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W OE NI E SRS YA T DA AR EL B (Arbuscular mycorrhizal fungi, AMEF)F 3858 BALME BT FOKAE K SEA AP F#
S SRR IR, DL R A PP ER T IR A R S ek T O (R  HE FOR S 1E AW, T B R RN R
AMF A0 P, JF i %8 N ARG o 25 SRR - 3R AME 5 25 1 3 5 3R O  5 RAH DGR 1 (EE-GRSP) 5 BBk 2 A X E A
(T-GRSP) By & 1k s FRAR L3 RS AR YA ik, AW A 34.69%~79.5% 3 33 11 - 398 v i i 28 0 R e 60 25 ik, B840 30.99%~206% .
FERD AMF 3 35 B0 T R MV % 00 5 o B RN 17.6%~38.5% s Basi it i G5/, B i A ik A s IR IR R s 55 1, IR g
£ 30.09%~68.7% FHICAPES BT AR, T HE T-GRSP 50 A R0 % 1 R 0 3% IEAHOC ; EE-GRSP . T-GRSP 5 A RS & i &
B URH DG s FORAEARSR B & 5 DA RS A0 0 5 0 3 A DG KRR R A I & i MR S I
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Bt W R HEERGR A  , E OKT BTSSR RS AR T AR e OK AR A

SFEHEIR IR ELIRT (AMF ) ; BREE 2 2MH OCHE (1 AR A ALk s 0 S 3 G AR 1l

RESES X172 SHERAREG A X EHS:2095-6819(2020)05-0727-09 doi: 10.13254/j.jare.2019.0186

Effects of arbuscular mycorrhizal fungi on soil physical and chemical properties, maize growth, cadmium, and
lead content of farmland from a lead—zinc mine area

ZHANG Jin—xiu', ZHAN Fang—dong', WANG Can’, LI Bo', LI Ming-rui', HE Yong-mei'", LI Yuan'

(1.College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. Kunming Geological Exploration
Institute of China Metallurgical Geology Bureau, Kunming 650203, China)

Abstract: The present study aimed to investigate effects of arbuscular mycorrhizal fungi (AMF) on soil physical and chemical properties,
maize growth, photosynthetic physiology, nutrient content, and cadmium and lead content in maize under heavy metal stress. Heavy metal—
contaminated farmland soil was sampled from lead-zinc mining areas in Huize and Lanping Counties, Yunnan Province. A pot experiment
was carried out using maize as the host plant with AMF inoculation. Results showed that : Inoculation with AMF significantly increased the
content of easily extractive glomalin related soil protein (EE—=GRSP) and total glomalin related soil protein (T-GRSP). The available
content of Cd and Pb in soil reduced by 34.6%~79.5%, and the content of available nitrogen and phosphorus in soil increased by 30.9%~
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206%. Under inoculation with AMF, the content of nitrogen and phosphorus in maize increased significantly by 17.6%~38.5%,

photosynthesis of leaves and plant biomass were enhanced, and content of Cd and Pb in maize reduced by 30.0%~68.7%. Correlation

analysis indicated that there was a very significant positive correlation between the T-GRSP content and the content of available nitrogen

and phosphorus. A significant negative correlation between the content of EE-=GRSP and T-GRSP and the available Pb content in soil, and

a significant positive correlation between the content of Cd and Pb in maize and the available content of Cd and Pb in soil were observed. In

addition, there were significant positive correlations between the nitrogen content in maize roots and the available nitrogen content in soil,

and between the phosphorus content in maize and the available phosphorus content in soil. Results indicated that AMF inoculation reduced

the content of Cd and Pb in maize by decreasing the bioavailability of Cd and Pb with an increase in the GRSP in the polluted soil, and

enhanced maize biomass by increasing the available nutrient content in soil and improving the mineral nutrition and photosynthetic

physiology of maize.

Keywords: arbuscular mycorrhizal fungi (AMF ); glomalin related soil protein; bioavailability; mineral nutrition; photosynthetic physiology

Tl Al TG e S < S AT T R AR B, 3
A DX 1A e B S e i AE , B
ST AR TG YPF H TR B M R TR 209 H R
15 U B9 A BT A+ R AL T BEAR , AR M 7= 2 A dh i T
B, T S Ol B T RS R T . IR, —SE A
T W E R A SO BEA S , X5 M2
RO STE . AWESERM , R AE ) e/ 4 Jm Wb &
FEG G BRBUE YA 5, RPN A A
5 ERA B CH LA
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AMF)JETE H AR AP AR — R A, 55 90%
DA 4 i 25 Bl £ A DA 2R J S TR AR A A AR,
AMF Bk T RE B35 A ) AR B - 8 i SRR T ob G fiE
X ERPI R E TR RO A 1™ A Al Ak
Mo TETE 4 JE ME T, AMF I8 22 53 Wh— 2 FRiR Y
B —— Bk 22 25 2 M 52 25 A (Glomalin related soil
protein, GRSP) , fERFE 45 HIEP I G )8 3 1, i
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1 MBETE

1.1 A

P B K (Zea mays L) N W45  FTamE R
12N NWANY T L Y 70 A = 5 Tt L S YA R M E AN
—3.

B O LRI R A S A SRR
(26°34'21.1"N,103°38" 12.9"E) 22 PP R R (26°
22'30.0"N,99°22'27.6"E) Ji 1115 Ye 4 H £ 458, FL A
PALAEAR LR 1.
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R TEEARBUMER
Table 1 The basic physical and chemical properties of soil

- HE Soil H AL Organic 4% Total 208 Total WS A Alkali— AR Available A5 Cd/ HEPh/
-0t P matter/(g-kg™') N/(g-kg')  P/(g-kg')  hydrolyzable N/(mg-kg™) P/(mg-kg™) (mg-kg")  (mg-kg™)

= 5.54 28.12 1.36 0.52 28.06 17.52 10.21 175.48

=gt 6.11 32.12 2.87 1.58 72.54 58.03 4.27 68.29

1.2 RBi&IT

B F AP I 1% AR EN (NaClO ) 17 i H ik
FE 1 min, BB BEE R A 75% 09 £ B 04 Ab B 3
min, JEiFHE A RAE RIBIEACE K R F: L,
FE25 CHEERE A PSR4 4, FM PR B A 2F,
Pk JoiE g HAE K — S0 et &1

THER BG4 BRI BRI, 48 wRaF
Je 3t 2 mm JE IR G ST, B A ZE YRR K
BB 121 R KT 120 min J529, 8 R A E R
3dfEH.

F 2018 46 H 9 H7E 2= 7 ARk K #5256 KA N
TGRS, 50 o BIRE IS 2L PRy 3,
A H T SRR AL AL BE 6 BE 3 AMF) |, AR 2 AL PR
ANFAT de 16 iy kR . XTRRZL (CK) : K 1 4 kg+K
i 1 40 g; 3R AMF 41 (AMF) « K i# 1 4 kg+ AMF B
Fl 40 g BEEEAE T TR 2 6k, SL 0 A b AN i A AL
NEFNA 245, R FH B ARG HE 30 R] AR 4 2k 1 ek otk
DLRHE B K IR R R, 15 60 dJ5 R AE .

W R R, B J AR AR B 2 b A B A 1)
BORESHRAEFESEAWMRE LEREL M1
mm) , H IR KT PRI Jo B 48 2 o 4 FOKAE R
o i Ny o 1B 1 R /O T8 R N 17
T, F 105 CA T 30 min, 12275 CHET 72 h 165
BRI AR A
1.3 MEFHE

FEPIAR Z A7 e R0 AR R PR UK 1 em AR
BERE S B HAE 100 °C L 10%KOH 15 3 B €5 30 min
Z2EW], HIJCTE K sk 3 Uk, B AR Bt A 2% HCL 3~5
min Ji5 , FHJG B K #h sk 3~5 ¥k, FH 90 CRRYE b £1 9 £
WL 530 min, PRk o8 4% (AR B, K L HE S 7 2
Yo b B TR B WA, W
5 3 (1400 5 4% B8 Abbott 25PN 7 BE AT

SR FE 0 — BT 3253000 5 6 7, B4 5 o FRedf
0 100 mLZEEE K, A £ 2 min, #2510 min,
B IRAAACE O, 5% 2000 1o min™ Z 0 S min, B
VEW I 45% FEWRV W, ARS8 550 30 s, K LI TR
i1 0.45 pm P, 7E B N ST
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FH B RO SR e, b 350 R T 3 o o T
FERR R o >R I 48 X it 4 2000 2 { HM - YD I i
4K, Ye[E PP-System 23 ] CIRAS—1 %4 [ Zh{# 4K
T DU E A 7 A A R AR S50

53 590 R PB4 180 EE 6.7 0.5 mol - L' NaHCO;s
B4 - SR BT Lk D - R AR L AL
H,

H,S0.~H, 0.1 & = , 73 R B G /i AL
HE (5D E A AR A w0 &R . HNOs-HCIO,
THAE , R AT W53 S B 7 D00 7 A 4 A
HY i, 0.1 mol - L™ HCIIZ RS , R FH K G IR 49
T RE TN RE A 3 RS A RN A 1Y) P

+ 458 D BRHE A R A K H 1 (Total glomalin related
soil protein, T-GRSP) Fl 5 $& H Bk 22 25 % A OC 5 1
(Easily extractive glomalin related soil protein, EE-
GRSP) & B 5E J5 ¥k - 1.0 g KT 4E, 2051 F 20
mmol - L #7168 R 2% #h & (pH 7.0) $2HX 30 min B # 50
mmol - L #7145 B2 41 2% vh i (pH 8.0) 2 HX 60 min, $2 1
F R 0.11 MPa, 121 °C, 48 J5 10 000 - min™ &0 5
min, 4351 5 | EE-GRSP Fl T-GRSP 9 £ 7 , %
Braford 700 & ¥ H GRSP [ & 15t P
1.4 SZitoH

2 56 B35 18 FH Microsoft Excel 2013 %F #5045 #47
Ab B, THEEF Y0 AR E 2%, F IBM SPSS Statistics
V21.0 B s b AR UEA T G2 1150 BT, F Duncan V46 56
25 A B IEAE 0.05 7K 1) 22 574, H OriginPro 9.0
TR,

2 GHRESWN

2.1 $EFh AMF EHR 2 451E

2RI, D AMF A BE A 23 PR A 22 B 4 R
KM R AZ Y 243 TR 35.23% F1 25.42% , T 42 %5 5 4y
W4 40.16 cm- g F128.36 cm- g, i TE043 51 M 26.72
A g FI18.824 g7,

HT L 1 RTAT, PR - SRRl AMF J5 3Rk P8 R
FHOGHE (10 i B 1N, £33 RN 22 F L5 S ik 42
B AT A T4 N 77.9% 1 45.2%, Bk
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MR A F 5o 0 75.1% F188.8% ., Ui BHE
Flr AMF BES i - Rk R R ARG 1 & it
2.2 EEMAME Xt EREMREE EEFE KT

2% 2 AT L, 2303 FN 22 PR AP 34 AMF J5 &
K RS A AR 3 W R AR A A 2 5
o 2o L ORI 2R R i A R AL
SR RS ORI [E] COL MR 43 31 3 i 60.8% ,1.55
P . 4.00 1% .89.1% F133.9%; % B + 45 K M &
RO LA HR AL R E AR COME
JEE AR 4 ) R 12.1% .69.8% . 1.00 %5 . 24.3% F1 1.34
o VLHIHERD AMF REAS [FIFR B2 3G 0 oKk it ol 4k
BLIE =7 T

122 3 AT UL, 231 4l AMF A0 B FOK 1 |
T HlL TS R A A A R e A e b S A3
AT 1.7 £% A1 39.1% ; T 5 43 0 B4 0 1.15 £% A1
61.9%, % FF - HEHERD AMF 420 35 F K Hb b 34 1y i
PR = S 3, 380 3900 R 36.2% F112.8% , (B X HE
TR A Py R A R (P>0.05) o U B

Filr AMF GE i B K H bR AY A= 9 TR = o
23 FEWMAMFM T IE-EXERFSEENZ

FH % 4 AT, R - B4R AMF Ab B - SR i 2R
TR ROR B e 1) S S RGN, 2 15F - AP SR A
T BB N 63.8% F12.06 17 , 22 B 1 L HR i AU 1R
SR B A AN 30.99% F192.8% ., 5 W - 4 Fh
AMF R3N85 it

PRh - S Rl AMF A0 B T K 55240 3 B2 B 5 T
[ e oy L s L N o R S e T g e

3 EMAME X ERRF N EN BRI
Table 3 Effect of AMF inoculation on plant height and biomass of

Zea mays L.

e ghpp AW Biomass/(gepot™) ## Plant height/cm
Soil Treatments i |- % Shoots 1 T & Roots #f_|#B Shoots #1 T #F Roots

&% CK 1.10£0.20  0.60+0.05  37.75+1.40 25.63+1.60
AMF  2.39:0.49%  1.29+0.10% 52.50£2.20% 41.50+1.20%
=R CK 33.98+1.10  5.70+0.80  94.20+2.80 78.00+3.10
AMF  46.31+2.10%  6.59+0.68 106.25+3.00% 81.67+1.54

4r - 101
= B=) L
Iz i « < *
o~ . T mE st [
WEY 3 e | 1
=5 I [ 3
= r l M 6F
# S E z < .T
TS of I wsd | f
tF I L E :
2 [ S5 4 I
FzE B3
2ED | [ ®E | I
EE W o
IR L =
= 2 |
0 V% Oy 0 Y 2z
= T =P o
3 Soil 4 Soil
O CK [OAMF
#FRRn Y CK 2 57155 P<0.05 35K, N
* indicate significant differences compared with CK(P<0.05). The same below
Bl #MAMF LR EBRAXEASEMNFM
Figure 1 Effect of AMF inoculation on the content of glomelin related protein in soil
2 M AME X ERM SRR ZIT
Table 2 Effect of AMF inoculation on the photosynthetic indicators of Zea mays L.
- R PlAESUES AL PLES JiE i) CO. ¥ FE
13 b PR . L .
. Chlorophyll/ Photosynthetic rate/  Stomatal conductance/  Transpiration rate/ Intercellular CO, concentration/
Soil  Treatments o 5 P 54 P
(mg-g ) (mol-m™2-s™") (mol-m™2-s™") (mol-m™-s™") (mol-m™2-s™")
=T CK 11.45+1.20 2.75+0.50 0.02+0.00 0.46+0.11 217.70+13.00
AMF 18.41+0.90* 7.02+0.52% 0.10+0.03* 0.87+0.10%* 291.5+11.00%*
e CK 31.20+1.40 4.67+0.70 0.02+0.00 0.74+0.03 59.70+4.30
AMF 34.97+2.50* 7.93+0.28* 0.04+0.01* 0.92+0.06* 139.70+9.55%*

TE BB P R ERE s #30R 5 CK 22 57388 P<0.05 BE K. R,

Notes: Data is average value + standard deviation; * indicate significant differences compared with CK. The same below.
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HA 90 30.3% .34.6% K1 17.6% .35.7%; *= BF 1 K Hb b3
R RN 33.3%, (HH M AR TR EER
(P>0.05) , 1= FRA L 564 8% 75 5t 53 13 in 38.5%
F1329% (6 4) . PEHAHERN AMF REIE I T KR AEBE 57 4
T,
2.4 EMAMFI TIEFUAR FEENZME
P AD L R Rl AMF J5 T35 P A RS B O
0 AR, S LA BN R B AR
79.5% F136.6% , == FF - 358 S5 VA& 1 4 SRR
75.7% F134.6% (K 2) . BLEAHEEFD AMF REFEAIS 1- 58 rh
AREEEE G E,
2.5 BEMAMF 3T EXREKRR SFSEMERENF I
1% 5 A, PN 3R AMF J5 EOK iR
T B E R, S - R R A

T4 B A 32.9% i1 58.1% .30.0% F1 41.6% , > 5+
9 M b ORT T B AR A 4 0 B AIG 45% TN 40%
68.7% H162.6% .

SRR AME LB B KSR BT TR LT
i) b bR A e i F B0 2 R 5 22 B - R AMF
AR FORH TR MR EB ) s R B S R
% ABRER TR % i REA & 225 (P>0.05)

Hi 22 6 Al 1, P FP - 3E 3 Bl AMF )5, 275 1 3%
Tk b bR R AT 2R OB W R, 4 B 3
45.4% 1 52.1% . == PF L 30 F 3K bR 3 A0 F AN
R R, o 0 R R 25% . 30.6% FH
57.2% .56.9% . TE 4 J& 15 4L - 4 Fh AMF X £ oK
SR N S TR I AT AR S e I B 1 i I 2
M) AR 1 S5 AN [R) R0

R4 EFAMFX LB ERFSSENZ

Table 4 Effects of AMF inoculation on soil and maize nutrient contents

413 Lb3p - R AR |- R A F K4 A Maize total N/(mg- kg") KA Maize total P/( mg-kg™)
Soil  Treatments Alkali-hydrolyzable N/(mg-kg™) Available P/(mg-kg™)  #fi |- #B Shoots HiL R 3B Roots Hb_F 3 Shoots Hi 5 Roots
=T CK 0.58+0.05 0.15+0.02 0.33+0.08 0.26+0.03 0.17+0.06 0.14+0.07
AMF 0.95+0.08* 0.46+0.02%* 0.43+0.08* 0.35+0.02%* 0.20+0.05* 0.19+0.03*
=2 CK 8.32+0.19 2.23+0.87 0.30+0.09 0.29+0.03 0.26+0.07 0.25+0.05
AMF 10.89+0.58* 4.30+0.47* 0.40+0.07* 0.31+0.01 0.36+0.02* 0.33+0.06*
_3e6r 42r T
F30f I ¥ 36[ : *
&0 o [
E - E 30fF 1
BS 24f ! s i Lo
Nl . " Qo =
iz £ s E M) 1
5 = 18 T A= :
% g R 1
& 5 i J. T =y 2 L
3 1 i 'S 1
: T i
= 0.6 I 5 6F
> L >
< = L
0 . = 0 - —
=i . e o B
14 Soil - 48 Soil
O CK [OAMF
2 BT AMF X HIEA SR A2
Figure 2 Effects of AMF inoculation on soil available Cd and Pb contents
R5 EMAME N ERERE HEERBZRBNZM
Table 5 Effects of AMF inoculation on Cd and Pb content and transport coefficient of Zea mays L.
+ 15 Lib 3 Cd &1 Cd contents/( mg-keg™) Pb % Pb contents/( mg- kg™ ) Hn R Transport coefficient
Soil Treatments H_F 3B Shoots Hb R Roots Hi1 35 Shoots 1T Roots Cd Ph
E CK 0.88+0.11 0.74+0.09 2.13+0.23 3.89+1.04 1.18+0.18 0.55+0.19
AMF 0.59+0.08* 0.31+0.02%* 1.49+0.42%* 2.27+0.53* 1.90+0.28* 0.66+0.07*
= CK 0.31+0.05 1.35+0.61 1.50+0.60 1.93+0.38 0.23+0.17 0.78+0.32
AMF 0.17+0.05%* 0.81+0.17* 0.47+0.12% 0.72+0.19* 0.21+0.04 0.65+0.02*
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RO R AME X EKAEHIR SHRAEBHIM
Table 6 Effects of AMF inoculation on Cd and Pb accumulation of Zea mays L.

+ 45 b3 f B Cd accumulation/(mg - #E™) Hy BB Pb accumulation/(mg-#£7)
Soil Treatments Hit 13 Shoots Hi R 8 Roots Hb 1 Shoots HR 8 Roots
oF CK 0.97+0.10 0.44+0.05 2.34x0.31 2.33+0.29
AMF 1.41£0.27* 0.39+0.12 3.56+0.94* 2.93:0.28
a0 CK 10.5+1.32 7.69+1.04 50.97+3.90 11.00+1.42
AMF 7.87+£1.53* 5.34+1.20% 21.8+£2.02% 4.74+1.04*

2.6 HEMESHT

% 7~-% 9 E H ,EE-GRSP 5 - A B4
R UM OC, T-GRSP 5 - 587 28 45 4 {2 3 U AH
K, 5 - R AR A SO A 2 IR AR G . EOKER
TS A SRR BE EAR, A RS -
BAVGS R R FEMK, KM TNHL2RA S HE
B AR R N 5 TR A G, 5 A B sl e 12 I 5 IE A
FORBBES S T U B A G
3 itig

GRSP & AMF R 43 6 (1) — S8 26 11 e
TP ES RS, RSB A S BT

7 GRSPE HIEBIEEE AMENE BFEHHEXME
Table 7 Correlation between GRSP and soil available Cd, Pb and
available N and P

i H BRER AR Alkalic AL
Ttems  Available Cd Available Pbh Available P
hydrolyzable N
EE-GRSP -0.455 -0.711%* 0.246 0.291
T-GRSP -0.342 -0.567* 0.929%: 0.926%*

T #30R P<0.05, #*3 /R P<0.01,n=8. FIf],
Notes: * indicates P<0.05, ** indicates P<0.01, n=8. The same
below.

RS TIEEURR MEEAR FESEMHEXME
Table 8 Correlation between soil available Cd,Pb and maize Cd,

Pb contents

15 H Cd Pb

Items Hi F35B Shoots #i T #8 Roots #b_F 3B Shoots #1358 Roots
THEERESE 0.676% 0.720% 0.010 0.181
ER:ZepveN 4 0.026 0.043 0.786% 0.840%

RO TERERYA BEISEXRT BEEHNHEXNE
Table 9 Correlation between soil available N, P and total N, P

in maize

HH 2% Total N 21 Total P

Ttems 4 | Shoots 1 #B Roots i1 1% Shoots #5F & Roots
+IHFEA 0503 0.638* 0.543% 0.479
T HEwE  0.612% 0.667%* 0.751% 0.634*
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Pz B2 E T EM . A2 E VRV, GRSP fE 4]
ELEPR B ESRE T, W EESRE AL
B i A A oER ) J e B 5 B R OE A OG ,
ZGRSPH R MEELETRMAM KL, A
WMRAEESEMHE T M AMF -3 T-GRSP il EE-
GRSP & i T4 HARFR G 38  H A S EL R
B AR AL, 3 T-GRSP Ml EE-GRSP 5 &
5 E S E R BT a2 W U O 1 25 A X
;o HT GRSP [ Z5H I8 A 58 21 28 , Sl A 5 b
8RBT RE thF GRSP & A 05 & 18 R SL AR ETh
PR RE A1, 38 2o 85 A2 46 W B — e 45 - L DT TE 1 AR
FH Al L3 b i 43R Fh e A R AR AR A
MR 1 84 J8 AR WA 3808 Z 5 A s
IV BB H T GRSP W AR e 1) & s BH 5 7 1k - 438
R T A A BH S HROAG DA T B [ e A A
rhie S GRSP REMUAE - b 4 A WA AL
P, FLAEH EH &R W 7e B rh , AR R RIS A R iR
AT

TEE G B PE T, AR AR S5 A AN AT L i)
PE A EY XS B T R WSS I E IR N it R i
PR GER SR REYIRPLE &8 5 F ke
J3U, i AT DL3E 2 [ AR RS AR ) AU R A
TN} A 3 AN T P 1 A A A, TG VR AR
K SR, EMAEREATHEER, MR
EAEM T A ERNEEARE T LG HEE
] CO K BE 75 i A AN AL T BE 252 e 54 Y
FEREREY, bR S A YOS
B i 55 5 A KR (A 4R Bhae T, A9 Ik
Kt 1Y H 46 J@ s WA I 4 R i 454 OGS R 2 31
L0 R ) TV 1 7 R S O N R 2R S B
S JE A N ERD AMF BB B 353 S FOR M AR R
Srat, BN A R AL T ZE M HOR A E] CO,
WeRE . X AT RE T R R AR A AR K T A A
R ST AR, I AR R A A B v S Sl A Y R
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I 1T RN 1B 73D s e L8 e X, /) 02 o A
A,

AMF ELA3 538 10 o 4 Jm 45 5 e T, Rl o & imi
F1R) 2 R4 T A R B 22 77 A GRSP Y 25 45 1 F R AR TR
SR XTI R . AMF (2% ] 34 ik 4 42 40 it vp
()4 JB B 5 A8 PCs— 2 R R & it , BRKs A v 1)
T4 A A5 A AERS , DT 5 4 1 Al A b R4
iz, JEMREARE 4 8 i A FREEE S, AMF o] DLl i
22 %} H 4 R (1) Aok U0 LA R L T 200 R BE 3 D0 1) 2R VR R 2
ZUP Y R AL A HLIR SR 45 A E Y, R T 4R
XA s A3, I B GERR RL DAL . B
AMF BEFEARAE Y h & 4w & 2 (AXT Y b E 48
SR A5 2 B P TG A SN R K
L, X3 SR T EE 4 1 SRR R IR E RN, R 58
TEE A I b R A BRI . ASBIE oY 4
FW ESBMNA T, R AMF oKt b3RR3
R B RN, SRR IX A ORI A
YA S I | B 2 P S B w1 A N
B SRR T R BRI 3R DX R RO H T
] b b4 s R AN B N, HAR LS R AL
KFHEE 280 22 PR X 35 Tk R 38 1) 3t 358
By is 2 A0 E AL, Wi is REBUN T Y E R
B AEE N E WS & B, AMF REHE = 4t T
IR 2R ATV U0 0 e R LB ) & i,
e A R AP AE KW AMF AT DLE o 45 v A
A X6l 2R (1R W MSOORG B TR e R A I 25 i B ol
FCAAEF SR AL A B Cd #E 1Y RE S7, R BEAE
AR SR AEYES, 5K ESEDHE T,
RN AME £oK IR0 (% a0 & o B nm, 49
578 FJF, HEE-GRSP 5 £ k2R &2 B & EMH
X, T-GRSP 5 K 4B 52 I 3 1E AH 5 19 45 R AH —
o AHFST K PLEER AMF J5 JN0 (X - 358 2 P Ak
PERT FORARK R & i BB S A EE R,
A e i TR XA IR AL R S 4 R TS e
JEARTR], B R IR TG R AMFSE . AMF X A [ 26 7Y
(75 G A RO T R IR B0 2R 1 0 5%

4 #ig

HAEE T, 2P 2 PEMRD L IEHRD AMF #)
REQLIE AMF 7335 GRSP UCAE A 1, FEAR L3 A7
ROCEAR B, DD FOK O H 4 A, A g R K
R 6 T AR oK 3040 CRU i) RV, 4
AR

http://'www.aed.org.cn

SE Lk

(1] i, Jefi, XR K, % BERTRE DR TH 2L )i A0 A R B HA

BEPEANT]. o E R BB, 2018, 38(3) : 1054-1063.
WU Jin—nan, LONG Jian, LIU Ling—fei, et al. Spatial distribution and
risk assessment of heavy metal pollution in farmland soil of a lead—zinc
mining area[J]. China Environmental Science, 2018, 38 (3) : 1054—
1063.

(2] FWIEH, BRI . 25 el o SR A ) SR 18 S AR W T kD1,
A 2554, 2001, 21(7) : 1196-1203.

WEI Chao—yang, CHEN Tong~-bin. Hyperaccumulators and phytoreme-
diation of heavy metal contaminated soil: A review of studies in China
and abroad[J]. Acta Ecologica Sinica, 2001, 21(7) :1196-1203.

[3] BRI, A B, 385,55 . o o 398 0 <6 ) ¥ e B A PR A5 X 55
[J]. 344, 2018, 55(2) :261-272.

CHEN Wei-ping, YANG Yang, XIE Tian, et al.Challenges and coun-
termeasures for heavy metal pollution control in farmlands of China[J].
Acta Pedologica Sinica, 2018, 55(2) :261-272.

[4] BRI, FEESE, ERRRR AR FRA IR AR - R A o 4 s
PRI R [J]. FRBERRE, 2017, 38(10) :4360-4369.

CHEN Feng, DONG Ze—qin, WANG Cheng—cheng, et al. Heavy metal
contamination of soils and crops near a zinc smelter[]]. Environmental
Science, 2017, 38(10) :4360-4369.

[5] e, BRIGTE, PhIRHE . 4 Jm iihia T AR BRAN BB SR JELT]. £l
PRS2, 2001, 20(1) : 55-58.

YANG Ye, CHEN Ying—xu, SUN Zhen-shi, et al. Progress on effects of
heavy metal pollution in rhizosphere[J]. Journal of Agro—Environment
Science, 2001, 20(1) : 55-58.

[6] BLi i, B 2>, SE 0,45 . o Ja ki N P A TR A S A 14 i
HEHLHIT. S i, 2016, 43(12) :2700-2706.

RUAN Di-Shen, ZENG Jia=hui, CHAO Yuan—qing, et al. Role of en-
dophytes in plant tolerance to heavy metal stress[J|. Microbiology Chi-
na, 2016, 43(12) :2700-2706.

[7] Luginbuehl L H, Menard G N, Kurup S, et al. Fatty acids in arbuscular
mycorrhizal fungi are synthesized by the host plant[J]. Science, 2017,
356(6343):1175-1178.

(8] HELHGRE, y= 25, Wy Wi, A5 . DB AR LT A8 b 3 o 4 i T e A 1

S A HLERAIT 50 2 SR )], R 2 B2 41, 2015(10) « 1538~
1548.
ZU Yan—qun, LU Xin, ZHAN Fang—dong, et al. A review on roles and
mechanisms of arbuscular mycorrhizal fungi in phytoremediation of
heavy metals—polluted soils[J]. Plant Physiology Journal, 2015(10) :
1538-1548.

[9] Glassman S I, Casper B B. Biotic contexts alter metal sequestration and
AMF effects on plant growth in soils polluted with heavy metals[J].
Ecology, 2012, 93(7) : 1550-1559.

[10] 7 8%, B SCA, Bbm, 55 . DA T AR T TR X6 6 DK 25 LB 3 1] 11 4

WA SRR L] 10, 2017, 49(1) : 111-117.

LU Xin, HU Wen-you, HUANG Biao, et al. Effects of arbuscular my-

corrhizal fungi (AMF) on Cd absorption and accumulation in maize

and Sonchus asper L. hill using intercropping system[J]. Soils, 2017,
— 733 —



KU FREMEFHR-E375 - F 58

49(1):111-117.

[11] Tecon R, Or D. Biophysical processes supporting the diversity of mi-
crobial life in soil[J]. FEMS Microbiology Reviews, 2017, 41(5) : 599-
623.

[12] 0 BB}, X STenik, A2, 55 . AN [ Bt A b TGS - S K B 2 1A 5%
VR BAT AU AT ISE IR, AR 252441, 2010, 30(4) : 1035-1041.
LIU En-ke, ZHAO Bing—qiang, MEI Xu-rong, et al. Distribution of
water—stable aggregates and organic carbon of arable soils affected by
different fertilizer application[J]. Acta Ecologica Sinica, 2010, 30(4) :
1035-1041.

[13] Simansky V, Balashov E, Horak J. Water stability of soil aggregates
and their ability to sequester carbon in soils of vineyards in Slovakia
[J]. Archives of Agronomy & Soil Science, 2016, 62(2) :177-197.

[14] Haynes R J, Swift R S. Stability of soil aggregates in relation to
organic constituents and soil water content[J]. European Journal of
Soil Science, 2010, 41(1) :73-83.

[15] s Halde, 2505, 2 NifE, 25 . AM FLE e ERT ORI BR SR A BL

. BLARE, 2016, 33(12) :2379-2390.
GUO Yan-e, LI Fang, LI Ying—de, et al. Progress in the elucidation
of the mechanisms of arbuscular mycorrhizal fungi in promotion of
phosphorus uptake and utilization by plants[J]. Pratacultural Science,
2016, 33(12) :2379-2390.

[16] Pepe A, Giovannetti M, Shrana C. Different levels of hyphal self-in-
compatibility modulate interconnectedness of mycorrhizal networks in
three arbuscular mycorrhizal fungi within the GlomeraceaelJ]. Mycor-
rhiza, 2016, 26(4) : 325-332.

[L7]AERARR, TR2E, BROR 2 . AR AR XS 3 - ) R 58 b o 4 Jm i 7%

EeApmspm)). £ TEHLR, 2013, 8(6) :847-856.
WU Song-lin, ZHANG Xin, CHEN Bao-dong. Effects of arbuscular
mycorrhizal fungi on heavy metal translocation and transformation in
the soil-plant continuuml[J]. Asian Journal of Ecotoxicology, 2013, 8
(6) :847-856.

[18] Li T, Tao Q, Liang C, et al. Complexation with dissolved organic mat-
ter and mobility control of heavy metals in the rhizosphere of hyperac-
cumulator Sedum alfredii[]]. Environmental Pollution, 2013, 182:
248-255.

[19] Sinclair G, Charest C, Yolande D, et al. Influence of arbuscular my-
corrhizal fungi and a root endophyte on the biomass and root mor-
phology of selected strawberry cultivars under salt conditions[J]. Ca-
nadian Journal of Plant Science, 2013, 93(6) :997-999.

[20] ZH00R, O #, AT 6, 45 . = M Y EEDT IX 3L SR

SEPER()]. DS PR AR, 2014, 20(5) :906-912.
LI Jing—wei, ZHAN Fang—dong, HE Yong-meli, et al. Physicochemi-
cal and biological properties of soils from Huize lead-zinc mining ar-
ea of Yunnan[]]. Chinese Journal of Applied and Environmental Biolo-
gy, 2014, 20(5) :906-912.

[21] W8, ARLL, RG], 55 M B KRR —— = B Be S ™
9 TS VR PRLI ). MU 27412, 2016, 90(9) :2384-2398.
ZENG Pu-sheng, LI Hong, LI Yan-he, et al. The largest lead—zinc de-
posit in Asia: Jinding giant lead~zinc deposit with three—stage super-

position metallogenesis|J]. Acta Geologica Sinica, 2016, 90(9) : 2384~

— 734 —

2398.

[22] WEJ7#, BRAR 2, 2200, 4% REIS Yo i FORREATIE A TR 2 AR K

TR RSB R, Al FRIGRL 22224, 2016, 35(4) 1661
668.
ZHAN Fang-dong, CHEN Jian—jun, QIN Li, et al. Effects of applying
Cd/Pb contaminated maize stalks on growth and nutrient and Cd and
Pb content of faba bean(J]. Journal of Agro— Environment Science,
2016, 35(4) :661-668.

[23] AEe b, BT, X F A L AN R AT I FHARUEAT Jr 200k B 3ok AR
b S % B AR W P B S WA (). I AR AR A4, 2015, 26(6) -
1765-1771.

LI Xiao—sha, WU Ning, LIU Ling, et al. Effects of different straw recy-
cling and tillage methods on soil respiration and microbial activity[J].
Chinese Journal of Applied Ecology, 2015, 26(6) : 1765-1771.

[24] faf 7k 26, #A B, Z8 .55 . LK B AR B R X AL H A R K

ANE G2 J SR LR SE 0 (1], AL FREERE7 2440, 2015, 34(4) : 646—
652.
HE Yong—-mei, YANG Zhi—xin, QIN Li, et al. Effects of soil steriliza-
tion and fungicide application on growth and heavy metal accumula-
tion of alfalfa (Medicago sativa 1..) [J]. Journal of Agro—Environment
Science ,2015, 34(4) :646-652.

[25] Koziol L, Bever J D. Mycorrhizal response trades off with plant growth
rate and increases with plant successional status[J]. Ecology, 2015, 96
(7):1768-1774.

[26] Abbott L. K, Robson A D, De Boer G. The effect of phosphorus on the
formation of hyphae in soil by the vesicular—arbuscular mycorrhizal
fungus, Glomus fasciculatum[]J]. New Phytologist. 1984, 97 :437-446.

[27] SR, 5% F A . Y i —— iRk Y DA AR A0 2 JE Pkt
M5E 7)) RETRIRTE LR, 2007(2) :9-11.

BI Yin-li, WU Wang—yan. Dyeing method: A kind of the method for
mycorrhizal spore density quick improved measurement|]]. Energy
Environmental Protection, 2007(2) :9-11.

[28] BRI, BE/NVE, JRINEHS, 45 . fa I8 N AP 3 =E 4 1O S ME R
TSR CRe 12 92 5 ISR ], Sl 274, 2011, 20(6) : 60-67.
CHEN Liang, LONG Xiao—hua, ZHENG Xiao—tao, et al. Effect on the
photosynthetic characteristics of Cd uptake and translocation in
seedings of two Helianthus tuberosus varieties[J]. Acta Prataculturae
Sinica, 2011, 20(6) : 60-67.

[29] DA, 73 B, XURIAR, 55 . 5 482 TR TR RIZE F I A e NP LK

FRN AR AR R, 2012(12) :7055-7057.
CONG Yu, YANG Jing—min, LIU Li—juan, et al. Changes of nitrogen,
phosphorus and potassium in 5—year—old Schisandra chinensis leaves
at different growth stages|J|. Journal of Anhui Agricultural Sciences,
2012(12): 7055-7057.

[30] ff-E B . EHEAARSHIM). 3R . dbst: Al H ARk, 2000.
BAO Shi-dan. Agricultural soil analysis|[M]. 3rd Edition. Beijing: Chi-
na Agriculture Press, 2000.

[31] Wright S F, Franke S M, Morton J B, et al. Time course study and par-
tial characterization of a protein on hyphae of arbuscular mcyrrohzal
fungi during active colonization of roots[J]. Plant and Soil, 1996, 181 :
193-203.

http://www.aed.org.cn



KT, AF  AMF XY DR T 38 0 B o TR A MR Y 33 i 1S

2020594

[32] BRI, BS54, A5 4,55 . LRI B TR A B TR 0 5 Y b e vp ik

PRER TR AL M) A IR AR, 2016, 35(7) 1 1338-
1343.
YANG Zhen-ya, QUE Hong, ZHU Xue-zhu, et al. Impacts of arbus-
cular mycorrhizal fungi on glomalin content in soils contaminated with
phenanthrene([J]. Journal of Agro—Environment Science, 2016, 35(7) :
1338-1343.

[33] A, JAl S8, Wil . BRIEE FAN O 1 LA P B 20 A1 S PRET I
WEFEHE 1)), A 25254k, 2016, 27(2) 1 634-642.

WANG Jian, ZHOU Zi-yan, LING Wan~ting. Distribution and envi-
ronmental function of glomalin—related soil protein: A review[J]. Chi-
nese Journal of Applied Ecology, 2016, 27(2) :634-642.

[34] Wu Z P, Kim M, Huang J D, et al. Decomposition and the contribution
of glomalin—related soil protein (GRSP) in heavy metal sequestra-
tion: Field experiment[J]. Soil Biology & Biochemistry, 2014, 68(1) :
283-290.

[35] Gadkar V, Rillig M C. The arbuscular mycorrhizal fungal protein glo-
malin is a putative homolog of heat shock protein 60[J]. FEMS Micro-
biology Letters, 2006, 263(1):93-101.

[36] Ban Y, Xu Z, Zhang H, et al. Soil chemistry properties, translocation
of heavy metals, and mycorrhizal fungi associated with six plant spe-
cies growing on lead-zinc mine tailings[J]. Annals of Microbiology,
2015, 65(1):503-515.

[37] Bedini S, Turrini A, Rigo C, et al. Molecular characterization and glo-
malin production of arbuscular mycorrhizal fungi colonizing a heavy
metal polluted ash disposal island, downtown Venice[J]. Soil Biology
& Biochemistry, 2010, 42(5) : 758-765.

[38] 258, 23k, EHLSR 55 . CAA R BRI A AR K i

K CA WA, BREEALE, 2016, 35(11) :2344-2352.
LI Ming-liang, LI Huan, WANG Kai-rong, et al.Effect of arbuscular
mycorrhizae on the growth, photosynthetic characteristics and cadmi-
um uptake of peanut plant under cadmium stress[J]. Environmental
Chemistry, 2016, 35(11) :2344-2352.

[39] Heyneke E, Fernie A R. Metabolic regulation of photosynthesis[J].
Biochemical Society Transactions, 2018,46(2):321-328.

[40] fh/vith, HR2 10, XS K =2, A5 AR X 55 52 K oG 1 ARG

SRR R TR 7274, 2016, 35(9) :1672-1679.
XU Xiao=xun, DONG Yuan—-yuan, DENG Yu-lan, et al. Effects of
cadmium stress on growth and photosynthetic parameters of Sigesbeck-
ia orientalis 1..[]]. Journal of Agro—Environment Science, 2016, 35(9) :
1672-1679.

http://'www.aed.org.cn

[41] Townsend A J, Retkute R, Chinnathambi K, et al. Suboptimal acclima-
tion of photosynthesis to light in wheat canopies|J]. Plant Physiology,
2017, 176(2) : 1233-1246 .

[42] P0G, HEAREN, IR AE . 3 b A FRTAR I 1 X 1 A
WAt FABLIRIZR AL, +HEE7, 2016, 47(2) :499-504.

SUN Jin—hua, BI Yin-li, QIU Lang, et al. A review about the effect of
AMF on uptaking phosphorus by host plants in soil[J]. Chinese Jour-
nal of Soil Science, 2016, 47(2) :499-504.

[43] ZEHTF, IS, SR D GF | A e TS Y A B S P R B

PITIREWE T e (). A A574i7, 2015, 35(20) : 6881-6890.
LI Yun-shi, FENG Chong-ling, WU Xiao—fu, et al. A review on the
functions of microorganisms in the phytoremediation of heavy metal -
contaminated soils[]J]. Acta Ecologica Sinica, 2015, 35 (20) : 6881 -
6890.

[44] TZAHIE, REXLIBL, ZFH0, 45 . S0 AME R IL A A K F2 0l A

HUIR 73 W6 RV 1 22 A B 20 A1 (KR IR (). 225 2744], 2016, 36(10) «
2819-2825.
PENG Li-yuan, XIONG Xing—zheng, LI Yan, et al. Influence of man-
ganese on growth, nutrient uptake,and organic acid efflux by ectomy-
corrhizal fungi and manganese distribution in hyphae acid efflux by
ectomycorrhizal fungi[J]. Acta Ecologica Sinica, 2016, 36(10) :2819-
2825.

[45] 282, EEAR. MAAAR, A5 . DR B AR XTI A A & K I i R AR

SR, REERL2, 2014, 35(8) :3142-3148.
LI Xia, PENG Xia-wei, WU Song—lin, et al. Effect of arbuscular my-
corrhizae on growth, heavy metal uptake and accumulation of Zenia
insignis chun seedlings[J]. Environmental Science, 2014, 35 (8) :
3142-3148.

[46] T fr, Y Wite, INHEIEE, S5 . DA T AR B TR 5648 B A Il - e
ARSI ]. A IRETR 2], 2012, 31 (1):99-105.
HUANG Jing, LING Wan—ting, SUN Yan~—di, et al. Impacts of arbus-
cular mycorrhizal fungi inoculation on the uptake of cadmium and
zine by alfalfa in contaminated soil[]J]. Journal of Agro—Environment
Science, 2012, 31 (1):99-105.

[47) BFH, ST, SRATEE . MO AR BT X AP A 1 R AR DA B

HREAL]. PR A4, 2010, 30(1) :131-135.
CHEN Dan-ming, GUO Na, GUO Shao—xia. Effects of arbuscular my-
corrhizal fungi on growth and some physiological indices of Paeonia
suffruticosall]. Acta Botanica Boreali— Occidentalia Sinica, 2010, 30
(1):131-135.

— 735 —



