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TG R HHE Cd AR, G5 R DA R BEME 13 AMF £, SBAMF BY% . i, HHEeke
A FEAH IR ) (Glomalin related soil protein, GRSP)F it WAEFEAL; IR KA KR S BTSSR, Tk EEYE . HRRY
ARG, i A RN QMR R Cd 1 FORAREA FEITR, FE AL TR BE, FEERH R0
Cd 2 it A SR I, GOMEAR A 33 10 om A1 20 om BRI Cd Wi WIS N, HbAh, 13 GRSP &5 FOKHh 1 Cd
SR EFIED G Cd WM R B AR, MR RRY], 1IR3 AMF A 1) T 3% Cd mitdadkih EHGER, miig
T Cd R, BRANIS Y HIEAE R4 Cd AT .

FER: EEEITYL AMF; oK ik T
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Effect of Benomyl on Inhibition of Arbuscular Mycorrhizal Fungi on Cadmium Migration in

Polluted Soil-Corn System

CHEN Qiyuel, ZENG Wenzengl, LIANG Xinran!, WANG Lei', HE Yongmeil, HE Chengzhongz,TU Chunlin®, ZHAN Fangdongl*

(1 College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2 Kunming Natural
Resources Comprehensive Survey Center, China Geological Survey, Kunming 650111, China)

Abstract: To investigate the effect of soil arbuscular mycorrhizal fungi (AMF) on Cd migration in contaminated soil-crop system,
the farmland soil polluted by heavy metals around the Lanping Lead Zinc Mine in Yunnan Province was used to carry out indoor
experiments. The specific fungicide (benomyl) was applied to inhibit indigenous AMF in soil, and the effects of inhibiting AMF
on corn growth, Cd content and accumulation, and soil Cd leaching loss were studied. The results showed that the application of
benomyl significantly inhibited the growth of soil AMF, resulting in the significant reduction in the infection rate of AMF, the
number of spores, and the content of soil glomalin related soil protein (GRSP); It also significantly affected the growth and
mineral nutrition of maize, leading to the increase in the aboveground biomass, chlorophyll and phosphorus contents in maize,
while the decreases in the aboveground nitrogen and potassium contents. The application of benomyl promoted the migration of
Cd to the roots and shoots, mainly concentrated in the shoots, resulting in the significant increases in the content and
accumulation of Cd in shoots. The application of benomyl resulted in the significant increases in Cd concentration in the 10 cm
and 20 cm soil streams. In addition, soil GRSP content was significantly negatively correlated with the accumulation of Cd in the
aboveground part of maize and Cd loss concentration in soil subsurface flow. The research results indicated that indigenous AMF
in soil can help inhibit the migration of soil Cd to the aboveground parts of plants, reduce the loss concentration of Cd in soil
subsurface flow, and reduce the environmental migration of Cd in polluted soil-crop systems.

Key words: Heavy metal pollution; AMF; Corn; Loss; Cd migration
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Mgt AR H LErh, SRV ERE % Cd
TGl PR AR MR od TEMBHERE, 55
BRI, FHATEREM AR T, & R H A
Herpyimi e, B TE g -4 Cd 1) AR
M EE Lz -0,

M\ MR L B (Arbuscular mycorrhizal fungi,
AMP)TE R R B L | i)z, Al bt
MABRG 90% MmEmSFHEPR R, B E AL E
i, BIMETEHE S m 5 13T, AMF 458
FEAEP s FAEAO AP AMF ) LIS A 5 5l T 1R
RER, AMF RV ARG, W52 1 H a8 XY
IRIFEE , MY AEE 4 15 Y e A 52 58 ) i
PEmm , X T U B AR AVE Y G B 4 TS e 5 IR A A
FHEAEC, X HS AMF 75 H3Eh R4 BT |
Hedl . [E DT A HEAEN, BT LMY AMF XH
Y Cd &S HIEESETAN M EAHEE L,

it A B R 2 H AT AMF JRA7 3 Hh e i G K
Wk TERE AMF BT, WA 5]
T N ARG LRI IE AMF A ERY ZE R0 AMF
e, R RN AR ER, B ERE
B> AMF B, JEst A4 A Ab Ak H bR A4
M EIE /N, O Connor %M HiIE , 2 &2t FH A
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EGIERT, MR E RA SRR
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& JE 1L A A KA W WSOy T A B D REF B A o
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HYALER, T A 5T N 53R AR T R S 2 LR
PRSPPI B 4D+ 28 AMF A2 K I R1EIE AMF
FAREE, xR A AR B br AP EIFE /N
PRI, 7z R R R0 3% AMF /9753, LAt
RARESRGH 3% AMF A4S Y6E. (HEFAMA
AER RS2, FrUALUEUIR R3S IR, SR TR A
PRI % AMF B350 ) e 6172 NS,
AT 135 AMF J5, YA KA BN AR 1L
Hi¥) Cd RPHI LI Cd 1T, mllaE b+ 3% AMF
ASTIRE, WP RE T AMF 18 HIE-EY RS0
Cd A2 EH

SRR &R R ER EREE
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UEAh, TRJET X R A FARAEY), B e MR ) AMF
Y. B XEDAH % AMF 4 - E kRS
Cd AT AT MG anfal, wASTE4E

L, DLz pd 22 PREYEED ] Ak 8 4 T 1 e
T R IR, VRS R P R AR O R S R
[kl R R (Benomy)#l il AMF, F % ik
5, EWELE R R, W AMF HEHER, £
KA, M EEE, FodaE, Cd TE5%8
RO DA R+ Ry . AR RS R, TFOY
Jits 2R TR R AMH] AMF X kA K514 od T80
S, PRIT AMF X 3R R 40 & 8 TR
TR A28 TI6E, Ritk—25 k¥ AMF 76+ 4 H
4 I 5 YL i B AR B LR E A

1 #RERE

1.1 ik TiESEY

R EEE A 2 F A 2L T B R A R R i
Cd. Pb V544 H(26°34'N | 103°38'E), ##4K 2 150 m,
BEESA 1L 15 km,o JE RS B RERE, TRZE
o AREERR 12.6 C, A FHFEKE 1015.5 mm,
BN EZAEHTE 5—8 H, JoREIN 202 d, %0 PRI
HRFRAR, SR E R KR, TTIXEER . k. R
RSt —A, Tolk =R O™ &, A H +
Besgoms, EaEEE. RAHILER Y. 15
pH }y 6.25, HHLF & HE 34.56 g/kg, A . . &
BRER0000 1,16, 042, 9.58 g/kg, TR . AR
HRN SR 20541, 62,92, 167.54 mg/kg, +
B Cd. Pb a4l 2.62. 76.78 mg/kg.

BHRAEY B K (Zea mays L)), fFh LY
5, BTl R TR T A, Pk h—
AR R R . 10% H,O, AT 3R HI AL
B, FRZRRK R 3 A, F 25 C IR FRAE T
TEZE 3 d JE G . R R AL AR AL TRy
HIRAT, Cd. Pb¥RKH
1.2 XIS AbEE

TRI0 E AN AR A R AN 6] AMF 403 (CK) At A<
R AMH AMF 4b 3 (Benomyl), 44 B4 4 S
B, BRI 2 . TR AEE 7d IR R
R, B TdRE-FOREABR, BN 0.04 g/kg,
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TG E 45 d; CK AR HE [F) S R 2R K A0
TGRSR A SROG IR ASTEAE , 4% 2k 75 18 70% 1Y
P PR K AN I 25 B8 7K, iR A bR FH B E 3 b
FeK Ay i 3K S dERSAE H R RR K Y 70% 24

R T2 B AR KA e LR I8 K o e, At
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By ok A 0.25 um B % 8 4 (RHIZON MOM
19.21.21F, Rhizosphere research products)fii JEFHERL .
1.3 EEEWERZX

FokAK 45 d JERFEHL 25 ¢ + B whikid i,
B 400 H EARBEYET 100 mL 208, A 50% 1)
TEMHA AR S a0, T R AEE T LI 14k Bk
HFHARTBEYIE 1| om 47/, 10% KOH 90 'C il
M1 hBAb)E, ARLRRE I K e, FELAFLER H
WS, TR FUER, TR YR KRR Y
SREE; Bl g BT B0, N8 mL FPETRENTA WL,
iR L h 5% S B, 54 mEEA T
0I5 T P - S R R R AH G M (EE-GRSP); Bt
1g+, I8 mL AN WG Sl R 1 h, JFHE
B ERBER S ~ 6 R Dl iE B, 54 miE
HR A A - ke A ARG (T-GRSP) ',

TR 105 °C R, 75°C T RSN
Hiy bR AR FR T SR A i D R R
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Y EEREETHIN 2 5 FoK Cd & &R A HNOs-HCIO,
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Fa, MEEb FTERM 80% WEHEE, /ML
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A0 5 SR P e R A A BB 5 - 3 A8 0 vl o >R P
B ARG ARG ; 3 Cd 2 R K AR i
KA F IR BE VR 5

RIWEE T 2 K 10,20 A1 30 em HEH 35 40 cm
WIS . RS2 KR T HNO,-H, 0, VH iR, SR
FHA BB Cd R .

1.4 HIELESSZiITHH

RN H Excel #4740, KA SPSS 23.0
PTG 8T, LSD LG IR Ab HH B #E P<0.05 7K ()
WEEES

2 ZEREHSWH

2.1 HEFERERIT AMF 20

it A< P R BB AT R ] 8 AMF 194K, FoK
AR e R EAE 8.57% , AR Pr 4 He b 1 750 F 1%
29%, ek IR R AHOCHE 11 LY S - R A
FAHCHE & T FEAIC 18.4% il 18.9%(F 1).
22 HMEXERIE AMF SMEXREKTRESH

A

5 CK AL, i R A BE, ORI Rt &
FIEIN 19.21%, Hi EEAEY I hn 22.54%, WER4E
YA BEAR(E 1), AT, R RS T £
KR

Jit A4S P 8 A 3 - 3P R S R 17.19%, +
B A . AR BE AR LA 2); FoKHL L
SR AR B AR 17.39% F1 13.65%, 4%
PN 44.13% RS A0 TR AR (R 2).
23 AR AMFIEXRCIESEMERE

)55

Jiti A% A 2 A B R ORARFR AN M 38 Cd 7 i i
I, HEEESN 37.57% F1 141.49%; #b i Cd &
FBUEHEIN 120.31%, HRH Cd R EAT B2 1h(E
2) AIUL, HEAEE R FE Cd [ Bk BT
2.4 HEEERIME AMF 3HERRE Cd iR EZMm

AP TP R (10.20 130 em),
JiE 2 T 2 AL BT YR 10 cm AT 20 em BEHR Cd W
WE FTE RN 16.32% ~ 144.77%, 37 HFIX 20 cm
B CA R E IR KT 10 om HEif Cd R ;
30 cm HEH I Cd R EEPNE A B AR (E] 3). AT I,
JitE A B R 2 2L 10 em 120 cm HE R Cd BN
2.5 HMEXRERINE AMF 3H#RE CdiRESR %k

=R RN

JitE A RANH] AMF X 58I Cd ARk i
FIL 2 2 TG 2 R e (1] 4)o

R1 ERIRRAMF REXR, RIFATFHESKRESHREAXELSE

Table 1 Infection rate of AMF, number of spores in rhizosphere and content of glomalin-related protein (GRSP) in maize roots

Lb ¥ RRERT(%) filFE(1/g) T-GRSP(mg/g) EE-GRSP(mg/g)
CcK 7778+ 1.11 a 18.12+0.36a 6.75+0.02 a 134+0.01a
Benomyl 7111+ 1.11b 1284+ 041 b 551+0.05b 1.08£0.02b

. RPRZIRR NG SRR R AP 22 5 18 35 (P<0.05), TR,
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Table 2 Cd content and accumulation in corn
by Cd % (mg/kg) Cd Z 4 (ug/plant)
R B HB R H F
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Fig. 3 Cd concentration in soil subsurface flow
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Fig. 4 Cd concentration and loss in soil leaching solution
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Table 3 Correlation coefficients between AMF related indicators with Cd accumulation in maize, Cd concentration in soil subsurface flow and

Cd loss
R %K T-GRSP EE-GRSP
KRR Cd HER ~0.046 —0.743 -0.798" -0.762"
KM 1-# Cd R —0.242 -0.636 -0.918" —0.859™
10 om e Cd IR IKEE -0.386 —0.724 -0.872" -0.868"
20 cm HEHE Cd MR EE ~0.560 —0.450 -0.988" -0.983"
30 cm EH IR Cd AR R EE 0.282 -0.539 0.157 0.224
W Cd k= -0.018 0.851" 0.564 0.588
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3 e
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