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Application of Plant Growth—promoting Rhizobacteria(PGPR ) for Reducing Zinc Stress on Paddy Rice
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Abstract: The heavy metal pollution in soils has become an increasing problem in China. This study focused on the application of plant
growth—promoting rizobacteria(PGPR) to reduce heavy metal stress on crops. One Pb*, Cd*, Cu*, Zn** resistant bacteria, Bacillus sp. DBM,
was isolated from contaminated soils of Dabao Mountain. Strain DBM showed some plant growth promoting properties such as producing in—
dole-3-acetic acid(IAA )and 1-aminocyclopropane—1-carboxylate (ACC )deaminase, but it could not produce siderophores. A pot experi—
ment was conducted to study the effects of strain DBM on the plant growth and heavy metal uptake of paddy rice grown in different levels of
Zn—contaminated soils. Results showed that the inoculation with strain DBM remarkably increased the growth of host plant, but did not en—
hance Zn extraction by rice. Growing in the soils with 600 mg-kg™ Zn, the dry weights of shoot and root of rice treated with strain DBM in—
creased by 97.8% and 77.2%, respectively, and the Zn concentrations in the shoot and root were reduced by 15.1% and 19.9%, respectively,
compared to the non—inoculated control. However, total Zn uptakes both in the shoot and root of rice still increased by 74.2% and 48.6%, re—
spectively, which mostly attributed to the remarkable promotion of plant growth by strain DBM.
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P22 5 % B YRR bR 23 W wT LAAR A5 1 3 ke
YITERE Y BOAR R JR) L B L, DA T 32 MR AEL 4 9 A R
T X iy o AR T RN E S,
PR PR IX B T A vk B 2 L AR AR B R4 P
10~1 000 £, 7 L& + 4 TR AT LU SR A (g e A=
KM, nag HAR R B AR R, SR mAE Y X iR
AT SZHET XA B IRAT T — AR Z A AR PR fie A=
i (Plant growth—promoting rhizobacteria, PGPR ), %7
PGPR 22 fift R AE W 32 138 5 & 8 38 A 207 X
> 0

KT PGPR A5 38, H T IAA EATA
[ e RSP AR LAY , & U EUASS B
BEE L EPRE T, SRR AR S
DU HEAE Y A K ORI | VA AR B e W
WMYWHEEZ R, A BRI Y RN Z KT
1-R I S —-1-L BR (1-aminocyclopropane—1—car—
boxylate, ACC) it & 1 , N T B 2N mAHY A W E )
SR

{H 2 HRPRE , PGPR B& T 1l DME S A4 K
PISh, iR St xd 13 AR Rk, HETRTF
XA HMARRE , BREELHAGE—, FEFUT
JUAHL

(1)Zaidi et al™5A & PGPR BT 7= ) 15| W Z, & (In—
dole—3-acetic acid, IAA ) TEAE SEFE AR R A4 K Ay [EIAsh
(B2 5 1 o -3 5 4 8 YR WCRE /) o Haahtela et
all's "] Dubrovsky et al'®ti i BHAE Y TR B H 48 A3
IS EMRREE YRR L EA K.

(2)Hu #1 Boyer™ A& PGPR = p gk a7
%A PR B T EP EMAE SR, WM
R LEPEUESESREM, Kalinowski et al™f
SEIG AR RIS o (B Kuffner et al?/BfF5Y T 25
HRER TRV B 48 i R AE IR 152 , 20 & PR
XTI Zn . Cd WA RHBEVER, B AR T %
ZHEIRW, HIE Kuffner A ERER AR B FEZEXTHIARS
W W B 4 TR AN A B TRIAE A

(3)Whiting et al®f i3 SCHHIE B AR PR IR W ff T L
BRI AREBE S Zn, TTFEHFETESEN Zn HFR
£ Kuffner et al® A AARBRE AT = A VLIRS
ST LIS TP E SR Zn F1 Cd YR,

MZ,PGPR W] L@ 2R a1 GED 3k
WMYAKES S EE GRS S BT EE RN
A)EWFEY N HIEE SRR HiETHEY R
A YR &8 Z A A AR IR & 24, 6 F PGPR

MY WA G R B B FIPLE] M R RE R e 2

AW SEEBUK R A A , AR L5
TR X E SR Zn BABGRITHERER, B
RERFHUE R KRR AR RN E 58 Zn B
Wi, AR E— 45 BB PGPR {2 #EAE 4 K A i)
xof S R ) R e as AR R A A FRAILAR , AT
FIH PGPR K R AR Y 32 B & 8 il I BH# 3
AR SRR AR

| RS

1.1 sEBMHEHKRNSBFESEE

BHRTERAT AREREILNNBROKERE,
¥ E R MR Pb>, Cd* . Cu® Zn* EHE R
F B RRESREE B, EECES Cd VRN 20 mg-kg,
Cu ¥ FF 4 800 mg kg™ \Pb ¥ FE 4 1 000 mg-kg™.Zn
W 1000 mg-kg™ A9 FAR_E4rE sy . AR FTH
20 TR B A VR , IR LASRAR i3s3 , FF X B AR 24 T 9
HEFR

RPHHKERAY S DNA, M 514 F27(5'-
AGAGTTTGATCCTGGCTCAG-3"), TFi#s|¥ R1522
(5'-AAGGAGGTGATCCAGCCGCA-3") #t47 PCR ¥~
3 PCR P &3 il TAY TREARERA TN
J¥o M4 5l Blast #2/¥ 5 GenBank HZEREHE
AT HeXH 4347 (http// ; www.nebi.nlm.nih.gov/blast ) ,
1.2 $HAEHR RSN EMEE

YR 7= TAA BEJT E A I 2 B Bric et al /Y J5
o KA EIRBCHI A 2.5 mg-mL™ WK, IS IRERTE . #F
LB Wik 7502 T+, 5% 4 mL, 121 CKE
JEIMATHE GERER 1 mL, A 24 h FEFRER
0.1 mL, 3532 12 h J5, TR B 2 mL BWOFMA 4 mlL 8.
% (1 mL 0.5 mol-L™! FeCl; #1 50 mL 35% HCI10, &
AWML, EMLIEEE ARE, B, D E
BHEMRA TCrAE TAA BB o

YR PR B RE 1 € 22 Schwyn et al®f 77
Pio ¥ 0.012 g CAS(ERTE S)H T 10 mL BUZEK , I
5 2 mL 1 mmol -L™ FeCl; A HRIRAT, BRI a; B
0.015 g HDTMA (75 be5E = H B R e )% T 8 mL
WK, BT b a WA bW H, R
SIRITEERR co B 10xMM9 ERIFK 20 mL WREE — 2%
AR 6.04 g M AJRA 150 mL BUZEK 1975 6 = MR
LIRS A 50% NaOH 1875 pH £ 6.8, I AZ g
3.2 g, AR EE oMYl KEFEEE d & 1 mmol - L7
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CaCl,.1 mmol - L™ MgSO,- 7H,0 . 20%% 5% . 10% % &
HAEEERR , 737 K& (115 °C.20 min) /5 B T 50 C/K
RN IRIRSH o 433 BB EAR 1 mmol - L7 CaCl, 0.2
mL. 1 mmol L MgSO,* 7H,0 4 mL.20% % Zi MVE K 2
mL.10%P & A &AL 6 mL if ARG d , B
TREEMAG o, RS, IS Gl sE L, #
PR R B A B 57 B Al , B (3041) CHE 57 48
ho WER BV Jo LG T o 2= F , I P BT U A 4k
E= 0 NESE o

HTE ACC Jid S B M ) 8 PEAG I 2 B 2 3 kP
5. TETAR DF B3R BRI b ACC ¥, 8
JEHRAE, WRREEERK, DF EHFHE 40g
KH,PO,,6.0 g Na,HPO,,0.2 g MgS0,-7H,0,2.0 g #j %)
ﬁ,Z.O g %5{%@,20 g ﬁ%@,lo g (NH4)2SO4, R
TEEF 1 mg FeSO, -7H,0, 10 mg H;B0;,11.19 mg
MnSO, -H,0, 124.6 mg ZnS0, - 7H,0,78.22 mg CuSO, -
5H,0, 10 mg MoOs, Z&1#%7K 1 000 mL,pH7.2,
1.3 &8

P R B AR RO RS, A A
B 1o AT/ 2 mm %A, 5614 3 4> Zn K
-, B 0,200,600 mg-kg ' (BT 131)o A Zn KF
T 53 BB B A BRI R AL B, A b PR EE
8 4R, B3 300 g, 3t 24 B EERUIBRES (G
Mraf ZnCL)IMA, 5 137 R A Y 1 M H Btk
JE%5H \Zn200 F1 Zn600 AbFAY +3EIZPR Zn 8435
4 98.8.288.7 mg-kg™ fl 675.0 mg-kg

Bl KR, HARDT B ) TSRS
B Kok RERh 350G Rk 3 2 4 A ERHE . B
HIALFEZ IR Kuffner et al ™77 1 o B ARIERE Ik
B 48h 5T 4 CFEL 10min (3200 r-min™), 3
2 BRI AR 22wk (pHT ) 18 7 45 JFE AL R 72
600 nm TSN 0.6 MRS . BT A Refs i 7Kg
REBE KSR, — A RIBERSET, 55—
TR ARG WP, 30 min EBRHELD,F
53 RR, FEAERIHIMA 10 mL B2 s BEER 2% MK .
RITE BRI T T, A K R AR 7K
GevE . HEWIAEE 30 d U5, Zr ok b AR (2R ) A

THEOGR), B HEXTR . M5 Ak
KPEE, FIRERFERMR R, AL E K%
3 38 5 4 B FR LA T ER e L, 105 CF 4t 30
min, SRJ57E 75 CP T ZIEE, W TE. FE
HHYIFES T Zn 5 &,

1.4 TEMEYERBASTEE

+ 3% pH {H | £ Z: IR Pérez—de—Mora et al™ [t J5
e BT S 9 AR T 20 B SRR FRE A
4 g FELET, A 1 mol-L7 KC1 Y% 10 mL, 7E
25 °C.200 r-min™ 25/ F#E% 1 h, 5E 30 min, R
IEJEH) pH HHIRE

AHABELBNE S M Conesa et al®) 7k, W
W5 B R ot 20 HERLR . ARECEIERES, 4 g
FELEH, A 20 mL 2555 (1 mol - L™ NH,NO;),
£ 25 °C.200 r-min™ 54 T 4R% 2 h, BIEEFERTE
6 000 r-min™ 254 F B0 5 min, 33 185750,

L EHESE BN ES M Pérez—de—Mora et al P
Tk ¥R T G B A g 100 B 2Rk, FREX
0.200 0 g FRIUFMLIEEH, MA 8 mL £7K(HNOs:
HCI=1:3,VIV) , Rt ARSI TR  TH AR
F 5% FEER ME , I E 2R 25 mL, Fflll . ARUSES
EMERESRTEHEBEEEE TR
(ICP-OES, Optima 5300DV , PerkinElmer, USA) il € .
SR At R A P AR M R s R S T BB
ML (ESP-2 )47 BT 242 . T H AR IR
W RE 2 Bt H P 2 5E il

HYIANHES RS ENE SR Qu et al™iJ7
o WEREMAE S EETE , Hb b A R S & FRER 0.5
g 1 0.05 g( T A5#%] 0.000 1 o) F=AMaS, ImA
10 mL IBA R (R4 4k HNO: {4 4 HC10,=4:1 )4
SERJRERE 25 mL, RE . RIEHRZS A SE, B f
it A B3R R R B S B IR R SRR 2 S b Aad
o o B B I S s AR A S ST AT SR A PR 41
Fili - (ESP-1) #4782 45l .

1.5 g

FIFH SPSS 16. 0 AT AR S T4 T FAE K

25 BEMFRE R 2558 LSD Fikkk.,

&1 i T ENERELNR
Table 1 Physical and chemical properties of the experimental soil

H sk, WOV WBRE AR AR Rk
P mg-kg™ mg kg mg-kg™ g-ke” Zn Cu Pb Cd
6.57 1.5 78.2 517 50.2 20.6 98.8 59.9 104.1 0.5
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2.1 HiIEKNEER EREFEEEER

PR F TG PR T P>, Cd> . Cu™,
Zo* it PR I 2 , 45 SR A5 B — RR it PR 807 B bR .
16S rDNA J¥ 515 Genbank H EL % 5% ()RR 7 51 54 T
FEXT iR, P8 2Rk S Bacillus sp. (3
HFFERE ) A 99% AR , B 5E w44 Bacillus
sp. DBM, FEASSCH R 46 A B #R DBM,

XFPE Mk DBM R FRESAT T B . 451
H7R, Btk DBM A LIA BUMSIWE R (TAA ) . 734 DBM
WRILE ACC FARHE M, ACC = BFREW: 215 1)
AR 1-BEIF R - 1-RER(ACC) B, o T EIER
A, DT FEARAR AR I8 2085 B, (2 HEAE 0 i R
A B2 DBM &4 & AR EE T , RIA BB T
KA P SRR MY A K FMRETE SRS
2.2 Bk DBM X7k S K AR

HE 1A A, EAMEMERT ,Zn200 4
T B - B rh A R AR RE o b I A s T SR AE =
(FE)HBESTEZALIE(P<0.05), K F#LH
X HEEG 25.3%, MR HLN BR S 33.5%, {HFE Zn600
IR KRB A KB B A2 2] T I, Hoth B A
T T 4 B L BEREAR T 36.0%F1 46.9% (= 57 52
#,P<0.05), EHWM I ,Zn600 ZbFH A KFEIR KSR/,
FEIERUE, BA R EA KR T AT I %
WREER Zn SRR R AE KA RIEAEA , TS E R Zn
XKRERAE R A MEIVER . 2SR 6 — R &
& JE BT E AL T,

LR DBM XK REA KM, A28 A0
T, IEAEE KB EEA KA MRS, E
b F A b R 2 4 B BRI T 19.5% F
35.6%, TE Zn200 Rb3ETF , J G B I b b 28 A4 7K 7
B AU R (I <10% ) , BB BB ER
(P>0.05), {HFE Zn600 AbEE R, AHNEEALFE A /K RS %
SR B ANE], IS AL E A KR AR K R 47, o B
TFEHEAIMBEATERE K 97.8%, 525 A X B E H g K
WK F] 26.5%, XFRIIGE MK DBM S REA R K
FEAERMRCR , U R AK RS 2 2 E £ /8 Mhid (Zn600
IR )ETELLT , DBM AR AE SRR Y B2 S
2.3 Bk DBM 37K FE R UL Zn BIRSNE

HE 2(a) (b)ATH, Y EEF TS LB Zn WRE
BAR(ZS G Zn200) B, Jin i b BN K AE H A9 Zn Hk
FEILFEAFMW, EY4-EPRE In IKERR
(Zn600)B , INEEALFE AT DL B 2 REAK/KFE ) Zn MR
(P<0.05), N3 2,7E Zn600 AbFE T, INBE AL B /K F5
b7 i 1 A R S A7 (5 il | S ) | O b
15.1%%1 19.9% , ELJE AT 682 7E Zn600 AT, Bkk
DBM X7k A5 A & WA RAEIER, KEEMEN R
FHIBEREE LB T HESRKRE BHEBER
B2, ANE IR R AN E A, A A hiRTs b
BN EPARKAKETHESBREYTEE
FREAHE(12~44 £5), XRH, KEPHEEELE
FMR B R EB T P NES BT &,

PE— % 2XH Bk DBM XK RE P E Zn BRI/
2, W 2(c).(d)Fi7n , 7E Zn600 ZbFT , N ik
HE KRG B T R BNELSR Zn BES

600.0 a 1200( a
ab a 2 P ab
500.0 100.01
¥ > 4
2 4 £ . b
3 4000 80.0 b
f :
Rt
3 3000 g S 60.0f
é 200.0 é 40.01 :
b X & X
Aa [=
100.0 2001
0 0
=H Zn200 Zn600 =H Zn200 Zn600
Treatment/mg kg™ Treatment/mg - kg™
(a)ith LT E (b)) FHTE
OAmE ‘s

RN FREFRAL BRI 2E 5 B 2 (P<0.05), TR
1 AEISCETKTER M E Rt T3 E

Figure 1 Dry weight of shoot and root of rice



3 EBHE 1M % W B OBE OB ¥ x Wi 71
12007 a 4000r
i 10001 b o a
3 g 3000
S 800f g b
& o
=] B
S 600} § 2000F
‘é ¢ c §
2 400t : ¢ e
§ 200} S
= d d & q d
S L ol ——m==m
=] Zn200 Zn600 =H Zn200 Zn600
Treatment/mg - kg™ Treatment/mg-kg™
(a)Hs -3 Zn W (b)) Zn ¥REE
500 a 2001
£ 400 £ 150 -
E ¥
3 I b
2 300 3 b b
‘2 L b b = 100
'%? 200 3
2 g so0f
= 100] &
N c C c c
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Figure 2 The Zn concentration and uptake of rice

BIHEANT 74.2%F0 48.6% , H 2530 5.3 (P<0.05) . H:
KT INEAHE A KBPRENES R SET
ERK, HEEGRmESE (NE2), HTFREE
DBM X175 H 1 Zn200 A B T AARBH N EL BIRER
/N, oK RNESE S &M e 8 E
YRR,

HRBAR(TP) RHEYH L ESBKESHT
WELSEWREW A, /T ES RN T

EREE R EERAYEE T KN 3R 2 BRI AR E K
B R BRI B KES BERARE
(P>0.05), EERE(BF) Y LI E & BKRES
TIEESBERENE. NER2ATLES, 5 1%
W Zn YR RGHE NN, KRB Y BF e K, 7E Zn200 F1
Zn600 b3, H BF ¥IRF 1, B/R TAKFEER ) Zn
BT EIMEAE)E, 5 BF BN IE /N,
EZRWABE(P>0.05),

R 2 Btk DBM MKFEERK R HEBIL Zn K220
Table 2 Effects of DBM on plant growth and Zn uptake by rice

i FE/mg Zn ¥ ¥ /mg-kg™ Zn SR/ pg pot™ BERKTF  BACKMN BF
L F RS 3 R Hh L HRE
Z=H AHIIE 396.4+86.6b 69.3+19.5b 68.7+6.9d 124.3+25.4d 27.3+6.8¢ 8.3x1.4c 0.57a 0.69b
N 473.6465.1ab  94.0+28.4ab 68.3+5.7d 148.6+39.8d 32.4+5.2¢ 13.3£2.3¢ 0.48ab 0.69b
Zn200 AN 496.6+43.6a 92.5+12.2ab 403.9+81.5¢  908.6+160.7¢  201.5+50.7b 84.2+20.4b 0.45ab 1.40a
E 530.3+54.5a 100.0+22.6a 399.0+£19.3¢ 853.0£169.3¢  211.3+20.4b 83.3+16.4b 0.48ab 1.38a
Zn600 AHNE  253.5+84.0c 36.8t15.1c 1 046.1+215.2a 2 749.4£578.6a 257.1+71.7b 95.5+23.3b 0.38b 1.55a
A 501.5:42.1a 65.2+10.3b 888.5£84.7b 2 201.2+296.7b  447.8+78.8a 141.9+19.2a 0.41b 1.32a

¥ F—F A F AR RTE P<0.05 KEZRBE, FH.
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2.4 Btk DBM 3 T Zn BRI

BB pH ARk s 3 FTLIE H, 40K
RERIEE , 138 pH (A —ERE RIS X TR
IKAEA KA AL TR SR X, [HEINE S
AIEAL B HEKAEG , T3 pH EZ AL
MNP ) pH AEBA B AL BEAR /o fy FpH {HAY
RANPAT LR ZFPR, X — 28 & 4 5%
(E&R)-HY-MEYRGENE 2, I pH (E
R AT BEAN 2t B — RS R, (B SN &
ARSI

% 3 B DBM X 1i% pH MEEEAYSHIRN
Table 3 Effects of DBM on pH and soluble heavy metals in soil

pH BEERBIn

b FHRE mg kg
FRRER G FpAE AT TG
25 AN 6.79+0.08  7.19+0.06a 0.30 0.2+0.1d
& 7.12+0.03a 0.2+0.0d
Zn200 AHNES 6.29+0.09  6.55+0.05b 72+0.1  3.9:0.7c
Jne& 6.45£0.03¢ 4.220.2¢
Zn600 NINE 5.8420.09  6.08x0.08d  53.1:x1.5 41.0+12.9b
piiif) 5.80+0.04¢ 61.0+3.5a

TE Zn600 AL, NS AL 385 pH {E A28 fh g B
Bk, TRET 028 AN, T Hofh Ab 3 AS fL7E 0.07~
0.11 ZJa]. pH ERAE/NATRE S Zn A A B3
A3 3 s, @A BRRMEOK RS G , Tt s
WA Zn FE K 61.0 mg-kg™, AN X HEA 41.0
mg kg™, G LLASIN R 55 1 48.8%, A BB, 31X
—{B(61.0 mg-kg™) LFFHERTAY 53.1 mg-kg™! AR
WD RTEIN T 14.9%, XA DBM 1] fEiE 1T
FEAHLENEL T LRI R BN Zn,

3 iFig

EAk, HEESRISEOEY-MAEDREE
BEARZR T ZKE, EYRPRELEE(PGPR)H]
DLE S — R el S LR SR Y R R A, S5 A
Yrx i B AN 320 , BT LRk Z Y H AR
38 . 12 PGPR AR #EAE YA K A RIET , g T
FEYXF 13 4 B IR, T X — (Rl R 4 1 R A
AR

AFFMARFINE L EP RS —RE LR
it P4 BiAk Bacillus sp. DBM, 3-F FH itk DBM X 7K &
TR . RIELE R B /R H K DBM 8B4 %
fEKREZEEREME, IR KRENERAER,

TE Zn600 A3, BiPk DBM {5 7K 7 (1) b _b FRFMH T
TR A TR AL FERT B 43 B E 97.8% 1 77.2% ,
BRI Ry B3 (P<0.05), TTE Zn200 ZbFE T, X FifE
AR BE(P>0.05), HIFHE A RERAE R ER
&8 In AT, AHNEALERKAE S T AN
TN P=HE R B ) “ TSR 205 T KRR AR, T e
Pk DBM B i) ACC JIit 25 BE % 43 % & 4% HO TSR 1
ACC, T FEARTKFER N 18 205 7K T o AJ/ NS 18
B OIH"HEY IR ABARHR BERY Zn XPKFEA
(B P2 A, ORI T KRR AR, T T R
FMRA S RAESCR AR . Burd et al "R &I
¥k K.ascorbata SUD165 T] 883 i3 ACC i & BFFEAK 2
7K RAR HE SR AR R K FIA: K Belimov et al™
1 Glick et al™f i3 SEI-UE B ACC i 2 BT 14 4t T
A DA Bl A K A 45 B 4 8 A A B XA A A
KRR . 57350, Bk DBM HA 7~ TAA BB
71, HIAIR TAA AT DUGE HEAE P18 1] FUA RE AR 1Y
KB BTG R IO BE 5 KRR AR R R
FRE AR AL BEIF A B 3% 22 5 (Zn600 2038
BRah, Bk B ), T TAA ] B8R 2 Hidk DBM 2
KA ) FZHLH [RIBT, PRk DBM A H =8k
RBE ST, Rt A 2B RE DBM BIRAEMLH], IEah,
B EFPA R, 38 F e i) IAA ACC & BE LA &
BRI AR AE A & TEARPRIE IR AR o Bk
MLIR M T — PR

PGPR Y fEiE ™ ACC LA sk TAA 5/EH
RARHHEYIE R BB SHEY AV ENICR , taE
i B S RENE AR S B R R
BHERLIET Y, NTTAEELES HENESTE
A0, ARG R UK RS G , nps b 2 Y £ g
Zn A3 (1 mol - L™ NH,NO; 21U ) H A I & 4b
B, 7E Zn600 bR, PEAABERHER (P<
0.05), XL #E DBM 7] BB i FAHLENEL T L
BRI MELIRE S Zn, 245 R-5 Whiting et a5z
55 R—3 7351, Sheng et al W57t K PRk RJ16
REVA AR PR T AR Cdo 13 Zn Cd 9TE L
ML AT RE B A AR , 25 40 B8 430 1A AILER A
BRI 2, T 5 GBUATE KR, HF Rk DBM A~
B8R kae 1, AP S Zn TSR REREE
I, X 555 Whiting et al®Fl Kalinowski et al®f
HEMAH

— Uik, HIEA M ELS RN INA R TR
YN TR E SR RIICE ., KREMLIRWERY,
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