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Table 1. Variance analysis of the significance of R. intraradices, Cd and their interactions on growth,
shoot and root nutrient contents and their translocation factor from root to shoot by alfalfa plant

Source of variation

Fungus (F) Cd FxCd Error CV(%)
Degree of freedom 1 3 3 16 -
Shoot dry weight 31.1 3.42™ 0.350m 0.567 12.9
Root dry weight 3.04™ 1.003™ 0.395™ 0.043 10.3
Shoot Cd uptake 16831.8™" 28174.4™ 2016.9™ 263.3 14.8
Root Cd uptake 47345.8™ 75294.1™ 5778.6™ 822.7 17.1
Shoot P uptake 336.6™" 13.8™ 1.69™ 4.99 12.7
Root P uptake 34.1™ 5.8™ 3.5™ 0.543 12.3
Shoot Fe uptake 1908508.4™*  2770779.1™" 177381.6™ 25900.1 13.3
% Root Fe uptake 4830878.3"™" 13442031.3™" 1702869.1™ 233347.13 27.3
=) Shoot Zn uptake 326120 611916.1" 43193.4" 10351.2 19.3
.(é) Root Zn uptake 66121.9™" 546436.4™" 1877.8™ 1101.9 10.7
o Shoot Cu uptake 39645.4™" 5391.7"" 1327.8" 386.4 15.8
®  Root Cu uptake 15072.6™" 38553.8"" 1534.7" 4255 177
Shoot Mn uptake 365259.7""  621338.45™ 44178.8™ 5840.9  15.3
Root Mn uptake 101727.6™ 156388.6™"" 31729.1" 9308.9 19.3
Cd-Translocation factor 0.000043" 0.077" 0.003™" 0.000066 5.1
Fe-Translocation factor 0.015" 0.098™" 0.023™ 0.004 19.4
Zn-Translocation factor 0.006" 0.917" 0.023" 0.012 14.8
Cu-Translocation factor 0.06™" 0.584™" 0.022"" 0.001 6.5
Mn-Translocation factor 0.026" 0.26™" 0.035™ 0.016 15.4
ns: not significant, *p < 0.05, **p < 0.01, ***p < 0.001
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Figure 1. Shoot and root Dry weights (A) and P contents of shoot and root of alfalfa colonized by R.
intraradices at Cd levels. M and NM are representing mycorrhizal and non-mycorrhizal plants.
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Table 2. Variance analysis of the significance of Cd on root colonization and
mycorrhizal dependency percentage

Mean Square

Source of Degree of -
variation freedom RQOt . Mycorrhizal
colonization dependency
Cd 3 569.6™" 220.9"
Error 8 7.84 52.99
CV 3.8 23.7
ns: not significant, *p < 0.05, **p < 0.01, ***p < 0.001
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Figure 2. Root colonization (A) and mycorrhizal dependency percentage of alfalfa colonized by R.
intraradices at Cd levels. M and NM are representing mycorrhizal and non-mycorrhizal plants.
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Figure 3. Cd contents of shoot and root (A) and Cd-translocation factor from root to shoot of alfalfa
colonized by R. intraradices at Cd levels. M and NM are representing mycorrhizal and non-mycorrhizal
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Figure 4. Fe (A) and Zn (B) contents of shoot and root, and Fe (C) and Zn (D) translocation factor from root
to shoot of alfalfa colonized by R. intraradices at Cd levels. M and NM are representing mycorrhizal and
non-mycorrhizal plants.
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Figure 5. Cu (A) and Mn (B) contents of shoot and root, and Cu (C) and Mn (D) translocation factor from
root to shoot of alfalfa colonized by R. intraradices at Cd levels. M and NM are representing mycorrhizal and
non-mycorrhizal plants.
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The Effect of Cadmium on Growth and some Nutrient Uptake in Alfalfa
Plant Inoculated by Rhizophagus Intraradices
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Abstract

The main objective of the current research was to evaluate the effect of Cd concentrations on the
growth, uptake of P, Fe, Zn, Cu and Mn of alfalfa plant mycorrhized by Rhizophagus intraradices.
A pot culture experiment was performed as completely randomized design by two factors, including
AM fungus (inoculated with R. intraradices and non-inoculated) and four levels of Cd (0, 15, 30 and
45 puM Cd*?) with three replications. Shoot and root dry weights of mycorrhizal (M) and non-
mycorrhizal (NM) plants were affected by increasing of Cd levels. At the levels of 15, 30 and 45 uM
Cd*? shoot and root dry weights were decreased by 0%, 8.2%, 25% and 9.5%, 16.2%, 39.8%
compared to the control (0 pM Cd*?), respectively. Shoot and root dry weights of M plants were
increased by 48.7% and 42.8% compared to the NM ones. P contents of shoot and root were affected
by AM fungus, so that the shoot and root P contents of M plants were increased by 54.1% and 49.6%
compared to the NM ones. Root colonization and mycorrhizal dependency were affected by Cd
treatments. At the levels of 15 and 30 uM Cd*?, root colonization and mycorrhizal dependency were
increased by 38.2%, 35.7% and 100%, 77% compared to the control, respectively. Maximum Cd
contents of shoot and root were recorded at the levels of 15 and 45 uM Cd*2 in M plants which were
increased by 81.97% and 71.99% respectively, compared to the NM ones at the same levels. Cd-
translocation from root to shoot was decreased as the Cd concentration increased. At the all levels of
Cd, the concentrations of Fe, Zn, Cu and Mn were often higher in roots than in shoots. Generally,
with increasing Cd concentration, plant uptake of Fe, Zn, Cu and Mn were decreased compared to
the control. At the Cd levels, metal translocation from root to shoot were decreased for Fe, Zn and
Mn and increased for Cu compared to the control, respectively.

Keywords: Arbuscular mycorrhizal fungi, Forage crop, Heavy metals, Micronutrients, Soil
pollution
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