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Table 1- The physical and chemical properties of soil

R W b EC. Ofore Amd ealy  oal gy gwe PSe el oy
Sand  Silt Clay Texture N P K Fe Zn Cu Mn Cd Pb
% - - dS/cm 7. mg/kg
382 423 195 Loam 7.60 0.15 0014 10 250 35 0026 084 315 006 0.24
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Table 2- The analysis of variance of data showing the effects of treatments on fresh weight of aerial part and root, number of
plant and height of berseem clover
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ol i olie @y’ Mean square
S & &35 lgh i 9 33 ada, 5 o3 SIAE 3 gy Slaw oLS £lis |
Source of variation 2] 9P o ¥ 09 202 01 OMR Py © &%)
df Fresh weight of Fresh weight of Number of plant per Height of
aerial part root pot plant
"""‘?K on 4 5898.56™ 3848.71" 365675.21™ 7356.08™
Cadmium levels
@‘L & 7 1558.39™ 828.30™ 248469.65™ 5710.27"
Inoculation type
oAl 98 X a3l sl " " " "
Cadmium levelsx 28 114.99 130.13 101919.05 1354.61
Inoculation type
- 80 19.74 30.52 38904.66 575.33
Error
RIWE SO Rv
Coefficient of Variations - 8.20 13.12 9.10 9.73
(%)
s I3 iz NS 5 it Y ime Suoyd gty 9 S o )3 i 4y * 5 *F
**and * significant at 1% and 5%, respectively and ns, not significant.
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Figure 2- The effects of different level of cadmium on ol s
height of plant _ (Sl ogoe _

Figure 1- The effects of different level of cadmium on

fresh weight of aerial part and root
(Uppercase letters for aerial part and lowercase letters for

root indicate significant differences)
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Figure 3- The effects of different level of cadmium on number of plant per pot
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Figure 5- The effects inoculation type on height of plant.

B, I, M, MI, MIT, T, IT, and MT showed no inoculation,
inoculation with Glomus intraradices, Glomus mosseae,
Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii,
Glomus intraradices + Rhizobium trifolii, and Glomus mosseae
+ Rhizobium trifolii, respectively.
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Figure 4- The effects inoculation type on fresh weight of
aerial part and root
B, I, M, MI, MIT, T, IT, and MT showed no inoculation,
inoculation with Glomus intraradices, Glomus mosseae,
Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii,
Glomus intraradices + Rhizobium trifolii, and Glomus mosseae
+ Rhizobium trifolii, respectively.

(Uppercase letters for aerial part and lowercase letters for root
indicate significant differences)
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Figure 6- The effects inoculation type on number of plant per pot
B, I, M, MI, MIT, T, IT, and MT showed no inoculation, inoculation with Glomus
intraradices, Glomus mosseae, Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii, Glomus intraradices + Rhizobium
trifolii, and Glomus mosseae + Rhizobium trifolii, respectively.
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Table 3- Mean comparison of interactions between cadmium levels and inoculation type on fresh weight of aerial part and
root, number of plant and height of berseem clover

a5 wlod ois 55 (39 iy 039 OIS > digr dlaws RSN
Ca‘;ﬁr:wiuﬁ’::els Ge’-“ &y Fresh_weight of Fresh weight of Number of plant Heig;lt if pjlant
Inoculation type aerial part root per pot
mg/kg g/pot - cm
B 34.84 | 28.76 m-0 165.00 m-p 18.00 m-o
| 62.44 e-g 42.92 c-i 250.00 e-g 27.001i
M 69.91 ed 51.02 b-e 313.00 cd 39.00d-g
0 T 82.4 bc 7453 a 340.00 bc 45.00 be
Ml 79.29¢ 68.27 a 323.00 b-d 42.00 c-e
IT 88.59 ab 75.26 a 360.00 b 47.00b
MT 90.07 a 773 a 515.00 a 55.00 a
MIT 79.88 ¢ 7172 a 325.00 b-d 43.00 b-d
B 55.73 f-i 40.01 f-I 240.00 f-i 25.30i-k
| 56.29 f-g 40.48 e-k 243.00 f-h 26.00 ij
M 56.88 f-i 41.07 d-j 249.33 e-g 26.10 ij
10 T 70.68 de 51.57 b-d 315.00 dc 39.10d-g
Ml 58.91 f-h 42.76 c-i 250.00 e-g 26.20 ij
IT 75.06 cd 52.5 bc 320.00 b-d 40.00d-g
MT 75.41cd 57.83 Db 321.00 b-d 41.00 c-f
MIT 63.65 ef 45.77 c-g 265.33 ef 34.00 h
B 30.411Im 27.02 no 140.00 p 9.00 pq
| 53.46 h-k 37.1g-n 215.00 g-I 25.00 i-I
M 53.75 h-j 37.37fn 230.00 f-k 25.10 -l
25 T 63.97 ef 46.19 c-g 289.00 de 36.00 g-h
Ml 54.45 g-j 38.65 f-m 233.00 f-j 25.00 -1
IT 67.79 de 47.97 b-f 309.00 cd 37.00 f-h
MT 68.02 de 50.89 b-e 310.00 cd 38.00 e-h
MIT 63.57 ef 44.16 c-h 264.00 ef 27101
B 31.28Im 26.67 m-0 143.00 p 13.33 op
| 31.65Im 27.75 m-0 153.68 op 14.00 0
M 32.531Im 28.46 m-o 160.00 n-p 17.00 no
50 T 36.66 1 32.64i-0 204.00 h-m 21.20j-n
Ml 35.831 29.93 k-0 181.00 I-p 20.10 k-n
IT 49.47i-k 3491 h-o 209.00 g-I 24.20 i-I
MT 52.86 h-k 36.68 g-n 210.00 g-I 24.30 -l
MIT 36.52 1 31.43j-0 198.00 i-n 21.10j-n
B 26.37m 25550 94.00 q 5.00q
| 33.96 Im 27.77 m-0 158.00 n-p 1410 0
M 35.751 29.18 1-0 180.00 I-p 20.00 I-n
100 T 45.47 k 32.21i-0 208.00 g-I 23.00 i-m
Ml 36.26 | 30.26 j-0 189.33 k-0 20.66 k-n
IT 46.24 jk 33.271i-0 209.00 g-I 23.10 i-m
MT 46.73 jk 33.53 h-0 209.00 g-I 24.00 i-l
MIT 36.451 30.61 j-0 195.00 j-0 21.00 j-n
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests.
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B, I, M, MI, MIT, T, IT, and MT showed no inoculation, inoculation with Glomus intraradices, Glomus mosseae, Glomus mosseae +
Glomus intraradices, Glomus mosseae + Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii, Glomus intraradices +
Rhizobium trifolii, and Glomus mosseae + Rhizobium trifolii, respectively.
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Table 4- The analysis of variance of data showing the effects of treatments on Fe, Zn, Cd concentrations in aerial part and
root and Cd uptake of berseem clover

Ol o (mibe
Mean square

c)',.xés &L’w 4?)3

Source of L1 roR o s o] edalé 6 . Sy bl ~ - 38 Bl 25 Lds
variation df o it "& wlgp iy Ay, wlgd s ) e 2
Fe in aerial Feinroot  znin aerial o Cd in aerial o Cd uptake
Znin root Cd in root
part part part
’MDK gshe 4 70586.84**  145742.17** 9477.48** 1744 53** 351.19** 908.72** 0.075**
Cadmium levels
@L & 7 23202.97** 43701.07** 2601.42** 721.98** 5.08** 13.36** 0.0002ns
Inoculation type
Tl g5 X pradls g gloaus
Cadmium levelsx 28 1597.77** 3496.25** 213.15** 69.55** 0.55** 1.34%* 0.0002*
Inoculation type
b= 80 105.90 328.12 17.45 16.20 0.07 0.38 0.0001
Error
Oyl o pd duop>
Coefficient of - 5.43 7.65 4,95 4.53 6.93 9.16 5.25

Variations (%)

g JI3 xo NS g A 15 Siro duoyd iy 5 G o Py 4 * g

*

**and * significant at 1% and 5%, respectively and ns, not significant.
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Figure 8- The effects of different level of cadmium on Zn
concentration in aerial part and root
B, I, M, MI, MIT, T, IT, and MT showed no inoculation,
inoculation with Glomus intraradices, Glomus mosseae,
Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii,
Glomus intraradices + Rhizobium trifolii, and Glomus mosseae
+ Rhizobium trifolii, respectively.
(Uppercase letters for Zn concentration in aerial part and
lowercase letters for Zn concentration in root indicate significant
differences)
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Figure 7- The effects of different level of cadmium on Fe
concentration in aerial part and root
B, I, M, MI, MIT, T, IT, and MT showed no inoculation,
inoculation with Glomus intraradices, Glomus mosseae,
Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii,
Glomus intraradices + Rhizobium trifolii, and Glomus mosseae
+ Rhizobium trifolii, respectively.
(Uppercase letters for Fe concentration in aerial part and
lowercase letters for Fe concentration in root indicate significant
differences)
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Figure 9- The effects of different level of cadmium on Cd concentration in aerial part and root and Cd uptake
(Uppercase letters for Cd concentration in aerial part and lowercase letters for Cd concentration in root indicate significant
differences)
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Figure 11- The effects inoculation type on Zn concentration Figure 10- The effects inoculation type on Fe concentration
in aerial part and root. in aerial part and root.

B, I, M, MI, MIT, T, IT, and MT showed no inoculation, B, I, M, MI, MIT, T, IT, and MT showed no inoculation,
inoculation with Glomus intraradices, Glomus mosseae, inoculation with Glomus intraradices, Glomus mosseae,
Glomus mosseae + Glomus intraradices, Glomus mosseae + Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii, Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii,
Glomus intraradices + Rhizobium trifolii, and Glomus mosseae = Glomus intraradices + Rhizobium trifolii, and Glomus mosseae
+ Rhizobium trifolii, respectively. + Rhizobium trifolii, respectively.

(Uppercase letters for Zn concentration in aerial part and (Uppercase letters for Fe concentration in aerial part and

lowercase letters for Zn concentration in root indicate significant ~ lowercase letters for Fe concentration in root indicate significant
differences) differences)
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mosseae + Glomus intraradices, Glomus mosseae + Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii, Glomus
intraradices + Rhizobium trifolii, and Glomus mosseae + Rhizobium trifolii, respectively.
(Uppercase letters for Cd concentration in aerial part and lowercase letters for Cd concentration in root indicate significant

Figure 12- The effects inoculation type on Cd concentration in aerial part and root.
B, I, M, MI, MIT, T, IT, and MT showed no inoculation, inoculation with Glomus intraradices, Glomus mosseae, Glomus

differences)
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Table 5- Mean comparison of interactions between cadmium levels and inoculation type on Fe, Zn, and Cd concentrations in
aerial part and root of berseem clover

sl ghs o OB e ow S g SR e .y
Cadmium Yl i L @i L @leoise 3B iz
: oo %) Co 2 C T 3
levels Inoculation  Feinaerial . . Zninaerial . "° . Cdinaerial . " Cd uptake
type part part part
mg/kg mg/kg mg/pot

B 129 vw 114 m-o 58.67k-p  80.53d-e 0.0022 t 0.0065q  0.0001 |

| 208.33j-1 291.67 fg 95.50 ef 89.67 cd 0.0020 t 0.0098q  0.00008 m

M 237 gh 308.33d-f 103.50de  100.80 b 0.0019°t 0.0079q  0.00008 m

0 T 295.33 ¢ 350 bc 119.17bc  103.90 ab 0.0015t 0.0056 q 0.00007 n

Mi 276.66 de 374 bc 117.17 ¢ 102.70 b 0.0018t 0.0078 t 0.00007 n

IT 342b 375b 128 ab 104 ab 0.0014 t 0.0049 q 0.00008 m

MT 362a 430 a 136.83 a 112.61a 0.0012t 0.0046 q 0.0001 |

MIT 286.66 cd 350 bc 117.67 c 103.30 b 0.0016t 0.0061g 0.00008 m

B 17533 n-p 266.67gh 82.83¢g 84.23 d-f 1.8q 4.24 mn 0.045 i

| 182.66 m-o 270.33gh  83.83¢g 84.83 de 1l4qr 3.55n 0.028 k

M 191.16I-n  283.33fg 85.33 ¢ 84.83 de 1.1rs 2340 0.037 j

10 T 241 gh 326.50 c-e 10450de 101.70b 0.88s 1.6 0p 0.027 k

Mi 194 k-m 288.67 fg 86.83 fg 85.43 de 0.96rs 190p 0.024 ki

IT 2536 f-g 230 c-e 106d 102.10 b 0.86s 1.56 op 0.027 k

MT 260 ef 333.33dc 116.17¢c 102.50 b 0.82s 1.02 pq 0.024 ki
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MIT 210.66 jk  297.33e-g 99de 99.60 b 0.91s 1.89 op 0.025 Kl

B 110 x 100 no 53.67 op 74.29 f 461 7.3ig 0.053 h

| 168.330r  233.33i 81.83¢g 83.73 d-f 3.8m 6.6 jk 0.073 g

M 173.66 n-q 238.67 hi 81.83¢g 83.73 d-f 3.33n 6.5 jk 0.077 fg

25 T 216 ij 300 d-g 100.50de  100.20 b 2.70p 5.8 Ik 0.081 f
Ml 175 n-p 241.67 hi 82.33¢g 83.93 d-f 3.13no 6.2 ljk 0.076 fg

IT 228.67 i 300 d-g 102 de 100.40 b 26p 5.46 Ik 0.079 f

MT 231 hi 300 d-g 102 de 100.50 b 25p 5.11Im 0.070 g

MIT 208.33j- 291.67gf 98de 98 bc 7.56 g 126f 0.076 fg
B 110 x 105.67no  54.67m-p 78.73 ¢f 6.9h 118f 0.096 def

| 118.33wx 105.67no  56.17m-p  78.83 ef 6.51 hi 11.67 f 0.098 de

M 123.66 v-x 144 m-0 58.67 k-p  80.12 d-f 52]j 9.8¢g 0.095 ef

50 T 154.33g-t 172Kl 67.17 j-1 82.23 d-f 6.41i 10.56 g 0.094 ef
Ml 137.33t-v  130.67 m-0 62.17 j-p 80.94 d-f 5.19 k 8.4h 0.095 ef
IT 163.33 p-r  230.33i 77.33 g-i 83.13 d-f 5.12 k 8.2 hi 0.096 def

MT 168.33 0-r  230.331i 79.83 gh 83.13 d-f 59j 10.24 g 0.100 de

MIT 152.33r-t  166.671k  65.66 j-m  83.13 d-f 5.19k 8.4h 0.102 de

B 66y 97.330 52.67p 63.17¢g 10.20 b 16.6 b 0.106 d

| 112.66 v-x  11250n0  56.17 I-p 79.50 d-f 9.66 Cc 15.8 bc 0.148 b

M 132.66 u-w 114.33m-0 60.67j-p  80.83 d-f 8.88 ed 14.3 ed 0.140 c

100 T 158.33t 19167 jk  68.17i-k  82.53 d-f 9.29 cd 15.3dc 0.154 a
Ml 141 s-v 133.33nm  63.17 81.13 d-f 8.5ed 138¢e 0.152 ab

IT 160 p-r 216.67 ij 69.66 ij 82.73 d-f 8.12 f 13.73 ¢ 0.152 ab

MT 161.66 p-r 225 70.72 h-j 82.73 d-f 9.2cd 14.6 ed 0.146 bc

MIT 150.33rv. 147 Im 64.67 j-n 8142d-f 11.25a 17.8 a 0.149 b

)85 003 0 Jlosnl o 3 (6l e BB (S5l (glaials dix 905l Sai Al gy gyl (cla Sk (g p p
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests.
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B, I, M, MI, MIT, T, IT, and MT showed no inoculation, inoculation with Glomus intraradices, Glomus mosseae, Glomus mosseae +

9.

10.

11.

Glomus intraradices, Glomus mosseae + Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii, Glomus intraradices +
Rhizobium trifolii, and Glomus mosseae + Rhizobium trifolii, respectively.
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Introduction: The accumulation of heavy metals in water, sediments, and soils has led to serious
environmental problems. In recent years, several processes have been developed with the aim of reducing or
recovering heavy metals from contaminated environments. Physical and chemical approaches are capable of
removing a broad spectrum of contaminants, but the main disadvantages of these methods lie in the increased
energy consumption and the need for additional chemicals. In recent years, the processes such as bioleaching,
biosorption, bioremediation, phytoremediation, and bio precipitation are all based on the use of microorganisms
that have the ability to solubilize, adsorb, or precipitate heavy metals. Therefore, it is necessary to find some
solutions to reduce the negative effects of heavy metals in soil.

Materials and Methods: A factorial experiment was conducted in the greenhouse of the Faculty of
Agriculture, the University of Zanjan, using a completely randomized design with three replications. In this
experiment, the effects of different levels of soil cadmium (0, 5, 10, 25, and 50 mg/Kg) and soil inoculation
(without inoculation and inoculation with Glomus mosseae, Glomus intraradices, Glomus mosseae + Rhizobium
trifolii, Glomus intraradices + Rhizobium trifolii bacterium, Rhizobium trifolii, Glomus mosseae + Glomus
intraradices and Glomus mosseae + Glomus intraradices + Rhizobium trifolii) on growth of berseem clover were
assessed.

Results and Discussion: The results of this study showed that the soil cadmium levels has a significant
effect (p < 0.05 and p < 0.01) on fresh weights of aerial parts and roots, height, number of the plant in the pot,
Fe, Zn and Cd concentrations in aerial parts and roots of berseem clover. The fresh weights of aerial parts and
roots, height, number of the plant in the pot, Fe and Zn concentrations in aerial parts and roots of berseem clover
decreased as the levels of soil cadmium increased. The lowest concentrations of iron and zinc were measured in
treatment with 100 mg Cd/Kg. Also, Cd concentration in aerial parts and roots increased as the level of soil
cadmium increased. The results of this experiment showed that soil inoculation with mycorrhizal fungi and
Rihzobium trifolii had a significant effect (p < 0.05 and p < 0.01) on fresh weights of aerial parts and roots,
height, number of plant per pot, Fe, Zn and Cd concentrations in aerial parts and roots of berseem clover. The
inoculation of soil with mycorrhizal fungi and Rhizobium trifolii increased the fresh weights of aerial parts and
roots, height and No. of plant per pot. The highest fresh weights of aerial parts and roots of berseem clover,
height, and number of plant per pot were obtained in treatments co-inoculated with Glomus mosseae and
Rhizobium trifolii. The highest and lowest concentrations of iron and zinc in aerial parts and roots of berseem
clover were measured, respectively, for the treatment co-inoculated by Glomus mosseae and Rhizobium trifolii
and control treatment (without inoculation). However, the opposite trends were found in Cd concentrations in the
plant. The highest and lowest Cd concentrations in aerial parts and roots were measured in control treatment
(without inoculation) and treatment co-inoculated by Glomus mosseae and Rhizobium trifolii (MT), respectively.

Conclusion: Bioremediation and phytoremediation are considered as two very safe and necessary
technologies which naturally occur in the soil by microbes and plants and pose no hazard to the environment and
the people life. The procedure of bioremediation and phytoremediation can be simply carried out on site without
initiating a major disruption of normal actions and threating the human life and the environment during
transportation. Bioremediation and phytoremediation are used less than other technologies for cleaning-up the
wastes and contaminated soils. Microorganisms and plants possess inherent biological mechanisms that enable
them to survive under heavy metal stress and remove the metals from the environment. These microbes use
various processes such as precipitation, biosorption, enzymatic transformation of metals, complexation and
phytoremediation techniques of which phytoextraction and phytostabilization have been very effective.
However, environmental conditions need to be adequate for effective bioremediation. The use of
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hyperaccumulator plants to remediate contaminated sites depends on the quantity of metal at that site and the
type of soil. The results of this experiment showed that the Rhizobium trifolii and Glomus mosseae could be used
to reduce the soil cadmium contamination. Also, the berseem clover is a hyperaccumulator plant for
phytoremediation of cadmium in soils. According to the results of this study, co-inoculation of mycorrhizal
fungus Glomus mosseae and Rhizobium trifolii can be recommended to improve the yield and uptake of
micronutrients such as iron and zinc in cadmium contaminated soils.
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