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W OE: IHFI AN ERBRBAER EEAE R, FIUR KA AR S LR Y KA .
PRI RAG 2 Z A F A M EZEZ—., [B 8] AT RFRIZRIRDERGHAEY, HK
TG D EAF AR R AT TR [k KABARB A T ip it A H2E R Bs. B4,
J 4k BARF 75| 2k L8R (indole acetic acid, TAA)SI AW AR, FHT LT85 %, oM L ab K45
T AL AR AE KT rm. [4R] A 394 HMRKBRB @ E F 5L T RAFT 6 AR RARERA
HuAn RAUEE . A7 KTk BARA TAA 268K PR G E K, 5 A HE A CT-1. L26. C10-19. S11-11,
GYM bt5 #= 20-10, R4 16S rRNA KB 57| #n45 5 w X L H KR A& R E KHF (Serratia
nematodiphila). FTERK % K 3F 3847 H (Bacillus aryabhattai). %) X W #F # (Acinetobacter bereziniae)-
F KARE 2 E (Pseudomonas monteilii)A= N 2 5 J04F B (Bacillus velezensis). 124 X34 R KA,
MRA K RSHATE C10-19 51, Hpe 5 MR A3 dh AR & RASGAF T8 ¥ 6 B F AR 2t KAGA T 90 &
FAREZRE, HTHLETRRE 25%43%, KBEHBEZROF 14 RBARKEKRRIZE, R
¥ T 18%—42%. A ABEKF R G E K CT-1 sHR KO T rmRr 2 F, LA EHK 20-10, ME
HROS1L-11 AT Z A K BB A REFE. [£4] A C7-1. 20-10 F= S11-11 A RKAGILAEAE
AR, TR T KA LA et ag 25 4],
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Screening and identification of rice growth-promoting strains
and their effects on rice growth

YANG Hua, HU Zhan, GUO Zhaohui, XIAO Rong, LUO Rongjun, FU Zujiao*,
WEI Xiaowu, CAI Changping, WANG Yushuang
Hunan Institute of Microbiology, Changsha 410009, Hunan, China

Abstract: [Background] Microorganisms have great potential in promoting rice growth. It is one of
the effective ways for reducing the application rate of chemical fertilizers and ensuring safe and efficient
rice production to apply rice growth-promoting microorganisms. [Objective] To screen rice
growth-promoting microorganisms for the preparation of microbial fertilizers for rice production.
[Methods] Strains with high efficiency in fixing nitrogen, solubilizing phosphate and potassium, or
producing siderophore and indole acetic acid (IAA) were screened from rice rhizosphere and identified
and their effects on seed germination and plant growth of rice were analyzed. [Results] A total of 6
strains (C7-1, L26, C10-19, S11-11, GYM bt5 and 20-10) with high efficiency in fixing nitrogen,
solubilizing organic and inorganic phosphate or potassium, or producing siderophores and IAA, were
screened out from the 394 bacterial strains in rice rhizosphere, which were identified as Serratia
nematodiphila, Bacillus aryabhattai, Acinetobacter bereziniae, Pseudomonas monteilii, and Bacillus
velezensis by their 16S rRNA gene sequences, respectively. The strains, except C10-19, all can
significantly promote the seed germination and root development of ‘Jingliangyouhuazhan’. With the
help of the 5 strains, the seed germination rate was 25%—43% higher and the root length (14th day of
seedling culture) was 18%—42% larger than that of the control, respectively. Particularly, strain C7-1
with the highest level of solubilizing organic phosphate, had the most significant effect on root length,
followed by strain 20-10, while strain S11-11 had the most significant effect on the growth and tillering
of stems. [Conclusion] Stains C7-1, 20-10 and S11-11 significantly promotes rice growth, which can be

used for the preparation of rice microbial fertilizers.

Keywords: rice; growth-promoting microorganisms; rhizosphere; growth-promoting factors

FURIT, A ERE ) A I 2 B AL~ AT R AT
R AR AR 2 A 24 A A A U =8 3 it
XS A T RIS T, I EARIEAN RS ik
REVR KBk, i L3 YA 20 6 #0558 B R A 1
BRI AR B A 22 IR Gl A 0y A
YR HE AR HE AR SR IR R, ARk
2 RNERHCEE S — 264 T2 A R ARt S JLAR
T TSR, Dl 0 T R A 8 AR AR A TR
ERiA BRI T ERME P, eTrR
Hoor B R A= IR TR A AR R A

PIXTE FROCER W, JRTAEIAR T FI A
O A BT TR P A B o A A R SR 5
28 )y A s i A 0 %) LR R, AT i) 42k
P Py =1,

H i A R A Y E BAA e B vERg,
£ 35 2F f FF 3 8 (Bacillus) . B8 P M 3 )&
(Pseudomonas) . 1115 [ J& (Burkholderia)
R H & (Azotobacter) . WIETEJE (Rhizobium) . 4K
¥ 1# J& (Agrobacterium) . 1 ¥F & J& (Arthrobacter)
1 [ A2 T & (Azospirillum) 27 ) FHAE A= 3%
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AR TAE Y RERITE 70 2 EZEARR T
I, R R AR R, anSEE | AR E
ELPE A5, MU BRI PSR Rk B 90% LA 110,
I SEAESR | EAMT 2 KRAVAE YIRS ml TR R
TER RN RE ™ i, 3853 7 S T AR Ak AR
7RI R THT AR I ]

Wit % [ 6 A 2 BRI RN AT R Rl A Jg 1Y)
AL, (AR WARE] T Y, AR
A VERE I ZF FLAT TR RN 26 BB TR A T A B
AT TR AR B 2Bl B T & R A AR AR
BARTR E AT AE D IER L3 20 4453 T sk
WA, AH 2 5 MR SE Ak [ ZEM 22 BEAT) AR TR
Ko BT, FE A YR R R R
o HARARNY, RRR T TR E A F R A
YEYI— KRG, A RE R (5 A EL B B AIG . AE
ANE A FH 232045 B e FH - B GUE A 44 2 A
PTEOL S, TFAR L. fax . Z2IRerEDIE
BE, SR RCGEK AR AR EE M | DR IR KR R B
BERAA A 7 A RS A BN 5L 221 KA
M FH A NIZ IR A KA, & A 2R A
AIEEVERER TR Y, AS AR E |« ZEAAT A
J& | RS | A0 TR R G TR R AN R TR R
(Herbaspirillum)y<10 ) Sipifg v 20 ) R 1 35
rhar B R ETAUAE P208 AEELTAL . RN E .
W .12 (indole acetic acid, TAA)FIEREAKE HifE
77 Shahzad Z5" K AEFh - Hh 43 B 10 g S A 2
AT (Bacillus amyloliquefaciens) RWL-1 G843
WY TR KRS AR S SR, FITHIK
Tt 2B Tl A W it il K R AR D IE R E T 37 |
AR UL, T AN B9 B R i A i A= P o
RESA—, TUEMEA FRIETH . AR DK AR FElZ 4
FRL . ZIRE HACRRRE AR B A, BIF R
AL RRUE . ZIIRETAE W IERL B i ER AL

AHIF S 32 B DAAS PRA 2 7 56 AR AT i KA Y
A R B A R A AR, 38 A T A D

et AT VT, MRED L T BRI DL K
Oy TAA SHBEMIGAY), TRl b1 & S
U 407 v 8 £E S 56 X 0 18 AR AT B AR P it A 7
fe A PERE T, PR R AR RCR, DUk B REfe
PEARFRA A PC BRI, R R e P AE R AT
i 42 A G B [ Ak A AL R A A Bl 4
— BT R R BE SR .

WL

1.1 B

S0 R RR P AR S 36 2= MK RS AR [ - FAR 41
LIy BIFRAS o MR 320 T 1) 0 1 R ) - e
B AT, I NB EAE FR BRI 100 g, 4
E 3.0 g, &ALEN 5.0 g, TEE 20.0 g, ZEIEK
1.0L, pH 7.240.2)7E 28 °C }535% 48 h, #7405
alifl s AR ZURUE el 2 X R A AR L A 7
REVERATE T , DR BT IR AT NB K2
SR T AR
1.2 KiEMF

IKFE SR AL 0, R AR
FHEE 0 A B w1 i1 B AR FinIb B i 52 e Al
Hh EDK RS T B ORI I 2R 24 58 K R i A
{RAET 4 °C UKAEh
1.3 EFH

LB KR 3 T A0 i 5% 5 B4 Dl Jo
TR R F R AR BT e ;. PKO B3R!
58 4 8 55 352 U2V 43 53] FH F Vs JCHILBE R HL
TR R e s T Ll e B 5 L PO T
PR AL ; 4% K (chrome azurol S, CAS)K:
W335 7 HL Ak ) 4 [ (modified King B, MKB)}
FREES RSP L EH, T ekEik A
77 B RR P T
1.4 (REEKTF

K HH LB BEARE SRS AR, 28 °C Big%
48 h, SR 5 TG A BRI 75 43 51 i 2 T PKO

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



WS KRB A iRk e SR A ROR

2091

Bigpdh . ARG . W LD R R FRI |
FAIZ5 DL S5 SR L CAS Rl 35 52 5P |, BT
28 °C B FRAA SR 3 d, MERRERIE PR IR
S AR EE TCIE W R G B TR AR A kA
&, CAS AN H 5 o A8 i o (B sk B &
P, AR A Ak 2k = P 1 R/ N A 1 TR
Sy UNERERARIRE 1 o R T 40 1 i1 0K P AR TR
Vo ELARHEA TR A0 I 5 DR R I Wi R Bk A K P
HR 5 175 U P 5 BT 9 AR A LB . IEAh, TRk
SR TAA K% Salkowski e el 5 it
PR HIR XL 11 38 A 2 o7 948 2 28 Ak 1A 7 ) G - B
AR E N TAA W FHM:, BEBRIRE R
WKy, NSk B RN R BRI TAA
TP E 3 AT,
1.5 REBEHKET
1.5.1 HEHREREE &N

TR O 7 BT 20 DL TG R R R B AR 3 A K
FLA% 10.0 mm DL ERYBEPR, HeFhZ8r a2 Dl
Fehk B THEAIETR, 28 °CHEFR 7 d, EZAER
5, WELEERAAE AT
1.5.2  BE#RB KRN

W) 0 b 7 3% O B B TR AR B R T
50 mL % 1A PKO 152 4 R85 37 2 19 500 mL = £
i, DIAIER PKO FI5E 4 IR R A2 1
XTHR, 28 °C. 180 r/min JR¥H 5 FF 7 d. K EIRAE
4°C, 6000 r/min B.0> 15 min, B 1 mL FiEH&
Fiks 2-10 %, FAAHERPT L (kP & s
TR A SO
1.5.3 BHRBERAMEERKFRN

PR ECRT) 5 B B TRV ELAR 10.0 mm DL B
FRRIERPZ 50 mL WI5 1S KB AR F: kv
DIARFERNREFRILAE N2 OB, 28 °C L 180 r/min
P kEFE 7d F 10 d. RIEW 4 °C. 6 000 r/min
B0 15 min, YA BV, R KGR T
T R % T 1 37 P R A R B

1.5.4  BEHRF SR ERK F AN

VR0 S5 CAS S b7 WA P/ 7% L
L 3.0 DU ERTERE, R T MKB W A 55 5
Hr, 28 °C. 180 r/min #RPGIGFR, HHIHEFE 2. 3
M7d, KEEWT 6000 r/min 8.0 15 min, W&
W A BIE 3 mL EIEWS 3 mL CAS Kl
WIATIRS), BB 1 hJa, LUB4EKAE X B8
%, R THIE S WAE 630 nm Ab 1K
el (4s), VIFBER MKB A E: 7230 FE b
AT CAENE R 2 UAE (Ar), DR ARNT R
KT As/Ar HARRVPAS TRAR R 24K -
FRER AR AT ik B =[(4r—45)/Ar]x 10021
1.5.5 B2 IAA K&

VeI TFARI  TAA 4300 B B B AR 3 b
% 0.6 mL LB §;3#¥#i/1.5mL EP &+, 30 °C,
900 r/min $R 715 5% 24 ho B EIRE TR 4 °C,
10 000 r/min #5.0> 10 min, Wt Fi . R
W1 TAA 70 G (R BRI AE P A BR A WD, il
SULEH A B s W, I S AR [ (Multiskan
SkyHigh, Thermo Fisher Scientific) s i J 7E
450 nm A PWEAE . HRPEARIE TAA FVR BE R
SCEEEZ IR EM 2, SFATLAE R, ML
AR ERF R FIEHR 0 1AA &
1.6 BEHRVPTEE

YRR . it RS i AT =35 DA A
REMIPL R AR, #eRh % LB iliisssesih, 28 °C,
180 t/min $R3%5 1555 24 h, $EECHILHZ] DNA, i
17 16S tRNA JE[F PCR #7314, PCR AR . 541K
JN SNSRI T . PCR P44kt
a2 IR YA BR A /D 732wl A T
F, P25 RTE GenBank B /A il 7 BLAST /¥
HIHRT, Ffia F% A ClustalW 2 F1 MEGA 7.0, 2R
4B (neighbor-joining method W R4 & T
1.7 REREHEI KB RFAR
1.7.1 REBEYVER GO &

W O 1 H Y LA R B R L T L AR L
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BRI 735 TAA AR TR TR MR 2 A 50 mL 9 LB
kI, 28 °C 180 r/min Rz FER,
FATCHE /KK R SR 8 28 B AR ik 10° CFU/mL,
VER R
1.7.2 KB FRIESS5#SF

P2k 5E LA W KRG FP T, 76/ INBedt A
Al KR TR B IR 30 min, RS ALRIG
FH 75%0 R TEEEE S min, 1% NaClO =1
5 min, FRATCRIKIEE 3-5 . R AL
ATCHKBZBKRER T, F 30 °CHHEZF 1d.
1.7.3  KEEMFRREE &I

PATCTR K R X B, K2R 1 d KRR 78
AW PR | h )5 B TR I g 4T Jo i s
FRML, FALAMGEEFRA T 30 °C. AR A
70%. JEEEE A 16 h:8 h & FEsH, HEANTE
KAy, PRAFIRAGIRIE . BEANKRSRIN 30 KR+,
TR 3, H9E S5 d RS TFI A%,
KBRS A FEUHR A R 50:100%
1.7.4 KIEHEHKEEIRRE

SR AVKEERZE R 2 Aoy =R BE A E K RS
T~ & 0 B R K RE AR ) 42 26 S8R < K AR
TR R A 2R BRI T, fRERKE
0.5-1.0cm J5, Bk B /AKIE S, KE;
R K Hoagland B 38 AT 153212, B4k
M40 MEE, T ATAEESRA T 25 °C. M
SHEEE 70% . JEmE L 16 h:8 h 2648 g%, 13d
21 d 55 BIE AAL FUK RN T AR . B
FAIARE ., IR ER A 4.5 kg K L%
A FE N 1:22)ER A (OME 30 cm, KR
18 cm, fm 20 em) P iFAT, FAREF 6 KAL)
Wi, FAMCIES 3, LICH/KIRF KL
BiEZ AR, FARIRAER SR, 207E 30 d Al
60 d SEIT/KFEMERAR K | #R s . Ar B, DL
B SN 1% U R
1.8 HUBZH TSR

K Excel FAF X B HAT AL BFNGE T, R

FH SPSS 19.0 #AF:(Duncan ¥:)%F A [R] 4b B8] (1) 22
SEAT R E T

SRS

2.1 KFEREEKATFIE

MK AR B FIZE 2 rh 4329 375 394 FRANTA
X TEARTT R B KA LB . TCHLEE . B7 .
PR A TAA AR MR, Y125 3Kk 46
PRI BE A5 AN 7] 14 240 17 R PR o

XF 46 MW 20 1R 43 ) R T R TR AR
VW . SRR R R | TAA SRS E ARG, f%
LA 6 MR — AR N KR S A TR
PR(E 1o 6 FREH, I TR TE B A0 A%
5 RBRERIFARK . Hr, Witk C7-1 A
e IEAPUBRRE J15 7 d KB b A VLR IR 7
JKAF34(32.15+0.15) mg/L, [A I3 E TAA 430 Fi
FRERRE )T s BRIAR L26 HAT IR Vs JCHLEE . TAA
SRIACER—E PRI RE JT, 7 d KRR AL
BV AR K F-3%(150.15+0.17) mg/L, TAA Rk
J¥ 1551 (32.17+0.09) pg/mL; T EFE GYM bt5 1
LA BRI T . TAA S I FAR K5
AA 3 FRE C10-19, 20-10 A1 S11-11 [ HA
—FE MR A TAA FIFRBREE S, Hivh C10-19
PR AR AROK O e, BB R W Rk
(93.46+2.54)%, As/Ar {H1X4(0.07£0.03).
22 KIBIREEKMS FHE

XF 6 BRI A 16S rRNA JL[K 741 4T BLAST
FbXt, R MEGA 7.0 R G0k B (& 1 Al
K 2), g5 iR, HEtk C7-1. L26. C10-19 FI
S11-11 Al SAr Wtk g L R b & R
(Serratia nematodiphila) DZ0503SBS1 , FifHRi &
R ZE AT B (Bacillus aryabhattai) BSW22 ., 5[
BT E (Acinetobacter bereziniae) ATCC 17924 | 5%
AR P& (Pseudomonas monteilii) CIP 104883 Ab
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R 1 KFEREFERARE KT 42N

Table 1 The growth-promoting level of the rice rillizosphere strains

k73 e HHLP JoHL P K [IEAIN Indole acetic
Strains Nitrogen fixation Organophosphorus Inorganic phosphorus Fotassium Iron carrier ~ acid (ng/mL)
dissolution (mg/L) dissolution (mg/L) dissolution (mg/L) 4q/4p

C7-1 AR R 32.15+0.15 - 0.66:0.09 - 12.22+0.12
Growing well

L26 AR R - 150.15+0.17 0.31+0.13 - 32.17+0.09
Growing well

GYM bt5 1 K pLbf - 139.24+0.36 0.96:0.04 - 25.24+0.15
Growing well

20-10 KR - - 1.29+0.11 0.34+0.07 4.994+0.26
Growing well

C10-19 /LK pif - - 1.34+0.66 0.07£0.03  22.18+0.04
Growing well

SI-11 K pif - - 0.16+0.03 0.18£0.06  17.94+0.04
Growing well

- RAEDE]

Note: —: Not detected.

91 -Pseudomonas vranovensis DSM 16006" (LT626251.1)

Pseudomonas putida JCM 201207 (LC595308.1)

S11-11 (OK510222)

94 L Pseudomonas monteilii CIP 104883" (NR024910.1)
Pseudomonas flavescens NBRC 103044T (NR114195.1)
Pseudomonas aeruginosa DSM 50071" (HE978271.1)

Pseudomonas caeni HY-14" (NR116388.1)
Acinetobacter schindleri LUH5832" (AJ278311.2)

Acinetobacter johnsonii ATCC 17909T (HE651920.1)
Acinetobacter guillouiae ATCC 111717 (HE651924.1)

4100[{ Acinetobacter bereziniae ATCC 179247 (HE651922.1)

92 L C10-19 (OK510223)

Serratia glossinae DSM 220807 (F1790328.1)

Serratia vespertilionis 52" (KJ739885.1)

T Serratia ureilytica NiVa 517 (AJ854062.1)

99 { C7-1 (OK510214)
93 L Serratia nematodiphila DZ0503SBS1T (EU036987.1)

99
79
100

—
100 |
87

100

—
0.020

1 AEFHHKET 16S rRNA EEFIINLPFERZEABER 65 P EHFHR/RTE GenBank H & %
T HEMERT 70%07E5 32 F iR PrR BB R IR 5

Figure 1 Molecular phylogenetic tree of bacteria based on the sequence of 16S rRNA gene by the
neighbor-joining method. Numbers in bracket represent the sequences accession number in GenBank. The

number at each branch points is the percentage supported by bootstrap. Bar (0.020) represents sequence
divergence.
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g7120-10 (OK510213)

79| GYM_bt5 (510216)
78 |L Bacillus velezensis NRRL B-41580T (KY694464.1)

981 L Bacillus amyloliquefaciens ATCC 233507 (FN597644.1)

98 Bacillus subtilis ATCC 60517 (CP020102.1)

100 L Bacillus licheniformis ATCC 145807 (NR074923.1)

Bacillus pumilus ATCC 70617 (AY876289.1)
Bacillus cereus ATCC 14579-2" (AF290547.1)
Bacillus megaterium ATCC 145817 (NR117473.1)

100\_{ Bacillus aryabhattai BSW22T (NR115953.1)
981126 (0K510215)

0.005

2 HEEHRET 16S rRNA EEFFIRMIZEZRFLEN
Ty HAMEKRT 70%M7ES 32 EioR s bR RS R IR B
Figure 2 Molecular phylogenetic tree of bacteria based on the sequence of 16s rRNA gene by the

neighbor-joining method. Numbers in bracket represent the sequences accession number in GenBank. The
number at each branch points is the percentage supported by bootstrap. Bar (0.005) represents sequence

SR £ RTE GenBank H 15 5%

divergence.

Tl =433, P ARIYE 43 B3k 3] 99.85% .
99.93%. 99.85%F 99.78%, Witk GYM_bts
M 20-10 AHMIPEAR B, JF 5 DS 2R AT |
(Bacillus velezensis)FRIfEFE A NRRL B-41582 []
Sb—Ar 3, ARUHESAIRE] 99.86%. 6 TRk
SRR TR R 22 [R] g [ 5B R 1K T S ]
W) % E C7-1, L26. C10-19, SlI-11,
GYM_bt5 Fil 20-10 MWL R b8 [RH . Pl HR I
Z [CEEMATF IR . B ICARBIAF I L 52 IR AR S B R
DUSE S 2F AT 7R
2.3 BEEMRIKFER AR

6 FROEAE A Py ab B SRR AR 5 K RGP T
5, BRT B C10-19 4b, HAbRERIIREE—E
FEEE B HE KR RD B &, B A T 4
25%—43%, HAERR S11-11 XFRp 185 & e ik
KV f 3 (3 2) BIIRANEIFF C10-19 HAAf#
BRI R KO B i, AHIZ TR R 85 77 TR A 3

FIa FERP P R AER | BT, ATRER N
T2 R R AE 23 VR A TR 7 199 [R] S - 7 A 1
il A8 & i
24 REEKMKEKEHEE KD
IKEESMET, AKAF MR & R 2 4E 4
FMRALBESS , A RKAF LR 3 s, 5 A3
PR Ay i i Ak P34 B AE R4 I 2 B s /KR 4 AR
AR, KigR 14 d ARBIAR K HoX AR K 32 e
T 17.94%42.19%, 3557 21 d AR AR bExf
HEM K325 T 10.40%42.20%, 5 DRtk H
Pk 20-10 Fl C7-1 XARK M52 i 2, S11-11
FEAR S5 AT A S8 2, {H Bl 5 2 B ] 1Y
e, BV T TR AR BER T B
FRMAR A KA, BB R HEEE AR,
20-10, C7-1 Fl S11-11. #5rEAKRAE S HEMIAR iy
KA, f20-10, L26. GYM_ bt5 1 S11-11, {H
Xl § 2 B o R 7 ) P S A 7 28 AR AL o
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Table 2 Effects of growth-promoting strains on the germination of rice seeds
S MrEgl  wikE hrEg2  wkR%E2 Fhy 8803 BHRE3 SRCLiy &S
Treatments  Total number of Seed Total number Seed Total number Seed Average germination
seeds 1 germination  of seeds 2 germination  of seeds 3 germination rate (%)
number 1 number 2 number 3
C7-1 31 20 32 18 32 21 62.13+5.85bc
L26 28 16 24 14 26 13 55.16+0.84b
GYM_bt5 31 16 28 16 30 17 55.14+£3.91b
C10-19 25 9 30 12 26 11 39.4443.19a
20-10 26 15 31 17 30 18 57.27+2.59bc
S11-11 26 18 26 15 35 22 63.26+8.16¢
CK 28 12 28 13 30 13 44.214£2.53a
T KR FE—IIME/NG TR 0.05 KEZEF AR FE
Note: Values in the same columns that contain the same letters are not significantly different at 0.05 level.
R3 TEBEKRCEXKFEHHREZEKBIF M
Table 3 Effect of strains on the growth of rices root and stems
b 14d 21d
Treatments . i Py - PR K FHEK PR
Average root Average stem Average number of ~ Average root Average stem  Average number of
length (cm) length (cm) lateral roots (each)  length (cm) length (cm) lateral roots (each)
20-10 7.61+£0.51d 20.58+1.95¢ 10.35+1.56¢cde 14.76£1.17d 23.314+1.34c 16.15+1.72a
C7-1 8.56+0.84¢ 19.94+1.61bc 9.85+1.38abc 14.07+1.39d 23.1442.89¢ 16.05+2.35a
GYM_bt5 7.10+0.36¢ 18.23+1.17a 9.25+1.29ab 12.94+1.34a 21.96+£1.80bc  14.90+2.75¢
L26 7.03+0.71bc 18.55+2.02a 11.31+1.35e 13.17+£1.93a 21.78+£3.51bc  15.90+2.78c
S11-11 7.61+0.37d 20.18+2.95¢ 11.05+1.70de 11.46+1.21b 21.08+1.97ab  15.75+2.88ab
CK 6.02+0.42a 17.59+2.56a 8.85+1.98a 10.38+0.72a 19.80+2.00a  14.30+2.25a

e R SUHIRNG T-REFR 0.05 KT ES A0 &

Note: Values in the same columns that contain the same letters are not significantly different at 0.05 level.

2.5 BEEHKSERKEEKRE KN
PR BRI IER b, ST 3 MREARCR
FIHIRK 20-10, C7-1 1 S11-11 #EA72%1006 ., 18
TN AR SR 30 d A1 60 d AKABFERRAE KAEFRINGE
THEBL, 3 MREA RGBS , KRS HARAE RS FR 1)
55 30-60 R W= TXR, 30d I, &A4bR
Je /K FEAR K EE X BRI 11.84%-22.02%; 60 d
i, A A A KRR HX BRI 4.02%-7.29%
(3 4)o ZEERV, 3 ML E R R RE i i

PKREARAAE R AP M R C7-1 3R
MPEAERCR IR B . 3 BRI, 20-10 76 30 d FFX
ERAFEIAR L, 0 S11-11 7E4rBEMAXS 2R A4
KATEEME ISR T B3 o XK R AR AL
TRERZE T AL, WA A S R RS T
T AR E R T I, (G A B
BZEEFIFA R, AIRE SRR | PATIRIR
WEZERRA Ko WA ROREAR T H 5% IR
WL B2 S R AR o
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Table 4 Effect of microbial treatment on the growth of potted rice

FEFRmbE] Ab R i3IS ESS MREH IrBERL b1 5% TG N 177 A
The time  Tteatment Root length Stem length Root length/stem Tiller number ~ Wet weight of Wet weight of
of growth (cm) (cm) length (each) root (g) stem (g)
30d 20-10 12.85+0.35b 56.16+0.60b 0.22+0b 2.78+0.25a 1.79+0.24a 13.03+2.26a
C7-1 14.02+0.52d 55.82+0.88ab 0.25+0c 3.22+40.09bc 2.294+0.42a 15.824+2.21a
S11-11 13.19+0.20bc 55.01+0.04a 0.24+0c 2.89+0.19ab 2.01+1.06a 13.07+1.91a
CK 11.4940.35a 54.924+0.22a 0.16+0.09a 2.61+0.09a 1.22+0.04a 15.51+1.17a
60d 20-10 27.23+0.88bc 66.17+0.97a 0.41£0.01bc 11.55+0.50abc  — -
C7-1 27.59+0.51bc 67.22+0.68b 0.41+0bc 11.77+0.38bc  — -
S11-11 26.88+0.39b 68.39+0.85¢ 0.39+0.01ab 12.77+0.19¢ - -
CK 25.39+0.96a 65.60+0.69a 0.38+0.01a 10.44£0.69ab  — -

I KA FE—SMRE/NG FHERIR 0.05 2257 A B

Note: Values in the same columns that contain the same letters are not significantly different at 0.05 level.

3 wE&#

T DI NE R AL 2 NI ) SRR, X
T3 ] St Ak A NE R R B R DR R AR
i, PR OCHE S YR L A R R A
PINEARL (%) TGP E A, HERT LUK T B B i A 21
P T 2= A AR R, B0 A L o LA AE )
EEAAMEE ., 8, 838G ARR ek,
1 AT SR AL E R 1 N, P K Fl Fe 55757
JCERP, BRAN, W T4 I k2R £
FRAER R, (RS A | R 2 IS ke )
TEM R BRI T A A A S
SR REE , S TEARLRY S50 T AT L e BT
RAZEFANANERT 5 R AT AL fE s +
SRR I | AR HEVEY) AR T D B E R T
JEIRIERART, i, SR A KA B
VEAE FH A0 AR B2 A 40 1 (plant - growth-promoting
thizobacteria, PGPR), X F 4nfa] F1] 45 B %) 3t
BRI A AE W I DR R A 7 i o i B R
BLAYHELS RN FHE

WOCLA R BEfA AL . JopLek . 8. ™
BRI TAA 3X 6 WHEFRE N L5755 28wtk i
A= BE T BITPEHFIARIE , A3 BS Y 394 BROK AR il 41

W gt 2R R 2R T 6 MREDIREMEA:
wAk, 20lE TR KRS . B RE)E . A5
FF 0 RN ZE AR P s, L rh g 2 sy b B EC R AL )
AN Sl B L A2 AR A K T e G

KT FRAFUERG P AR B o W K R
3 590 E A N B 6 455 % i v X R 4G TR RR EAT T
2-10 d MREFE, FEXEAS R E) K Wi b 4t A A
T3 WK 43 B AT TR AR 45 SR B
BrT C10-19 7657 7 RIS HIK - e =i b
HA A R ARAESS 10 RAGIEBIK o AE
YR ST WMV ER AR O RE USR] 383 TR RRAE B R 1Y
55 2 RENIREIWEAE , L5 B 5% 57 B 18] 1) 28 1 2%
BRI, MORRAEREFRS 3 Riksg
{8, UNERE S11-11 F C10-19 %5, A 35 bk
FESS 7 RIRFNEME, AR PR 20-10 (B5HR AR BIR).
FRPE B IR R B, AR A Ik 2 A 9 A
S TR ERL A FRARARON , HEAS BURH 236 FT E 5 TR R Y
A R %S e S Ak St 58 (e 2k
BRI R 1) A KOTR S 5 AR A PR 7K1 22 [ 1 X i
KAMEMHEE

J T RGVAR R AE UAE W AR AR ROR , A SC
i AR AR E R LA . KRR K L K
FELh T AR RS TR S5 T B, AR . K FERh 71
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IKFELN T 32 IREGEA VAL T 6 bR AE i 4=
PERE, RIS TR T KR KA R
6 FRRTEfE A PERE A A RRE, A FRIIXTK
FERhFi & . IRAERE BEREER. Hd,
VAT WL K ot e B R VD TR TG C7-1 7585
SR K AR AR e A RO i B 2, FE
B BIFRM . Yarzabal ZPF5E R B, K
2R A R A I EY A K B BE ST, (0 AV i TRl
MR ATEE MR R I AT AR OIRE , S e 14
A b3S TR B A 2k 55 e 20 2 A HFSTIA
K, FERFERS ARG 2 X R TRk R,
i 4 JE G B2 X KRS A3 P RO B R

C7-1 WA PUBERA R SCAE U T /KRS AR
RH , M FAZEMRLE AR R ER AT 8%, T A
PRAE 3P SR LA B0 i B FERE T, REFER K
i E) P9 A AR AR MR . LA B s JE AL =
IAA KOV AT — 2 fRA BB g 1) BT HIS U 22 FG 25
FIFFIR L26 F U S 2R fAT I GYM_bt5, 7E8:
TR IRIH —E AR A AR, R )
B & A o AL B S 36 235 S A S R ) A T
GRI12-2 A fiERY, CAWITERM, 4050w
WA TAA 76— E W E T RERS ks 440 A= 4R Ak
AMRABCE IR, EJE SR B TAA il
WIAEMRMAR, XATHeY 1AA BSREHR OHE
AP SR TAA PR AR HUEAT R Ak
ARG BURE M2 —E B0 BB T 1Y 5 TG i
PR S11-11, FE/KAE FHARE R A AR 56 oAl
LA R EE R EARR B B R A, 5 HL
TR AR S KRS -1 2 LA B 43 BE IO 28 0 4=
KA BE AR RO S5 B 25 o 02 R R 43 0k 1)
TAA TE RIS 22 A K U T IR N, 45 5 B A
FEERRE RN — B AR RE T, DT FR B AT Y
PEAERCR . B KO B R — Bk A A
TAA £ BURE T 1) DU ZE 7 1R 20-10 FEK b
FRRAXTAR | 2R AV E AR B, e A

H KRR AR AR B A BT T R AR 9 O
H 1) Z2 TR B RR A 3 N =, A AT R AE
AR TR P BT 3 B o 2 S 1 D R AT
PRIRAEAR B8 SIA7 A 22 57 TR AR, 53 o1
20-10 5 GYM_bt5 HEIRHRS D1 SEWT 25 A0 AT A
U e, A E R AE R L ESFSFETE
IR SE KRG FP 705 & AR R AR B R Bl
Al AN, BEARTER RAZIFTFIE C10-19 s
I H =I5 A PR (H PR R I AR R B AR K
FERh 7 & VR A, HE02 B ik kB T By
AT RS, LR T K RERR
Jei 520 2 o8 2 TR ok ) 4l TR AR R A T itk — 2
MIFREAE S, USRI R A A ORI B K- 5
KRR AR Z M e R o

L5 TR AR SCIRIS Y 6 BRAEAE TR HLAR AR
FbE 22 A, AR AR U VT BB 4 A A Y A
AT B AR A T 22 [ U R R VR,
IR A ML A R — DRSO, BT
THRE A WA MLAE & LA P TR, (L PRI
B LR B AT A E DR A ROR , R R (e 2k
Tl A= W 1) % SRR 5200 AR 5 i 2 g b — 2
WEFE Al A5 HLAE L BT AN RIS RE A9, LA
SRR FE A PN L S A T W R
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