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Abstract: [Background] Arbuscular mycorrhizal fungi (AMF) is an important type of soil microorganism
that can significantly affect the cadmium (Cd) tolerance and accumulation of plant, but its response to Cd
stress of different forms is still unknown. [Objective] In order to investigate the effects of AMF
inoculation on the growth and Cd accumulation of maize (Zea mays L.) plants under Cd stress of different
forms. [Methods] A culture container with a height of 30 cm filled with quartz sand (0.2 mm) was used for
sand-cultivating maize in the indoor experiment. The effects of AMF inoculation with Funneliformis
mosseae were investigated on the growth, root morphology, photosynthetic physiology and Cd
accumulation of maize seedlings under ionic and colloidal Cd (1 mg/kg) stress. [Results] According to
two-way ANOVA results, both the AMF and Cd forms had significant effects on growth (plant height and
biomass), root traits, photosynthetic physiology (chlorophyll content and photosynthetic rate) and Cd
accumulation in the maize plants. But there was no significant interaction between the AMF and Cd forms.
Compared with the non-inoculation treatment, the AMF inoculation significantly decreased the height and
biomass, chlorophyll content and photosynthetic rate in leaves, inhibited the root length, root surface area,
root volume and root tip number, and increased the Cd content in the roots, but decreased the Cd content in
the shoots as well as the Cd accumulation in the shoots and roots of maize. Compared with the colloidal
Cd treatment, the ionic Cd significantly decreased the root length, root surface area, average root diameter,
root tip number and Cd accumulation in shoots, but increased the photosynthesis rate in leaves, the Cd
content and accumulation in the roots of maize. The correlation analysis indicated that the root length, root
surface area and root tip number were significantly or extremely positively correlated with the Cd content
in shoots, and extremely significantly negatively correlated with the Cd content in roots of maize.
[Conclusion] The toxic effect of ionic Cd was more serious than the colloidal Cd on sand-cultured maize
seedlings. The AMF inoculation increased the damage of the ionic and colloidal Cd to maize seedlings, but
decreased the Cd accumulation of maize.

Keywords: Arbuscular mycorrhizal fungi, Sand-cultured, Cd form, Zea mays L., Growth
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MR MEIE A, FRA FRTRIE, e WESH P A
gite, HREFERBOMEREE S 2 mL B, RE)E
FERIEAUTIEE R R 25 mL, F A 840 5 1
WAy RN E Cd &R,
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£ Cd &t (ng/kg); 0.025 ZE ZARF(L); 0.2 20
i B AR BRI 25 0 02 O B B () 5 m R A AR AR AL
T B AP (g/pot)
1.6 FHitsoth

RIS KPR Excel 2012 #3, RF SPSS
23.0 I Student-Newman-Keuls (SNK)#: 56 246 5651
PEAE 0.05 KF B EN:, SRR ZE I 25007
Fr g e R EE . Cd B K —FH L HAER B R
k. SR OriginPro 8 #Ef TR F 2 .

2 R4
2.1 Cd #7550 AMF $ZfhAbIE XT R K IREMZ R
R FE B9S2

FEE AL CAA T, M AMF X &
KR RIE L RAF RS, =S50 30%F1
32%; FSEEb I TR 12 Mg (3 1), AT,
A CAIEARINAT, AMF BIERM T EARME AR,
2.2 Cd #7450 AMF ZfbIEX E R A S HIE
FapA

e 1R, SEmAS Cd Phaft, Rk
Cd Wi R IZERD TR 6 A 6 10 25 I

* 1 WS AMF E# ERIRERRFMNB T
Eab-A o)

Table 1  Effects of Cd form and AMF inoculation on AMF
colonization in maize root and its spore number

Cd Jilrif F2/ES T4

Cd stress Colonization Spore number
percentage (%) (spores/g)

%4 Cd lonic Cd 30.02+1.76 12.25+2.95

JBeAAZS Cd Colloidal Cd -~ 31.56+1.28 12.25+1.09

e BN 4 IRER BT EREZE.
Note: The data in the table are the meantstandard deviation of
4 replicates.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3826 AR A R

Microbiol. China

40.00
e AMEF: **

Cd form: NS

30.00 - AMFxCd form: NS

f a
20.00

10.00 +

Chlorophyll content (mg/g)

0.00

Ionic Cd Colloidal Cd

B [_IcK
18.00 Bl AMF
a

16.00
14.00
12.00 | b b

10.00 b
8.00
6.00
4.00
2.00
0.00

AMEF: **
Cd form: *
AMFxCd form: NS

Photosynthetic rate (umol/(m?s))
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Figure 1 Photosynthetic physiological of maize leavess
under different treatments

FE: CK: ARIEHMXAE; AMF. $EAPEEPY |55, A 4t
R B: JbEHiE; Co ABEE iy 4 WEERP
BIEbRHER: , AN RINE TR RO A PR R] 2% 57 0 3 (P<0.05). 4R
i AMF 1 Cd JE SRR I 22400458, NS: A E; *.
P<0.05; **: P<0.01. F[A.

Note: CK: The control without inoculation; AMF: Funneliformis
mosseae inoculation. A: Chlorophyll content; B: Photosynthetic

rate; C: Transpiration rate. The data in the table are the
meanzstandard deviation of 4 replicates, the different lowercase

letters indicate significant differences among treatments (P<0.05).

According to the results of two way ANOVAs of AMF and Cd
form, NS: No significant; *: P<0.05; **: P<0.01. The same below.

28%; HONZFPALFEAALL, R AMF SRS
Cd i T B F K Foe A s B TR AL, IR
26%; T HAANFRE] FORM AP aR R Al AR
RWAEREES . A, WHE T Z00R,
R AMF X F KIS R
W BEMB M, Cd JEARF KM FEE 3
R D, 2z e A A
2.3 Cd F75%0 AMF $EFhAbIBat £ KA KR
A

K 2 pioR, SE%EMAS Cd oM, ik
Cd il FECR RN TokH B3 A=Y 8,
T 31%; SONERMNERAILL, B AMF S
ffZs Cd JHA T B9 F KM BRI R A4 Wi TR

A 9000 ¢
65.00 F[__JCK AME: **
60.00 | Il AMF Cd form: NS
55.00 AMFxCd form: NS
. 50.00 |
E 4500 | a
= 40.00 | ab
£ 35.00 f b b
B 30.00 |
= 25.00
20.00 |
15.00 |
10.00 f
5.00 F
0.00
Ionic Cd Colloidal Cd
B
20.00 -Shoot AME: **
Cd form: NS
15.00 | AMFxCd form: *
2 10.00 |
H b :
& 5.00 c ¢
§ 0.00
2 500¢ a D =b
10.00 | AMF: **
15.00 F Cd form: NS
Root AMFxCd form: NS
Tonic Cd Colloidal Cd

B2 FERLETERNHKSSEYE

Figure 2 Plant height and biomass of maize under
different treatments

. CK: ANEFPbIE; AMF: B:FPEEDG L. A FORIN
s B: ERMEY =

Note: CK: The control without inoculation; AMF: Funneliformis
mosseae inoculation. A: Maize plant height; B: Maize plant
biomass.
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1%, A3 SIFEAK 44%F0 47%, [R]IHERD AMF 23U
IRZS Cd ha T P EOKPRR . b B EBFIAR R A i
ERAL, RIRRIE 27%. 69%F1 59%., A I,
R AMF A Eok A, S380, WIRZE T 225007
T, R AME X B E b EIRR R AEY)
EAETENCE 0, Cd TR ToRkkE . # B3
AR R A R TC R Em, 2 A H
VR (b _E BB P BR A1) o
2.4 Cd 7S5 AMF Zf L IE 3 £ REHKR R
eI uEA

=k 2 s, SEmES Cd Phatte, ik
Cd il FHOREZER FRMRE . R mEL, IR
RHEBRARIE T EH 0, 73035 n 64%. 40%.
116%7F1 108%; SAREAAIAHLL, HF AMF 7
KRS Cd PHE N R ERMRE . REmR A
TR EL 2RI, 2zl 61% . 63%. 64%
F155%, F AMF FEURAZL Cd Pk T 1 £ KR
Ko REFEHRB . FHRRER . REBRRISE
WERAL, R 77%. 75% . 33%. 73%FI
69%. s, WRZE I 250HrRW], A AMF Xf
FORMK . RRMA, RIRF AR LA N B
Fm, Cd AN FAMK . MEmRL, FIHR

F2 TREAET EREREIRREHE

Table 2 Root traits of maize under different treatments

R EAARREA A B E RN EEEm, JFH
B2 B AR | AR R IR AR R A fE R
HAER.
25 Cd 755 AMF $ZEM4IE 3T E K iE#k Cd
EEMRNENEIT

WK 3 s, SRS Cd Ak L, BIAS
Cd A SRR R TR B3 Cd BAE
hn, THEr 46%, [R5 AR & Cd & s AR AR
i, IR 46%F1 38%; A b JHAH L,
FEF AMF A A Cd [Hhia T 9 E K Hs 345 Cd
SRMBME | WA Cd BRE B AR, 5%
ik 45%7F1 68% . 28%, [FIAFHERN AMF SEUR A
Cd il F i Tk B3 Cd & B BB B %
%, A HIRAR 26%F1 77%, T H 5 25 hn £ KA
Z Cd &g, BN 70%; R AMF SEUA S A
JRARZS Cd kil T B KX Cd i%% iz R B0 AR
52%F1 56%. UL, $%F AMF 2AR KR ] RA
Cd S M BRI, R Cd N E KR H
EEBEIEEIE . AAN, WURE R Z RN,
AMF, Cd AT E KM B3, AR Cd SRME
R A 3 ol B i, (H 33 2 R BEAT 52
HAEH.

Cd e yhsii] (i8S HRARTHR PR R ER HAFR RIS

Cd stress Treatment Root length Root surface area Average root diameter  Root volume Root tip number
(cm) (cm?) (mm) (Cuy) (n)

A4 Cd CK 1615+172b 344+21b 0.68+0.03b 5.84+0.12a 3 015+599b

lonic Cd AMF 629+8c 129+3c 0.65+0.01b 2.11+0.08b 1 363+51c

k7S Cd CK 2 646+378a 482+78a 1.47+0.34a 7.04+1.26a 6 276+632a

Colloidal Cd AMF 599+34c 120+9c 0.98+0.35b 1.93+0.19b 1 943+68c

ZHAEM

Interaction AMF ** ** NS *x **

Cd JE#s Cd form ** * x* NS ok

AMFxCd JEZ ** * NS NS *k

AMFxCd form

W MRAE AMF F Cd JES A R T Z0Hrgs 5, NS: AEE; *: P<0.05; **: P<0.01. R,
Note: According to the results of two way ANOVAs of AMF and Cd form, NS: No significant; *: P<0.05; **: P<0.01. The same below.
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C D
~1800F [Jek AMF: #* 0oy ggm AMF: **
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E AMFxCd form: NS E] AMF*Cd form: NS
= 14.00 - =
_§ 12.00L a g 20.00
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Z 10.00F = 15.00} b b
3 800p b 3 b
9 I
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Z 400t bt
=3 C Cc 8 5.00 F
2 200} g
0.00 0.00
fonic Cd Colloidal Cd lonic Cd Colloidal Cd

3 M AMF X EAKEWK Cd EEMREFHR SR

Figure 3 Effects of AMF inoculation on Cd content and accumulation in maize plant
TE: CK: AEFPALHE; AMF: BRPESPULS 9%, A: b ¥ Cd & it; B: MR Cd &kt C: Hb 9% Cd BBUL; D: #AK Cd

AU,

Note: CK: The control without inoculation; AMF: Funneliformis mosseae inoculation. A: Shoot Cd content; B: Root Cd content; C:

Shoot Cd accumulation; D: Root Cd accumulation.

26 HEXMSH

K 3PI7R, FORM P LR &R Sk s R
FRAWE S RFEEMAL; FK R EEH Rz
R Sk . LRI R A i O ek

®3 EARMHRASEESHKS. EYEHEXME
Table 3 The correlation between photosynthetic physiology
of maize leaves with plant height and biomass

| MRS R JCE R ZRIE A

Item Chlorophll  Photosynthetic Transpiration
content rate rate

k1 Height 0.562" -0.114 0.016

M EERA . 0.449 0.028 0.177

Shoot biomass

R A 0.588" 0.228 0.341

Root biomass

=L 4 Fron, EKH AR Cd S SR,
MW AR IRCE B3 IEARSG, Hoh
# EFR Cd &S RO SR AR AR R LA
FIEML; EARMAR Cd FrEHMEEK. HlERm

T4 ERREBFESHEIENHEELN
Table 4 The correlation between root traits and cadmium
contents in maize

i H I Cd FeE RECIST=
Item Cd content Cd content

in shoot in root
MK Root length 0.701" —0.685
HYAF Root volume 0.713™ —0.524
M Root surface area 0.711° -0.615"
HiJ2%k Root tip number 0.694" -0.791"
FHMR R HAR 0.485 -0.718™

Average root diameter

Note: *: P<0.05; **: P<0.01. n=16.

Note: *: P<0.05; **: P<0.01. n=16.
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R ELA 5 ) 2 TR AEURIT 85 3 A kG 1 L 2 T
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JE 20 Cd BT M IR P B e e — R 0 IR
B AR Y, R Ry, e e R
AR AR A KRR
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X+ e R IR AN UK S B, AR HEAE AR K
TR A2 SR Liao S MERPEE S F
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R 25 A Wy R T R G R N 25 A
B o TERATAIBFIE o FRAULE K 50 d B Fh
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YT RIS O OB R — 3,
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i, HFEE AR R A Em, T A Rk
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Jr it B A= e R B, (HLRE A A A B ] A 3
T MR R S e R bR 2R R P AR SIS o
FH, FORGNE I R A A Sk AR R R
Y B E A OC R . R AT RESE R FOK
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AR F AL T ARSI R R A A, T2
ST R A R, BT A b 2 AR
FAEYE, RIS, HoeEa R
WINE SR W07 SO0k 2 EORM KK, HTa
PP KPR 22, B IR SR —FB o Ak
WH, TR AMF A fd 2 7= me e K IV R 221 %
oA K] 5 B B R TR 4Ry A B R K
RE, 5 ERFRAETRE BT B — 43 5 4
KR, KRR AWM RIFEREFERR; H
WK, ANV Cd e FIPEA, R AMF 330 K
MR Cd Er i, A+ Cd &+ 20 e o5 ;A AR
AYIERON , B8 KA R AR, AT ] oK Y
AR FRREARIR T, BN Cd B AHER AMF
XFEAKG L AR ARG AR RS
BRI B AR, RUUSIN Cd JE AR
AMF AFFF KA K, AMF SHEY) KA e
FHBLEMERS S — 5% .

AW, RS FIIALS Cd XFF K4
ERFIAR R Cd & AT B E ], (HEER AMF 2
AE K Cd IR E ,  FEAIR R Kb B3 Cd & i
HEHRAEAS C &, APFRSE HER
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Funneliformis mosseae £l Diversispora spurcum 44
B ARLEAR R Cd f ik, B/ 3 Cd 1 i
gE RO s ARSCHIC TR, EORARK . AR
FBURRARE S b 3B Cd 5 5 3 A GG
F; SR Cd HFREBEMHIELR, KR
AMF 3 528 2 A% R AR 2R 1) A R BRAR e50 5 A A2
T HE R A FOK A IR, (R BERR R AT Cd B
TR, RIS SRAR R A 22 %) Cd BT 1 [l
T, %S Cd MR AP, ok, Bk
20 if B T DA SR A A B LT R . 4R ARy
REZS O Cd B, LA A AR,
il Cd B -y i b ERAELRS, MR E oK 135 Cd
RPN WA LB, AMF 5215 Wb ke
75 M ¢ 1 4% % 11 (glomalin-related soil protein,
GRSP) il 2 B A% - 35U (1) 11 2R 4 i i 3 - 39
i, AT Cd MRBH& 76 L4, BEAK Cd 2B
BRE, W Cd AR

SR Cd ha M, BIAZ Cd B8
ORI 1 E Cd SRF R A 2 R ARAE AR AR R
Cd B, [AMEENE, RIEM AMF 23
FORAERE Cd BAUED . X0 REJE AR Cd [#
FEE AR AR BELAS TR A, R 3 PR AIG AE ) o 2 A
g, 55 —Jr T, BT3RO [ Ak B A AR
LR, KPEER AMF A B W 3] 7 7
GRSP, iMifA#ibRim Cd & HAH LT84 HEfh
AMF Ab3 i 253 % Al BRI F1 GRSP A4
Cd [ ETEA YR, Wb Cd mAEY kN Tz,
TTREACHE Y Cd W R, HEnE N AT &
B, A ANE AMF 22 R4k 23 i B3 g
B3y ey i U By Cd ik R, T
B P 22 SR AT R S YRR L A I el
KGN AR A =R A R A
FA XM GkkE, ERNBTEH, Cd ES
5 AMF Rb3 2 [R1%A 2 S HAER, 1 AMF
SRR Cd MBS MNIMEIFEY) Cd Byl R
L, LML TR i — PR

4 i

ZEEFRR, A Cd R IARZ Cd b s £k
SV R FE RN P, ELRER AMF IR RS
FUAZS Cd X E ARG M, (HRER T RS
Cd (I EF, [, A[FE cd JEEWHE T, AMF Xf
BO8 F KA K AP HIVE TR Cd Wl BRUAAE—E
(22 500 o B AR UGR IR 1 K AR K JE 45 J oty
Ky, A SEIF R K5, R4
HER AMF J& 50 TR B A KA R
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