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Impacts of arbuscular mycorrhizal fungi on glomalin content in soils contaminated with phenanthrene

YANG Zhen-ya'?, QUE Hong? ZHU Xue-zhu?, ZHOU Zi-yan?, CHEN Shuang?, LING Wan—ting*

(1.Jiangsu Key Laboratory of Environmental Engineering, Jiangsu Provincial Academy of Environmental Science, Nanjing 210036, China;
2.Institute of Organic Contaminant Control and Soil Remediation, Nanjing Agricultural University, Nanjing 210095, China )

Abstract: Currently there is little information available about the responses of glomalin-related soil proteins (GRSP) to arbuscular mycor—
rhizal fungi (AMF ) in soils contaminated with polycyclic aromatic hydrocarbons (PAHs). Here an investigation was conducted to examine
the impacts of five AMFs on GRSP content in soils contaminated with phenanthrene as a representative PAH. The experimental AMFs were
Acaulospora scrobculata( A.s ), Glomus mosseae(G.m), Glomus intraradices(G.i), Glomus etunicatum(G.e) and Glomus constrictum(G.c).
Host plant was alfalfa( Medicago sativa L.). These five AMFs had good colonization with alfalfa roots after 30~90 days. Inoculating AMFs
enhanced GRSP content in phenanthrene—contaminated soils. Total extractable GRSP(T-GRSP) and easily extractable GRSP(EE-GRSP)
were respectively 2.90~4.61 mg+g™" and 0.87~1.33 mg-g™ in soils inoculated with AMFs after 90-day cultivation, which were 26.1% ~
100.0% and 10.1%~68.4% higher than those in soils without AMF inoculation(CK ). T-GRSP and EE-GRSP content in soils with AMF(G.i as
a representative ) was increased with cultivation time from 30 to 90 days, and significantly negatively correlated with residual concentrations
of phenanthrene in soils.
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DB AR B (AMF )& H3EMAE Y X R A1)
K REENNAZ —, 585 80% LA L iktiA: 48
Wy K 2 E A FARE YT AR R R L DA
WA R, A AMF BEAE U 3 2555 1%
(PAHs) (R ffe | DF 107 3 T AR B AR A A2 R,
AMF 0] I 25 M 52 maAE A W i PAHSs, IR EE 46T
AT R0 R P K P 55 ( Glomus mosseae ) B4 3K
P55 (Glomus etunicatum ) & T =M EAARAEE &
i, HERARREERE;Gao 5 Y K, Glomus
mosseae F Glomus etunicatum £ ¥E T PAHs( g ) 7E 22
ZEMRPWRER, IR — 2 T AEER T PAHs
ARSI 20 435 o AR, 4T AMF 520 138 rh PAHSs [#
il FAE PR ) INTEAS T, N AMTS SR B Z TR AR T
il A7 2F AN X AT RE S AMF B 2200 WA BR 4685 K
A,

BRFE[G 2R (Glomalin )& AMF T8 22 7 A 3 JIi 7 32k
AR — R E N, TR, L ek R R
8 LB S AR BE RN 5 5227 3 T . 1996 4F , Wright
F1 Upadhyaya™ {5 ¥ M\ 1= 38 ih 32 O A B T Bk 48 1l
R, XML KIAME——JEH AMF 774 IF B
| P E A BT R, Rillig® il Lovelock 451
— 25 HoAir 44 SR K B Tl 2% AH OC 1 B8 1 (GRSP, LA
TRIFRERBERGFE ). Driver Z5% B, BREET 25 A2
LR g R 2 A b [ 2 T TR 22 A R
MEFEM T, HFEE _HETMEMEEA L
B BREEWE R XEV T K, AR TR K AR X TR
fif , E LR ERFEFEHARRETW IR E. K
RO R I, BRI 2R R T A ML A E A T
gy, e B R BB R 2 — L R i A
) 2~24 %, 5 3 HUBR IR ) EL 5] T 3k 27%1°, Bk
PEl 2 A2 IR RARTE B R AR, i
T8, HORG 45 - 5 UK 1) 8 7 Ll 1 SRR Y
KA Wit 3~10 £, X6 F LI R f2 | 4
8 o b ok R A R T A R A R S RN, i SRR
e, BRI 2R AR TS Yy 1 P VR A D RE & B0 26
Bea s 75 i — AP o SR st Y 2, $Eh AMF
J& PAHs 75 Yk - 458 P sk 8 ilg 2R QnAe] o 1, 7 BRI 2R
55 PAHs FEf& AT C R B NS E A XTI
5 0H T o

ASCLIHER PAHs BY0ER , VAL E TE (Medicago
sativa L.) 15 EAEY) , 43 058 T HEFD 5 Flr AMF Xf
FEV5 YL 3 b BBRPERE R (T-GRSP) Ml % R Bk 48 5
% (EE-GRSP) & #E B2, #78 TIE IR R R &

RS AR R R, T — P B LRk
R F X PAHs FREEAT O ) R Me B (HERERE A .

I #R5FE

1.1 LI

JES B 12 Fluka 2058 2 A, 4605 >98% , Hoor 1
N 17823 g-mol™ . AW Lt IECLE N R LT
FLEE JEMTAERER (200~300 H ) FIJG K BEEREA Y 4
Prédi s s g el

PRI AL B TE (Medicago sativa L.) . fii
AMF Wy B AE 5T AR} 2 B A [ A B AR R T
Fh BT IR ZE(BEC)” o 5 AMF 433510 %5 4 O 6 25
Acaulospora scrobculata (A.s) | JBE V4 BR & % Glomus
mosseae (G.m,BGC GDO1A) M NERFEE Glomus in—
traradices(G.i,BGC HEBO7D) . Zh EFRFEE Glomus e—
tunicatum (G.e ,BGC SDO3B) . 45 Bk % &5 Glomus con—
strictum(G.c,BGC NMO3B),

M AR B R R T X, S AR KR R 2
(0~20 em), -2 R N BAEHE, H pH 0y 6.08, 4741
i f i 243 gekg™, UKL By RLRURSRL S & 43k
13.5% .61.8%F1 24.7% . +HREFKT, if 2 mm
i o S IS R yh KGR E T 3 2 mm B o R
FES YR 301 FeBR A, 121 CF s K 2 h, LA
ABCIFEA I AMF #1F B 45 .

15 Y LA A T TR S SR A PN R Y, A
R AR NI LS SRR A5 2 2 mm
fifi, WARAETG YRR, E TR EERE 15 d R &
Mo MF575 5 AErPEER IR & 50 52.79 mg-kg'.
1.2 KW FH*

FRIBUREG PR AF 0975 G A 250 g B T2 ekrh  FR
IR 15 g 513 T b, #8150 g y5 4% 3%
K2 50% H Al KRk, frEa . EAEE a1
FH 10%H,0, F 17 10 min, T2 T i A4, 7
¥ AREE TS, & 2-3d HH, H 1R
PR B]FE , B4 B P 6 bk ST B AN HERT AMF X R
AbFR(CK) A 43 e FD 5 ff AMF(G.e A.s .G.m . G.i,
G.c) b B, Horpr CK g e 45 5 109 KB B ), D
PRAIEFF UG 25 A0 P+ S RUE Y X R — B, 43k 30,45,
60.75.90 d 5 REE ] AF—4bFE 3 AEE (Jb4
) SERAERE AT, BRI, B 5 d BEALACHR
FEPROLE B A K R E K . ol iosk
TR PR AARTER , 58 )5 FH EOROK 258 FOKIE Vel
YIRE S, IS ARHE T H R TR K 23, BT vk o Oj
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1.3 H@EBRES

{2 Y R M ) IOHT AR, B R 1 em AR B, B
HILILH 35 43 MR A FH b 1) 5 — B R AR 1 I AR R A7
YR IEIE BT T S AR A Yt I

R AE YRR . AR S AR A T,
PRI R T8 5 e T8

R R RS I, BOE B R TR B
T REE TR BERR AT 2 mm 0L B2 ¢ HAET
30 mL BEIE LT, I 10 mL — 58 H B mm s
ZXH0 1 h,4000 remin™ B0 10 min, B 3 mL WL 2
g RECHE, T 11 mL A9 — 50 H e AE CLe 7 TR (IR EL
LRI, PR ISCAE e 28 R, T 40 CF ki 7%
To FEOREHEEAT 4ml, i3 022 wm FLEAH HUALE
JESJ i A AR 3 8L (HPLC ) 43T o -358RE b JERY
TR IENSCE A 104.4% , FRTFRER 220 1.74%.

EE-GRSP $2H(7: FREL 0.25 g ¢ £ 4 F 95 K
DA I 2 mL AR ER 4MR 57 (20 mmol - L'
pH 7.0), % BJEHE4], BT K HEH4 (103 kPa, 121 °C)
PEHEL 30 min, O BLOEETAPRIIK 3, B0 6 min
(33 10 000 remin™) , Y58 3

T—GRSP $2H™5. FRE 0.25 g fl + A F 8k L
B A 2 mLAPERR R $E5 (50 mmol - L7 (pH 7.0),
TRIERA] . BRREEER TR E IR 6 I BUUINA
AR5 A R SRR T i, 2 R
F R (103 kPa 121 C) FP4REL 60 min, BUH B0
UETHNRTIKAY B0 6 min(E53E 10000 r-min™) K5
11 PR oy B IS IR O R 4 CR

FE B 1 EE-GRSP il T-GRSP f3 & . 1 B
0.5 mL AR B3R T EL @A P, InA S mL £t
IR A TR I G250 Y |, 25 RS wiE , B
10 min FFHEF 7 ECEIIE (B 595 nm) o I TS
JE i 2 10 28 1 (BSA)FRAEIR , % i w ik B )5 [
MNE , 2230 2 I3 B P AR IR 26 ol e bRk He RT3
R S S SRR R R SRR R A
R, U B3P O R RO R .

2 #ERHtEWR

2.1 HIREBRE

PR Y R W T AR B S5 18 R 3L 6
RIEA T WM& R FAHYIR R YR EE
T EBFEPR R YR, DL AR B AR B
JRIEE S, 60 d F1 90 d J5 , 38 5 FhOR [ AMF

FIERAEE 6 Y RERE AMF 25, B HRE YL R0 510
42.4%~T74.1%F1 29.4%~48.2% (K] 1), HA[5] AMF ]
S, H Gi iR YLK, 60 d F1 90 d 43
Bk 74.1%H1 48.2% , A.s B YLK 52N, 60 d 1 90 d
435 42.4%F1 29.4% ., Bl 5537 A] (30~90 d ) 4E
K, AR YR e K5 /N DL G Shfil,
B S HAPN (30~90 d), G.i 4% Ky 18.5%~74.1% (&
2), KigRitalf 30 d ZEKF] 60 d, G.i R YL B 52 g 3
BRI X 5 BEE Y 45 SR A — 20 60~
90 d PRt 15 S5 B ] 2 4K, Gui R YLK i 74.1% F
KR 54.9% . 3X— 7 1 0] GBS (T A Py AMEF Ak
(3% ARk T AR DG, I — Ty T A2 48 A 4
2y FEYIE K BT B RS2 R T8
22 EHEBEEVEMERKRBE
DIER IR R, $5R0 AMF {23 TR 2
A RGBT AR - g s | SR A IR A, i
0T HRRAE R TR K IR, IR = TR 2R &R
(R B, ARG LB, S X BRATHE L 90 d ISR IR Al
5 FPASIE] AMF 53800 T 540 E g b B . H LA

90
1 Li60d

75+ E90d

G.m G.c

AR IR PR R AL B 22 57 A8 .2 (P<0.05 ), T[]
1 60 d #0190 d Bt AMF HiRB T
Figure 1 Colonization rate of alfalfa by AMFs after 60 and 90 days
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FAEMRAEAR A (3R 1), (BAE 5 F AMF X 457E
B AR MR E FfEE 2, HPORTR] AMF 4b3E
(A Bk b Tl 1.88~3.64 g-pot™ . T HE R
1.34~3.78 g-pot™ FEMRAE R S TH N 3.22~7.42 g+ pot™
oAb G b B3R T AR A AR BT E R K 2 )
ik 3.64.3.78.7.42 g-pot™, JEXFHRAAK) 2~3 fi%; HEFb
As A BB, R ERAIR bR BT SN, BN
1.88.1.34 3.22 g-pot™, X R A LB E 2 5H .

Gerdemann B 5CHEH “HAARAKIR 14" (Mycorrhizal
Dependence , MD ) [ HEE: , R “FE— & 3B J1 56044 T
) 77 A e R AR A 0 T AR )OS A T2 1) Menge
SEPOID)L T ARAF R T o o I AR AR AR T BT e
H AT EOR F RN BERR AR, B -

FRHRAKISE (MD, % ) =R ALY T B /AR RAR AP
FHEHx100%

SALETEN 5 AMF S H AR . —
PRI T, PR AR L P XA A 2R P 1R R OB, D %o
R AR R A B B 2 . AR5, 5 Fh AMF
BIRe SR B R E o RIAFH A G R (R 1), FRE
G.i [ TR ARAR A d5 v , T8 51 249% , A1 HL X BEZH 42 5
T 149%; A.s HITEMRAH T fe /N (108% ) X segh 3
HH ERPILR AMF A7 BY FEEEHEA K
23 AMF X HZERPBREEESENFIT

Al AMF G F]F + 3 2R 25 R (GRSP) (1)
Ao K535 90 d if L 3R G.iG.e .G.m G.c Fll Aus 2H 1
Herp RUERFERG 2 (T-GRSP) & &) 2.90~4.61 mg g™,
FE A Rh X B2 (2.30 mg-g™') 5 26.1%~100.0% ( [£]
3). ZRHURIERG R (EE-GRSP) 5 T-GRSP H A 4
IR, 90 d B, H2Fh 5 FUA[R] AMF () +3Erf EE-
GRSP &4 0.87~1.33 mg- g, AR BEZH (0.79
mg-g™” ) 10.1%~68.4% (& 4), 5 T-GRSP ML, 1-

& 1 90d BAARE AMF S8 IEETE 4 P EMBERIRE R0
Table 1 Effects of AMF on the plant biomass and mycorrhizal
dependency of alfalfa after 90 days

e b k%{%ﬁi/ ﬂﬁ?%ﬁfi/ M gt/
g*pot g*pot g*pot %

SHR(CK)  1.750.23¢ 1.2240.43¢ 2.97¢ 100
G.m 2.18+0.25¢ 2.22+0.51b 4.40c 147
G 2.890.17h 2.84+0.42h 5.73b 192
Ge 3.23+0.23ab 3.35+0.32a 6.58ab 221
G.i 3.64+0.34a 3.78+0.21a 7.42a 249
As 1.88+0.52¢ 1.34£0.32¢ 3.22¢ 108

T RSB S AR /NG T BERIRTE P<0.05 K- R2E5 B3

i EE-GRSP Ik, 4% AMF Ab3 4 # EE-GRSP
i T-GRSP i L5k 28.9%~37.0%

P T ARl E] (30~90 d) F 425 AMEFXt
+ 48 h T-GRSP 1 EE-GRSP & & By 521 , 45 5 &
5 R LA G AbFRLH Sy i), Bifi 45 455 5% B[] (30~90 d )
FIIER , $Fh Gi 41/ 13 H T-GRSP fil EE-GRSP
TERBERRER, 53k 30 d B 1.04.0.43
mg g™ B H K 90 d B Y 4.10.1.33 mg-g™. 30~90 d
N, AEFh AMF X 4 158 EE-GRSP & &y
L B 197284k B H T-GRSP &y 0.78 mg- g™
HIRZ 2.30 mg- g X RACFRAR LL , 200 G A+
#EhT-GRSP 1 EE-GRSP % 1 % 5 28.7%~82.3% il
26.4%~92.5%, HPFaE I 30 d ZE43] 90 d,
R G 201y 3 T-GRSP 1 EE-GRSP & & 5%t
B2l 22175, 90 d B} G.i 41f% T-GRSP il EE-GRSP
BB AT BEZH 2 82.3% 1 92.5% . R4 %k
B, R0 AMF 0] &g 2534 fin + 3% o T-GRSP fil EE-

5r e
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" R
w3,
gl F
% 2r
o
7
= 1

0 B S SN SN N : i I N E— S I

CK G.m G.i G.e G.c As
AMF

3 90 d BH#EFR[E AMF 13 T-GRSP & &
Figure 3 The content of T-GRSP in soils with AMF inoculation

after 90 days
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after 90 days
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GRSP &, HAb, ANEX R4 A R AMF 4 #
4, H. -3 EE-GRSP # [t T-GRSP &5 £, 1L /5
T-GRSP 11§ 27.1%~43.0% .,

24 TETKEERAESHRBNXER

AR AP A FE R AR R B A 6, K 1A
R A S R 52.79 mg kg, 90 d B, 4 FP 5 Fh
AN[F AMF &b 3 4 # b JE 19 5% B vk B2 0.53~0.96
mg- kg, MK T AFERNT BEAL FE(G.e A1 As AEFH 5 %F
HEB) 22 SRR 21 8 25K ), 5 RO [a] AMF b3 4
HEER) LBRE>98.1%,

DL G.i Ab3AL Ry ), AS [RIEB) - 498t E Y %
LR ILE 7, 30~90 d FlREFRE R AE K, Y
Feh G b PR TCHEY) AR AMF XF R IE A HEY)
ANEERD AME X BEAC PR 4 JE B S 35 SR T B
RS o (AN ) A 3 ) 22 S A K, 45 Ah PR ) - 48
K/ R TR AR AMF X} B8>S 76 ) A
FERD AMF XTRES A HEYHERD Ga AbFR . 270 Gi B2
PEdE T 3P IER LR . 30~90 d I, 3R G 4

S5t
| -¥rG.i EE-GRSP
4 } -0FCKEE-GRSP "
e | - G.iT-GRSP ~
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Figure 5 The contents of GRSP in soils with G.i inoculation as a

function of cultivation time
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Figure 6 Concentrations of phenanthrene in soils with AMF

inoculation after 90 days

FERITR B il 0.53~2.13 mg-kg™, 435I L AR A AP
Jo AMF X} RIS 25.7%~44.6%

gttt T HIEREHESR S GRSP & it
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K, s fifia) - g R PE K T 22 AT A - 8
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Figure 7 Concentrations of phenanthrene in soils with G.i

inoculation as a function of cultivation time
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B FFI GRSP it [a] i 25 AL " X — Fo IR 42 R,
XFF GRSP 4 +43erh PAHs AT bad 72, 1%
STISAI SR E N AMI LSS A Trd— R

3 g

(1)5 Flv AMF 468 5 540 B 8 i R Atk
KF, MESEAETS Y - g dE ) 2L ERFAR TR A
SACETEXS 5 Fl AMF [ ARG N 108%~249%

(2)EzFh AMF 55 F 13 h GRSP By 4= 70
AMF 90 d f) + 4 T-GRSP Fl EE-GRSP 5 & 43 %1
ik 2.90~4.61 mg-g™ il 0.87~1.33 mg- g™, lLAFZFP X
MEZH 75 26.1%~100.0%F1 10.19%~68.4% ., [iti 5 5555 7]
(30~90 d) #E K, $%F AMF(G.i)4b 3 + 3 sp T-GRSP
1 EE-GRSP 5 5 5 E K

(3)FZFP[Rl— AMF BEFI(G.i) Y13+ T-GRSP
EE-GRSP 7 it 5 5% BA 1 (B4 ik 2 TR A G .
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