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M B R B B AR RS FI RS Cd itk im B2 i

k', B, RKEHF, Am ', B, EH K"
(1. ZEg gl RS S 3R B2t , BB 650201 ; 2. i [EA 4 Hb i i ) L B b B 2 e, FRBH 650203)

W OECRRAR 0.2 mm BAIERD £ 30 em i BORDHE , 7E 3D AR $2 R0 DA B AR B (Arbuscular mycorrhizal fungi, AMF) Z8{ T
PR oKt 1 mg - L7 BV RS RS Cd, TR IR AE B IR AL 5 1000, DF9E AME XERDRL L 2R THIFR AL 5 Cd ¥ 3 bR
VTR, S5 A W] AMF T8 22 ZE AT b AR ORI 3 BR S 25 A OC T3 EE (1 (GRSP) 34 KA s b iy LU 3R 1R AR, 3 4 91>
XoF C 1 W5 B o 5 W B BE 0 5 2 AMF 52 25 B3 IRTD A 10 e AR TP IS A AS B VRZS Cd PR, 2D Cd MR 7 2 1 5 A DGk 43
BHraR W], 76 AMF 2R TE T, 0k th GRSP 7 it 507 Cd W B it 522 4 25 1EAH G, GRSP & it S0 FE I Cd ¥k 2 22 b 3 FAH G, L
T Cd W B £ S5 DA VA T Cd ¥R 52 B35 P DG 0 20 em TR AR Cd B 2 55 Cd Ji 2 2 52 1 3 67 A O 04 30 em TR 1Y
VAW CAVRJE 5 Cd i R 5L 1 2 TEAH DG . AT UL, AMF [ 223 32 7398 GRSP S KA S b 1) L F T AR, SR AT S b X Cd (R BT, AT
FEARRP VR T CA VR BE 5 CA I T2k .

SRR DA TR LT 5 BRAE R R AHOC R (1 LR 5 Cd W s ki i 2k

FESHES X53;X172 XBARERG:A  XEHE:1672-2043(2020)08-1741-07  doi:10.11654/jaes.2020~-0171

Effects of arbuscular mycorrhizal fungi on leaching of dissolved and colloidal Cd

SU Lin', CAO Li*, ZHANG Jin—xiu', QIN Li', ZU Yan—qun', ZHAN Fang—dong""

(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: In the present study, a sand column at a height of 30 ¢cm was made by quartz sand with a diameter of 0.2 mm. Maize (Zea mays
L.) was cultivated with or without an inoculation of arbuscular mycorrhizal fungi (AMF). Dissolved and colloidal Cd of 1 mg+ L™ were
added into the sand column. Then, sand column cultivation and leaching experiments were carried out to investigate the effects of AMF on
the specific surface area of the quartz sand, Cd concentration in the sand column solution, and Cd leaching loss. The results showed that :
AMF mycelium grown in the sand column and secreted glomalin—related soil protein (GRSP) increased the specific surface area of quartz
sand and promoted the sorption amount and adsorption capacity of the quartz sand for Cd; the inoculated AMF significantly reduced the
concentration of dissolved and colloidal Cd in the solution at a depth of 10 ¢m in the sand column and reduced the Cd leaching loss; and
the correlation analysis indicated that the GRSP content in the sand column had a significant positive correlation with the Cd adsorption
amount of the quartz sand but was negatively correlated with the Cd concentration of solutions in the sand column for the AMF inoculation
treatment. Furthermore, the Cd adsorption amount of the quartz sand had a significant negative correlation with the Cd concentration of

solutions in the sand column. The Cd adsorption amount of the quartz sand at a 20 cm depth was significantly negatively correlated, while
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the Cd concentration of the solution at a 30 ¢cm depth was significantly positively correlated with the Cd leaching loss from the sand column.

Thus, the AMF mycelium secreted GRSP increase the specific surface area of the quartz sand and its Cd adsorption and thereby, reduce the

Cd concentration and leaching loss from the sand column.

Keywords: arbuscular mycorrhizal fungi; glomalin—related soil protein; specific surface area; cadmium adsorption; leaching loss

KA R A5 PR S5 2 S B [V 2K
ANTE R BE Y Cd 75 e, AR A s e - 3 A 0
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TS B NS ) AR AN AR AE Y 080 B TR
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JZ ) Cd 23 DN b 18] S B T 36 i Cd R I 0 2% F T
LY 8, V5 Qe R 2 3R R ORIk IR R Cd
B RS RS R RS EIL AT . RS
CAAFAE T, 2 W BN B0, Y B R IR, Horp ™
2 FERAATE R, ARG ARSI R

Cditki By N R AR Z , Hoh A= 5t Cd /i
oA 2 G B RS2 . DA AR LT (Arbuscular
mycorrhizal fungi, AMF) 7€ 58 32 A7 7E , BE- 5 Fifi
- 80% M4 HIPIIE AL AE S R, AMF (e A
Py s % o I /0 o 4 SR B T [ I AT e g o
A TR i R AMF 7E 3 AR KB L
WAL T 22 M 4%, T 22 IR AT - ORI, L 22 |
A BEA A AT AW B T2 Cd, 98020 Cd IR R 5 TR 22
WG SR R MBS , X S A HLAH 230k
W B T A - SBEURL Y R T AL A BT, b, AMF
PRl Y K 7 75 2 AH ¢ 1B 111 (Glomalin—related soil
protein , GRSP) J& fE fi¢ 1 + HE I 45 | 42 & + 1 F R
RFEE R AR YD, BB ZE & FIASE Cd 511, 1
58 TSNS Cd YRR RE 1" Wang S5 R X i it Ji] [
TR & I GRSP 45 5 4 @ $ it T LR AN
F, AL A R 5 )& , H GRSP [ & 1Y 4 R
UG K T B B AR, X K o Bl R A
YER . SR, AMF X} Cd ki B9 VE FHBIL IR 5 2R A
Bt

T HEXF Cd A —E M R RE ) L (H2 LIRS AL
A, T SBAT AR 1 5T AN 53 68 AR AT 2 ) Cd W R A
LA B R 52 ", A7 S wb il oo ] B, ] ek /b 1
Beh BT, ARG A SRR SR L BT, U A
AFNEARZS Cd VW, TERAPLIEE T 2% 40 1 Wik 58 e b
AMF X Cd IR ¥ U 2R 12 DA 1 TR Cd ¥ B2 1 52 1) LA
e AMF TR 22 X6f R0 TR 5T 15 Cd WA B — ik W2 AR AL 1Y)
S, P AR P DR 30 - Cd A I 2R 1 S 0 B BIL

HUT T A FEE S IAA.
1 #ME57%

1.1 ik ar et

A1 b (FE L7 Si0,) , KA 0.2 mm, FH 2% Fii
T PRIZ 0I5 FHZE MK Pk 76 121 CF KH 2 he

£ oK (Zea mays L.) , i By 2 500 5, Fp 1
10% YA BR N (J2 9 2 min) 1 75% 1% (3239 1 min)
PEAT R G BT 28 CIEIR R SR i 2E 3 d, 3%
EYEET N

JE VG S AW 2 25 (Funneliformis mosseae) , A6 50T
PPN B B TR 5 TR o TR AL B A (G 5 0
BGC YNO5 1511C0001BGCAMO013) , £ 523 58 4 ¢
Je AT
1.2 BESMEEACAFHE

VRS CA L] 5 E CA B TN 1 mg- L7,
FRELCACL, - 2.5H0 (437 4l) 10.2 mg i T 1 L7818 K
HH I B RS CA MR R 1 mg - L (R

A Cd Tl £« FEe A3 A1 BRSO Oy s, Tl 250 T
JI A it £ 45 F o B S0 miL 3 37 1A % 45 R 50
mL & JEH 50 mg- L7 1Y CACLIB IR A, 2 IR 1 24
h,4 000 r-min™" .0 10 min, ¥ FiER W H 3 50O
B 50 mL ZE1R/K , B 430 30 min, BT ] 5
PRI AR, AT 2 VK o IRV R R 6 FH A e
A CAHe By 100 mg- L W B Cd A - SR A L 1k
SO PR | mg- ke AR Cd ",
1.3 BhiEH & 5KRIRE

HIAE R 30 em . B4R 11 em B L T B PVC A,
TEE IR 152 e Je i, 3153 0 4E 10,2030 em &b 1%
PRV MRBURE 11, e H K e Sk o A BERb KR 5 R
FHRR I A A0 R B 30 em. 3 B R (CK)
FIEERN AMF(AME) B0 B BEAS AL B 8 ASFAT . 7E
AMF 4 BERD AT 22248 2 cm B BRI, FhRE K )5 T8
5 3 em (A LD, % BN K TR A e b e b, R
PR 3 Mk K, BEBR 3 d 545 P A 58 Hoagland ' s ¥ 37
W 100 mL 122 85§ 7K 200 mL, 153730 dJ5 , &b 3
BLAAEAT IR RS Cd, A0 4 AT I AR
CA W, BEF% T d e IR 2 B bk, B A b
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SEHE LU A I BRI 3R I AR DG B VR P,
1.5 B CIREMNESRLEUTE

DA T VR R AR I T T R T S BRI AR A, 45 B
25 mL 2k AT HNOs—H.0, T fif— A1 22 57 St WSO ik vk
5 CAHRIE .

AT 8 TV SR A 1 b VR 000 S I A VR AR R
Cd ¥R BE , BRI 2% 5 =II VR Cd MR B b Vs W IR R, 153
H AR RE CA IR R R o
1.6 BhRLLE RERNE

RV 25 R I WO A e b o A e b KT SR
BET {:10 7 A7 b (19 bb 2 A7
1.7 ®h AR Bt £ 5 W% B B8 1 ZE

TR W 00 5 < FRE 1 g DL 45 2 AU FE T 50
mL 3R B0 R I 0.1 mol - L7 8 NaN O, ¥ W 25
mL, fi# W% 2 h, 7618 4% 3% 46 (25 °C) H F 180 1+ min™
Y3 B R 4R 2 h e, TR ER A 7R, 4 000 1+ min™!
) L e T 90 10 ming, MUV WL 8, - el
TR R 4R B Cd VR B B A b iy b . OF
Ty B Ay BERD AR S VR E A S ) A O

@:axv

m

SH 2 Qu A iR W ST T R AN A D ik R 1) 1V P 4
JE& B, mg - g Ca Ay fiff W 087 S 5 A 1) o 4 i S
P T VR B  mg - L5 VR FR RS W AR R Ly m A A
PRSP T BT, g0

T0 A W 56 B 7 000 S < AR EBUA S D R AMF 7 56
W1 gF 50 mLAELOE S, A1 mg- L' 1 Cd™ i
W, E T EIR (25 COIRGATH LA 180 remin FEHE B0
P17 2 h, 5 BB, FELL 4 000 remin™ A9 58 B w7 B
> 10 min, B VW8, A sspilE cd™, fA-4k
PE3IWE R, 205 A DERD X Cd i W
T, B0 A W% [ i
1.8 HIEAEBEFHITHH

12 16 B9 R FH Excel # B, K F OriginPro 8 #E1T
I Fe 2. R SPSS 23.0 X E i E4 148 1143 By Fi
Bl o NS N o R G i S O =
P17 Pearson FH 73T o

2 HRE5HMH

2.1 AMF &£ KIEtR SRR L RER

W 1R, 3 AMF A0 FE FOKAR R0 AM BB
1RYZ R 30% oAy, L% R 30 em-g ' A4, T
BOR 12 A g A AT AN Cd I TE 25 6 I A R
ATHER Y L SR T LR 2, TE WS N RS CA 4 1FF
XFRESR 0.019 m*- g7, BRI AR IR R 0.119 m?- ¢ s ZETS N
JEARZS Cd 26T, X B 0.076 m?- o', 422 /0 b By
0.336 m*-g™'. A UL, 3R AMF B4 h0 T 43 BERD 0 [ 3
L

1 AMF £ K IEHR
Table 1 AMF growth indicator

CAbks MRIZYR A3 il 4%
cd f/@‘ Mycorrhizal Hyphae density/ Spore count/
¢ torms colonization/% (ecm-g™) (/I\'g")
A 30.02+1.76 29.94+1.12 12.25+2.95
JirdZNn 31.56+1.28 31.27+0.85 12.25+1.09

R2 AEAHKILLRER

Table 2 Specific surface area of quartz sand grains

CdIE JOEL e TE R
Cd forms Treatments Specific surface area/(m’+g™")
A CK 0.019
AMF 0.119
JEEAR S CK 0.076
AMF 0.336

22 B AMFEMEHR GRSPEE

WEN PR, BEfRA CAAFETR  #04H 10.20.30
em A0 ) GRSP % 1243 11 0 17.09.20.13 . 18.95 g- kg™,
AR ZS CAAL B R, b AL R 10,2030 em 4L £ GRSP 75
B35k 18.04.21.53,20.24 g - kg, Cd I TE 25 XF
GRSP 1) 18 JC ik 5 .
2.3 FHHL Cd IR B 25 IR B A

NI RRZS Cd, BER AL PETE 10,20 em Zb4 2 3
HEOMAT D ) Cd W B o, B9340 T 55% 5 4 30 em Ab
W o 2 0 40% . VR RS Cd, 2 Fh kb PR AE
10,20 cm b S 35 38 fin A i i Cd W B 4, 430 3
TNT 75% 1 44% 5 75 30 em Ab W B3OS 2.3 .
DU AT, Rl AMF BB 1S 58 1 S X5 Cd W [ BE ) -
RARSRE | A0 b X 7 A6 7S Cd (14 W [ BE 71 0 0.528
mg - kg™, FE A AMF 7] #1552 0.756 mg - kg™, ¥ IR K
30% ; £1 FEHS X B AR 2 Cd 19 W B BE 71 4 0.600 mg -
kg™, 3R AMF FTH2 55 2 0.790 mg - kg™, W1 4 24%
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Figure 2 Sorption amount and adsorption capacity of dissolved
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FH AT R ], AMF $ER 5 T2 T B0 3 AR 2
) GRSP % & 5104 Cd W fff 5 (r=0.685, P<0.05, n=
24) 5L 2 IEAH O, SRPAE VW CA M (r=-0.434, P<
0.05,n=24) & I 2 1 AH ¢ ; H AR Cd W fff 2 5 b it
TR CA MR (r=—0.407, P<0.05,n=24) & B F A .

W22 3 Fron , 7E4E R AMF A3 R, B0 4 20 em I8
B BRRE Cd W% B L Cd i 2k 1t 2 3 R O, bR
30 em PR BE IR Cd W 8 5 Cd i 2k i 5 12 3% 1 AH
Ko FREABEFD AMF Sk Xt Cd i W b, A7 Bl F R
TRAPAE W CA VR T Cd BRI T 2R

R3 BHECURKESIHLCIERHE BRKCIRER
PSR

Table 3 Correlation analysis of Cd loss in sand column with Cd

adsorption of sand particles and concentration of solution Cd

R HPAE R Sand column depth/cm
Sand column factor 10 20 30
Th KL Cd W it 0.323 -0.774* -0.324
WPAEVR R Cd e JiE -0.231 -0.081 0.825%*

1 : #3%7R P<0.05,n=8.
Note : * means P<0.05,n=8.

3 itig

TR0 3 L HE AN AME 3G KA b i i i BE AR
VWP CAYR I I/ Cd v 2k i, AMF K20+
SR AT R R W A AR T RE T 4% 52 G TE , AMF Y I 22 1]
LR SR AL 25 2F A (AT 13 v
W50 R Uk > T 40% 19 R R I 50% I R
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IRIG A SEPE M 2R AMF 203 b 0 20 em IR
A Cd W B 5 Cd 3 2% it 5t I 3 B A oG, /D A
30 em VR BE W Cd W B2 15 Cd Yk 1 522 0 3 TE A
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(2) R FJE A B Cd XF AMF 8 4= K F1 GRSP By &
WA BB s R P RIS Cd g 2k &/
TS AR &

(3) $EFl AMF b+ GRSP ¥k J& 5 41 i Cd 1%
B 2 2 M O, SR ARV M Cd VR B A i A
Ko, A1 HERD Cd W B S DA T Cd VR At (B 3 AR
%5 HAPAE 20 em AL AYTRE Cd W B 5 Cd i 26 i 5
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