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ABSTRACT

Cultivation of appropriate cover plants could be important on managing polluted soil and water with heavy metals. In
the present study, effects of two mycorrhizae species (Glomus intraradices and Glomus mosseae) on lead
accumulation, improving growth parameters and enzymatic antioxidant system of four cool-season turfgrass species,
Festuca aurandiance, Festuca ovina, Lolium perenne, and Agropyron elongatum were investigated. Mycorrhizae
inoculated plants were treated with different lead concentrations (0, 2000 and 3000 puM). Results showed that
mycorrhizae fungus, especially G. intraradices has potential to colonizing with roots of different turfgrass species
under lead polluted soil. The highest colonization percentage was found with Agropyron elongatum species.
Mycorrhizae fungi led to an increase in root and shoot dry weight and Pb uptake at all studied turfgrass species. The
maximum Pb uptake was found in Festuca aurandiance which inoculated by G. intraradices. Furthermore,
mycorrhizae fungi could suppress increasing of leaf H,O, and malondialdehyde when exposed to lead stress and
increased antioxidant enzyme activities such as catalase, peroxidase and superoxide dismutase in all turfgrass species.
Overall, mycorrhizae could increase lead accumulation by enhancing enzymatic antioxidant system and improving
turfgrass growth without observing any damage symptoms.
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Figure 1. The interaction between AMF species and turf species on colonization percentage (A) and root dry weight (B).
* The same letter indicates no significant difference among treatments (Duncan’s test, P < 0.05).
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Figure 2. The interaction between AMF species, turf species and lead levels on dry weight of aerial part.
* The same letter indicates no significant difference among treatments (Duncan’s test, P < 0.05).



al VWAVl ) 5,Les PR 8,0 ool SLEL psle

Oeed & S G intraradices g o yw [Yg09,500
o ogam a2 B madli g Lol (g)lod oS 5
ol lad 1y o)l [0 Gy pexd Gli8l vo o
ihulgts Cpw gors Ml » (e (Glaos @l
ale «(Citterio et al., 2005) aloals jo aiy > 6 #,8
Yang ) axsg ¢ 0. (Punamiya et al., 2010) ,q.4
Ao, B aS i g ool )58 (et al., 2016
Cd Oy S il L G mosseae dsS o594
AL a5 (o0 @y 5 | a8l & 4y 5l 0 Jlil

(Agely et al., 2005; Trotta et al., 2006

w5508l 9 (139 0 ST 5y

uMole s (_gb.s Lg)la.sm) MDA u‘).yo
el sxSolul o HOz 5 (Lid slasyr
Dgb g0 oolatul LS slcdl 4 S ozl
Sobod SlacaS 5 Gl o ol (Las b 2 s
28l Gl 5 olS

L. perenne ®2000MPb 03000 M Pb

z 000 c
E_‘ 6000 e .
z= 5000
A f
=3l 4000 h
S b
] i
= 3000
< 2 1
= 2000
E 000
= 1
[}
G.mosseae G intraradices Non
mycorrhizae
My corrhiza species
F ovina m2000puMPb 03000 uMPb
2100

Shootlead concentration
mgkg1DW

n n

1800
1500
1200

900

q
600 q a q
" I
0 | —

G. mosseae

My corrhiza species

F aurandiance

G.intraradices Nonmycorrhizae

o)l Lis 0 @y (30
Ol Alan juiSeny ol o dee 4 axgi b
Yoo clile il ol sid oylas waS 5
G. intraradices &5 diy,>,8 g oy Yoe5,S00
Yeoo clale ‘LS’T 615M :La; 8 ez
Loy o 2B gl (g 9 0 p Y909 500
S s eSS R eSSk TOP 5 YYVY
wels plad 1y opm Olime (S g o
5 b Gl pex laaS lge laplul
O 1y e Gl Cpyien wilil S gad &g8
YU 60gicmy ddgs olper 4y 318 YL Lds ol
CeVlolS sloaisS 555,80 SRy 5l S
ailly G sad L5 are; ol o (Khan, 2005)
» Sloame b G. intraradices &35 ohga
S Gypba Ll ez Al o oy Gl
Yeoo cdale “éj 655;.3 G)L“'.’r’“ ujf

®2000 M Pb 03000 pM Pb

8000

£ b a
=) -
= 000
K - d
£ = 6000
g 5000
EE g
2 _E‘( 4000 = .
= ]
Is 3000 1
*g 2000
;—: 1000
0
G.mosseae  G.intraradices Non
mycorrhizae
Mycorrhiza species
A. elongamum m2000 WM Pb  ©3000 pM Pb
- 3500 i
=5
b= 3000
e 2500 k
Ea m
g }‘l 2000 °
= 1500 p P
=]
§ 1000
= 500
0
G. mosseae  G. intraradices Non

mycorrhizae

My corrhiza species

e oS Olie oy 5K 58 g lade 2 B SdsS (e SladisS iSes YISO
A od Lz 1) 0o p0 B ke 10 Sl (glaials aiz yge3T b jlo sime S Lo ygi (55, (ylaod (slacd >
Figure 3. The interaction between AMF species, turf species and lead levels on lead accumulation of aerial part
* The same letter indicates no significant difference among treatments (Duncan’s test, P < 0.05).
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Figure 4. The interaction between AMF species, turf species and lead levels on H,0, contents.
* The same letter indicates no significant difference among treatments (Duncan’s test, P < 0.05).
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Figure 5. The interaction between AMF species, turf species and lead levels on MDA contents.
* The same letter indicates no significant difference among treatments (Duncan’s test, P < 0.05).
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Table 1. The interaction among AMF species, turf species and lead levels on CAT, POD (u/g Fw min) and SOD
(u/g Fw) activity

Enzyme Mycorrhizae Non mycorrhizae G. mosseae G. intraradices
Pb levels (M) 0 2000 3000 0 2000 3000 0 2000 3000
F.aurandiance 0.33klmno 0.3Imnop 0.71defgh  0.57ghi 0.46hijk  0.84cde  0.49hij 0.98abc 1.097ab
CAT L. perenne 0.19pqrs 0.76def 0.29mnopg 0.42ijkim  1.18a 0.57ghi  0.37klmno  0.9bcd 0.6fgh
A.elongatum 0.13s 0.42ijkim  0.72defg 0.15s 0.4jklmn  0.67efg 0.18grs  0.27nopgr  0.31lmno
F.ovina 0.29mnopg  0.43jkIm 0.17rs  0.39jklmno 0.71defg 0.26opgr  0.44hijkl  1.015abc  0.39jklmno
F.aurandiance  0.7ghijkl ~ 0.82defghi ~ 0.9def 0.65ijkl 0.88def l.labc  0.61klm  0.92def 12a
POD L. perenne 0.47mnop 1.12ab 0.95cde  0.57Imno 1.19a 1.13a 097bcd  1.16a 0.84defg
Aelongatum  0.53Imnop 0.57Imno  0.58Imn  0.77fghijk 0.81defghi 0.83defgh 0.79fghij 0.67ghijkl 0.67ghijkI
F. ovina 0.37p 0.410p 042nop  0.58Imn  0.62jklm  0.65ijkl  0.61klm  0.7ghijkl  0.67hijkl
F.aurandiance  178hij 198fgh 169ijk 146kIm 276ab 289 225de 290a 296a
SOD L. perenne 136Imn 185hi 175hij 228de 245.5cd 276ab 215¢efg 259bc 221def
Aelongatum 116no 252bc 228de 196gh 183.2hi  226.2de 220ef 257hbc 286a
F. ovina 132mn 138.5Imn 1020 1575kl 178hij 119.5n0  164.7jk 186hi 164.7ijk

* The same letter indicates no significant difference among treatments (Duncan’s test, P < 0.05)
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