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1- Arbuscular mycorrhiza
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1- Funneliformis mosseae
2- Rhizophagus irregularis
3- Rhizobium leguminosarum bv. trifolii
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1- Colony forming unit
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Table 1. The physical and chemical propertises of soil used in this study.

Pb Cd Mn Cu Zn Fe K P EC pH texture  Clay Silt  Sand
(mg/kg) (mg/kg) (uS/cm) - - (%)
024 0.06 3.15 0.84 0.026 3.5 250 10 0.014 150 7.60 loam 19.5 423 382
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Table 2. The analysis of variance of data showing the effects of treatments on dry weights and cadmium

concentrations in aerial parts and roots of plant.

Sl e Sl
o o a3
MS : Sl pis mle
I
o) paedlS gls sueseelS Wl SES 0 wlsr Sise S 05 e Source of variation
. . . . . . df
Cdinroot Cdin aerial part Dry weight ofroot Dry weight of aerial part
908.72 351.19 58.30 395.92 4 308
Cadmium levels
13.36 5.08 18.73 117.12 7 S
Inoculation type
- - - - Syasle & g s
134 0.55 1.47 10.34 28 Sl g S e
Cadmium levelsx Inoculation type
o
0.38 0.07 0.42 80
Error
Ol s 5 do
9.16 6.93 11.04 11.71 . S s 200

Coefficient of Variations (%)

.M)‘J&M J%‘ns‘;)bww)éciﬁ}&ickw)z %}Q#}ﬁﬁ
** and * significant at 1% and 5% and ™ not significant respectively.
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Table 3. Comparison of interactions between cadmium levels and inoculation type on dry weights of aerial
parts and roots and Cd concentrations in plant.

i psedlS gl Sl esedlS Ay, SO 055 wlor i S 055 ‘ ‘ p5o3 sl
Cdinroot  Cdinaerial part  Dry weight of root Dry weight of aerial part b S Cadmium levels
Inoculation typg =~——wow—-——
(mg/kg) (g/pot) (mg/kg)
0.035¢ 0.0022' 4.09™9 28.76™™ WI
0.0098¢ 0.0020" 6.06" 42.92¢ I
0.0079¢ 0.0019" 7.34%% 51.02°°
0.0056¢ 0.0015' 8.61° 74.53" T
. . Control (0)
0.0078¢ 0.0018' 8.48™ 68.27° MI
0.0049¢ 0.0014' 10.21° 75.26° IT
0.0046¢ 0.0012' 10.66° 77.3 MT
0.0061¢ 0.0016' 8.52% 71.72° MIT
4.24™ 1.8¢ 5.78M 40.01™ WI
3.55" 1.4 5.83¢* 40.48°* I
2.34° 11" 5.87¢* 41.07%
1.60° 0.88° 7.35%% 51.57™ T
1.90°° 0.96" 5.99¢ 4276 MI 10
1.56° 0.86" 7.49°° 52.5% IT
1.029 0.82° 8.36™¢ 57.83" MT
1.89° 0.91° 6.51°" 45.77°¢ MIT
7.38 4.6 3.38M 27.02™ WI
6.6 3.8™ 5.6 37187 I
6.5 332" 5.6 37.37™
5.8" 2.7° 7.04%¢ 46.19°¢ T
6.2 3.13™ 5.67™ 38.65™™ MI »
5.46" 2.6 7.2%f 47.97°" IT
5m 2.5 7.24%" 50.89"° MT
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11.67° 6.51M 4.00™ 28.46™
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8.4" 5.19 5.3Mm 3491 IT
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17.8° 11.25° 3.08¢ 25.55° WI
16.60° 10.20° 3.65%9 27.77™ I
15.80™ 9.66° 4.13™ 29.18"°
14.30% 8.88% 475" 3221 T
15.30% 9.29% 4.20™ 30.26™ MI 100
13.8° 8.5% 495 33.27% IT
13.73° 8.12f 5.16™ 33.53"° MT
14.60% 9.2% 4.56'7 30.61°° MIT
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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.

Yy



YA (£) 2 )lond dR) s Jlasly adgi 9 SI& S a4y pul

ol Bl S sl Ol el Sle alis
St ol akiy 5 ey 5 jied O35 olie
S sl Bl L sy s i Sl
OB el 5 A OSs 8 I ele cBl
3B L ok rmen S wllS Al 5 e
P 2 pgeedlS ep S RS e 8L
O3h Lley & oS huy olie ole
oS LB S i Siale s s Al ek
s MT) s i pasliseesS psmsnly + fause
3 b O350 e (CdO) pgnslS jio sl
Lo s AVYE 5 VY/0A AVIVY S Ja aly {.ML_,

2 Sonb s g paeelS il g shu Jli
s 2l S el 5 A D5 8 ke
Ol (8 o) Wesls uibsly o0 mls telS
P55 el Gl il Bl o b
oo el 5 A Oip SBlE  Sale
Ao S dlasl sl s olS i, s olse
5 A 05y CBlE o St LS s e
Ste Gl H s ades s ple e ey
poolisensST pamsnls 4 Tawge ey LG
Szt (CAO) p5nslS Jio Sl 5 MT) Jod 5
3 s Oisps S S i il
O3k 5 CdI00 Jles 5o ada) 5 2l i aanly
m (0 Jsix) Las SSesll (WD) JSsab

WS Ay 5 2lep G el g b O3 e LT Gyl S b sls 4 s -t Jpd
Table 4. The analysis of variance of data showing the effects of treatments on N, P and K in aerial parts and

roots of plant.

Dlagye S0k
MS

el
B Ol pars Gt'“

oo el 2lsr B el ai) AS s R b ) D085 Gl R O30 e
Kinroot Kin aerial part Pinroot P inaerial part N inroot

2! -
Source of variation

N in aerial part

9.76 9.86 1.14 0.2 9.53 10.306 4 38 b
Cadmium levels
" " " " » Sabos g
426 3.78 0.24 0.06 4.51 5.20 7 e Ly
Inoculation type
" " " " ” abe s s
1.18 0.23 0.03 0.004 0.32 0.39 28 Gl g X S sl
Cadmium levelsx Inoculation type
st
0.022 0.025 0.0008 0.001 0.08 0.052 80
Error
Ol s 5 o
6.73 8.12 6.11 8.92 5.8 6.07 - i et

Coefficient of Variations (%)

.MJ‘;&MJ%‘nsj)‘éww)ééj&ch»ﬂ)ﬁ%ﬁﬂﬁj

** and * significant at 1% and 5% and ™ not significant respectively.
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Table 5. Comparison of interactions between cadmium levels and inoculation type on N, P and K
concentrations in aerial parts and roots of plant.

i el Ll S el W) S ales e s ) O0a ales e 0% ol s p5o38 sl
a
Kinroot Kinaerial part Pinroot Pinaerial part Ninroot N in aerial part SR Cadmium levels
Inoculation type
% mg/kg
1.51™ 1.22km 0.26 Km 0.291 420" 2.91me WI
227" 2.00°% 0.55" 0.47 ¢ 5.03 ™ 4.1°¢h I
2.56% 2.57%¢ 0.73" 0.5°f 5.26 % 432 %
2.82% 3.66 0.93° 0.55 5.96 " 4.88° T c L)
ontro

2.77% 2.85° 0.85% 0.52°¢ 5.88 459 MI
3.68° 3.66" 0.93° 0.57 6.36° 5.33° IT
6.82° 3.66" 1.07° 0.62° 7.29° 6.19° MT
2.82% 2.87° 0.86° 0.54 ¢ 5.89 % 4.85° MIT
2.1 1.94h 041 0.46 ¢ 49" 3.93 0 WI
2.12M 1.97°% 0.52" 0.46 ¢ 498 ™ 3.96 1 I
2.15%% 1.97°% 0.54" 0.46 ¢ 5.00 3.96 1
2.56% 2.72% 0.77% 0.51°%¢ 5.66 ¢ 433 %" T

£ efg h cg f-h £ 10
225 1.98 0.54 0.46 5.02 397 MI
2.59%f 2.79% 0.78%f 0.51°¢ 572 433 % IT
2.74% 2.8° 0.83°% 0.51°¢ 572 4.54 <% MT
2.48%¢ 2.3% 0.56" 0.49 > 5.16 % 4.13¢h MIT
1.15% 0.61° 0.17™ 0.22* 3.12° 1.96¢4 WI
2.02" 1.74% 0.33% 0.42°h 4791 3.85¢ I
2.06" 1.91 0.35" 0.43 4¢ 485" 3910
2.5%¢ 2.41% 0.57" 0.5°f 5.18 ¢ 4.16%¢ T

h-1 e-h ij d-g £ £ 25
2.09 1.94 0.35 0.44 4.88 3.93 MI
2.51%¢ 2.41¢ 0.648 0.5 521 %" 4.17% IT
2.53%f 2.49%4 0.66¢ 0.5°f 5.24 % 4.19 % MT
242 0.02¢" 0.55" 0.48 ¢ 5.15 4.13¢h MIT
1.26™ 0.85™ 0.23™ 0.25* 37" 2.48° WI
1.39°4 1.02™ 0.24™ 0.27 % 4.08™ 2.7 I
1.51™ 1.93%n 0.25™ 0291 418" 2.9 m
1.87m 1.55* 0.3 0.33M 456 3.48 % T s
1.6™? 1.36™ 0.28m 031 4247 3.02 ™ MI
1.94m 1.69% 0.32 0.41 474 3.83 ¢ IT
2.02" 1.69% 0.32 0.42°h 4775 3.84 ¢ MT
18.2%n 1.5 0.2 0.33 M 456 3.29 km MIT
0.92" 0.25" 0.16° 02" 29° 1.587 WI
1.64™4 0.14™ 0.26%™ 0.27 4.1 'mn 2.83™ I
1.58™ 027 0.27%m 031 4.2 Km 3.03™°
1.88™ 1.55* 0.3 0.33 M 4,59 m 3.64 5k T 100
1.64™ 1.46" 0.28™ 0.31 435" 3.06 ™ MI
1.88™ 1.61%9 0.3 0.34 " 4.638&™ 3.65 0k IT
1.89m 1.66" 0.3 0.4 4.65¢! 3.69 M MT
1.75" 1.47" 0.28™ 0311 438 ™ 3.16 '™ MIT

A X530 Jlazs o 53 (5l pme SV SOl (slanelsity Oe3l 5l alie g slils sla Kl Oy o 5o
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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Abstract

Background and Objectives: Cadmium is a very mobile element in soil that is absorbed by
plant roots and translocation of cadmium from root to shoot deteriorates crop quality. It enters
the food chains of humans and animals easily and is a potential threat to human health. The
increase of contaminated areas in the country and the existence of farms under cultivation of
various forages and the use of these forage products in the animal feed led to this study was
carried out with the aim of investigating the effects of arbuscular mycorrhizal fungi and
Rhizobium leguminosarum bv. trifolii on the yield of berseem clover (Trifolium alexandrium)
under cadmium stress.

Materials and Methods: A factorial experiment was conducted in the greenhouse of Faculty of
Agriculture, 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 Funneliformis
mosseae, Rhizophagus irregularis, Funneliformis mosseae + Rhizobium leguminosarum bv.
trifolii, Rhizophagus irregularis + Rhizobium leguminosarum bv. trifolii, Rhizobium
leguminosarum bv. trifolii, Funneliformis mosseae + Rhizophagus irregularis and
Funneliformis mosseae + Rhizophagus irregularis + Rhizobium leguminosarum bv. trifolii) on
growth of berseem clover (Trifolium alexandrium) were assessed.

Results: The results of this study showed a significant effect (1% and 5% probability level) due
to soil cadmium levels on dry weights and N, P, K and Cd concentrations of aerial parts and
roots of berseem clover. The dry weights and N, P and K concentrations of aerial parts and roots
of berseem clover decreased as the levels of soil Cd increased. The highest dry weights of aerial
parts and roots, N, P and K concentrations were measured in treatment co-inoculated with
Funneliformis mosseae and Rhizobium leguminosarum bv. Trifolii and without Cadmium. Also,
the lowest dry weights of aerial parts and roots and macronutrient concentrations were observed
in treatment 100 mg Cd/kg and without inoculation with microorganism. Soil contamination
with Cd decreased the dry weight of aerial parts and roots by 66.49 and 71.11%, respectively.
the highest Cd concentrations in aerial parts and roots were measured 11.25 and 17.80 mg/kg in
treatment 100 mg Cd/kg and without inoculation with microorganism and the lowest
Cd concentrations in aerial parts and roots were 0.0012 and 0.0046 mg/kg in treatment
co-inoculated with Funneliformis mosseae and Rhizobium leguminosarum bv. Trifolii and
without Cadmium. The results of the mean comparison of data showed that the Cd
concentration in the roots was higher than the aerial parts, and in treatment 100 mg Cd/kg
without inoculation with microorganism, Cd concentration of roots was 36.8% higher than the
Cd concentration in aerial parts.

* Corresponding Author; Email: agolchin2011@yahoo.com
VYo



Conclusion: Based on the results obtained from this study with the increase in Cd levels of soil,
the dry weights and N, P and K concentrations of aerial parts and roots of berseem clover
decreased. Soil inoculation with mixture of fungi and bacteria reduced the effect of Cd stress on
the growth of clover. Also, the separate inoculation with arbuscular mycorrhizal fungi also
reduced the concentration of Cd in the aerial parts and roots. According to the results of this
study, in contaminated soils can be used co-inoculated with Funneliformis mosseae and
Rhizobium leguminosarum bv. Trifolii to reduce the Cd concentration and increase the yield
of plants.

Keywords: Funneliformis mosseae, Heavy metal, Rhizobium leguminosarum bv. trifolii,
Rhizophagus irregularis, Soil Pollution
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