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Effects of Metal-Resistant Plant Growth Promoting Bacteria on Growth and Cadmium Accumulation of Corn
TANG Fei, CHEN Ya—gang, LONG Xin—xian"

(College of Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract: Plant growth promoting bacteria( PGPB) might play a certain role in phytoremediation. A greenhouse experiment was carried out
to study plant growth and Cd uptake of corn inoculated with two Cd-resistant PGPB, II ,R; and IV¢Rs, in soils spiked with Cd at 0, 1, 5 mg-
kg™ and 10 mg-kg™. Strains I[,R; and IVR; not only grew well in Luria broth(LB) media added with different concentrations of Cd, but al-
so accumulated Cd from the medium. In the first season, corn growth was promoted by individual inoculation of strains Il ,R; or IV4Rs, but
inhibited by simultaneous inoculation in soils with 1 mg+kg™ Cd or 5 mg+-kg™ Cd addition. In the second season, however, all inoculation
treatments had no significant effects on corn growth. Compared to the control, all inoculations increased Cd uptake by corn in soils with low
Cd levels(1 mg-kg™ Cd addition ), while decreased Cd absorption and transportation in corn in high Cd soils(5 mg-kg™ or 10 mg-kg™ Cd ad-
dition ). To some extent, inoculation of the strains II ,R; and IV¢R; increased soil pH, but decreased soil bioavailable Cd. Our results indicate
that inoculation with metal-resistant PGPB to heavy Cd—contaminated soils promotes plant growth and inhibits the uptake and transportation of
Cd in corn.
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Table 1 The biological characteristics of the strain

MEFE R Rk I1R; BEFRIV R,
Cd H/NEFEHE FE /mmol - L7 2 5
ST IS 2 TR E JE
SR IO P i
S A [E R AE i &
ST AR R AR i 2
I TR Acinetobacter calcoaceticus Bacillus pumilus

(BERRESASFTI)  CR/NFFRATI)

Z 96.8 mg ke AW 1.192 g-ke™ AR 86.09 mg -
ke AR 126.29 mg-kg &L Cd 0.23 mg-kg™',
1.2 iK¥e A%
1.2.1 PR ER I IR R 24

AH A U R RV R, A1 TR, RiIZR 2R
) LB AR5 MO Pk BN TS 4300 42
PB4 K F B 50 mL LB WA 2 3erp, TR
160 r-min™' 30 CH53% 24 h, 7E5%4 200 mL LB ¥ &
BRI = AR I AR R G At 08 KR
i) Cd B (0.25 mol - L), i AR IV oRs B TR IR 11 e 2%
CA> ¥k 4357147 0.0.25.0.5 1.0 mmol - L™, 4% 11 R,
REFEMOR e CA R FE 435124 0.0.1.,0.2.,0.3 mmol - L7,
FER 2 mL TG FR AW, EFREIK160 remin™ 30 CH
i, AARBEF Y LB AR SRSE 7738 hy 45 xR, 4
PREA 3 K, MERESE 6.12.20,32.48.72.84 108,
132,156 h Ji5, 70 S HIC M KL B 3 mL R, b ok
5 A1 P B VE W) ODeoo fEL; [AIHSHR 5 mL PR T
50 mL [ ELOE T, 8000 remin™ B0y, EIF RS R
TSRO, TN 1 R AR , B TR K
R TPARAT SR IROE IS (Z-2300) 8 Cd P .
1.2.2 AR5

K FWUR R 52 e FEALIX 4065 A IR s
FPE AR, 3t 4 A AEFKE  BIPRSERD X] B(CK)
MEEFPEA AR 1R BRI R IV oRs BRI PR 1R+
IViR3; B [RIZE A -1 Cd {552k, B H3Cd ARk i
4317 0.1.5.10 mg-kg'(Cd0 . Cd1.Cd5.Cd10), FFAab
PEAR 4 K, B4 I 4 kg(LLT401),

LR R EOK, 5—Z= T 2009 4F 10 T 15
B e 9V @ VAR 1 08 5 N e Y] i iy I R S E A =
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FRAN A TR A7 T (30 min )G HEK bk 3 WK1 , B4
Bt S WUEKRN T, 15 d G108, REAAR i 2 MR .
] ESE, EF T RE AL A TR AL BE B3 75l 50 mL Ak
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JER 107 cfu-mL™ B BRAETIEY) , LAICTRK AR A0 B
fRAETHFE LB WA 7R b RE R X5 K, B0
WA TRIA, 0.89% 4= BRER /K I 8 3 3k, FHJC TR A ALZR 7K
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Figure 1 Effects of increasing Cd** concentrations on the growth

curve of strain [V4Rs and I ,R; in Luria Broth media
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Figure 2 Effects of the growth of strain IV4R; or II ,R; on the

changes of remaining Cd* concentration in Luria Broth media

K B AR ZR 0 5 43 51 B X BRI 31.0% A
43.8% , FplE A VR, FRI B RN B ik 1R+ VR, fif
T KA R FE A3 FEXF BRI T 48.9%F1 19.6% ; 9%
[ 1 A i 7 e o | BY S 1 Y S i e =
KR IBAT 7 B (2)

TE Cd ¥~ 1 mgeke™ i) 13 b R EERRIV R,
BB AL 72— ORI AR, il BRI R T8
Fb X6 BR 43 51388 10 27.0%F1 21.3% , B2 ] Bt 42 o 7 ok
I 2R3+IV8R3 fiﬁﬁ?ﬂ]’?ﬁﬂ T*ﬁ%é@i{t s Ei&i%ﬁ%ﬂ*ﬁ%
AW 3 B X BB ARG 21.0% 11 37.5% ; % T4 — 2
Tk, B sl A B R A PR IR VR, 3 5 2 ek T
5 N2 o S S 5 1 o 1 s == 0 (S o [ B
12.0% 24.6% 1 16.6% , H 7 T 5 b XF B8 43 51 14 Jin
21.5% 15.3%F1 15.3% (3 2).

1E Cd BNl 5 mg-ke™ ()3 |, B
1% H 2R3 ﬁwsfﬁ ﬁ{ﬁﬁ?%géi*ﬁgiﬁ 5 ﬂﬁtgig
T T R G 21.3%F0 28.2% AR Z2 T8 H vt IR
G3BE TN 27.8%F 61.7% ; SR, [A] By 2 Fh IR A% ILRs+
IVsR, fifi T kb b3 5 Ho X BEFEAG 54.9% . 3 Fizf
ARPEXTEE — 25 FORMAE RN B3 (£ 2),

16 Cd Tl 10 mg-ke™ A9 3 b, [R)HHEAD
PIRE R+ IVeRs B BEUE T8 —F FRMA K b

xR 2 AEAGER EREMM EEFIIR R TFHRE (g pot™!)

Table 2 Effects of inoculation with PGPB on the biomass of corn growing on soils with increasing levels of Cd contamination(g*pot™)

R R (TH)

TN /mg kg™ B

AR A (T )

Ho bRy A o bRy A&

0 CK 7.30+0.46b 1.78+0.09b 16.67+0.58a 1.68+0.08a
IR, 9.56+0.57a 2.56+0.28ab 16.15+0.87a 1.60+0.12a

ViR, 7.44+0.34b 2.65+0.34a 16.67+0.75a 1.66+0.08a

I1,R:+1VsRs 6.42+0.36b 2.13+0.16ab 17.10+0.77a 1.71+0.11a

1 CK 4.85+0.30b 1.60+0.06b 14.62+0.84¢ 1.44+0.08b
II.R; 4.27+0.47be 1.58+0.07b 16.38+0.65b 1.75+0.06a

ViR, 6.16+0.03a 1.94+0.11a 18.21+0.40a 1.66+0.03a

[R+1V4Rs 3.83+0.13¢ 1.18+0.05¢ 17.05+0.37ab 1.66+0.07a

5 CK 4.79+0.05b 1.33+0.04b 18.33+0.78a 1.21£0.08a
II.R, 5.81+0.40a 1.70+0.06ab 16.51+0.30a 1.63+0.12a

V4R, 6.14+0.37a 2.15+0.29a 15.13+1.99a 1.39+0.19a

I1,R:+1VR, 2.16+0.10¢ 1.38+0.32b 17.57+0.57a 1.52+0.03a

10 CK 4.35+0.31b 1.46+0.07b 15.87+1.40a 1.35+0.05b
IR, 3.57+0.10b 1.35+0.10b 16.04+2.42a 2.45+0.23a

ViR, 3.60+0.29b 1.25+0.10b 17.16+0.86a 1.41+0.10b

I1,R:+1V4R, 5.82+0.26a 2.05+0.21a 18.01+0.34a 1.96+0.08a

T i AP AR MEZE (n=4) ; R 1] Duncan Z2F LR ] — Cd 7K AN IR EERR AL 2 A1 AT LA, AT A ) 5 B ) B 19 O 1 2% 22 5% (P>

0.05).
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AR AR R 9 T L RE A3 S0 i 33.8%F1 40.4%
AP AR 1R, SRR IV R X K AR 152 10
A R T ZE R MR AR X R AR
H—E A, B R E(F2),

2.4 REBX E KRB L R0

TR EIFFIAR R Cd &bl % Cd i5 4K
SEREG IR N, HARR Cd & 2 m T 1.
TEBCA UM Cd 1y -8, 28 == FoKH B3I Cd &
BHRTH—F, MAERM Cd 3P B —-F Tk
i EFRRAR SR T AR (K 3),

TEBAUIN Cd 1 3 rp R IV R i [R]
:J%ﬁ:rﬁﬂi I ,R5+1V¢R; IS%{EET%Q%E*ﬂEJ:%BCd =
i, O BT SIGAIG 7.69% 1 23.1% , M1 % Cd &t 5
XTREZ [A] 0 25 AN B 38 o SR, BRI A RR 1R, S fie
HEEARXT Cd (W R is, Hoh IR R Cd &%
NI H R BRI 38.5% F1 356% ., 3 Fh42E R kb B
BB EOKRMH EEAR R Cd BT BEY
M (% 3)

TE Cd Il 1 mg-ke™ (45 |, B e Rh e
Hﬁ H 2R3 Eilvsfﬁ 1}%%?%*?3*%1«&%[] [‘ﬂf@t%ﬁ
iz Cd, M B Cd &2 40 o0 Lo BEBE i 22.6% F11
19.9% , M F Cd & &t 43 5l Lo X BROES i 107% #0

361%;1@?&@** I 2R3+N3R3 Xﬂ’?*%ﬂ&%ﬂ%jﬁ_ Cd
WA 52 (% 3), Fophal Rl p bk 1R, A1
VR ¥4 1755 22 £k Cd AIRISCRN G iz, L |
#B Cd & i b XF ] 2 0l BRI T 40.0% (13.3% F
43.3% MREZR Cd Fit L RS- BIFEAR T 26.8% ,15.0%
F140.4%(F3).,

TE Cd B iimiEfy 5 mg-kg™ (943 |, B el [w] it
Cd W, MRAR Cd & & Hxt B4 B REAIG 65.6% |
46.9%H1 45.4% ; SR, R BT 2R B AR 1R+ IV R, J&
TR S Cd Fr i FexT REIE I 1.56 £ X F2E 2
oK, FEFNTERIV R 0] T FORA R AT Cd AR,
AR Cd 58 X B AR 21.5%, {H Bk B 14 Bk
I R %ﬂlﬁlﬁﬂiiﬁlfﬁ*ﬂ% I 2R3+N8R3 Xd‘iﬂﬁﬁ% FiTHh I
#B Cd FEHRA W (3R3),

16 Cd Jshiily 10 mg-ke™ (3% |, BRI
Tﬁﬂ'—lﬁﬁﬁ II 2R3+N8R3 ﬁﬂ: T%~§¥ﬂ€$§§\ﬁ Cd iy
Wl H 2 B T Cd [ F RS, L B Cd
i LU BRFRAR 20.7% 5 BRI R AR 1T oR; 51V 4R,
T ARZREXT Cd I, AR R Cd 543 ok e
KM 99.8%FN 118% X T4 —Z 1K, 3 FEAP AL FEX
FORME R AL R Cd FrEdsefy B m (% 3),

3 AELEERERE EEMANRE Cd 28

Table 3 Effects of different inoculation treatments on the shoot and root Cd concentrations of corn in soils with

increasing levels of Cd contamination

AU I /mg - kg™

Hempab

Hi—ZF TR Cd Fit/mg kg™

5 Z K Cd FF/mg-kg

Ho 7By W& Ho bR ) A
0 CK 0.13+0.00b 2.59+0.29b 0.39+0.10a 0.87+0.27a
IR, 0.18+0.01a 11.82+1.44a 0.31£0.03a 0.63+0.15a
ViR, 0.12+0.00bc 3.15+0.46b 0.40+0.05a 0.35+0.04a
I1,R:+1V4Rs 0.10+0.01¢ 2.52+0.11b 0.54+0.06a 0.89+0.23a
1 CK 0.93+0.08b 14.62+1.03b 0.60+0.06a 3.39+0.35a
II.R; 1.14+0.16ab 30.29+3.43a 0.36+0.02b 2.48+0.18bc
V4R, 1.62+0.25a 19.89+1.60b 0.52+0.05a 2.88+0.05ab
[1R+1V4Rs 0.96+0.12b 21.57+2.17b 0.34+0.04b 2.02+0.09¢
5 CK 5.25+0.97b 11.61+0.53a 1.68+0.13a 15.61+1.27ab
IR, 6.07+0.46b 3.99+0.14¢ 1.72+0.04a 16.25+0.87a
V4R, 7.06+0.58b 6.16+0.57b 1.60+0.11a 12.26+1.42b
I1,R:+1V R, 13.43+2.11a 6.34+0.61b 1.87+0.13a 17.93+0.95a
10 CK 13.54+1.77ab 11.16+2.00b 1.91+0.28a 38.38+1.93a
IR, 17.46+1.92a 22.30+2.69a 1.68+0.17a 37.10£3.62a
ViR, 12.87+1.61ab 24.38+4.28a 1.70+0.13a 35.59+3.19a
I1,R:+1V4Rs 10.74+0.53b 15.58+1.91ab 1.68+0.14a 36.87+3.04a

E i NI AR EZE (n=3) s R H] Duncan 2258 U TR RIN BEOHEA T HUAR, BAT R[] 5B RO Bl ] D0 2 25 25 5 (P>0.05)
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2.5 BEF{E A E X 1% pH B30T

M 4 FIH, A3 pH (EFEE L 3Erh Cd B
ARG NG N . FEBA AN Cd () 3 b ok s —
= EOKIG R AR TR Y 3% pH EREARRIL,HY
Xf REZ [A) 09 26 S N B 3 WOR SR — oK, [RIEH4%
FIERPE TR+ IV R 19 1458 pH {E X BE BT 0.11 4
L, (HEASEERN AR 1R, 5V R, B9 1380 pH (H
I3 5 HoxS BEREAR 0.07 #1014 AHLL7 . 7E Cd B30
M 1 mg-kg™ B A3 b FERITEREIV R, OB — 2
HER 2= 1 oK 5 19 13 pH E 7050 B X BT 0.22
O AEAA s [FIHERP AR 1 R+IV (R SHISCER S
—ZEJ5 ) 58 pH (E HX RE BT 0.23 A 5f , ISR
TG i g pH EES A FI B EFEAR R TR Cd
IR S me-ke™ )13 b MR —FEKE,##%
PR #E I oRs 19 1 48 pH B LL XS BE BT T 0.13 A~ 5
A7, AHISCAR S — 2 J5 0 1238 pH IR & 52 . 7R
Cd e Ay 10 mg-kg™ Y3 [, IR —ZF 1K
J5 . Al IR+ IV Ry 1Y 123 pHE 2% BT, 1t
XF RRIG AN 0.25 B0y 5 HEFP BRIV (R, 79 135 pH
WA T AESE IR IR O 2R — 2 EOK S L 3 Rl
FiAb BT 43 pH (HFZ A B2

2.6 BEMEKN LIEFUSRAENTIT

WORAEY IS L R AR L IEAE A, e -3 b i S Ak
FEPEIGE Cd Fat, 25 R A (K 4), TIEA R Cd
e bl S R R S N RS T RS, A AESS A
K L HEA S Cd SR —Z

TEBCA BN Cd 1 -3 BORS —F £ K)E 3
Fhz Fl i 36T A %0 Cd S 8EA 50 5 1
R TORSE, AR AR IR, IV R, (1) 1%
A3 Cd 5 B H R B R R 16 - 565 BRI T 35.9%
F149.8%, [FIEHEFRIE AR LR+ 1IVeRs 19 LIEA R Cd
B8 M X BE A 3E9n T 80.2% ., 7E Cd BSINEH
1 mg-kg™ -3 |, 3 Fh4EFh AL PR 34 %0 Cd % a5t
B P A0 5 R R e BE - 8 2 ) ) 22 SR I
%, 15 Cd IR 5 mg-keg T b GRS —F &
K, PR RN TR PR IV Ry 0[] B2 B Ak 11 Rs+
IViRs 1 R AR Cd B oy BE - EmK A A, (H 22
SEARBLE ; WOREE 2 FOKG 3 P Rp b HS i 4
B Cd ARCE A AL (ARURA B2 . 78 Cd Bsn
R 10 mg-kg™ T3 b [ABFERI PR IR+ IVR, fiff
WCAR S —ZE RN — 2 FOK I T A Cd &t Xt IR
I IR 21.6%H137.3%; WORHSE —F= 1K),

R4 YERERGAELELER pH EFRSIUBRERSREE

Table 4 Effects of different inoculation treatments on pH and the bioavailable cadmium concentration extracted by CaCl, in soils with

increasing levels of Cd contamination

HER I /g kg HeAab B heE heE
pH it g kg pH o g kg

0 CK 7.28+0.02a 1.92+0.42a 7.37+0.05ab 3.95:0.14h
IR 7.26+0.06a 1.92+0.33a 7.30£0.08h 2.53:0.24b

VR, 7.24+0.08a 1.5820.33a 7.23£0.04h 1.98+0.09b

LR+IV,R, 7.23+0.07a 1.75+0.95a 7.48+0.03a 7.1241.73a

1 CK 7.16£0.03b 5.00£0.33a 7.28+0.04a 11.81:2.23a
IR, 7.17+0.01b 5.17+0.33a 7.26+0.08a 12.23+2.73a

IV,R, 7.38£0.07a 5.25:0.75a 7.39+0.02a 14.22+2.10a

L.R+IV,R, 7.39+0.01a 5.63+0.75a 7.34+0.03a 12.35+1.18a

5 CK 7.5420.05b 13.92+0.67a 7.41x0.08a 21.081.17a
IR, 7.67+0.01a 14.25+0.584 7.41£0.05a 19.92+1.86a

IViR; 7.55+0.02b 12.83+0.42a 7.43+0.06a 17.67+1.06a

TLR+IV R, 7.50+0.03b 12.42+0.96a 7.45£0.08a 18.252.92a

10 CK 7.49+0.06b 36.58+1.42a 7.48+0.04a 40.42+591a
IR, 7.47:0.01b 34.08+0.67a 7.28£0.07a 29.44:1.01b

V4R, 7.54+0.07b 34.83+2.24a 7.34+0.10a 24.17+0.58b

IL.R+1V,R, 7.74£0.01a 28.67:0.96h 7.40£0.11a 25.33:0.98b

E i NI AR EZE (n=3) s R H] Duncan 2258 U TR RIN BEOHEA T HUAR, BAT R[] 5B RO Bl ] D0 2 25 25 5 (P>0.05)
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