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Table 1. Concentration of lead and zinc metals in different soil treatments

S 89 o
Lead (mg.kg™) Zink (mg.kg™) Variable
535 220 Contaminated soil (mine) (o) sog)l S
64 53 Unpolluted soil o0)T,.é S5
220 53 Unpolluted soil + zinc (g4 ,+e34)] & Sl
53 535 Unpolluted soil + lead & jutosgl & Sl
535 220 Unpolluted soil + lead and zinc (gg,9 <y +o09)1 & S5
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Table 2. Physical and chemical properties of contaminated soil (mine) and non-contaminated soil

0ogll e S oagll S JUECH: oogll é S oagdl S JUECH:
Unpolluted soil Contaminated soil Variable Unpolluted soil ~ Contaminated soil Variable
i S s, Gee
5.5 72 Absorbable zinc 10-20 10-20 Depth (cm)
(mgkg") P
iz Ll S
3.88 252 Absorbable 15 1.6 S clae e L
manganese Electrical conductivity
(mg.kg™)
2o (R FUER VoW
L1 0.9 Absorbable iron 1.72 7.62 pH
(mgkg")
ol
50 54 (/) Sand 5 0.16 0.03 53
(/) N total
30 26 (/) Silt e 1.6 0.27 o
(%) Organic carbon
iz Jyand
20 20 (/) Clay _y, 182.5 8.22 Absorbable
phosphorus(mg.kg™!)
y J @i B peliy
Lumens ¢4 S (/) Texture =il 457 350 Absorbable potassium
Lumens Clay Sandy 1
(mg.kg™)
1.8 244 Available copper
(mg.kg")
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Table 3. The analysis of variance of variables measured in different treatments of mycorrhiza fungi

¥ Ol po (Sleo
Mean square

r .."-"' 0
Variable

38.68 580.28" Colonization :ygew!5.ds
35.92 22.59™ Diameter growth (ka8 (25,
108.29 4808.08%* Fresh body weight lse slail 5 34
108.44 1234.95™ Dry body weight lsa plul Saz 55
177.4 1948.7" The fresh weight of the root organ 4, plail 5 )59
157.61 448.94™ The Dry weight of the root organ az,, ez (34
51.99 3170.33™ Increase altitude glis | 38!
192.38 1616.90™ Leaf area 5y mhaw

9540 )8 alito gl yloud (et 0 (g S0 3l (b prtito (aRSlo dunns Lo -F Jgur

Table 4. Mean of the measured variables among different treatments of mycorrhiza fungi

Measured variables ool (g 50310l 5l o 3295w 6 aliss b ylos

S o sl )l Salsd! GBd g, O] jusds Different treatments
Leaf area Increase altitude Diameter growth Colonization of mycorrhizal fungus
10.840.43 a 40.4+2.40 b 0.39+0.08 b 25.6+0.85b Control sals
31.0+1.80 a 64.2+2.14 ab 2.6+£0.21 a 38.1£0.92 a G. intraradices
38.6+0.72 a 76.5£0.2 a 3.2+0.02 a 40.5£1.4a G. mossea
15.2+0.40 a 39.7+1.83 b 0.57+0.25b 0.27+1.06 b G. etunicatum
18.3+0.52 a 52.242.4b 0.60+0.22 b 28.2+0.79 b G. versiforme
224£1.01a 62.9£1.55 ab 1.89£0.20 ab 34.2+£0.73 ab Combination strain .S ;5 4 g.

i 5SSl (Lol yge3] mlel o y0 O Jletl mbaws 5o g5kl lo cme ogles w3l ygiw o 0 S e gy syls polie .
#Values in each column followed by similar letters are not significantly different at 5% probability level, using Duncan’s Multiple

Range Test.
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Fig. 1- Mean Comparison of fresh and dry weight of shoots affected by different treatments of mycorrhiza fungi
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Fig. 2- Comparison of of fresh and dry weight of roots affected by different treatments of mycorrhiza fungi
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Table 5. Analysis of variance of variables measured in different soil treatments

F ©lay o aSSbe e
Mean square Variable

8.001 284.56" Colonization gl il
5.69 8.76™ Diameter growth g laé s,
2.85 822.14™ Fresh body weight lsa slail 5 ()5
2.72 202.66" Dry body weight lsa plail Sis 39
1.85 213.81™ The fresh weight of the root organ az,, slasl 5 34
1.86 50.00" The dry weight of the root organ 4., , Sis (59
6.46 1222.55" Increase altitude glas,| il53l
1.45 140.45 Leafarea & ,; mlaws

10 g (ol goe Bl pae ns /o) maw jo I sixe B

------ s#Significant difference at the level of 0.01, ns there is no significant difference in the level of 0.05.
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B Shoot fresh weight

B Shoot dry weight

Non-infected +  Non-infected  Non-infected +
lead +zinc lead and zinc

e plail Sis g 35 (439 S calico G lowd W1 uSSleo dus o -F IS0
Fig. 3- Comparison of the effect of different treatments on fresh and dry shoot weight
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Fig. 4- Comparison of the effect of different soil treatments on diameter growth

Sl 5o sk iagy eSSl (o a5 (Jb o sl
°°9ﬂ S g oy booa oaeﬂ SB s b aals
2,15 3925 (5,0 gae WS (65, 5 oy b ooad
IVE G VIF s 5 as s,k ug, o teS g o i
GS)SQchogJTJug&L;)wPML“
oSl 5l Geizmen (P JS) a ali>dl
OUS (S iz slajles o glas,l iol3d

(0 JSK5) 050,55 samline (5 )10 Sne

A JS5) 0t dlisdle S sl Lo o (5 lisine
9 0N i 5 4 5 O)s (rreS 5 (e S92 (I b
9y 9 o & 039l S5 aals Jles 0 0,8 VA

YV JS5) wl adasdle
039l S b 00g)l S jles 4w o (5 ,kad
3575 (595 § 2y b odd 03g)l S 5 oy b oo

80
_ 70 -
% |
560 - I
1, W -
20 — |
. b
20
(%2}
g - —
5 30 - -
< —_
E 20 4
)
2 - — — -
10 - -
0 E
Control (Non- Natural Non-infected + Non-infected Non-infected +
infected) (infected) lead +zinc lead and zinc

£ 33!y S ilizko slolars 5 5eSils dumglio -0 S5
Fig. 5- Comparison of the effect of different soil treatments on height growth

VPAA Lo o) oyl uaid 055 ¢ e psle aslilad

VAY



s pglie VoSusl 5,6Se slag, B plulis 5 50

S g 15950 g8 byl 10 el (5 S0 Il (b puite il lg 4 325 (3905l b -7 Jgax
Table 6. Analysis of variance of the measured variables in mycorrhiza fungi and soil treatments

Mean square Ol o Kl
N '§ a e =
- = * = . = -
= S 3 - B 3 B 3 . E = )
s N 5 a2 43 '3 . 2 a9 £ 15 5 e
ig - \3; 3z 2 N E 3 5 3 € bl el glagis
s o0 J = g 5 : 5 8
T : ¢ 3% 1% 3% 1@ ¢ so-v
Y3 3 b N E g = 2 5 » g {2
~ TSR 3 > A % = 9 g o I
z  JEk E 8% %% £ <
=3 5 8 =
1617 3170 449 1949 1235 4808 22.5 580.2 5 &=
Fungi
140" 1223" 50" 214" 203" 822" 8.7" 284.5" 4 Jl_’
Soil
53" 8.5" 0.38™ 1.6 6.1 18.3" 0.38" 5.5 20 “5_5 * E’bv
Soil X Fungi
0.62 1.01 0.52 0.58 0.38 1.2 0.16 0.17 60 o>
Error

e sk ()8 s) valls Gl b avlie )0 oad
ouds (5,3 o3l gl e olidl g 0 o (g,lo
G. G mossea glag B L oads il lalS 5,50 40
5l G S 60,lae 40 S 5 dygw g [nlraradices
(V5 ) Gl S8 og Jlowipeé LS 2l oo
iy o5 ol Gl grnlpllS Gline (o)
Al ol Gimossea o5 S s o)y SelS ol
i 9 oLS 55 2 0938 (2l (SolS slml (T JSCB)
gob o)l (S b Sl jaud chile 4 glasy,
Rl o Cunl (e S ad ol 9 b L
Ledig et al., ) s9i ol3,050 2l Sel5 5 goyi
a5y sl S el LS 9556 5l G zobaw (1976
25 VAM o5 ,6850e sl sSu,] Bd> o olS
LS Jolw J3Is 10 a5 asiwn ol sl do oS )]
g oo 3l VAM 1 55800 sl 7,5 alwsy (L
Soad Gix olie oyae JEil Jsius plail o]
.(Abbott and Robson, 1979) st oL5 4 z,8
S0y bl @iz BB jaud (e (Ko (o0 Gdod
a5 Sl 0 Coll (090 b g wilosls ylid oy gunl 5lS

Sy addge 90 (pl o il b Cute [ Suen

alo s 0yt S5 uilly 5 (903] b
R Sk gl e slles lojes i oS
S g P 0jg s E gy cogeldlS sl e
S gl 5 U, Gl ety 05 (alse el
(F Jgoz) el 00y o sro
Slge g ol 0aisS L slaglaw g loass,
055655 el 5 Ol Lix e ool Jlews 3L olie
atyy 5l Gk 5l aae Gz slaele 5 25l
YU SOP PSTERERCIRCARC PN IUIK JRE-
ady el g cawl diny ad; caisS sgae sla el
RESPORJ O ORI PR SPXVJRPITON B prty
o Sl el coslie (DS 5 drwgl 99
3 5eesd ol Slye 0aiiS Lis slaTizh als
3950 ol sy 5 i (hals 5 (Jsko i 5L
S 135 wiile (S35l 58 sl B sl l oS
2y SRl crge Coles jo g anildS Sl pigis
gl 5 0dg SRl alex 5l 5 ol slacend S0
o) s (Sharma and Dubey, 2005) 548 o S
o5ee @B b as GblS o a5 ol olis gl

SrSoslail sl e den Sl idg ool pdls

VWAA o o) oylads adain 0)58 ¢ casme psle aalilad

YAY



O 5 gobl S Sley Crote

o LS 6o ol 3 pline 5 o
Iz 0 Wls 5 eSe Gz, B b gt (S o
g A, 3l g oo plls S 5 LIiE sle peate
ls5 ¢(Camargo-Ricalde et al., 2010) %33g: 15,95 15
2l 2lie dlge 5 Ol e Jolsd 5l asilys oo lag B
(Allen et al., 2003) s 1,8 bie oLS wyiws
ojudS” LS a5 wols ylid 5.5 Vivas ef al. (2003)
Ay Sil38l j0 004l sladilaie g G. mossea b 00
b anglie jo 2l jolie Qi g 2lse plail 5 aty,

G. mossea

ilbise 5% opeE Ay

ol a5 ol las Mirzaei (2016) (puicred
Sis 5 5 039 e2lep plail iz g 5 5 sl yesie
LS sl

sleg,B b ool =8l (Ziziphus spina-christi 1.)

S g, 9 Ak,

31 i G fasciculatum ¢ G mossea 3,55
rol G @l b a5 s shsSeend slaJls
olS 55, p sladlas mls poman o)l Jlgen
s OlS & Cas G mossea |y oo mils LS
(Tasang and Maum, 1999) ceul jlies 3,500
ouds g pSojlal slo e o S sloles S
plal Sz g 5 (39 yuitin (oSileo g a5 0l LS
L oo sogdl S slojles b ovals [las o ol
DS (59, 5 o booad ool Sy o
ol mls S ek (O USKS) 9400 0529 (g o S
Slowd j0 oad (g S o3l slo e ded (1SSl a5 Blo
03g)] S o jles 5l yrin (o0l pe S13) ol
Sl 5lon 655 5 @ GFiw Glapaie b oad
S bl g YsSio)l 55880 g8 sl sl
as 005.'—‘)?& S A Sy o\>5ﬂ S 5o oL:f
3575 (1) & Ol o ol o LSl 1 a4y (5 9 0
S ool S 3 ay Vsl S slog B

Qﬁ...os (Y) s..\s)‘é 6).&»...: Wﬁl&a oéﬁ.ﬂ Ja.a‘).w A Cons

L Reval ef al. (1999) .(Bouamri et al., 2004 )s,ls
Sz,B el S a5 Wols lis 055 sl guams
ind g S b b hie (Stmon Y5l (532 5550
olid i pladse Ko wls )b S i LB
2 ey, ol )oK u;%ﬂ 9 Sy 2 A5 23 e
2 OLLS mdl g sl rals lade cpl 5l SV sl
>y (Swift, 2004) wiS cos oLS @ SeS Loyl 5 oy
il SG 1) ke GorsliilS S 5l
O a3l 5l (B (Lol Qi (53,5 3900 sl
5 @B blite Gl il b 5 ()6 ki &b
Oudeh ) wilos )57 ylgie i 318 YL Zolaw j0 oLS
Oyt oS ol lis s e (et al., 2002
o0l 7ol Jlod 4 bnje 2lse plil (359 etie ()l
oS ol (Kb g9050 (0l & w35 G mosseae g 6 L
oy 2l dlge 5 ol Ld> o Gomosseac &S o
ool ozt o g 0,5 (6 iy SeS olS 4y el
Sdgi 5o i 2Ll s el oads (gt SiS
Orped el loye3 i 2lse el eogn;
G. mosseae )l 4 bgpe 2lon plail ()39 (n i
00y glady ) paw 5 00 el (Ko a5 09
S9e 3 stlop eIl 4 ol 5 yad (Vb liee i
oo plal Sis s alidl e o 5 olS
Aoy Oy e Ol pre plp 09l b
039 G.mosseac z 15 | oot il jlos 4 bgiye
&b, p Gomosseae 5T 5| il wlgs e a5 (Y S3)
e ol cpl &5 a8l (ol g (28 slaady; i
Sopsdane 5 5, loady, Cewd Sl Ly
S, o 45 il G. mosseae Lg%
Glick et al.,) 55,5 o £,8 5 Hl> sloaiy, o,
Ay b VoSl 52555 slog B (ruizen (1998
ol g s a1 LS 4t o 5 i3
45 0 oo SaS olS Ay drwgi g 03, p oS

03¢y yidn i LhalS o G.omosseae 5 _Uly

YWAA Sl o) o)lads oain 090 o shuee pole aslilad

YAD



s pglie VoSusl 5,6Se slag, B plulis 5 50

95 @)GL;LM.;; 10 & Cud G, versiforme g

Slaals g i Slglys Vel

8 25 4o

56 3, » (Lingua et al., 2008) o) » gl
Ol iSOy gy YL glacdile
sl ples Ponigra g Palba sLalS aie; s )sSes
aday OgeliedS 2elS 4 (55, 518 Palba IS o oS
G. mosseae o G. intraradices 3 ysSe slag,B L
o S sg, 8 P BigR S s g o i
OLLS ads; 65,55 HemmlpilS mhaw o)l
S e ada; G)sSee sl S Gl 5 il
g Poalba IS

adyy ol ) e FIL S slasls (S0
oLS 5o sdie olge 5 Ol L 0 Cudgaze
Benyas ef ) aly oo (iolS a8l 0l ) doel )0 090 o0
b a5 Jsb , ol a, Lzals oluls (al., 2013
SrSslr el Jemily (R0l @ e S slajle
Minakshi ) 53,5 s susloensST s g lacl oo Qa5
9 5 039 M5 cum S99 2w B (et al, 2012
Ordar 057 dighise ol ke slaisy Sis
a0 banglie )0 ady; w50 S slajls 56
Sty RalS 4 iyl cpl g 00,5 o ali>dle AL
Minakshi ez al., ) sgi o )] 5 )59 5 0LS 0, yo
&b oyl Olym olS 0j9 RalS (Byb 51 2012
B 3 sy Lame 15 5 sl Jole 4 (Sl
S s3> 53 Eeose (nl & Sl iluesle alS
e, 55, 5 e (i slajli g o St
Slge gile diilan 13 2las 2y yesd G 5 00l oL
Benyas et al., ) 59 g0 olS o Sz oole ualS g
Sls lis g el 4o edel Cawsds (S s (2013
S5 sl 55, 615 st o oS slasli a5

2 IS Wl e 993 4 sogdl S 0 ,hud jaic
Al Gizen (1) § 0l g )8 (gl jslS sy ol 8]
Mg g0 oS o0 & S (2o lajld g jobie blite
o Ll sl pasad blate Sl ol oee eagll S o
slacwssST as 85 5155 .(Van et al., 1998) 3,5
NCESSPETIE | PR S [ SN C
o5 578 g 4 S S slajls 4y o5l
S Cunglie 5 s pdy Jooi ooyl zé slas>
G ool 5l S glajls (Sogll ey oo
o yhuwd cdale o33l (Tinker and Ney, 2000)
Beben OgelipdS Jlade 5 g8 cdld als
e slazls Ui (Weissenhorn et al., 1995)
4 0ogll S 50 1) (5555 D)3 ol Al
Sy 505 aslllas 155K g e 0 1S9, pedlS
Lo lis o (2K 2 50, 1 Losls oSl Loy
iz |y YsSn,l 5)55e slog 8 1B 330 sk
Karimi ef al. .l 00,55 jasin dojls 51 SO 2
Jsl 4259 33 i b Segomne isls ()La3 525(2013)
e Ay Rl g Cal Al ab; ows Il
e w2 (2lse RS 0l ol dgase 4 glads,
GRS LS glge S g ads) wd) el osd e
3L geas Sl Slgi o 5395 9 2 (e Sl paie
)-“-’L Codo)len0 ol (S ;0 b paie oy
318 eitns 556 ¢ (Almeida et al., 2007) S 5l
o2, ¢ (Dauda et al., 2009) Jolw aivn S
ook L ol (sliag,S |y (K 315 25
2ol (Khudsar ef al., 2000) T 0,5 Jlad,ué o
sbg,B g95 (sw)n ,° Zarei er al. (2008)
03 S35 9 2 4 039l GlaSB 50 VoSl 59500
13 Glomus o= aS wis s olelis I B a5
SSB o G mossea 4355 545 e 03g)] sl
STl glass 50 5 6515 VL b eoly (Sogll L

G. intraradices «G. M0Ssea« = 559, oS 9 lawgin

VWAA o o) oylas adain o)58 ¢ casne psle aalilad

VAP



O 5 gobl S Sley Crote

b aS sl Lis Atractylodes lancea o3 |, mossea
aols Hlls 4 cond Zz,B L ol s LS Sy
Guo et al., 2006) wb co iol33l g ld e job 4
Soieles acz ()l y 255 (S joR
B gk )l oo 55U ljee oLS (slate; e
Cix e lBl s e Ul &5 aleais
S35 Ol b G dbml 4,06 wls ady,
588 5l ole lginy asilgs (o0 S slasll
(polio b oo ;Y8 5235800 7 )8 slodygn 550l
6“%":&595‘ Sz gy ol sl aasl ails SR S
SO b oS 50, ¥eSnl 5,580 7,68 iz
6,8 5l oaims lid Wil so S sl jls 4y wual
b ¥sSy] 55 8 o (slaissT e iy
(Zarei et al., 2008) ol LS ! Lol i

Sl wlow
Shlael 5l dlie ol godge slaanje als
o u~°L’ Syl (srbalie g (55,3liS pole oKidls
PSS g i Sl dllie Gl g Abiss iy el
laclong a5 (ormbailio 0aSails o oo 5l 095
el olSils ] (sl JSiz 05,5 (LS g oale cta

.J.;)‘\)‘SA
! Elaeagnus angustifolia L.
Abbott, L. K. and Robson, A. D., 1979. A

quantitative study on the spores and anatomy of
mycorrhizas formed by a species of Glomus, with
special reference to its taxonomy. Australian
Journal of Botany 27, 363-375.

Abaky o a3 el slogdos 5l g ko mbs
Sl Slsmen alS gladisS 5 5y, 5 oy
.(Parida et al., 2003; Piotrowska et al., 2010)
lsp plail a3 3s 23,5 Ly Wang ef al. (2007)
039 S 50 My 2l (55, clale l3El L olS o
L oawolie o 63,0500 lls o olse plul Sas
Verr sV e e) sy Vb cdale 0 65,5500 f les
i glaba>de BB gl (ﬁ)fsl-.fs PSS eS s
& sl oyl wis S oLy Zarei et al. (2011) o
S9) sloghe den )3 (585 slag,B L oais
o |y a5 lse plail S22 (355 jlade o 7208
IS e 0 Jy slatils eal 5y ale sbajles A
2 80 Bl 65,9500 )8 ladiss (59, Tobam
Sl 092y (sl pme ST olS 00yl e
plail ol Gals wis,S” 3,155 Davood ef al. (2009)
i el (S o S S (slodizas lpe
il i glagls Sogll Lyl ) siwgid Lials
35 89y g e ke GRIBIL olS S mhaw oS
5 2 oS 5 e Gl 5 (5o el Loy
S b a5 4 e @S Sl (55, 5 e slasl
zhw uals (Benyas et al., 2013) 598 o oLS o
Sl (e (S slajls VL lackile )3 S
0 ol dam Tl ()l Slad ralS @ i
Cuilon eizred § J39,1S Slyione 2l (S S
Sl iz plalS e sl
G. z,B «s5 zals (Vijayaragava et al., 2011)

&lbo

Abdullahi, M.S., Uzairu, A. and Okuno, OJ. 2009.

Quantitative determination of heavy metal

concentration in onion leaves. International

Journal of Environmental Research -3, 271-274

Allen, M.F., Swenson, W., Querejeta, J.I.,

YWAA Sl o) o)lads oain 090 o shuee pole aslilad

YAY



s pglie VoSusl 5,6Se slag, B plulis 5 50

Egerton-Waburton, L.M. and Treseder, K.K., 2003
.Ecology of mycorrhiza: A conceptual framework
for complex interactions among plants and fungi.
Annual Reviews in Phytopathology. 41, 271-303.

Almeida, A.F., Valle, A.A., Mielke, M.S., Gomes,
F.P. and Braz, J., 2007. Tolerance and prospection
of phytoremediator woody species of Cd, Pb, Cu
and Cr. Plant Physiology 19, 83-98.

Arriagada, C.A., Herrera, M.A. and Ocampo, J.A.
2005. Contribution of arbuscular mycorrhizal and
saprobe fungi to the tolerance of Eucalyptus
globulus to Pb. Water, Air, and Soil Pollution 166,
31-47.

Benyas, E, Dabbagh-Mohammadinassab, A and
Oustan, S., 2013 Effects of cadmium on some
morphological traits of
Amaranth (Amaranthus caudatus L.) and Oilseed
rape (Brassica napus L.). International Journal of

Biosciences. 3 (4), 17-26.

and physiological

Bojarczuk, K. and Kieliszewska-Rokicka, B.,
2010. Effect of ectomycorrhiza on Cu and Pb
accumulation in leaves and roots of silver birch
(Betula pendula Roth.) seedlings grown in metal-

contaminated soil. Water, Air and Soil Pollution.
207, 227-240.

Bouamri, R., Y. Dalpe, M.N. Serrhini & A.
Bennani, 2006. Arbuscular mycorrhizal fungi
species associated with rhizosphere of Phoenix
dactylifera L.inMorocco, African Journal of
Biotechnology. 5(6), 510-516.

Camargo-Ricalde, S.L., Montano, N.M., Reyes-
Jaramillo, 1., Jimenez-Gonzalez, C. and Dhillion,
S.S., 2010. Effect of mycorrhizae on seedlings of
six endemic Mimosa L. species (Leguminosae—
Mimosoideae) from the semi-arid Tehuacan—
Cuicatlan Valley, Mexico. Trees. 24, 67-78.

Caravaca, F., Barea, J.M., Palenzuela, J., Figueroa,

D., Alguacil, M.M. and Roldan, A., 2003.
Establishment of shrubs species in a degraded
semiarid site after inoculation with native or
allochthonous arbuscular mycorrhizal

Applied Soil Ecology. 22, 103-111.

fungi.

Daneshvar, H.A. and Kiani, B., 2004. Effect of
Salinity on some local cultivars of Russian olive
(Elaeagnus angustifolia) in Isfahan province.
Pajouhesh and Sazandegi. 65, 76-83. (In Persian
with English abstract with English abstract).

Dauda, M. K., M. K. Variatha, A. Shafaqat, U.
Najeeba, M. Jamilb, Y. Hayat, M. Dawooda, M. 1.
Khand, M. Zaffar, S. A. Cheemad, X. H. Tonga,
and S. Zhua. 2009.

ultramorphological and physiologicalchanges in

Cadmium induced
leaves of two transgenic cotton cultivars and their
wild relative. Journal of Hazardous Materials. 168,
614-625.

Dauda, M.K., Variatha, M.K., Shafaqat, A.,
Najeeba, U., Jamilb, M., Hayat, Y., Dawooda, M.,
Khand, M.I., Zaffar, M., Cheemad, S.A., Tonga,
X.H. and Zhua, S., 2009. Cadmium-induced
ultramorphological and physiological changes in
leaves of two transgenic cotton cultivars and their
wild relative. J. Hazard. Mater. 168, 614-625.

Gaur, A. and Adholeya, A. 2004. Prospects of
arbuscular mycorrhizal fungi in phytoremediation
Current

of heavy metal-contaminated soils.

Science. 86, 528-534.

Glick, B.R., Penrose, D.M. and Li, J., 1998. A
model for the lowering of plant ethylene

concentrations by plant growth-promoting
bacteria. Journal of Theoretical Biology. 190, 63-

68.

Guo LP, Wang HG, Huang LQ, Jiang YX, Zhu
YG, Kong WD, Chen BD, Chen ML, Lin SF and
Fang ZG, 2006. Effects of Arbuscular Mycorrhizae

on growth and essential oil of Atractylodes Lancea.

VWAA o o) oylads adain 0)58 ¢ casme psle aalilad

YAA



O 5 gobl S Sley Crote

Zhongguo Zhong Yao Za Zhi. 31 (18), 96 -1491.

He LY, Chen ZJ, Ren GD, Zhang YF, Qian M,
Sheng XF, 2015. Increased cadmium and lead
uptake of a cadmium hyperaccumulator tomato by
Environ

cadmium-resistant bacteria. Ecotox

Safety. 72, 1343-1348.

Hosseinzadeh, H., Ramezani, M. and Namjo, N.,
2003. Muscle relaxant activity of Elaeagnus
angustifolia L. fruit seeds in mice. Journal of
Ethnopharmacology. 84, 275. (In Persian with
English abstract).

Jorge, L., Gardea-Torresdeya, B., Jose, R., Peralta-
Videab, G. J.G., 2005.

Phytoremediation of heavy metals and study of the

and De la Rosaa,

metal  coordination by Xray absorption
spectroscopy. Coordination Chemistry Reviews.

249, 1797-1810.

Karimi, N., Khanahmadi, M. and Moradi, B., 2013.
The effects of lead on some physiological
parameters of Artichoke. Journal of Plant
Production. 20(1), 49-62. (In Persian with English
abstract).

Khademi, A. and Kord, B. 2010. The role of Broad
Leaf tree species (the Plane tree and the ash) in
reducing pollution from lead. Journal of Sciences
and Techniques in Natural. 1, 1-12. (In Persian
with English abstract)

Khudsar, T., Uzzafar, M., Soh, W.Y. and Igbal, M.
2000. Morphological and anatomical variations of
Cajanus cajan (Linn. Huth) raised in cadmium-rich
soil. Journal of Plant Biology. 43, 149-157. (In
Persian with English abstract).

Klich, M.G., 2000. Leaf variations in Elacagnus

angustifolia related to environmental
heterogeneity. Environmental and Experimental

Botany. 44(3), 171-183.

U. 2005.

approaches to cleaning up polluted soils. Current

Kramer, Phytoremediation: novel

Opinion in Biotechnology. 16, 133-141.

Ledig, F.T., Drew, A.P. and Clark, J.G. 1976.

Maintenance and  constructive  respiration,

photosynthesis, and net assimilation rate in
seedlings of pitch pine (Pinus rigida Mill.). Annual

Botany. 4, 289-300.

Lingua G. Franchin C., Todeschini V., Castiglione
S., Biondi

Torrigiani P.,

S., Burlando B., Parravicini V.,
Berta G., 2008.
mycorrhizal fungi differentially affect the response

Arbuscular

to high zinc concentrations of two registered poplar

clones. Environmental Pollution. 153, 137-147.

Lingua G., Bona E., Todeschini V., Cattanco C.,
Marsano F. Berta G., Cavaletto M., 2012. Effects
of Heavy Metals and Arbuscular Mycorrhiza on
the Leaf Proteome of a Selected Poplar Clone: A
Time Course Analysis. PLOS ONE, 7: 38662

Lone, M.I,, Li, H., Zhen, P.J., Stoffella, E. and
Yang, X., 2008. Phytoremediation of heavy metal
polluted soils and water: Progresses and
perspectives. Journal

Science, 9: 210-220.

of Zhejiang University

Minakshi, Dwivedi, Singh, A.K, Singh, V.P,
Mishra, P.K and Singh, S.K (2012) “Studies on
different concentration of lead (Pb) and cadmium
(Cd) on growth and accumulation in different parts
of Tulsi (Ocimum tenuifolium L.)”, Interntional
Journal of Environmental Sciences, No. 2 (3), pp.
1733-1741.

Mirzaei, J., 2016. Effects of Glomus fasciculatum
and G. mosseae on growth, photosynthesis and
some nutrient absorption of Ziziphus spina-christi
L. seedlings. Journal of Forest and Wood Product,
69(2): 259-268. (In Persian with English abstract).

Oudeh, M., Khan, M. and Scullion J. 2002. Plant

YWAA Sl o) o)led oain 090 o shauee pole aolilad

YA



s pglie VoSusl 5,6Se slag, B plulis 5 50

accumulation of potentially toxic elements in
sewage sludge as affected by soil organic matter
level and mycorrhizal Environmental

Pollution, 116: 293-300.

fungi.

Pallara G., Todeschini V., Lingua G., Camussi A.,
Racchi ML, 2014. Transcript analysis of stress
defence genes in a white poplar clone inoculated
with the arbuscular mycorrhizal fungus Glomus
mosseae and grown on a polluted soil. Plant
Physiology and Biochemistry, 63: 131-139.

Piotrowska, A., Bajguz, A., Godlewska-Z
ylkiewicz, B., and Zambrzycka, E.B., 2010.
Changes in Growth, Biochemical Components,
and Antioxidant Activity in Aquatic Plant Wolffia
arrhiza (Lemnaceae) Exposed to Cadmium and
Lead. Arch Environ Contam Toxicol 58: 594—604.

Rafati M., Khorasani N., Moattar F., Shirvany A.,
Moraghebi  F., 2011.
Phytoremediation potential of Populus alba and

Hosseinzadeh  S.,

Morus alba for cadmium, chromuim and nickel
absorption from polluted soil. International Journal
of Environmental Research, 5: 961-970.

Rafati, M., Khorasani, N., Moattar, F., Shirvany,
A., Moraghebi, F. and Hosseinzadeh, S. 2011.
Phytoremediation potential of Populus alba and
Morus alba for cadmium, chromuim and nickel
absorption from polluted soil. International Journal
of Environmental Research, 5: 961-970.

Revel, J.C., Morard, P., Bailly, J.R., Labbe, H.,
Berthout, C., Kaemmere, M., 1999. Utilization by
plants of leachate derived from municipal solid
waste. Journal of Environmental Quality. 28:1083-
1089.

Samani Majd, S., Sabeti, A. and Afiouni, M. 2007.
Soil pollution of urban roadsides to lead and
cadmium. Journal of Environmental studies,

33(43): 1-10.

Sebastiani, L., Scebba, F. and Tognetti, R. 2004.
Heavy metal accumulation and growth responses
in poplar clones Eridano (Populus deltoides x
maximowiczii) and 1-214 (P. X euramericana)
exposed to industrial waste. Environmental and

Experimental Botany, 52: 79-88

Sharma, P. and Dubey, R.S.H. 2005. Lead toxicity
in Plants. Plant Physiology, 17: 35-52.

Sheng, M., Tang, M., Chen, H., Yang, B., Zhang,
F. and Huang, Y., 2008. Influence of arbuscular
mycorrhizae on photosynthesis and water status of
maize plants under salt stress. Mycorrhiza, 18:
287-296.

Susarla, S., Medina, V.F. and McCutcheon, S.C.
2002. Phytoremediation: An ecological solution to
organic chemical contamination.
Engineering, 18: 647-658.

Ecological

Swift, C. E., 2004. Mycorrhiza and soil phosphorus

levels. Area Extension Agent.
http://www.colostate.edu/Depts/CoopExt/TRA/P

LANTS/mycorrhiza.

Taiz, L. and Zeiger, E. 1998. Mineral nutrition. In:
Taiz, L., Zeiger, E. (Eds.), Plant Physiology.
Sinauer Associates Inc., Sunderland, pp. 103-124.

Tasang, A. and Maum, M.A., 1999. Mycorrhizal
fungi increase salt tolerance of Strophostyles helvola
in coastal foredunes. Plant Ecology, 144:159-166.

Tinker, P.B., Ney, P.H. 2000. Solute movement in
the rizospher. Oxford University Press, Oxford. pp.
444.

Torresday, J.L., Videa, J.R.P., Rosa, G.D. and
Parsons, J. 2005. Phytoremediatoin of heavy
metals and study of the metal coordination by X-
ray absorption spectroscopy. Coordination

Chemistry Reviews, 249: 1797-1810.

VWAA o o) oylads adain 0)58 ¢ casme psle aalilad

4.



O 5 gobl S Sley Crote

Van der Heiden, M.G.A., Klironomose, J.N.,
Ursic, M., Moutoglis, P., Streitwoif- Engel. R.,
Boller. T., Wiemken, A., Sanders, I.R., 1998.
Mycorrhizal fungal diversity determines plant
biodiversity. and
productivity, Nature 396:69-72.

Ecosystem variability

Vijayaragavan, M, Prabhakar, C, Sureshkumar, J,
Natarajan, A, Vijayarengan, P and Sharavanan, S
(2011)

germination growth and biochemical content of

“Toxic effect of cadmium on seed

Cowpea (Vigna wunguiculata L.) plants”,
International Multidisciplinary Research Journal,

No. 1 (5), pp. 1-6.

Vivas, A., Voros, 1., Biro, B., Barea, J.M., Ruiz-
Lozano, J.M. and Azco'n, R., 2003. Beneficial
effects of indigenous Cd-tolerant and Cdsensitive
Glomus mosseae associated with a Cd-adapted
strain of Brevibacillus brevis in improving plant
tolerance to Cd contamination. Applied Soil
Ecology, 24:177-186.

Wang F.Y., Lin X.G. Yin R. 2007. Inoculation

with arbuscular mycorrhizal fungus Acaulospora

mellea decrease Cu phytoextraction by maize from
Cu-contaminated soil. Pedobiologia, 51: 99-109.

Weissenhorn, I., Leyval, C., Belgy, G. and
Berthelin, J., 1995.
contribution to heavy metaluptake by maize (Zea

Arbuscularmycorrhizal

mays L.) in pot culture with contaminated soil.
Mycorrhiza, 5: 245-252.

Zaidi, ML, A. Asrar, A. Mansoor and M.A. Farooqui.
2015. “The heavy metal concentration along roadside
trees of Quetta and its effects on public health”. Jornal
of Applied Sciences. 5 (4), 708-711.

Zarei M., Saleh-Rastin N., Salehi Jouzani Gh.,
Savaghei Gh. and Buscot F., 2008. Arbuscular
mycorrhizal abundance in contaminated soils
around a zinc and lead deposit. European Journal
of Soil Biology. 44, 381-390

YWAA Sl o) o)led oain 090 o shauee pole aolilad

)



Environmental Sciences Vol.17 / No.1 / Spring 2019

175-194

Identification of inoculated Arbuscular mycorrhizal fungi resistant to
lead and zinc and their effect on some morphological traits of the
Russian olive (Elaeagnus angustifolia 1..)

Bahman Zamani Kebrabadi, ! Seyed Mohammad Hojati,l Farhad Rejali,?
Masoud Esmaeili Sharif 3* and Hamid Reza Rahmani *

! Department of Forestry, Faculty of Natural Resources, Sari Agricultural Sciences and Natural Resources University, Sari, Iran

2 Research Ingtitute of Water and Soil, Education and Extension and Organization (AREO), Tehran, Iran
? Division of Natural Resources, Isfahan Agricultural and Natural Resources, Research and Educational Center, Isfahan, Iran

* Division of Water and Sail, Isfahan Agricultural and Natural Resources, Research and Educational Center, Isfahan, Iran

Received: 2018.12.31 Accepted: 2019.02.12

Zamani Kebrabadi, B., Hojati, S.M., Rejali, F., Esmaeili Sharif, M. and Rahmani, H.R., 2019.
Identification of inoculated Arbuscular mycorrhizal fungi resistant to lead and zinc and their effect on some
morphological traits of the Russian olive (Elaeagnus angustifolia L.). Environmental Sciences. 17 (1): 175-194.

Introduction: Phytoremediation was introduced as an effective, inexpensive and environmentally friendly to
remove, displace or disable pollutants from polluted soils. There are numerous physical and chemical methods
for the treatment of heavy metal contaminated soils, which in addition to high costs, lead to the destruction of
the physical and chemical structure and vital activities of the soil. This study was applied in order to investigate
the effects of inoculated Arbuscular mycorrhizal fungi of resilience to lead and zinc on some morphological
traits (colonization, diameter growth, shoot dry and fresh weight, root dry and fresh weight, height and leaf
area) of Elaeagnus angustifolia L.

Material and methods: One-year-old seedlings of E. angustifolia species with an average height of 70-50
cm, minimum diameter of 1-1.5 cm and leaf number of at least 30 were provided from Jebel Amelian nursery
affiliated to the Natural Resources Office of Isfahan Province. The seedlings were transferred to the greenhouse
of the Agricultural and Natural Resources Research Center of Isfahan Province and were kept there for 20
days to adapt to the new conditions. In doing so, six treatments of mycorrhizal fungi (Glomus versifome, G.
etunicatum, G. intraradices, G. mossea, composition and control treatments) and five treatments of soil (naturally
polluted soil, soil polluted with lead, soil polluted with zinc, soil polluted with lead and zinc, control (without
pollution) treatment) were considered.

* Corresponding Author. E-mail Address: masoudesmaeilisharif@gmail.com
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Results and discussion: The results showed that there was a significant difference between the measured variables
among the different treatment of mycorrhizal fungi. The highest and lowest colonization were observed for G.
mossea (40.5%) and control treatment (25.6%), respectively. For G. mossea, the diameter growth (2.8mm), height
(36.1cm) and leaf area index (28.8) increased in comparison to the control treatment. There was a significant
difference between shoot dry and fresh weight and root dry and fresh weight in all of the treatment of mycorrhizal
fungi. The highest dry and fresh weight of shoot was observed in G. mossea treatment (108.4 and 55 g) and the
lowest was observed in control treatment (59.4 and 30.3 g). The highest and lowest of fresh weight were observed
in control (95.3) and polluted soil with lead and zinc treatments (78g). Highest values of measured variables in all
fungi and soil treatments were belonged to the inoculated treatment of G. mossea and the control treatment,

respectively.

Conclusion: Results of this study showed that inoculated treatment with G. mossea fungi and control treatment of
soil caused the growth enhancement in E. angustifolia. However, there was no significant difference between mean
fresh and dry weight of root and leaf area index in different soil treatments. Roots, as absorbent levels of water and
food, have great effects on the absorption of water and various salts, and various environmental factors influence
the growth of the plant through its effect on root growth. Heavy metal stress is one of the factors limiting root
growth which affects plant growth activity. Also, in plants that were inoculated with mycorrhizal fungi, the mean of
all measured variables was significantly higher than the control treatment. The highest shoot weight was observed
in G. mosseae treatment, which suggests that G. mosseae contributed to the plant's absorption of water and food,
especially phosphorus, and increased the accumulation of dry matter and has more efficiency in the biomass

production of E. angustifolia.

Keywords: Arbuscular, Soil pollution, Bioremediation, Elaeagnus angustifolia L., Mycorrhizal

fungi, Morphological traits.

YWAA Sl o) o)lads oain 090 o shuee pole aslilad
Vay



s pglie VoSusl 5,6Se slag, B plulis 5 50

VWAA o o) oylads adain 0)58 ¢ casme psle aalilad
1a¥





