+ 44 + + + I e 20,000 | [% oy iy b4 2 :
: 4l [ + + + = + bl +
500 4 [#4] 1 + + + 10,000 | P+ 4| [0 +
+4 4 + + + b4 bodl I b
,[' HEM HEM H HEM 0 A A -
0 ] 40 50 0 40
Cadmium nitrate (mg/kg) Cadmium nitrate (mg/kg)

Figure 1. (Continuation)The amount of aerial parts dry biomass (a), EL (b), chlorophyll a (c), chlorophyll b (d), carotenoid (e), total chlorophyll (f) in coriander
under cadmium stress and mycorrhizal application
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Figure 2. The amount of soluble carbohydrate (g), total phenol (h), antioxidant activity (i), total flavonoids (j), and proline (k) in coriander under cadmium stress

and mycorrhizal application
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