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Abstract; In order to investigate the effects of transgenic Bacillus thuringiensis rice ( Bt rice, carrying crylAb gene) on the
rhizosphere bacterial flora under paddy field conditions, the community structure and its quantitative variations of bacteria in
different rhizosphere areas (root surface, the rhizosphere, inner root) of two Bt rice lines (KMD1 and KMD2) and the
parent XiuShuill ( XS11) under different developmental stages were compared. For three lines, the average bacteria
number reached the peak at shooting stage and the bottom at heading stage. The average bacteria number in the root surface
and inner root, but not in the rhizosphere, of KMD1 or KMD2 was significantly higher than that of XS11. Twenty genera
were classified from 303 strains. The strains isolated from three lines mostly belonged to same genus, but the bacteria
number were different, in which the quantities of Staphylococcus, Corynebacterium and Agromyces of two Bt rice lines were
higher than those of XS11, whereas Trichococcus of two Bt rice lines were less than that of XS11. There were no significant
differences of Shannon-wiener.Simpson and Pielou indexes for the total bacterial community among three lines. This work
demonstrated that Bt rice would lead to the quantitative variations of bacteria in rice soil rhizosphere, dependent on the rice

developmental stages and rhizosphere areas.
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AR R EY R E RO S RS — EZ B E Wb E L FRE., CERESETE
I SRR ) A A R DR P BT 2 e P O R, DA B X AR SR A B 5 0 T . AR TS
RGN I BT BRI A R B (LT R I T B 7 , 3 DR MR L R (40 Be 2% 5l b
EEERE E AR BiE RS TR Y 8 Y R R R W AR A LA 7
R, Bl R W SRR DL R S A W Sh RE R AR A T BBk s Y o BRI, VR 0T R R A i SRR 0
TV EEH RIS, B X FAEYFRE W TE L 5 B ED SME = Wyt 3% 1
PEU R A MR IR ST, BRI AR R BB R B

A M RTEE N E R T I T SRR (R) ™, BRI & TR E KRR+
P E SR WA RE BEPFR S MA TS T — KBRS REBURE 4 5 . S [l
R AR BRI M43 A BB AL SR AR BR 39 AR AR A, T8 5656 Bt J2E R 7K S AR BR AN ] B8z 48 2
YISMABT R AR A 08 . R DM Y R 2 BB, A BT ST Lo T IR A 4512 T 5% Bt kK Ag S
SR ATE R [ A4 B AR R T AR PR AR PO B RS B LR A (k22 5, B FEIR WIS Bt B KRS XS
HRBRAS [RIF AL 20 TR A 2 e, S 2 B RUK R % 2 PP SR IR o
1w
1.1 PRk RE R g b

fHEiR%% Bt ZEE KRS 5 A N SEIEAS 1 5 (KMD1) | FEUE A5 2 5 (KMD2) Fl % #LBE A% 75 7K 11 (XS11,
KMD1 KMD2 [ 34 ) # L Rl S MR ¥ Bt . SEUEAS (KMD) 247 384%™ % Bt(Bacillus
thuriengsis ) 7% HUE FI L (crylAb) S ABMERE K 11 JEEEH H 0 Br KA, Hoxd 8 Fhige® B h BA =, ©
T 1998 41 1 30 F Al AR Bt v AT SR BRI > o

BRI T 2002 4E7E H K FEBHFTAT 5 PRI F P AT . SEBHHARARHEFI/NKX 3 4, 43 B F4E KMDI |
KMD2 Fil XS11 3 A7KAG 5 Fl, /NX AR g 443, Tm® (K 25. 5m, 58 17. 4m) , /MK 6] A il F I, 4 LA 7K U8
SERR B, FERIE R I KBRS IR . 5 A 20 Hi%FN,6 A 15 sk, BAHERR, BRATHE 15cm x 20cm , HH [d]
FIES 7K 5 e 1, RS0 0 A G A 3% e 3RS 51
1.2 HIEEURE

IKREBRIG S E T 6 ~ 16d BURFE 1 Ik, FLHURE 10 YR 4rBEBANUEE 3 k.7 H18 H.7 H22 HM8 A5
H kBB 2 k.8 A 11 HAI8 A 27 B 2 BuR: 1 k.9 A3 BB 1 .9 A 10 HHE5M 1
W:9 A 17 H 22U 1 1k:9 H24 HRERM11K:9 A 30 H, BUERTIE&/ DX FALES AKFT, 2B
WR. DX AL RERER L7 358
1.3 JKAEHR R B BRI 4 B vk
1.3.1 REATbE

ABFFOKARE 0. Sem FFE A A9 HEVE MARPR 3, 1.2 SRAEHOM RAL S G B T0 MK B8, LA Ak ke
F I, Tork BY T] FENLBYER T B B M E A 5 i T B U8 20U 30 AR, T2 B A
1.3.2 R H

(D ARPR TSR XA BT R RREREN W,) , BS54 100ml THE KK 250ml =¥,
PR 15min, Vel 0 MRBr TIEE B . BURRER BT, REREN W,) o W, - W NRFR LA R R & .

Q)WEEAESE EEBERRREN W,) , BERA TH AP 250ml =¥, A 50ml
FHK , RS 15min, BURRER BT FHRE(RERN W,) . ARG I RTESER. W, - W, hRE
TETAE R B

G)RAHHEDE B BRIERRREN W,) A 20% AN 30s 5, ATLR/KYER3 ~5
WRT FEE(REN W,) o BIBIRR, A G SV 10ml TRk, BHek 20, BRI B BB W, -
W, AR IR R
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W, ARG AT, TR e He R RR B . AR IR LR MBS R

W 5 P B AR AR R A B 5 IR G B AR Bt ot RO , 2 1 3R AH [ 7 ik 20 BS R IR K R AR B 4t v , 35 3% 7
W 10 MEE . B4 :28°C,RH:60% ~70% ,Y: i = 14h:10h, 24h 48h.72h J5 WAL H & TR . K
/N B BERERE IR B B BB SRR SR AL, GRS A RIS R . P EEE = WE VIR R E
(g-1), HrAiFE G aRERR L REMRAEG, KRR W, -W, W, - W, W, - W,it, X&F
PIHR B SK B AR X B, BrASETE BB BV RAEAS [RI A0 32 F) 40 TR B i
1.4 BEHRALAIRFE

W5 TR AR 2 ~3 IR, RIS L5 TR () o« HI& B A Eppendorf 4, RERE % 3,4 CIRFE
1.5 XEHE

SRR T BRCHE WA R G S T 2 40 00 4% B Bkl 1 37 4 O T0 25 4T 28 B3 A0 2R AL AR AR, %o 4% B
HITEE
1.6 ik

% Statistaca 6. 0 GETHE {47 M AN [RIAL 3T 4 B AV i 2 P sh 8284k

MR SRR TR AT AR

s
Shannon-Winener /A # H =- Z P,log, P,

=
P# I #6540  Simpson c=YP2
Y5 EEFEEL Pielou J=H'/InS

XA, P, =N/N FRBEETE i DO EMALN,) S#E S AMAEN) BB S Jofedk rh g
2 HZR55H
2.1 %% Bt FEPUKFEA R AL B X AR PR i S

% Bt ZE[R/KA§ KMD1 KMD2 Bz % B8 5 F XS11 A~

[FAEF IR PR A R ¥ Ak s £ (B 1) ,KMDI 6000 - F(12, 8547)= 1.8751, p = 03242
AR E R E N (933.2 £476.4) 4~ KMD2 Jy 5000 | ——
(4191.3 £488.6) /~.XS11 K (1501. 6 +517.2) 4, % 4000 |- ” f gﬁﬁ@éﬂm
PRI R FLBGI R S R AT £ 00 :
FB/b . % AT RESE B TR KRR A K B BR , TR AR ;% 2000 |-
PR S . RN B SR ERBR P S5 0 | _
sigcisst o2 ke ram e 2L il I | l 0 | |
HIRIFLAE TR A XS, A A gy < LA N H i
& Xs11, 55k xsun gopminprarmgcemE. 3 (N0 M0 N1 o NE A |
pHEspsip e s e sl Il N N
i: o RY RYP RY BP RY BRP BF
e GES ®E £% ®E Bt ¥= =% m2
2.2 %% Bt BRKFEXS AR PR B 1 R0 RE ®z g B B* w2 &°
IS5 R KW (E 2), % Bt 2 H /K FF KMDI1, M =
Developmental stages =
KMD2 # PRal i 30 1 18 2 & T 3R 4 i F XS11,KMD2
=T KMD1, {HZEFA B2, UL 5% Bt J:F R FBUAR BT ORI FBARES S A R H e
%éﬁ%ﬁﬁﬁ‘i‘%ﬁﬁﬂ Fig.1 Comparison of average bacteria number in the rhizospheres of

rice lines at different developmental stages
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2.3 % Bt FPUKREA FIAR PRl Arxh 40 o S50 A R

IR FIFRRAL A BEARKE > RA > 13, = FHER IR BE (B 3) o AFRFBALLIHEBEH & Fhif
5 R AR E SR KMD2 > KMD1 > XS11, 4 B % KMD1 > KMD2 > XS11, -3 s %8 XS11 > KMD2 >
KMD1, H22 Sk B3 . F Bt FEF/KAS KMD1 KMD2 AR 1 AR A 40 B $08 27 T XS11, Tl KMD1 ,KMD2
ARPR 139 b 40 R U T XS, BB BRAR KMD AR B - 340 T S50 ok, (ELAR R T RIAR 1A 240 195 Sl R, £
RPR IR B HR 2 T XS11 SO AT fiE

30 - F(2, 8947) = 5.6984, p = 0.00336 551 F(4, 8947) = 14586, p = 0.21196
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Fig. 2 Comparison of quantity of bacteria in the rhizospheres of
rice cultivars B3 AKFEA [ S A IR BB A % PR LR
* QoB OB EEE, WL WA E BRI H AN QoB the Fig. 3  Comparison of quantity of bacteria in different rhizospheres

quantity of bacteria, which was the nature logarithms number of areas of rice cultivars

average bacteria number; F[f],the same blow

2.4 %% Bt FEFUKAREA [F]AE F A [RIAR bRl 2 %5 4 B 40 i e

2 i PR R TETFIAR P 4 PR R B AR S RIS s B ., T T3 A e S B AR K 2 U7 B 3l (i
E4), srHrinfha &4 7 AR R PRAR AL 25 , KMD1 F1 KMD2 FRIAR 2 [ 40 i 8 2 AAE - BE R T XS,
AR T XS11;KMD1 F1 KMD2 AR P 4 B 50 76 53 BESA 2 R0 L B 3878 7 XS, k35 A A e 24
AWK T XS11;KMD1 H1 KMD2 ARy 1 3 40 B 4 ZE S A A FL B 278 T XS11, i 4r B 2R A 3%
BABRT XS11, 7] WA S Al AS [ A B A 40 TR 5 i B RAR PR 6 T Rt o
2.5 %% Bt SURFEXTAR PR B ISR 5

M KMD1 KMD2 71 XS11 HR R385 Falifk 2] i) s dk 3t 303 4>, X HAEE IH K F] 20 Mg, A [R5 AR bR
HBLR AR, R MRS (B4 AR A 5 (18 5) , i KMD1 \KMD2 4R PR )4 4F & ( Corynebacterium )
FEWEBR R & ( Melissococcus ) 3 5 T XS11, 1 XS11 R R BIREJE ( Trichococcus ) F1AFTE B J& ( Proteus )
B35 T KMD1 . KMD2,,

G KA FERPRFRALHE T R (R 1) ,3 KR MA A WA, TR AR R E AR PR 1%
S E R %K E B ( Staphylococcus ) BT B J& ( Corynebacterium ) . 3 & 3K B J& ( Trichococcus ) 1 /N & J@
( Exiguobacterium) F1 55 3R B J& ( Micrococcus ) ; (X AAR H 7 B B WX XK B B ( Erwinia ) . Fr BB IT H B
( Citrobacter ) FNEh ZEHFF 5 /& ( Halobacillus ) ; X AR P43 55 B M R HEH JE (Arsenophnus ) (AR T B J@ ( Proteus ) |
B IR & ( Escherichia ) FiH 4 1 & ( Rarobacter ) FISE % 1 J& (Agromyces) ; A\ 135+ 73 B B 1 I 41 16 )&
( Enterobacter ) #1254 )\ B3R J& ( Sporosarcina) , 75, £ 4 B H 5 J& ( Cellulomonas ) {X FE M KMD1 #3 & 17 43
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F(24, 8947) = 8.0717, p = 0.0000
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Fig.4 Comparison of quantity of bacteria in rhizosphere areas of rice cultivars at different developmental stages

F(8,8912)=5.4189, p=0.00000
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Fig.5 Comparison of rhizosphere bacterial variety and quantity of different rice cultivars

B3, AT TR (Dermabacter) {UFEMN KMD2 FIF57K 11 AR NFES S, L Bt K5 8 HUKFEA [FIAR BREFAL
M EE , KMD1 . KMD2 &A8 BRaf v i) %5 % BR # J&@ ( Staphylococcus ) B FF i J& ( Corynebacterium ) FIEEH H @
(Agromyces) 4 ST B Y15 T4 LT HR XS11, 1] KMD1 . KMD2 #i 3 T8 i 5 B 2R B8 J& ( Trichococcus ) FIR 4
HIZRTE & ( Proteus) 4B WK T T XS11, A JLF% Bt F KK FE TGI8 BB B J2 IS HE b 300 AR B 40 B
KA, BIEBKEEJE (Melissococcus ) FIZEHTRF i & ( Listeria ) 7] LA 3 /KA i AR B 3 B , (H A [RIAR
PREFALAF O — , TEHE Bt FEPR K R0 AR B 40 T 28 B2 e AR PRI 257
2.6 BEEZHAESHT

Xof 2% 7K A b AR B 2 B ARV LS B8 8L C 2R B B A 5] BEHR 0 T AT r i R W b Fp Il A 22
S EARRE . HE— B & MM R PR AL B #EE AR, 45 R R, WA LA IR 8 C 2
B H XS BEAE R J & AMEIR (3R 2) , Hoh AR KMDI AR 41 e AR R S5 BE R 4 € B& & T HAR PR 138
PAK KMD2 1 XS11 340 E#EP% , KMD1 AR T 40 P R 7% AR 50 H 20T KMD2 38875 , KMD1 AR TE
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Table 1 Distribution of soil bacteria in rhizosphere areas of different rice cultivars
bR R KMD1 KMD2 Xsl1
Rhizosphere areas ~ Genus QoB N QoB N QoB N
AR Erwinia 4.39 £0.17 142 4.55+0.14 235 4.33 +0.15 184
Root surface Staphylococcus 5.07 £0.13 260 5.16 +0. 12 306 4.48 £0.12 287
Citrobacter 3.29 +0.44 22 2.44 +0.32 41 3.33+0.24 75
Pimelobacter 2.98 £0.11 351 3.63 +£0.12 304 3.56 £0. 11 336
Corynebacterium 6.62 +0.21 98 6.52 £0.24 74 3.54 £0.29 52
Trichococcus 3.51 +2.07 1 4.75 +0.85 6 5.45 +1.04 4
Exiguobacterium 3.74 +0.28 55 3.84 +0.25 66 3.87 +0.24 73
Halobacillus 1.7 £1.04 4 2.32+0.62 11 1.8 +1.04 4
Micrococcus 4.62 £1.46 2 1.87 +0.85 6 2.13 +0.57 13
Cellulomonas 6.69 +1.2 3
Melissococcus 5.34£2.07 1 -0.2+2.07 1
Listeria 2.53 £1.04 4 3.3+1.46 2
T4 Staphylococcus 0.33 +0.18 136 0.14 +0. 18 132 -0.09 +0.21 102
Soil Pimelobacter -2.44 +0. 14 208 -2.36 +0. 15 193 -2.29 +0.16 163
Corynebacterium 1.56 £0. 14 211 1.86 +0. 14 209 1.48 £0.12 300
Trichococcus 1.33 £0.18 136 0.94 +£0. 17 157 1.25+0.18 134
Exiguobacterium -1.66 +0. 62 11 -1.36 +0.6 12 -1.7+0.85 6
Micrococcus 0.4 +0.2 108 0.42 +0.21 97 0.27 +0.2 103
Enterobacter -0.72£0.3 47 -0.81+0.29 52 -0.73 £0.26 63
Melissococcus 1.2 £1.04 4 0.6 +0. 65 10 0.29 +1.04 4
Sporosarcina 3.67 +0.22 90 4.11 +0.18 130 3.96 +0.19 114
Listeria -1.58 +2.07 1 -2.28 +2.07 1
B Staphylococcus 5.4+0.1 436 4,63 £0.1 412 4,42 £0.1 405
Inner root Corynebacterium 4.34 +0.18 127 4.62 +0.17 155 3.58 £0.17 156
Trichococcus 1.32 £0.69 9 1.1+0.57 13 1.54 +0.78 7
Exiguobacterium 1.12 £0.13 261 1.08 £0. 13 250 0.93 £0.15 181
Arsenophnus 0.84 +1.46 2 1.36 £1.2 3 -0.41 £0.85 6
Micrococcus 1.59 £0.93 5 1.01 1.2 3 2.18 £2.07 1
Melissococcus 1.23 +1.46 2 1.56 £2.07 1
Proteus 2.56 +0. 36 34 2.74 £0.3 47 2.97 £0.27 61
Escherichia 2.33 £0.23 82 1.71 £0.23 80 1.9+0.21 93
Rarobacter 3.7 +0.29 50 4 +0.27 61 3.78 +0.26 64
Agromyces 0.51 £2.07 1 0.28 +1.46 2 0.16 +1.46 2
Dermabacter 0.25 +1.46 2 1.16 +0.6 12
Listeria 1.19 £1.04 4 1.01 £0.62 11 0.38 0.6 12
N AEES R B R ) B B %K The frequency of congener colonies isolated from the samples
F2 KBAEREBAUMAESHEEERSHT"
Table 2 The analyses of bacteria community diversity indexes in rhizosphere areas of different rice cultivars
i BB AL MBS C SRR H WA EEHREC S
Cultivars Rhizosphere areas Simpson Shannon-Wiener Pielou
TEMERE 1KMD1 HL i Root surface 0.456 +0.076 a 1.506 +0.220 a 0.673 £0.070 a
+ 3 Soil 0.288 +0.044 b 2.160 +£0. 141 be 0.802 +0.038 ab
# P4 Inner root 0.400 +0.040 ab 1.661 +0.160 ab 0.740 +0.046 ab
IR FE 2KMD2 AR Root surface 0.343 +0.037 ab 1.848 +0.128 abc 0.759 +0.034 ab
+ 3 Soil 0.259 +0.028 b 2.204 £0.131 ¢ 0.835+0.017 b
M Inner root 0.375 £0.041 ab 1.744 £0.176 abc 0.711 £0.036 ab
/K 11XS11 AR Root surface 0.365 +0.042 ab 1.762 +0. 145 abe 0.716 +0.038 ab
+ 3 Soil 0.300 £0.039 b 2.129 +£0.155 be 0.770 £0.034 ab
AR Inner root 0.337 £0.037 ab 1.880 +0.190 abc 0.789 +0.035 ab

* RPARBARE /NG FR HIRRE R BV p <0.05, SHMFEIFE MR MATFEREZSR  The data followed by small letter above

the column represents significantly different at 0. 05 level, and same letter refers to no significant difference
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NI TR S T BELT KMD2 3P B #E7% , (E R BEAS [ & b B [F] — AR PrR bk B, 2 R HER Y
ANBE X UL Bt K FEX AR PRl B B 75 SR i R B
3 itig

HEREYRIE G5 R IERMAEY R AY RS R H P EIRER R (1) SMERERR RS EER
RIEEIEYFREE AR RS AIER SRR A 138, 58 — R IV E 2 WA AR 3h J5 *t 8
P Y 5 (2) SN PR 7E S (i (3 A B 2R 35 IR 3 3K B S5 38 PR, T 5 ) RS A 0 7 P 1 2 B2 Ak
FRAE & A2 AL, B A M AP BRSPS AR A ARG o ACB g AR T A AR R, Xk
R A AR B 138 AR R AR N 4H T AT 2085, B 2R 3R B, 5% Bt B: PRI /K A KMD1 KMD2 4 b4t o 4 & 1
B T RA SR XS11, HArBERA  ZoAiiA 53 A 2L B AR PR 240 TR B0 38 T H SR AR XS11, T #li F 4 #n
it S AR o 40 B B I T XS11, 6 HA %% B 2 RS X AR P 4l i B A S 5 K R A B A 26, KMDI1
KMD?2 AR 2% 1 FIAR P9 4 B SR 34975 F XS, TR By 4338 b 40 s $0 & WIS T XS11, BB % B L R AE X AR Brt
PECE R SR PRERALA K. A KMD1 KMD2 71 XS11 4R B85 2 1) B dk3E 303 4>, % H 4 5255 20
NE o AFESFRER S B E KR, KZ HAHER, HR —HEEFFEH. B BRRMBER S THHA
XS11, WA KT HH XS11, BRI BFIEiA e Bt K REAR R+ 38 A 40 A 508 8 T MUK RS, A RIS 35 7 ikl
BB AR RS, ARG R 52 W) A . ERIC-PCR 580 EE 4 #T S , 40 18 A 33 IS B 2540 4 AR L 35K Tl
FH R, AT 5T 0F 8 7K el i P AR B S A P A VR P AR S B8 4 C B REPESE 8 HY PN S BER 8 J 64747
PR SMEAZR BAREE, BAERBEXH B3 F TR AT IR H R I, SAGRARRT,
X S5HRFTR AR AR S EA A R AI0#l /0 BE A 5 B, 7T B 5 K H BURE R K454 UK A
BREREBRPGEFREAR, BAERMTFEL.

WFFE R R Br B SUIEAS H AR Z MR E R R R FEA R Ak, Gnka vk = BE R 2 BE 1 3 5 A
K R TR B T, ERSTSRE AR & BT R ARSI ETHE™ . 2EKRE1 2
BENR I 2 b AR AR R s BRI B CrylAb BE2E L, AR BR 3 AAS I 3] , 4R B 4 B AR BB R
TP R BIERE . AT MR R M0 CrylAb F7E B R HAE H3E 5k B B R R, IR R X HRAE B R
GRS LS Bt RN R ANtk 56 BT SR IS erylAb 5 R/K REAR P4l 1 o B b SR AR R B 3
Hahn, A BEEHE S, A BN WD, I S B R R B R 5 | A K e A B AR A DA BRI R Bk A, E T
T B AR PR AT B SR B AR A W B 2SR LA . RIS B SR E 2t IR B R A L L
A W 23 UAH R I — A~ X 38, A5 SR 7% 55 R VR W R JB0 Y 2% A A AR 2R g A 38 )5 X AR B 1 3 S A PR o (2
pH CEC HUAR A B, 58 B 20 7 B B BR BE ) i 488 A 0t 1 (A0 - 338 vp 5 8 55 ) R 10 2% DDA 56 I Bl 15 1 2
16) B2 s 0 IS A MR RE SR AR A DA R R s 2 I A R M AR S R , R T 4 A
W ES T RERNE 15 0 MR AN TR KA T , B X S AR P B SUTE T S B KRS AL TE B %%
SRR P B
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