Journal of Water and Soil
Vol. 29, No. 2, May.-Jun. 2015, p. 466-476

s e b
LA GiAy

(5591 Zoluo 9 pole) S 9 O & 2
FFFFVS .o IFAF 15— 51,5 Y o,leds Y4 al>

D59 58 polie S 5 Ko 85 5 (arwgo o go ) 52,5550 SV Syl 256 30

(203 o el S a p Hded el 9 SaS

Y . - ]/, | _-:i:-\rbi V-JALA
YFAY/4/VA 13l 5 e b

LXVLCES

o3l & 039)1 S S )3 s e ol 5 5id (03950 polis SIS 5 S (g 1 SugSes VSl B U (o poite &

o S (Sogll cilises ol Jols ) 390 sl 103,512 )5 s b (3l elS )b B )3 o y5iS'e g0y iles] S
O3t 5 L) dge gl aSsS y08e Y sSanl @8 L il o 5 (SB p)S5LS )3 medlS oS ke A 5 Fe e O D o) medlS
A Jlogine doyd S (sl a3 008 (5 pSell slacdio aled 529500 Y gSmy] )8 b &S 3l (L5 gl g (32,95 b el
540 YY g a0 )d YW/ by clale o s YA § 303 YO 55,00 clale o )d YA 5 o )d YV i (459 «SB jo puedlS clale (iulial b
039 5550 NSyl @8 45 3 (L @l (izmen il (1l o slopll g adsy 3 G 4 20 TR g a0 YV jaud il
Loy F oY g o ¥ /¥ o V8 5 1o d FY Cuiy 4 olsn slaplil g aduy o 1) yawd clale g puwly cdale 59,00 clale (Sus
il ggpis Cllé ( lpn (sloplil Kuis 555 » 3ay95en 5 mwadlS golans Blite 513l inl5El 5oy VY g iys OF ey VOI¥

N 5Ssl Glag )3 (VF) 3930 o 5 ol puerdiilio 5
oaipd JSis g LalS (slasiy) plas J (soke iSR j2)55we
SLag)ls (i jon 1319 (VA) 23l oo Clagage 5| orn 09,5
Lagl (ndpte o8 Conl il g a0 GlalS Ao b (520950
Lo i ialS 4 SKaS  olie dlge 5 T Gl il Jols
9 Slasiny linlew olgis 4 olS Canglie (F) (598 Jto (Jaee
SiuasSee slag ) (V+) adl e (S il clale Jials
il i ole 4 03s T laSLs 3 1) HlalS Jaso
25 clacin Jlail olS oot Lol puilSe adly 55 uind 0
2 o 3 (YY) Al o olS jhugia) 3 (i i3S 4
oS 4y L] JUim g 00 5 oo i olS ady) S b 3o
0l el LS a8 Cowl ooy L cladss (YF) Wb o Lials
Oiarie ale (glie pole JUl g o el 5555 )8 L
o3y s 4 biS Olalllas e ioron (sl oddi (YY) yaud (V)
3550 ey (ol 4 B 5350500 2y 25 lacin oS ol
1038 ()15 ook ) litie (V) Ably oo 395 Cam jo ol L
2l polie clale (S 5 K alils clale 2l L oS

..\ia)f)b‘_;;_‘.o_\.o)a@@mu)sogfmq)wbgahLé?mzi)s@lg

95wy oSyl 5B ¢ pSinw Sl (S Sagll i gulS sldejly

doddo

SLalpe 3925 b atddS ()8 ) (GIgSS g Cumar gy A3,

J}Q.ul_s oaliwl s Ay ol 03)51 ‘_)Lwo)l A o d‘).s LY L5’|9‘)5
woyza 3 1y S ales 5l e b o g (b o ol ]
L T don 5 a8yl 5l mel ooty VT (A) o 0313 1,5 S5
(Wil ) tam d> 5 Lyl ki o5 5900 5 ttisl S1s
GLalS gl 5 030 SUjlas by ool Wl o 09y
iS4 e Ll bl 53 Capms il pows sl 5 Sblges
0o (YD) 33,5 (0 oS JolS (93926 sl caleg 53 9 3,
= PRS2 S e /Y (ej el dtingy 53 el cale
cel @uadlS (F) Col SB p,56kS )3 0uadlS )5 Juo Y-A
OlS Ay drwgl pdaw (o> Dau o0 oLS 0 oliE polis dgueS

ol olSutsls

(Email: hashemaram2011@znu.ac.ir 2 game 0 Xiua i)



YEV o polis clilé 9 A3 (339 2 (4nwge oogaslS) 2395 )Y g8l 36 15T

018l (—wliiS B oliuloj] p3 byl 3,5 wusds 3l dm g 00,5
JUizs gjl)5 dawg Suid 0 Blise (b oty (6j)liS
ol oS3 Uy oy S Ble s b g 0 il
e g Sl i3 L i e 3 PRPT Jso jiagt
3,5 (6 pSe;ll Cecil series 2
i3l ey S8 4 Gialejl ol 5l oacel cumsan SleMbl
Jolia 9 <85 )5 Judod g 425 3,90 SAS(A) o Mistatc(Y/) -)
sl s sla Sl duslio 30,5 ags baodly wsllg 4350
2oy 0 i) maw 3 5SSl clasals win g0 K8 4 caliseo
Excel 580 py0 S ay Layboges .yl &yguo dojd Vg

ol Coawddy

ojgﬂel&_ﬁlégmdjjﬁﬁaﬂsdﬁ&cj@ﬁl
o olis

Olals8l s ol lis (V) ealy (wilyly 4355 5l ol ol
039 = Ao pd S maw j3 (o)l ime )53 (S puedlS clale
cdale Jlial Ul jus olS olsa slaplil 5 ddy,y Sis
035 S 55 1 oS S o Ae s 85 5
o Y gy a slaphl Sis jjg 5 o VY ady ) Sis
cdale U Llgaplul Sis oyjg .l yials sald jlog 4 s
wlacdale Lol codly (yili8l SB p 8ol puedlS p,5 Lio 0
Ojs Ul el SLa )55 LS 1 uedlS )5 e O 1 i
aS b s s used (\wa) 13,5 olea slaplul s
OBl Ly Sl olS ady) 5 (2len laplil gy clale
sl alor slaplil g ady) (g clald (S gpedlS zola
clale SB p)SolS )3 wuedls p)5 (oo A o &S y5bas Bl
920 YAY iy ]y olS ady) 5 alsm slaplail ) 1) (5920
Vo 90 sladd oo ddduy yd b Liels dald jles 4 Cud Loy YO
Sliee Blod 53 ine M| S1o p Sk > ls 5.5 Lo
(7 JS8) 222,55 oamlio 55,3

SLa 3 olS (lais Cundg dap Cpx (A) Lb o alS oS
3,5 plul Limgd cpl qeaedlS 4 03]

gy 9 3190
US> S g may WA JLw s B 0 Baiod oy
2 Jegst Gl @90 4 ol oKl (65,9l 02l
3y9-e sLaygSs s |l ), S5 acw b salas Mls 7 )b LJB
PAREA s).o_ao) ry.n.)l_gé\; S ;39.” calisee C}E.w J.ol.w )
L gl g 5 (S5 S5k 3 pndl§ p S oo e 5 ¥+ -
392 SB- 39 (32095 b gl (194 9 L) 520950 VoSl )8
Syalo Ve Bos |y (b ol (Slidos 4 )je 5l Sl
Ologad Wb jast e 5 SB oS 4500l day 00,5 A
(ol olBiily wlusSB oiiulojl 1) SB lows ¢ Sojud
o 9 398 OIS sl S e SIS F e 4 () o)
o) 53 8005 aedlS caliste golaw b S5 3,8 03)] 4y plas]
Gl 99,8 oy hade O 0 IWYW/F JoSUse 5 b o jinlo)]
Sl g0 (0,8 o>9ﬂ Sl s oolaiwl S gladiges 3,8 o>9ﬂ
o ad gl SB sladiged 4 Kb opl calies olie S
aog ol ju (S o8 as Sis 5 celo YF cusds
395 5 pyS V0 lie 4 lien dblacwl (Sspals Sl
4905 4 g (g dwge gegls g5 f2y95e B sl (29)5we
42355 4SS cnl 5l (955 395 cpl A BLSI S (gl
2B L S 0,5 bylow 5l jus «8)5 1,8 oolasiwl 3509
A a)S L )3 qpe yieSy Jolae ST g e gy (il
oo el Sty IS g3 g e yie pp p3 (Bpan Hhy ke
«" (Trifolium alexandrinum) wuw y ,aud 3 jl p,5 +/0 Hlade
S Gt ) D9 0l (Joke Ad duopd Ve a5S] ol Jgloe b
OLoS) 4 3l ooy s s b Bl LS o 55 (g e Sl
ol Gl yleie Ol 5l Gislajl 0)g0 Jobo 50 00,8 (gl >
Ay pSTas dy olS A 5o, Ve bl 5l am A oolaiwl lalalS
moilasl 5l am g ub Cublyp olS Adny 5 olor (slaplil sy 245
VY ooy gl )3 e g At o Ol b T adsl (g 655
ol O 005 dpd (2lS cladiges 05 Siid celw

03wl 3 )90 S o lowd 9 (SY i Oluogas I A0 —Y g
Table 1- Selected chemical and physical properties of soil used
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Figure 1- Effects of cadmium levels on dry matter in root and aerial
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Figure 2- Effects of cadmium levels on nitrogen concentration in root and aerial
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Table 2: Analysis of variance the traits measured
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** s significant p<0.01, * is significant p<0.05 and N.S is not significant
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Figure 3- Effects of cadmium levels on potassium concentration in root and aerial
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Figure 4- Effects of cadmium levels on phosphor concentration in root and aerial
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Figure 5- The effects of arbuscular mycorrhiza fungi on dry matter in root and aerial
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Figure 6- The effects of arbuscular mycorrhiza fungi on nitrogen concentration in root and aerial
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Figure 7- The effects of arbuscular mycorrhiza fungi on potassium concentration in root and aerial
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Figure 8- The effects of arbuscular mycorrhiza fungi on phosphor concentration in root and aerial
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Introduction: Soil contaminations with heavy metals represent a potential risk to the biosphere and leads to
increased concentration in ground and surface water. Therefore metals mobility in soil has been extensively
studied in the last decades. Use of agrochemicals such as synthetic fertilizers and pesticides has resulted in soil
and water pollution, and loss of biodiversity. Cadmium is a heavy metal with a strong effect on crop quality.
Moreover, it is a very mobile element in the environment. Plants can easily uptake cadmium and transfer it to
other organs. Experiments on the effects of cadmium on the contents of macro elements in plants are scarce and
therefore the mechanism of its effect has not yet been fully explained. Contaminated soil can be remediated by
chemical, physical or biological techniques. Mycorrhiza is the mutualistic symbiosis (non-pathogenic
association) between soil-borne fungi with the roots of higher plants. Arbuscular mycorrhizal fungi (AMF) are
obligate biotrophs, which can form mutualistic symbioses with the roots of around 80% of plant species.
Arbuscular mycorrhiza have been observed to play a vital role in metal tolerance and accumulation. Many
workers have reported enhancement of phosphate uptake and growth of leguminous plants by vesicular
arbuscular mycorhizal fungi (AMF).

Materials and Methods: One study performed the factorial experiment based on completely randomized
design (CRD) with three replications in the greenhouse of Agriculture Faculty of Zanjan University. The
examined factors include different levels of arbuscular mycorrhizal fungi inoculation (Glomus mosseae) (with
and without inoculation), and different levels of soil contamination by cadmium (0, 5, 10, 20, 40 and 80 ppm). In
this study, arbuscular mycorrhizal fungi Glomus mosseae species were used. These fungi were prepared by the
Plant Protection Clinic in Iran — Hamedan. The soil was prepared of arable land of depth of 0-20 cm at the
University of Zanjan, after the complete analysis of soil and obtaining the chemical and physical properties in
the laboratory. 6 kg of soil was weighed for each pot and then the soil was contaminated. Cadmium sulfate was
used in this experiment. The mycorrhizal fungi weighed 150 grams and was mixed with the soil. After mixing
the soil with mycorrhizal fungi, the soil was put in pots and then it was cultivated with clover. In this study,
clover seeds weighed 0/5 grams and were disinfected with 10% hydrogen peroxide solution and were added to
each pot. Distilled water was used for irrigation. After the completion of growth of plants (about 70 day), plant
aerial parts and roots were harvested and before measuring, they were washed with distilled water and then were
dried in the oven for 72 hours. Plant aerial parts were harvested. Data were analyzed by SAS (version 9) and
MSTATC (version 2.10) software, and obtained variance analysis tables. Mean comparison of different
treatments was conducted by Duncan test. Charts were obtained by excel software.

Results and Discussion: The results showed that the effects of arbuscular mycorrhizal fungi were significant
on all traits measured (P< 0.01). With increasing cadmium concentration in soil, dry matter of 37% and 39%,
nitrogen concentration of 35% and 28%, Potassium 9/27% and 37%, and phosphorus concentration of 37% and
39%, reduced in root and aerial, respectively. Also the results showed that arbuscular mycorrhizal fungi
increased dry matter amount by 42% and 26%, nitrogen concentration by 40.3% and 30%, phosphorus
concentration by 6% and 15.4%, potassium concentrations by 54% and 91.2% in root and aerial, respectively.
Interaction between cadmium levels and mycorrhizal fungi in statistics was significant on dry matter aerial,
nitrogen concentration in aerial and root, and potassium concentrations in plant root (P< 0.01).

Conclusion: The results showed that mycorrhizal fungi were significant on all traits measured in one percent
level. Cadmium reduced the concentration of nutrients in the plant; but mycorrhizal fungi increased nutrient
concentrations of nitrogen, phosphorus and potassium in the plant. Previous studies have shown that external
hyphae of mycorrhizal fungi are able to provide their symbiotic plant potassium, nitrogen and phosphorus.
Ghazala reported that nutrient uptake of mycorrhizal plants was higher when compared with non-mycorrhizal. It
seems that the ability of arbuscular mycorrhizal fungi in concentration of nutrients depends on fungal species,
soil condition, and host plant.
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