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Effects of AMF on growth, low—molecular—weight organic acids secreted by roots, and Cd uptake in maize
CHEN Jiaxin', YAN Jie', YOU Yihong', LI Bo', HE Chengzhong’, TU Chunlin*, ZHAN Fangdong'"

(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: The ecological functions of arbuscular mycorrhizal fungi (AMF) were explored by investigating its effects on maize growth,
mineral nutrition, low—molecular—weight organic acid secretion, and Cd uptake via a root—bag experiment in soil polluted with Cd in the
Huize lead—zinc mining area of Yunnan Province. The results showed that AMF promoted maize growth and significantly increased
photosynthetic rate, plant height, and biomass. The absorption of N, P, and K increased by 14.2-19.1-fold, and tartaric acid, malic acid,
oxalic acid, and succinic acid secretion by roots increased by 1.1-3.8~fold. In addition, AMF resulted in a significant increase of 22.5% in
iron— and manganese—oxidized Cd content and a significant decrease of 12.8% in organic—bound Cd content in the maize rhizosphere, but
no significant change in exchangeable and available Cd content was observed. AMF significantly reduced maize shoot and root Cd content
by 32.7% and 77.9%, respectively, but significantly increased Cd accumulation in maize shoot and root by 12.5-fold and 25.8%,
respectively. Correlation analysis showed that shoot Cd accumulation presented extremely significant positive correlations with oxalic acid,
tartaric acid, malic acid, and succinic acid secretion, and iron— and manganese—oxidized Cd content. Thus, these results showed that AMF
can promote the absorption of nutrients in maize, regulate the secretion of low—molecular-weight organic acid and Cd form in the
rhizosphere, and reduce maize Cd content, thereby promoting plant growth.

Keywords : arbuscular mycorrhizal fungi; maize; root—bag experiment; root exudates; cadmium form

Yo B HA:2022-09-20 A HHA:2022-11-30

YEE R BEFa R (1996—) , L EPREE L B F58 4, N + 858 4 15 Y8 S F 9T . E-mail: jiaxinchen96@126.com

HEEEE R E-mail : 2fd97@ynau.edu.cn

EETH : [ME A RBL A EIH (42177381,42267002) ; 25 1 A4 H T A A AR R S N5 8 A Hi 7700 H (202005AC160038) ; 5 B 45 R B4
LR T A3 (202305AF150042)

Project supported: The National Natural Science Foundation of China (42177381, 42267002); The Reserve Talents Funds for Young and Middle—aged
Academic and Technological Leaders in Yunnan Province (202005AC160038); The Expert Workstation of Longhua Wu in Yunnan Province

(202305AF150042)
http://'www.aed.org.cn



ML FEIREG PB4 - 5 404 - 5 0 ] - X

KB T5HE R AL LB R RG], & 2L
F 1 A - 358 (Cd) 15 Y oy ™ B (4 ) 1 489
AR B AR 24 10 o, e 5 Cd AL AR
7.0% 0 THEERZE. CdigaptE i i) E 45T
RZ—  AWRETE R, SRR R | b 21k
ALAE AU 0 A A R

N K B AR E # (Arbuscular Mycorrhizal Fungi,
AMF) 2 2 A AE T L g — ML AR BOR BES R
ZRAYIE AL E R R, EAJEMHA T AMF fE(R
LR YA ZIE AR S A A, JEHR AMF ARLAM T 22
P 2% R PAC 35 AR W X A SR o B WAL, ke AR ) AR
K AMF o2 (A RIAR 2 iy kA e Ak, e
BT AR S LIRS RE SN )R-k
TAPLR™ A Y), TR 1 3 s R A AL
PERUE R, W & R XY HT . Bk
B, AR o A LR T 3 4 Ja A7 S0 1) 52 i 5 e
XSS IR, AL S A WL S MA B PR A 5%, i
5 LA A AP A A S IR A R, i FE kT,
Cd W38 T $278 AMF B, A [ R0 26 A9 I 23 1A HLIR 7
WA RS, SR IEPESRIE AR,
SR, AR R 73 I8 W) £ BE R AMF A2 25 S BE RGBT 58
XA

SEARYIAR A RS B2, AR B AR AR B
b Z AR R 220 AR PR A B B AR R T
1~4 mm $& 2 B/ B B9 X 0, R LIS A
Pl AR AR A S 2 P 3 SRR X AR
Pt B BRIBAT — 5 XERE H A 1, AW 50 R AR A4S 4
Fevk , AE E METIAT ST AMF X AR B AR AR PR 4 38 1 52
Wi o PR AR A AR S T, PS5 Cd 5 g - vh AMF
AR RA —E R BIE T X

AIG L o i PR A R IX R 3 Cd 5 YR
P 9 D b 88, B ol 5 AN 4l AMF AR B 36
T ARAS BT , W He A AMF X F KA 1 AR R AR
S FAHLRR S Wi SR Cd 2R W, EE+FE
XPEYRER DX AMF AR ZS I RERY IR, N H 4w 5 Yk
HT A e A A5 1 AR LR

1 MREFE

1.1 ikt

B O IR LTE R A A S R AYEE
DX & PR 4 B L3 (B 4 26°347 48", K 48 103° 38
38"), HHE A SRR TG E 2 mm FLARHT , 48 121 CR TR
ZEVRK AR KT 120 min, AR TF & . H3EIA
— 1330 —

FRALMET : pH oy 6.4, Tl fifp 2L TS0 FH SR RACBR 25 1 O
K 86.25.13.25 mg - kg Ml 12.24 mg - kg™, A LI 75
HR22.30 g kg, Cd HHEN6.73 mg-kg '

M K AP 05 (Zea mays L) , 207 X
JE i R A, T R BTN AR R T R
W o Bk R /N — B0 E R R 10 5 B B KR R Ak
75% LBEAN 10% YCE TR AR T H 5 10 min, T 85 1Y
T KA R K T 2O AR IR
MR UEAE H O K R SR LA, 761 25 °CTF fE L b
F% 3 d, FERF i & 28 A, Bkt e g AR K — 20
4

Ht X AMF F& Fh ok JBE 74 4840 48 25 (Funneliformis
mosseae , BGC YNO5) , J5i 4R B 57 /1 b 5% 5 4 AR R} 2
B A 0 8 3% 5 R R IE 5 BT DA ASE T AR TR A T T R
FEPRAL . DL R oK R i B R a0 R e i
R (Bl TR 224K %), B w A 25~30
T
1.2 RERIIZ T

HR AR AR I I AE 25 B ARl R 2 AR A X 25 KA
WHEFT . B AR (CK) 53 AMF (AMF) 2 44k
RN B AN . RAS R R 400 HJE KM
BRI B, ARAS AR K 15 em, 550 20 em. MRS
HRAS Y6 A 0.8 kg K I - HE , Jita it 100 g B 71 °F- 4l T
B 25 A9 oK Al R I, T CK 4l 45 Y O TR 1 7
(100 g B 57 7E =i 121 °CF K # AL #E 120 min) , SR )5
FEAH 1 0.2 kg K1 30K AMF 1 5 R 28 (9 5Kk Fh
T, ARSI —A 5 2 (42 35 em)
TN EEAN 2.5 kg K+ 7EIRE AR P, R A 2
6 HE e I B TR P ] 3 KRk H ) K
60%~70%. FiAE 60 d 54 TR A1 1 HEAE i 1 R AR
5
1.3 MEFE
1.3.1 FK RO E A HE bR 0l E

FORMORE R — A, e R S T o e
S, I E A F2F9:00—11:00(BHYETE 2 ), i
FH L1-6400 {5 45 X 56 A A0 2 i 6 A o 5 2% i
2 M) COL VK BE 5 2 3R B 1l >R 1 95% LB %
Bk , 76 665 nm i1 649 nm P4 T 2 OB E T
2R R o,
1.3.2 Foktkm AR WA S L5 50
W

FORFPHE 60 dJ5 , Fl A RO Mk i 3 R AEAE P A
THERESL . 2T FHORK R T KT B

http://www.aed.org.cn



WREa K, 2 : AMF X FORAE K ARAR T TA PR M5 Cd FEARE 20

2023411 H

JG 4y L EEBAIMEER L 105 CA T 30 min J5 , 75 CHt
T F A IR R e SRIBGHS A3 AN AR,
P P T G (o R e e 5 € K L HE S AR Bk A I
FEHL TS0 GRS IR 2 AR A O, R 758 Sk
T AMF 2 5100 SR FE 07 00 1 — pREA 0 v )
HR B A e 550,
1.3.3 FKHb b ERFR 535t Al e

FRECO.1 g BET IR AR AR 4, BT 100 mL FL L
HU A S mLWRERIR , 25710, I 0 Bl <L, 7E 0
ol B VR IRR 4 RIS B R R, 2
VA R A S A R A B, IO BILECOR , YA A S n 10 7
30% i AL A, HERWTEE ST RS2 A 20 min, R &
T 107 30% 3 B AL R 2~3 WK, BRI 2 TC Ak
Hrela , L IEE S0 mL AR, FHEBKERE
ZVPEEZR o URIROT N B S i, 430 R TR 28 1R
BRI LL 75 RN 5 A SO o3 O BE T 0 R B 5
e,
1.3.4 FOKMR RS FA HLRR IS I 2

HE 2R 43 A P WAL B v 44 R R K S5 301, SR A4
PRAE YD, B R K FZE IR K 43 50 VAR 2R 3 3k, b 4
PREE A 200 mL 5 mg- L' 19 & BB % % 129 3 min,
FRAF HE A AT 200 mL 0.005 mol * L™ CaCl VAR A
LN, S AU IR S 8 SR R W
Y2 ho TE45 CHM TR 728 & 46 % 10
mL, 1t 0.45 pm PEAR , —20 CERHRAF 2 H . A VLR
R I 72 SR HPLC 5, 76 36 12 1Y 83 451 L 15
5 R HLER (R A R SFE R BR R R A BE N
iR ) TR A5 s o it 118 20 3 1, AT 000 At A ML TRR 1)
.
1.3.5 BHEEASR &S CAIRRRNE

T TR A T R I E S B B R pb
AR, AR SR SR PR - BRI S 5
i R R R - B T e G T I 5 SR o R
FH NHLOAc 12 48— K IG5 5 2R FH Tisser 4342
B g 14 Cd BB A Sl

1.3.6 AR Cd 25 A 2

HEBR Cd 5 B 22 R A HNOs—H,0, 74 fif 12519 FR
HL0.5 g By ARHE S TIH e, i 5 mL A RR IR I 7,
FE0 3 mL 30% i B AL S WL, Wi bF N L e RN B AN
SN T AEIE TR L 160 IS 4 h, {55 015 10 1 0 it
FREAEW RN HRR I EE W, TR HZE
TR 50 mL 25 fiff b, U6 Y e AT N 55
3 MK ERZ R L IR G, XA T
W3 BE I 2 AR Cd 5 i

Cd B (pg- B =Cd % it (pg- g ) XAH R AE Y
(g ) 568 R BCTR) =F AR B35 Cd % 12 (mg -
ke AEFRAR R Cd % & (mg-kg!) s EWHE BN T
(BTF)=AE 3 b3 Cd &% 4 (mg - kg™ ) x 3l b A 4
()/[MRFE Cd & (mg kg xR R AEYE ()],
1.4 HIFELEBSSEITHH

B % F Microsoft Excel 2013 ¥ 47 4811, F] F
IBM SPSS Statistics 19.0 K 4F 47 )7 22 0 b il 22 5 B
PR I (LSD ¥, i 25 1 /K F P<0.01 1 P<0.05) DA
KA (Pearson 325, 8 K- 0=0.05) , FK
FH Origin 9.1 HEATECHR I ] .

2 HRE5HH

2.1 BEMAMFERRRBE K SEYENEIN

MR 1R, ERR R RN 36.80% , 5w il
PR 3567 50h 644>, UL B AMF X FOKR R R A
R Yy, BERP AMF S350 KPR M 3B AR R 2k
YAy B ER N 3.0, 18.9 5 M 4.7 4%, W] L, 4R
AMF R 22 55 0 R OK bk = AR ), TR 1 oK
Ak
2.2 B AMF X ER NG E BRI

P L LT, 4R AMF S 35 300 R ORI 4
T LA HRRZE S ER, B n 1.1 2.3 5
39.4% 18 12 & AR E oK it 7 B TA] COL VR B2, [ R
30.7%. AIHL, Rl AMF BEAS [R)R2 B2 5 B oK 6 A2k
PRFEHR

R EMAMFXERRRER HKESEVMENZIT

Table 1 Effects of AMF on root infection, height and biomass of maize

4b 3 R VR L TR 3 PP/ (g HR) Biomass/ (g plant™)
Treatment Colonization rate/% Spore number per gram Height/cm b 358 Shoot HLZ Root
CK 13.13+0.91 0.57+0.08 0.40+0.04
AMF 36.80+0.28 64+1 52.60+4.00%* 11.35+0.38%* 2.29+0.19%*
T« " FORAL B 22 5% . 3 (P<0.01) . IRl
Note: “**” means the difference between treatments is extremely significant(P<0.01 ). The same below.
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Figure 3 Effects of AMF on nutrient content and uptake in maize shoot
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Figure 4 Effects of AMF on the secretion of low molecular weight organic acids in maize root exudates
R2 M AMF R FR T3 Cd SRIRM (mg-kg™)
Table 2 Effects of AMF on Cd speciation in rhizosphere soil (mg-kg™)
Ab3E A Cd i R A Cd B i AP G Cd ot RS Cd & i
Treatment Exchangeable Cd content  Iron— and manganese-oxidized Cd content ~ Organic—bound Cd content Available Cd content
CK 1.49+0.16 1.42+0.09 1.48+0.09 1.66+0.03
AMF 1.52+0.05 1.74+0.03#%* 1.29+0.07* 1.68+0.09

T RORAL I ] 25 5 1825 (P<0.05) . R IFl,

Note: “*” indicate significant(P<0.05) differences between treatments. The same below.

R 3 EMAMF X3 E K Cd BFRSIEHI S 0E

Table 3 Effects of AMF on Cd accumulation characteristics of maize

Kb 3 Cd % Cd content/(pg-g")  Cd BFE/(png-#£")Cd accumulation/( g plant™) R ZH(TF) MRS R (BTF)
Treatment  Hfj |- Shoot R Z Root Hi_I- 3 Shoot 2 Z Root Transfer coefficient Biological transfer factor
CK 5.39+0.13 24.99+0.73 3.06+0.48 10.05+1.00 0.22+0.01 46.63+4.84
AMF 3.63+0.04%*  5.52+0.13%* 41.25+1.54%* 12.64+1.33* 0.66+0.02%* 19.27+2.71 %%

— 1334 — http://www.aed.org.cn
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Table 4 Correlation analysis between soil Cd speciation and the secretion of low molecular weight organic acids in the root

SRR ORI ERRUNEE  RERNLE BORRN R

:;EEI Oxalic écid Tarlaricvacid Malic af:id Citric a.cid Succinic.acid
secretion secretion secretion secretion secretion
A2 Cd 5 i Exchangeable Cd content 0.094 0.131 0.092 -0.128 0.152
B A A S Cd & it Iron— and manganese—oxidized Cd content 0.926%%* 0.9427#: 0.937%%* 0.389 0.9327%*
FHLEE A7 Cd % i Organic—bound Cd content -0.790%* -0.807* -0.818* -0.326 -0.782%
AR Cd 3% i Available Cd content 0.112 0.175 0.145 -0.359 0.083

RN BEMOE(P<0.05) , " Rl B A 5 (P<0.01) . T

Note: “*” indicates significant correlation at P<0.05 level, “**” indicates highly significant correlation at P<0.01 level. The same below.

x5 ERCGISE RRESRSFHEIER LT CIRSZEEXES

Table 5 Correlation analysis of plant Cd content and accumulation with low molecular weight organic acids and soil Cd speciation

TiH iy |3 Cd 5 5 MWERCd & I Cd R R MR Cd B HE
Ttem Shoot Cd content Root Cd content Shoot Cd uptake Root Cd uptake
FIRR /3 Oxalic acid secretion ~0.993% ~0.9927 0.995% 0.756*

B A1 iR 43 Tartaric acid secretion —0.996%* —0.997%* 0.995%* 0.805°%*
SR 4 WA Malic acid secretion -0.9967%* —0.9927 0.994# 0.764*
FPAEER 43 W Citric acid secretion -0.463 -0.468 0.494 0.007

BEFAMR 43 i Succinic acid secretion —0.974%* —0.987%* 0.9897%* 0.717*

A5 Cd £ it Exchangeable Cd content -0.082 -0.173 0.154 0.067
B AL Cd 75 5 Iron— and manganese—oxidized Cd content -0.926%* —0.956%* 0.947%%* 0.655
FHLAE A4S Cd & Organic—bound Cd content 0.798% 0.813% -0.796* -0.499

AR Cd & Available Cd content -0.147 -0.155 0.175 0.362
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