ARG KR 2015,36(2) :25-30 http: //xuebao. scau. edu. cn E&@‘Ej
Journal of South China Agricultural University doi;10.7671/j. issn. 1001-411X. 2015. 02. 005 iﬁ%

RO, BRER, PR AR SR BT AR AR B E KA R AR RUR B [T ] AR Al KA1, 2015,36(2) :25-30.

ERMEREFEXN ERERMFREZNF I

BEOR, BRTR, R, RHE

(dHRLXF FRIREFRE, T & )M 510642)

FE [ B9 BT R m BTtk 0L A ek s G 38 b R AE AN Zn WIS 520 , k) PR ) 2 i o 42 S X AR VR )
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Effects of metal resistant plant growth promoting bacteria on
corn growth and Zn accumulation

TANG Fei, CHEN Yagang, XU Huan, LONG Xinxian
(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract ; [ Objective ] Effects of metal resistant plant growth promoting bacteria( PGPB) on corn growth
and Zn accumulation were studied to provide a fundamental groundwork for mitigating the stress of heavy
metal on crop growth and decreasing heavy metal uptake. [ Method] A pot experiment was carried out to
study the effects of inoculation with two Zn resistant PGPB, I ,R;and V4R, on corn plant growth and Zn
uptake from Zn contaminated soils (0, 200, 400 and 800 mg « kg ™' Zn addition). [ Result and conclu-
sion] The strains I[,R;and IV4R; not only grew well with different concentrations of Zn, but also ab-
sorbed or accumulated much higher Zn from the growing medium. Individual inoculation of strain IV R,
to the soil with 200 or 400 mg - kg ~'Zn addition both promoted the corn growth. For the soils with 800
mg + kg ™' Zn addition, simultaneous inoculation with strains I ,R,and V4R, promoted the corn growth .
Individual or simultaneous inoculation with strains [I ,R;and V4R, to the soils at three Zn pollution levels
(200, 400 and 800 mg - kg~ Zn addition) decreased the soil bioavailable Zn concentration. For the soil
with a high Zn pollution level (800 mg - kg ™' Zn addition) , the inoculation of strains II,Ryor I ,R; +
ViR, decreased Zn uptake and transportation in corn. However, all of three inoculation treatments had
no significant effects on Zn uptake of corn when strains II,R;, IVgR;, II,R; + IV4R; were inoculated to

the soils with 200 or 400 mg - kg ~'Zn addition. The results indicate that inoculation with metal resistant
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PGPB to high Zn-contaminated soil can promote the corn growth and inhibite the uptake and transporta-

tion of Zn in corn. Inoculation with strains I ,R; or IV4R; to high Zn-contaminated soils can inhibite the

uptake and transportation of Zn in corn. The effects of inoculation with strains II,R; or IV4R; on com

growth are related to the different levels of Zn pollution and characterization of the strains.

Key words; Zinc pollution ; metal resistant plant growth promoting bacterium; corn growth; Zn accumula-

tion; bioavailability

B, o E A2 4R TS5 Y kb iE 2 000 7
hm® | 2 5 SRR A 175, Hidh Tl =87 V5 4yt
#7100 J5 hao, 35 /K 3R A I A 330 77 hm® U 4
SE YR AT U R HR I AR S X A I
IR A 5, RS Rer b mEuE Y 35
Yo A e i R T AR A s v, B
YEPIAE K AR ] Bt AR B it g
SEAE 2 Nk s, i AR e ok E g E . +
JERE ) N RIS JLiR BB R EYRRR IR VYRR TR A
R (BEEE) Tl =R HEL.

KEMHFIT IR, 8 48 15 G X 3 1 58 b i A
YIREIE S5 5 R I5 e X 3 22 7 0 3, (A AE R
SIRPIEATE" . BB (PGPB) Al i 1 £ i
YEF 7 M B R R el fb i 4w, DT 52 ) 1 138 o
& JE Y EE M N E AR A S5 R Forh, 4 R X
SR R 3 B B A 4% A1 D
SNITTEAE LA B M AL 8 3 il foildn, — 24
G/ DI/ 3 N AN FE S IR X =S
R4 MOANR AW IR, X e ) SR WP A Y Zn®
ﬁﬁ}:ﬂif{ﬁ:‘]ﬁ[m] ; Luo %[“] BN Y H Serratia nema-
todiphila LREO7 FEH— 75 4L s 3 d PN X6 RN
B B B VT 25 38 65% I 35% , AT B B0 4w
(35 P Macaskie 257 4 38, & 22 [ B9 1 40 i
Citrobacer i 1 T R i 431 K H W IR SR 5 76 4Nl
MR SESBERDE, EEELSRE T MED
X} 4 A R W B A AR 2R R B TR R B AR 45
BB XS 4 Ja8 i BE B

VAR, 6B AR A AE W AR B 200 T T P A A B 5 |
THWFFEE B R O , AF 58 5 Bl 2k I AR SR AE ) R
oy B FEiAL 4 Jm B A0 T, F 5T 34 2R WA 4 TR AT DA
SR A Jm ) R AR A I A K DL KR ) -
vl 4 R A A e S B U E kR LR, A
ViR, M Zn/Cd B R ZAE Y A< B 5 R IR & 4y
B b NATE  ROME IR R BT Zn
HATESRAGPUIE, M HEAT 430 TAA (5 S AIE ifF A
PR B AR ST SR ] AR B R T LE Zn
154+ FAEREBR LR, FTIVR, J2 75 A 0% 22 i
Zn X K B EE AR ANE > F KR XS Zn A WSCRTAR
RR R RS 5 FIH PGPB Z2 it # 4 Jm X A A EH)
Joip s D 4 SR L BB AR .

http://xuebao.scau.edu.cn

1 MREHE

1.1 ##

L1.1 @ MWRMERIRAET M 2 PREE
PR EILR, FIVR®  BRRILR, S RS BR 45 A ST
i Acinetobacter calcoaceticus , §E /5731 "] Wik 2, & FI 175 fif
BABRES , Zn fie/NEGEHE A 10 mmol - L™ THFRIV,R,
R/ NEFMIFT R Bacillus pumilus , B 5305 W5 W £ TR Fl
FARERA , Zn F/NEAEHE N 20 mmol - L7

112 AXAadn  AEm Al Ko 0 18 1Y J 43 e 1K
TR E K R g e py 57 o7

11,3 BX 23 BLidleris g 5, Bl ) e pg Aol
KRGk £ (T, & 5 mm §i) o
ZnS0, - TH,0 [ w ( Zn) 4% %] K 0, 200, 400 FI
800 mg - kg ') ], 5 HIEFAMRE], TR E PR
B2AH &S d#lizh 1k, EnLeErK, 4
Bk o P4t K I FRFK 19 60% 245, KRG L/
AR an R pH (B/K R fE b 1.0:2.5) 6. 27,
w(GHL)3.05 % 4% 1.12 g - kg ™" FdfE A 96.8
mg - kg AW 1,192 g - kg A A HE 86. 09
mg - kg™ A AHT126.29 mg - kg™, B Zn 63. 16
mg + kg™,

1.2 RIWH*

1.2.1 B4k tEn K mE e mm
FEIV Ry R, R, RIZHERIS] LB [ R K: 552 5L 55 3% 24
h, PRBE BN TR 7%, HE R 2] 50 mL (%) LB A4 8% 55 3
L FEER 160 1+ min ™' 30 CHE3% 24 h. 7F 200 mL
1 LB A4 1% 7% 56 Hp o A i 0% K B 1Y Zn B
(1 mol - L") fifi Zn®* ¥ BE4>5/0.2.5.5.0.10.0
mmol « L' S IEA 2 mL 195 0E B, B HE R 160
r-min~' 30 CHRZIEE , LAARERG LB BARKE 7
TR, R 3 . 5555 6.12.,20 .32 .56 80,104
128 152176 h J5 , 43 S IC AR LB 3 mL {557,
Hﬁ@./z*ifﬂ"]fﬁ D600 nm 5 IEJHT‘[‘HX 5 mL i%%%{’ﬁﬁ:]: 50 mL
RS ,8 000 r -+ min 'L, EIE GRS E T
SE2ZR S5y W v I R = 3 87 &
TRAE, SRRSO (2-2300) 28 Zn W EE.

1.2.2 £33 %  RHAMHESE2MALIX 458
Wt A IR A Ab 3L, 3 4 oK BEREE R Y
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T4 ASIKF B 458 Zn GS e B2 4351 A7 0,200,400
800 mg - kg~ AR AL FIE AT 4 WK, B At HE T A 4
kg( I+ t11).

FARIES T 2009 4F 10 J] 15 H#&8, Pk kr ki
TRLTHG ) E KA T R AT R 5 (AR E—e H
99 % Z,BEVEW 1 min—g A 35 % WE K 3 % KA
B 4N ATR A VAT 30 min— TG /K ik 3 WK) J5 , B4
&R 5 B B KA 7,15 d S5 TR0, AR AR 2 R4
B R, AT R A A A A B A 44 AR 50 mL )
107 cfu « mL ™" AR IEY), UG AKAE A5t B8 424
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0T B A AR 1) e 2. A 4 A 0 T 1 1 6
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YE 3 Y, BRI BT AR IRE S JEAE 105 C AT
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mL, SO R W W5 OO BE i (Z2-2300) T Zn 3
7 A pH I SR B F A OR B H R
2.5:1.0). + AR Zn EHFH0.01 mol - L~
CaCl, $&H¢, +/K &R 1.0:2.5,90 CoKHEHR S
g O T W e 6O R T (Z-2300) T E

ﬂﬁmqﬂﬂﬁ In K.
1.4 HUEAIE

K H Excel 2003 {45 PR , F1FH SAS 9.0 %k
PRI B S 64T J7 22 00 B, 2 8 U IRCR T S
2% (Duncan’s ).
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Zn (T Uk B2 Y B A (L 1) SRR VR, 55
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B Zn ¥k E A B BEAR T 76. 94% . 73. 17% #
53.84% ; Wtk ILL,R, H5 5% 176 h J5, #5357 (1) Zn
WAy B B T 40. 90% .49. 05% Fi1 36. 49% (
1) X R IV R, F1 LR, X Zn ¥4 Bm A Bt
PRI B RE 77, L HIE AR VR,
2.2 BEHRX EREKAIFI

BRI, R, VR, X F KA K B2 5 135
Zn T3 L 7KV R AR A BT A OC. ZEBA W Zn (1) 1
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e BT R 1, R, A oK B 00 5 & X B
BT 30.9% , Foph el ] A e 2R TR LR, (IVgR,
i oK B AR R T o o E X IR 4 B3 i T 43.8%
48. 8% F1119. 6% ; 7£ Zn T3 INEH 400 mg * kg_l -+
b EEM A RRIV Ry o F KM E &8 A+ i L X R
WINT 17.72% 5 7€ Zn @84 A 800 mg - kg ™' 1+
e b RN AR 1L R, + VR, i F K #h F A
HEZR T B FE X IR 34 1 45.9 % #155. 8 %
(£1).
2.3 BRI ERRY Zn BRI

I 2 A0, FOK A A FIAR R Zn & 5Bl 4
8 Zin Y5 9% KT B 1 I 2 g . AR A W N Zn
(1) -3 b A (] 42 A T Ak Ak B K b | AR RTAR &
() Zn & LA Frsgm A5 5 0 B2 ) 22 5O 1 3
£ Zn Y fiie g 200 mg - kg Ay e HERN T bR
IV R, ffi T KM R Zn & & EXF BB T 82.79% ,
(A FEEHEFP R O,R, + VR #0561 T F KX Zn (1)
WSO [ |55 0z, b b3 Zn 5 6 L B> T
14. 34% . 7F Zn FRJNE R 400 mg - kg_1 i 5 | [
BFEER PR LR, + IV Ry J&, FoKHL 30 Zn &
LEXT BRI T 3. 58% fHEOKMIHR & Zn 54t L X R
W 14, 14% 5 SRR TR IV R, S £ K (1)
Hhy b FRFIAR 2R Zn g 43| O BREE I 1 17. 97 % i
53.65% . {F Zn IR 800 mg - kg ™' -4 |, B
G2 I v S | 9 O I 2 7 S | Y L
IV Ry Bl 1 F oK WA [ b | 84435 Zn , M B

®1 FRLEHEXM EBMRETYRE
Tab.1 The biomass of corn growing in soils with different
levels of Zn contamination g 7!
ORI e
(mg-kg™")
0 CK 7.30 £0.46bc  1.78 £0.09¢d
II,R, 9.56 £0.57a  2.56 +0.28ab
V4R, 7.44 £0.34be  2.65 +0.34a
II,R; + VgR;  6.42+0.36cd  2.13 £0. 16bc
200 CK 5.38£0.43de  1.73 0. 16¢d
II,R, 4.65+0.54e  1.35+0.07def
VR, 5.97 £0.81cde 1.49 +0. 18def
IRy + VgRy 5.25+0.32de  1.72 £0.17cd
400 CK 7.11 £0.80bc  1.76 £0.12cd
II,R, 6.46 £0.45¢d  1.83 £0.05¢d
V4R, 8.37 £0.40ab  1.56 £0.04de
IRy + VgR;  6.55+0.73cd  1.88 £0.15¢cd
800 CK 3.09£0.26fg  1.02 +0.11fg
II,R, 2.53+0.02g  1.17 +0.04ef
V4R, 2.80+0.45¢  0.83+0.12¢
IRy + VgR;  4.51+0.39¢f  1.59 £0.12cde

L) & ¥ HAEA B + 470k £, B3 R % JLEH — /48
Bl B FHE kT2 FRBF(P>0.05,Duncan’s 3% ).

10 Zn IR O BRFEAR T 4. 85% #1120. 01% , 1R
F Zn FHEIPHILEN IR T 37. 719% M151. 73% 5 4
FITERRIV R, T oK EFRAY Zn 5 & Hoxs BEES i 1
9.51% (BMRAR Zn FHGX I Z B 22 2 A BF.

*2 AELAEHEXRMM ERMIRE Zn 8
Tab.2 The shoot and root Zn concentrations of corn growing in soils with different levels of Zn contamination
v B e )/ e ) InERAC I R
(mg - kg™") b B LS

0 CK 21.90 £1.24¢ 13.32 £1.03¢ 1.64 0.35
I,R, 27.29 £0.30¢g 19.54 £3.78¢ 1.40 0.43

IV¢R, 22.02 +0.29¢g 13.48 £0.59¢ 1.63 0.35

II,R, + V4R, 22.24 £0.74¢ 16.99 +1.81g 1.31 0.35

200 CK 91.09 £4.77efg 102.34 £3.741g 0.89 0.35
II,R, 97.69 +6.98efg 124.01 +£18.53fg 0.79 0.37

V4R, 102.66 +10.83efg  187.07 £40. 30efg 0.55 0.39

II,R; + V4R, 78.03 £2.411{g 92.49 +5. 64fg 0.84 0.30

400 CK 171.35 £15.01def  308.76 +10. 63¢ 0.55 0.37
II,R, 158.99 £8.08def  319.31 £30.03de 0.50 0.34

V4R, 202.14 +14.86d 474.42 £50.50cd 0.43 0.44

II,R, + V4R, 177.49 £6.93de 265.09 £41.71ef 0.67 0.38

800 CK 729.67 £57.7ab  1120.14 £156.49a 0.65 0.85
II,R, 694.25 £29.12b 697.73 £93.26b 1.00 0.80

V4R, 799.09 £91.59a  1258.46 £122.02a 0.63 0.93

II,R, + V4R, 583.63 £45.49¢ 540.72 £47.87¢ 1.08 0.68

DAPHIEAFHEREE, RARESALRA—AMRADNEFEE, A FEZFRIZFE(P>0.05,Duncan’s 3% ); 2) Zn
AR AR =W IR In BB/ A In A3 3)In G E AR = L In 55/ 138 7n B 5.
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2.4 REF 11 pH ¥

-1 pH Rt 18 Zn VR A 34 0 i S PR AR
POAEBAE TN Zn 0 3 1 R TR R AR
P 48 pH WEA FEAL, (H S5 X I Z B 225 A 8
E.TE Zn YR 200 mg - kg Y R L UOGRE
Km, R FR LR, 801V R, A9 435 pH 43501 Ho Xt
MR 0. 23 F10. 07 {H[RI BRI R A% TT,R, + VR, fiff
WAk i 3% pH HE X BEAIR 0. 28. 7 Zn TR IR A
400 mg - kg™ A HE b IR TR, o ek [
FPEE B I1,Ry A1 IVR, B9 438 pH 43 51 b B8
0.28.0.37 f10. 24. 7 Zn ¥4 800 mg - ke ™'
4 F IR KR, 3 Fh b AL BE X £ 58 pH R
RNBE(F3).

R3 TRFMAE T ER pH MEUBRIEHSEN

'

Tab.3 Effects of different inoculation treatments on pH
and bioavailable Zn concentration of soil
w(Zn) mim/ o i w( Ak er])/
(mg - kg™ (mg-kg™)
0 CK 7.28 £0.02ab 0.09 £0.01e
I[,R, 7.26 £0. 06abe 0.06 £0.00e
V4R, 7.24 £0.08abe 0.06 +0.01e
LRy +IVgRy,  7.23£0.07he 0.07 +0.02e
200 CK 7.13 £0.03cd 0.17 £0.02e
II,R, 7.36 £0.01a 0.08 +0.01e
V4R, 7.20 £0.03be 0.09 +0.01e
IR+ VeR;  6.85+0.03fg 0.12 +0.00e
400 CK 6.79 +0.03¢ 1.70 £0.36d
II,R, 7.07 £0.05de 0.92 0. 06de
V4R, 7.16 £0.01bed 0.95 0. 04de
IRy +IVgRy  7.03 +0.01de 0.69 0. 12de
800 CK 6.98 £0. 03ef 13.33 £0.78a
II,R, 6.97 £0.03ef 9.96 +0.54b
V4R, 6.97 £0.03ef 9.22 +0.10b
LR+ IVgRy  6.89 +0.03fg 7.73 0. 84c¢
D) Aok 408 F AL £ 40 £, B9 B U6 JLE A — A8
Bl NBF#E kT 2% KRB F(P>0.05,Duncan’s %)

2.5 EHEMNTERFUSHSENZMN
Wk £ oK JE, i AR IGS Zn & &
(fRFR 48 Zn (A2 W3 3. AR 3 WL AE iy
WSIN Zn () 438 v, B B8 [R] B AR R AR I, R, RN
IV R, B9 E3EAEL Zn & & FEARFEFP X BE 435 51
F&AG T 33.33% .33.33 % M 22.22% . 1F Zn FRANHE
h200 mg - kg !B - HE R, Bl B [ Bk 4 o R
I1,Ry FIIV Ry B9 A R Zn & & LA E D 9% 1]
LI BIAR T 52. 94% 47. 06 % F129. 41% . 7% Zn

WStk 400 mg - kg ™' -4, B o[ 4 R
AR LR, AIVR, i+ AR Zn & 5 W& FEAR,
o3 5 e X IR HE IR T 45.88% | 44.12% Al
59. 41% . 1€ Zn ¥ H04H 800 mg - kg ™' Ay - e, i
REAKSG , Bl el A B AP s Ak 1, R, VR, (9 1
HEA B Zn & 4y ) X IR EREAR T 25.28%
30.83% Fi142.01%.

3 g

ARk BE & B2 A A 24 B i K T A%
Al U5 45 Ja T L R e, 3 [ 4 Zn 5 g e N
Jaal 1) A RO S ) R A T R T
D s 3 Zn 5 YL LU R T R AR £ T SE E TS
FEDX I Zn i E AR, O B R IR T R
HERY 9. 33 £ Zn AL K K BT T 1O
JCE L H Zn 3o 15 W] S 24 HER Ak A7 5 A
MR, A 5T 45 A R B, 2 38 Zn V5 YLK Fik
#] 800 mg - kg'ﬂﬂ‘,ﬂiﬂﬁlﬁ’ﬂﬁi%%ﬁ%ﬁ%{fﬁ,,ﬁ\iﬂi
BERFIAR &R Zn 3 5 W E G AN, W] 3% Zn ARZE 5 9t
RAEDI WO AELR = i R .

S RPN PR 1 8 4 JE AR A R
IRAR il 2 R T G ) B A A A I i R A6 A
J5 AL T EEREE P 5 3 i 20 i 43 5 A
R Wxt G T ) A e B AR RSO B N R R AR
AT LB 4 R TP BB LR, (VR 8
A B[R] B R BN Zn 35 90K R38R, T
AR Zn G B E AR, X5 Pal %57 Fl Madhaiy-
an 20 [ BF T 45 R — B B0 ul R i 1 b bR
I,R,. IV R, fii dh ¥ Zn 75 Y& 4 HE (200 F1 400
mg - kg™') (4 pH R A FE AL, (HXT R Zn 15 Y + 5
(800 mg - kg™") Y pH AT 3 R, X 1A 32 b 7
PR IL,R, (Vo Ry 3R EARL Zn & i BEARAY 22
R T 35 pH 8. AR 405 35218056 & 90, Bk
VR, 1L, Ry XF Zn 34745 AR 58 14 A= 49 W 56 R i Wi i
7. PAEHEI, B AR IV Ry | T, R, 3288 238 3 A= it
R IS A A 38 v Zn B LE WA RS 1

ik LRy Bl a5 VR, [R] i 45 b 2 5 B S
Ye1-HE(800 mg - kg™ ) WML T E KA Zn AYIR
W M35 3% 5 Vivas 252 il Feng 2557 (R FE 45
— %} Feng %7 18 ) - M il A W 04 755 3 RE A 42 I
AIAE AT AR M, DD R R N 1 4 )R . S AR
SEUURERBR AR YO, R T LA i A
W BT AR AR D TTCE B Ak 1 45 4 T B 45 2
R 3 4 Jim 1 5 1o R 00, AT Dk 2 A 40 X6 4
J& M. 75 Zn ¥5 % £ 1E(800 mg - kg ") 1Y
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In YRIER S, B E K IV R, | LR, WAy
W B SRR SRR, A AR AR T A P 1Y Zn Wk
JE , AT T R KX Zn iz,

BRIV Ry X Zn®* 45 4558 3t A= 1 8% 6 00 I iz g
F1, BEREAR T L HEHR A AL Zn & . 7E 200,400
1800 mg « kg™ Y IR EIRIV R, 5, FKAY
Mo b Zn SRR e BE R, HL R AT REAE T
1) 7Erf R Zn 159 43 (Zn <400 mg - kg™') ft,
BRIV Ry 3835300 TAA R BRI 8 T FORE
FEARDL PEE T FORMAE R L, R BRIV R, X
AR HE T FOKRXF Zn AU ISR ES 32 52) 76 Zn IS0
9800 mg « kg ' I |, KM bR AR 2
A%, TG Hb 1B A Zn 7= T — 5 MR 46 4 . 3
3 I 4 8 B P 40 B XA 4 T A T 4 ) 2 M AR AL
5 4R 15 YK VA O, I H 32 B P AR KR
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