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M OE: T UPRRPRME A XKL AR AERBOR, B ML BUK R E BT, AR 5 MARBRIZAE R (LYS: Al 2Rk
Wi (Bacillus subtilis), LY11: f#IER ZEAFF R (Bacillus amyloliquefaciens), X2: FEEFIHEVABIANLE (Pseudomonas moraviensis), X3:

VOIS ZEHINT I (Bacillus safensis), X8: LREHR HANIEE (Pseudomonas chlororaphis)’y 5 A SE 6 28 B ik S A ol i e 3 kA TR &
TIVERROK R E WA, DURESIMRAE xR, AERRAR T, IFRARPRR A K AEal i AR A 2 . 580 D%
VEM AT (LY LR+ & B ST KRG A AR SUR R ACINE M . Q7E B AR M IS IARBR AR AR TR 5, 3 3R AE i fn
LR BUS HOG REEE R, SR 500 17.24% ~ 31.19% F1 11.37% ~ 23.28%. QUSHIMRPREA: B0 & 1 3L PR AR e st K Ragh iy
WRER, WA, SRR T R ER N, BoGE TIRATEASH, DERE TR . ORPRMEA RO R R T
IKAELIRIN BRI SR 0O, HAR. FIEE IS R AU E R . G/KTEL R TR A E e & UG AN R RERR & IRERE Ve 2 A i
PR R R R Bk, MREREAE BN T KA & i BT AR AL SRR i AR A TS e HARIG P, AT G5 BB AE S iU Bk A
BRI AR A S 4%

KB : KA RPRIEAT; FRiH; REMAL ARG

HESES: S511 NERIRERD: A

Effects of Plant Growth-promoting Rhizobacteria Added in Seedling Substrate on Rice

Growth
QI Xiuxiu, WEI Chang, LIU Xiaodan, ZHANG Linli, JIANG Ying, ZHANG Dengxiao*
(College of Resources and Environmental Science, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: A pot experiment was conducted to study the effect of plant growth-promoting rhizobacteria (PGPR) on rice growth
after added into seeding substrate, in which five PGPR were selected, included LYS (Bacillus subtilis), LY 11 (Bacillus
amyloliquefaciens), X2 (Pseudomonas moraviensis), X3 (Bacillus safensis) and X8 (Pseudomonas chlororaphis), and mixed with
an efficient seedling substrate, respectively. The results showed that, compared with the CK (seedling substrate without PGPR
added), LY11 was the best in promoting the growth and metabolic activity of rice seedlings, PGRP treatments significantly
increased the aboveground biomass and strong seedlings index by 17.24%-31.19% and 11.37%-23.28%, respectively,
significantly increased the volume, length and activity of rice roots and improved the morphology and structure of rice roots,
significantly increased the uptake of nitrogen, phosphorus and potassium, the transport coefficients of nitrogen and potassium,
and GS and SPS activities of rice seedlings. In conclusion, the application of PGPR to rice seedling substrate is benefit to the
growth and activity of rice seedlings and can produce high quality rice seedling substrate.

Key words: Rice; PGPR; Seedling substrate; Root architecture; Metabolic activity
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G (R SR O S A T 7, SR TR 2 i 2=
b SRR A AR IR A58 (R RS, AN TR Al
SerA R, B H R IAEIY R, LIRS &
FFURHI B BTS2 2 I, TR AE AN R
AR, HOlA R BT o R, B A
RCRT R B 7K R A B L T O B R ™ e HAY E
=9

FIHIACIR )2 (49 A= W) UK Fe 0T A i oK R i
A BT e R Y, O B A= )
PRI, R R PR EE s A 18 S )Xo PR B B M o =)
U S 2 HERL IR U5, PRIREE B HLAR 2 B T
v, BROKARAEHERELS, TR P R 3 OB T
I HHA R AP A2 A A P R RE S (2 AR 1)
R RN, R W5 2 ) 2R ™ A A HILAE R ]
TR HAR R R M AR PR P R TS
PERIFR AL, DL RAR SRS AT A HLIE A
B AR IR SR, B N i A AR EE
FeorAKIR  IFENE A P B IR RE TR, 7E4E
Jit i REAE I N R A W A4 R0 O LA e TR | JOR i 25
LIRS Y (R E Y AR R R X
TR 2K o A UL 5 A R 14 18 R <5 ) ol o
B A B SRR IR T B RERGR VR 9>
SRR IR R R R B, AHUR A
JE 3 L A R o b B A 4R 3R 0 U R A A
VRIS R T

TEA SRRy A (e DR i
W WAL TR R L PRI R S L B
sl (BRI T, EVE A R e R i 1R 03
RFEREOIA RS IR0 B SOR T, AT REAS e 2t
R TR, FEVEY A A S A A
HA SR AR iyt e e, {2
A TR PRI S PRI FHACR EAF 2] 2 Sk HASCR W23
W1 Hamdali S\ TEALBERRER (0 Lo b 43 B3 1T 8
PR, AT R ) DR I A A AR S5 )
Jit e it - e A HUBE RIS 2 AW RIS L, AT fili /N A2
o AT BTEIG 70%, MK 30%. X
SEUVRER R L rh oy B T PTRRAR AR TR, LA 3 e
R, XHEERNREBCRI G, Mgl
R, A S IR L B E
BT AL B Ay o S5 AL 5 S A B HT b B
RS T SR A . SR e AR A2 2, AR
PREPE R A BRI BE S A AR DRI, FEANTR] A4 7K A
RS AN EN U] e e P e S T S A
R O R A A B R

BT, AT 18 T LAAE W) B 5 0 o T B IOk
RKAE A BTRE BT, i B R e A T, BIFSEHExT
IKAEL A L IR W B ARG PRS2, $R5T
H RSO T R, DA O KR B e SR RS
AR FHARE o

1 HREH%®

1.1 XA #

L1l fEE AR A B O AR S 2
0 3 0 A DR A K R B B T, B PR+ RS AT
HERE 60% + 4847 30% + B 10%, Ll 1.5% KR
MK VAWM 9 28 pH 5.0 2ty o HeiliRg (i i s 7 &
T AT BR 2 m RS M N RS A (T B 2 4Ol B
FHEARAHLL ON 28 1RA], RITBSAMEN, DAT
HERL A SRR X, B 3 d BIME—IR, BERGERL,

IKRER T2 )P E S AO R AT PR Rl AL
A AL 150 RERPTEZ RSN 2 ~ 3 d J5 1L 20%
KRR, ZERALT KA, WK R M TR IR
O3 o IKRMEDF , e WK o AT K BZAK H 2F 2 mm
ZEATIE, PER, A
112 fRAEREBKE LB Kifedk: HEAMk 10
g, BERE 5g, NaCl10 g, KBk 1000ml, pH
7.2~74, 121 C m/EKE 20 min.

R A= BT BRI bR DA A S 56 2 I Y BLA B
AU BERE T PR3 R, 2000k . LY'S: RREZE
FHFF T8 (Bacillus subtilis), LY11: ff3E 8 25 fOATF B
(Bacillus amyloliquefaciens), X2: BERIHE VAP M
(Pseudomonas moraviensis), X3: V02574 ZF AT 1A
(Bacillus safensis), X8: ZREHRIANMIE (Pseudomonas
chlororaphis), ¥ CIGILIIEA HEMT LB WIRK:
FrdE, 30 'C. 170 r/min #R% K% 36 h, 4 000 r/min
B0 10 min, FIJCEUKEB-EOUE 3 WA, HE
FHREAK, WHIRE N 10%ml, .

1.2 KW RERE

ARE T 6 AAbBE, 43500 CK (R A A
JO) . LY'S(HRe i e U6+ 7 LY'S) . LY 11 (Feod Fic 2
Ji+E LY 1), X2(Fid B Fe B B+ X2) . X3 (i it
P +ER X3) . X8(feili L L LT+ X8). ANl
JTRE W80 580 mm x 280 mm x 30 mm 7 fL & 1
#, BB SPAT T A, R IR AR TR A B
TR, AW 50 ml, X Ab PTG 45
THK . B ER 3 W, RIREFD 3 &, f R
WA T AR B, AR o A SRR AR 2
130 g, BEJMERAE AL BT K A B i HLR S I
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BIFREA 3 em, FEMEE L, H H)EE2 0.1 cm,
T 7 e 7 R AR o 45 Ak B R LR O 2 B
BEML BT . #EANES 22 FoRAE, HEATAHR
FEPRI AE o
1.3 HERXRESNE
1.3.1 FESCRESAA  MRRFES GRS RS
BN R, S A kK rh ks 5L B ORL, O
FHZER K vhise J5 MR 2R FE AL BT KT, ZRIBUHR 22 F b
L ERE AL . Forh R R REAL R HL 10 ARbb [ ERE AL, R
HET -20°C vkFH, &, JPK 10 BRAR R AR
FRAHACOI 2 A bR o BEBL R B 100 BRAE i 43 b
L EBFIAR R A A E AR S B, T 105 °C MR TR
# 30min, 80 C MLTZEfEE, FREIFRAEH.
132 i EAD T DREERR MR B,
£ s DR W ANE 12 e SUANG = o k119 e ER7 R R P41
T E

DMAME: MWAESK ., WRLEA ., RREF
BIEA . AR SR BAR RSB AR R AR
(EPSON EXPERSSION 1680 Bl ; M ZRWE 1Y
M 7E R Leagene 4R R 1 ) M A # (TTC
RIS,

3R A O I S B R AT )
JHH H,SO4-H,0, THA, 23 BB E Ak . HIE L
TR ALIENCEE TR E A B B

4)SPAD fH: R4 Z X (SPAD-502)M % o

SR B, HREEiE RECTF:

TF = Cbor

CRoot

KH: Capov MM EBEHN IR 735 7 (g/kg) s Croot
AR AR BB TR I3 (g/kg).

O)FE A by b ¥ A I N & LT (GS) IR 8l 1R
A BUBF(SPS)IE M E . FREX 0.5 g AHFRHE AR5
JILA 6 ml 50 mmol/L ) Tris-HC1 (pH 7.6) ZEmHRIEGR (&
2 mmol/L ) MgSO,. 0.5 mmol/L f#) EDTA, 10 mmol/L
W) B-$idk ) S D AT BERD JR KIS, 4 C R
8 000 r/min B5.0> 20 min, A7 FIER . R B K
it (GS) FH AR R 5 U (SPS )i 1 SO A 2 43 51 R
F Zhang Z5POVRIEE R e PR kAT, FHBEAR X
(Multishan GO 1510, Finland)ill 5 .
1.4 HIELERSH

] Excel 2003 Fil Origin 8.5 544 #4758 R 55 1
FAER . BRI bR 22 B RIR, R
Ff IBM SPSS Statistics 20 #E1T4(4E J5 254347, Duncan
BT ZH A, BEMEKF R P<0.05,

2 HBREHSH

2.1 KFBHEBHKEK

AN T2 A= B A FEGT AR AR AR 20 bR A 5% i G 8T 1
JiR. 5 CKAHLL, 5 FPSRUAE AR TR 19 i 5 25 42
W TKRRA MR, Hoh LY 11 A X8 s R B b,
IEF] 5.15% F1 6.50%(& 1A). X T2XHF SPAD i
Ud, LY 11 Ab# 3 5T CK, I H Al {2 A e b
R EREE 1B, 10). Wi, MOKFELhH R 2t
REF AT WL REE 2 KR4 1
AR, HH LY B ARG o AR (R AR PR Ab 3
Y0 E KR e BB E, IR 1D AT,
PRAETRAD BT M A b CK A 33U i s 7
17.24% ~31.19% ZIi]. Hrr, LS. LY11 I X8 4b
HTRAEYERA, HRE ST X3 4038, FEF, MoH:
WIHEE B, A A0 g 4 e TR R B AR
[} (2 A T 2 ) 22 S IN(B] 1E) . IR, fe 2R TR i AK
FE R 1 L 0T v B A% A T A v i AR K R B e B
Ijigiie
22 WMEESEW

A A TR AR S 0 S S R K R G B AR RIS 4G
(Bl 2). 5 CK ML, S{ed M MR R EK
HROF- 349 ELAR R SRR 430 (B 3 I T 28.29% ~
178.94% . 18.60% ~ 65.22% Fl1 15.65% ~ 99.32%, 3
AR A R A TR IR 1 T /KRB 2 AR R AR K (81 2A
2B. 2C). Hrfr, LY 11 A3 & i, Hakoh X8,
1T X2 A3 e 3 AR o (2 P Ak JHEGT AR 2 T FRRITAR
IBR N B 2, BRI AR BN T AR R A
K, B T ARG, BRI IR R 5 40
Fefl, ARTFAESEFRW(E 2D, 2E). FHH LY11
X8 AbFRAFARASHL L X HR A B3I T 2.3 £i5F0 2.7
o TIAN, DA TR A IR IO KRG S AR 2R 52 AN
R ASLEN L, i H R RS TRRE
(K1 2F), $&&0EETE 20.86% LU L.
23 FHRWSHIE

MOKFEL ik b MRS S REE G 1),
P AE TR A R TR e R AR
R, Hor, M B ESAERE S0t CK b PR
67.80% ~ 104.92% F34.17% ~ 171.76%, Hi T #BA
BB W 89.59% ~ 149.09% Fl 4.23% ~
71.64%, i H LY 11 F1 X8 FFp L A= B 4b P w5 2500
B MRS HA LY F1 X8 ZbFige ol i 21k
S5, M EI R 6.39% FI 4.98%, bR ERAR
PR 3.23% ~ 15.83%. (M, fiA: B A K A3
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BZ, AT N A K RS i AR P RE 8 W A
R X % 4 e W i, X S B 5 o v R LA
BAEH

I AR SR s RS A (R 2), JL
P2 2R TR AL BT K A i Th R R i RA(1.46 ~
164 CK ARFR(1.78)MIXTFEAR,  BIFERR R rh iy 1

FRTF b 86 BRI 2 R EE LYS f1 LY 11 4b#f
Tk 1.24 Fi1.23, b CK ARBR R ES N, L
A AR TR AL S 22 588/ o B B i 1 FR A0 4% Ak 3L 1)
ZERIANEE . DZEE R E Y, AR AR B I A KA
B T T BB S SE I AE PR AR N SR A s, T LA
BOR G A ARG G

#z1 FRALEMEHFISFENRKEHZN
Table 1  Effects of different treatments on nutrient contents and uptake of plants
Eiztan Qb N P
Hh 8 HR B Hh 13 Hu R Hh 1 #B Hu R

Iy CK 27.78 £2.00 ¢ 15.61+0.28 ¢ 6.48+£0.98 ¢ 9.10+0.37d 66.08<1.16 b 52.62+0.99 ¢
(g/kg) LY5  46.68+287b  30.69+0.73cd 11.78+0.84c  9.48+033d 67.66 +0.74 ab 55.63+2.55b
LYIl  5692+3.88a  3888+1.60a 17.62+0.50a 1430+0.35b 7031+ 1.14a 59.97+1.09a
X2 46.61+3.76b  32.02+0.69c  876+0.74d  12.07+025¢  68.72+1.03ab 54.32 +1.07 be
X3 48.61+0.61b  29.59+057d  870+0.69d  11.72+0.53c¢  68.72+1.13 ab 54.70 = 1.01 be
X8 51.37+1.86b  34.16+0.64b  1540+025b 15.61+0.13a 69.37+2.80 a 60.95+0.96 a
FRoriE CK 30.98+2.91d 7.96+0.16 ¢ 722+1.02¢ 464+0.19¢ 73.64+2.96 ¢ 26.83+0.47 ¢
(g/100 #%)  LY5  66.05+4.35bc 1647+0.64d 16.66+1.04c  5.09=021d 95.73 £ 1.13 ab 29.84+1.32b
LYIl  83.07+24la  21.83+1.06a 2575+0.79a  8.03+029b 102.81+5.17a 33.67+0.53 a
X2 63.98+8.06c  17.74+041c  11.96+040d  6.68+0.11¢ 94.14 + 6.07 ab 30.09 +0.69 b
X3 63.51+1.44c  1648+030d 1136+0.84d  6.52+020c 89.77+1.55b 30.46 +0.85b
X8 7434+6.11b  19.19+0.30b  2228+1.58b  877+0.10a 100.38 £7.92 a 3425+1.01a

T [RISVEE/ NG A ] 378 A BE A 22 535 P<0.05 E K, TERREL

*2 ARLCEEREHREIE RN
Table 2  Effects of different treatments on plant transport
coefficients of nitrogen, phosphorus and potassium

SPS{EYE (U/mg prot)

fb 3y N #2828 P {2 R 8 K %518 250
CK 1.78£0.16 a 0.71 +0.09 ¢ 126+0.01a
LY5 1.52 £ 0.06 be 124+0.05a 1.22 £0.07 ab
LY11 1.46 £ 0.04 ¢ 123+0.03a 1.17 £ 0.02 be
X2 1.46£0.10 ¢ 0.73 £ 0.06 ¢ 1.27£0.01 a
X3 1.64 £0.03 ab 0.74 +0.06 ¢ 1.26£0.01 a
X8 1.50 £ 0.07 be 0.99+0.01b 1.14£0.03 ¢
6_
L a a
= S5+ TTETT
S+ § &
o4
é L
2 3r
bl
el 8
Ak
&) 1-
ol ! N\
CK LY5LYIl X2 X3 X8
AbFR

24 i EEA SRS K EEF R IEREER & S
P RN A B (GS) R RE W R & B (SPS) 7E
FE Y m R A R P 3 AR A, SHEMRAE Y R
RS  Ga BB VARG . GS MRS PEAE R AR
HIA R T 14.61% ~ 39.27%, H LY1l. X2
F1 X8 b3 Nl G B = (] 3A). 734k, SPS i 1
TELYS.LY11, X3 fl X8 AbFE T 5 T 14.22%.
35.61%. 21.43% #17.02%, X2 AbH R %A XK B

FH2EF (K 3B). KWL, XAlREEE KA R R
Bz, LAY ERREEZ —.

LOF(B) a

08 ¢ § d

0.6F

0.4:

02l

0oL AN

CK LY5 LYll X2 X3 X8
b3

3 FREEMERKA A DB S BB S M EBR RN

Fig. 3 Effects of different treatments on activities of GS and SPS in above-ground of plant
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FIFAEY A K A=) % H R A7 P, Ryu 451
KB Arthrobacter . Bacillus . Stenotrophomonas M
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B3R 53 IS AN A= A B (R R ] o AR T 98 45 2R P A
PR Bl A IR DG R (0 1 i 5 AR G .
Wt i 5 BT (GS) A EME B 1R 6 1T (SPS) 25 S 7E A
Pyt B A R R 2 E A P AR R A R R
BH, BN AR A A 198 Ak 3R IO A R A P 5 e A R A
KA GS. SPS i iE MR B E M. GS 25 A K MIA
e AE ) A R R 4G R IR 1) 43 fif
LA AR P A B TR AL, 52 VR0 B LR 1
WA Y, 3 ok (2 A A A P 90 85 A % [ Ak T
Vol i 1 1) SPS AT AR P B i TR £ B 1Y)
fits, Z 5P AERMFEIE, FEEMY Pt
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