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WAy H A Y P R E R ARG, Bt
BB T RIEI . R R R . AR SRR
S TR E EEAEH . IR Y IR AR
T U, &I R E E 4SS (Insam et
al., 1996 ). HFrHIEMAY HA ZH . MEZ .
RUHBE T o RS, BT AR PR 3G ML ) 40 |
Ak . R 2 DL OSHAE RS I . FERRAE K
H I EA RIS ( Zak et al., 1994 ) MO0
T A W RER D RE 2 A MR I U VR IR
S5IREMTENR, R T IR RAE Y A S
ke I, MAYREE DIRE TN RUE Y 2R
HET —AT178 . AESAHSCRIE T (Zak et al.,
1994 ) MO8 O I s SR Wy AR PR T e
RZ, M LR BT Ak 2R Yy il e | o
NENENTER 73 #Tik . Biolog TCVAR ATk B A4
FAR 5% Biolog AR /AT &I E -3k
YIRS RIS A RE ) R 22 5, dEm LR

TIF e 1 Ak Wy Th e SRR () — b i BAR S i 7
¥ ( Garland et al., 1991 ) 3123

FENE AR MY A = E R i —, X e
] RS R A e, A o] ol s + 1
FRAE BT AE S T, S2VEY) 7 & ( Zhong et al.,
2010 ), FtiAEAE 39t Ik 4k & A w5 ARk,
R BESE (2007 ) PO, KA LI i -
SR M YRR, (4 B e IERUE
/RN e O P R 1 Y e e 47 G o 7/ =R N = W S K
DI REIEYERGSE (Hu etal., 2011), WIfFEBEARS
(2007 ) 0V pRgr e, BOURHES BRI AT LR sE i
TR IR A AR (AWCD ), W3R8 i
Yiohhe 2 REE ( Shannon #8410 ). 77 B45 (2015)
IAA, NPK K NPK FcitiA HLAE v] 45 s 389
ZREME . BT, K O LA T
R A YA YE (Lovell etal., 1995), B, &
WIERAR, ik 4B R G MR MIhRE L L T

ESTIH: ERARPEESIE (31201178; 31571591 ); M AERHEQIH AL & % B H
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BEAAL, WS E]AE R X A SRR B 5
i) DA K Jit B 55 P 5% OC 2R 46 % L M ml Rp 2k S HA
MM

WIFE TR EEEAOERERX, MIREREL
S HAEENESL, TRERZ IR H IR R
FERMFFER KRR . BT E A, Ak,
e e sy P e A b O N [ = G
B ) XK A —A ARG H IR YR E TR 2
PR S WA SY (RIS, 2007504 B4
P4, 2000™07% ) | R K WA = G R AR
KEMET, RGBS X . MRE S =R
FH J] 47 AR B A 338 Ak 2E W 1 T T e 22 A 42 5 el 1) fF
FIANAE R — IR, L, ASCUIEIR T £ K
SEDREE A4, FIH Biolog ik, R 29 a KA
AR BT AR /KRR Br 38 i A= Wy D e
AR, DA T iSRS I KB AR, N
PERIRE FH Ao A 77 AT s & R PR AR
1 #REFE
1.1 RIe LR

AN EAEAE A E (S 4G T 1986 4, TEHIF
AT S HRFPONIHEFT (112°18'E, 28°07'N ),
S LRI R X, MR 36.1 m, AERRR
16.8 C, 4EFHREFE 1553.70 mm, 4FZEK &
1353.9 mm, JCFEH 274 d. X5+ HEN KRG £
b B2 e Y 11 - = O R
HEE S5 AT o 1986 AR ER T #F)Z 145 (0~20 cm )
SEREAE Sy . AP 29.39 g kg™ 2% 2.01 gkg !
215059 gkg ', 8206 gkg . BHMA 144.1
mgkg' . AW 12.87 mgkg . A 33.0
mg-kg™' Al pH 6.85,
1.2 RIEIgITH R HEEE

s 5 HEARALEE . (1) fRARALEE . %
s L HARAE , ANHEAT /T4 HLAE ( MF : mineral fertilizer
alone ); (2 ) FEFFA H+ILABALER . i G REFEFT S
FENEALEE (RF: rice residues plus mineral fertilizer );
(3) 30%AHLIEALEE . AHIEA A S & G S A
(1) 30% , HAx 70% I AL IEZ( OM1:30% organic
matter plus 70% mineral fertilizer ); (4 ) 60%A HLAE
ARBE A HLAE A 2 o R UL 1Y 60% , oA 40%
IR MAIEZ, (OM2: 60% organic matter plus 40%
mineral fertilizer ); (5) JCAEXHA . ASJita AL An] AC R
(CK: without fertilizer )o &~/PMX K 10.00 m, T
6.67m, MR 66.7 m>, /NX A F/KIRIERGIT, S
100 cm, & T 35 emo PRIEA/DNXANERE . &
HE, R AT 20 Z4FELIRT, 32 402041
FRAGIBEA B ETER . 2014 45, FRGALEE R R
K455, 4 71 HEFER, 5 2 HEFTRHEH

AN, 5 H 3 H#4k, 7 1 24 HIlGRGR,; 1
Feftaa S AR A A 308, 6 A 25 HiGM&E M, 7 A
25 Ht AT KB AGIEAE, 7 H 26 HEERL, 10
A 17 Bk, RREAREYCRAATER, Bk
TRRBEY R 25.0 cm=25.0 cm, 8 —AHAG . FA5
AT B AL S N 142.5 kg'hm™ . P,Os 54.0 kg-hm™
M K,0 63.0 kg-hm™;  BEREASHtAE AL BE A N 157.5
kg'hm?, P,0s 43.2 kghm™ Fl K,0 81.0 kghm™; .
FEFERFA MR 2 775.0 kg hm ™ FEFFH N.P,Os.
KyO &350 0.65% ., 0.13%F1 0.89% ), MifEZ:
FEFHA MR 3600.0 kg'hm™? (F5FFH N, P,0s.
K,0 &3904 0.68%. 0.15%F11 0.91% ) 5 JEfiA
PUIERALEE, RGBS A LY g #ugds, R
T2 30% A HLIE AT 60% A HLAE AL BEA HLAE it H 5
4351k 2625.0. 5250.0 kg'hm?, WEFEZE 30%AHl
HEFI 60% 5 AL AE b BE A5 ML A A4 it FH 5 31 oA
2670.0. 5340.0 kghm? (GHLIEF SRS N
1.77%. P,0s 0.80%F1 KoO 1.12% ), #-AbFLIZEA
HOEME, SEMA. B AICILIRANE s RS
R 6 A 45 i IES ALk RS R LA 247 1 A Rk b
VEFEAE— RN A 3 N FI K,0 FEFEAEFE AT 2 YRJit
A, FEIEERHEEA , JBRERARS 7 ditEH,
BB B3R 7 2 3 i ; P.Os YWYERF 5L
NE— R PRt A o R G e )5 BEA Y TE RS AR5
PRERRARA, A5G BN T4 B B, 43
BEWIHEA T T, WIS 0K, e T TR B
W, KAESEAETE T | SR, HABAT B it )
LA A
1.3 HmEESNERZE

BRI T 2014 44351 TR FIHE RS 14 B2
HEAT 3R R AR, A/ NXOR IR ST HURE R4
MRBR IR 1 AR, BEE 3 K. HRBR IR
TR BRI, RIS RRAR R iz
W, PHESRAMEZE AN K, REKESRAE
BEEAAE 0~4 mm 3 Bl AR R A AR
brtig. HIEGBRARSAHYIFRIES Y n, Gk
ARSI E TIKET, BELKRE, 4 CkF
1447, Biolog ZMTEHUEEIS 48 h kAT, [RIRE, 78
MEARE RN, SR S MCREER /X 0~20 cm Hrfif
TR, KR, T e Rl e

R # H Biolog ECO SCEHEESATINE . J2
PSS 1AL S AT C IREIRT R, HAs
LS 1R C URA AL B el DU s s o it
YIR BRI A I 08 {4 fhad S e 8k AR s fk, JF
B VUM ( TV ) AT (A SR 8 (o (Rt 55, 2006 )
A0 3 0 R S5 7 S 45 L A ' L e AR A R S e
ARSI RE R 2R . BRI,
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B2 TSR AR i A 10 g, I 95 mL JCIA 1Y 0.145
mol-L™ NaCl I TERE IR _EHRY 15 min, SRJFHIG
BRI AERREE 107, BCEHR (125 pL) 356
SRR B L R AR G Y SO AR R
25 CFE:FE, 4F& 12 h 7694 590 nm fY) Biolog
FEAE LURA, SEgRRRSE 12 d,

+ 3 pH ERA L2 7K=1: 2.5 AHLUFERH
FRIRM A . 2R HEERA-TRRIE I
- SRR AR P 0 . AR R NaHCO;
REE-AHBEPT L L DS B & iR H NHaAc =
- (B H, 2000) .

1.4 HELE

RIEAZ (1) TR RN PARFL R RO E
#7454k 2R (average well color development,
AWCD ) ; MRHEAL (2) 115 Shannon $5%k H (H
TR B ) ; R4 3)11H55 Mclntosh
T84 UCH TIPSR A4 5] B ) ( Garland et al.
199123159, Jeffrey etal., 1997) .

AWCD=X. (C-R)/n (1)
H=-Y P(InP)) (2)
U:\[(Zniz) (3)

K, CHBMAREFRIESLIOLE, R AN
MRELIOCIE , n 3575 LR, GN Ml n {Eh 95,
PR i FLRIAEXT IR GCE 5 A B FLAR X I (E
SV LL(E, BI: P=(C-R)/E(C-R).

B EE FH A3 HT R Excel 2003 #4817,
Ti 2030t . EST T2 HBCR ] DPS 3.11
( Data Processing System for Practical Statistics ) #X{f:
AT, ZHEHFRHAILSD % (P<0.05) .

2 HERSHW
21 WILEMEmETHE

SEXIB A AR R ( AWCD ) RAFTA: 5 ik
PEFHA, S IR YR A T B — kI RE I 1Y
HEAED, LT HEERUEYETE . RUEMREEAE

1.2 —0—RF
—— OM1

Early rice

—x—OM2 .

&

12 36 60 84 108 132 156 180 204 228 252 276

Incubation time/ h

FRINfEZFEYE (Garland et al., 1991) #°15% Kifg
IR FE RG], KR AR R 13 AWCD 224k
Bl 1 ER, AWCD BlRGFRE AR s, A
[FEENEA PRI TETF AR 1Y 24 h UK, FE56
24~108 /NI PRETH R, RS FRREL R T R ELE
LIRSk, Hodr, fRAE . 30% A HLARFT 60%A4 HLALAL
PRAG PO I R — AR5 108 /N LUS , ThiFG
FHA HAITCACABRIEAS T AES 108 /NIRRT

H5ICHEAREA L, AFEIEAZEXT AWCD A
RGN o FE SRR A i 3R R A R
AU S L Rt LA A it AL B AR 2R AWCD 2
FE T HAAC R FEFFS HANPER) AWCD {XFE
REALFE
2.2 TERAEMEERBSEETK

FI/ Richness. Shannon #1 McIntosh $5%%, 43
1) sz g R R g AR R S R W VR W B Y
FEEMYEE, 3R 1 s, EREHIGERT R
1, 60%A HLAEALFE Richness +5405) 8 2 = AL AT
AbEE, HAKNITH 60%A HLIE>30%A HLAE>FSF
e H>TCHE>FAE . AR AR AR A, 60% A HLAL

R KBHARE RS ERIR TR EMBSEN S EEE
Table I  Genetic diversity indices of rhizospheric soil microbial
communities for different fertilizer treatments at early and late rice

maturity stage

Item

Rice  Treatments—; T . .
Richness indices Shannon indices Mclntosh indices

MF 16.8+0.49b 2.24+0.06b 5.78+0.48ab
RF 17.8+0.51ab 2.42+0.07ab 4.78+0.50c
Early rice LOM 18.2+0.53ab 2.51+0.07ab 6.21+0.51ab
HOM 18.5+0.53a 2.63+0.08a 6.45+0.55a
CK 17.4+0.50ab 2.38+0.07b 5.34+0.44bc
MF 15.1+0.44b 2.21+0.06¢ 5.88+0.46ab
RF 15.8+0.46ab 2.47+0.07ab 4.87+0.41¢
Laterice ~ LOM 16.2+0.47ab 2.58+0.07a 6.29+0.44ab
HOM 16.6+0.48a 2.66+0.08a 6.55+0.47a
CK 15.6+0.45ab 2.35+0.07bc 5.45+0.48bc

MF: fbJE; RE: FEFFEH; OMI: 30%AHLIE+70%ILIE; OM2:
60% 13 HUIE+40% (LA ; CK: ToAl. [HFNERE G AN R B 3Rm 25 7k 2
5% RFEKF. n=3, T

——MF Late rice
12 —o—RF

——OMI1
1.0 F —x—0M2

12 36 60 84 108 132 156 180 204 228 252 276

Incubation time/ h

MF: fLit; RF: FEFFEH; OMI1: 30%AHLE+70%ILA0; OM2: 60%A HLAL+40%ILIC; CK: TEAC. »=3, Tl
E1  RFEAREFS R A A B HE AR A FE AR K RS BR T I A MR S EAWCD

Fig. 1 AWCD changes with incubation progress at early and late rice maturity stage with different fertilizer treatments
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1 30%A HLACALHE Shannon 385034 i 2 = T HAth b
B, HK/NIF R 60%A HLE>30%A HLAESFEFFi8
MH>TCAE>ILAE . Shannon F5EXAOLE REHH, A HLAE
55 A RO B it LA R s A5 FH i £ I Ak B8R R 95 2
W R TR AITCAC AL ], Bt Ak AT A B AR A
Mclntosh $§ %114 2% 5 ¢ B HILAE 55 4k I e it Ak 2
( 60% A HLAE AN 30%G HLAEAL B R Rhte 5 B B s,
HYCHERE A TCAEARBE,  TASFFA HACPRE AR, 3°
AL A SHEE E B 2 RA & A —BUR R,
2.3 KTERRTIERMEMEERBIIGEER S ST
FIHRESR 72 h J505E ) AWCD 585, Zadhs
HEALAN S, AR AR SCRR R BE ) kAT T 320k
5 HT (Kelaetal., 2007; Grove etal., 2004; Min
etal., 2007; Wolfgangetal., 1997) . F-AEHIGEHE
B, ARSI AR — R B 22
TTHRRIAF] 85%[K)J5 ] (Hao etal., 2003 ) , FLfi
BT 9 ANEM, BitwlkRasmlik 85.73%.
86.67%. Hrh RFIRAIES 1 s (PCL)
ZTTHNR N 35.42%, 55 2 TS (PC2) K 15.26%,
55 3~9 FRTTTRRRIESIN, 7390 R 8.42%.6.14% .
537%. 4.17%. 4.11%. 3.72%7%1 3.12%; RGAE R
1 PC1 BT BT N 37.68%, PC2 N 16.34%,
55 3~9 E A DTIRFIIHN, 0510 7.57%.5.56% .
5.14%. 4.02%. 3.79%. 3.53%%1 3.04%, KA

Early rice 08 & MF
" RF
0.6 | X A OMI
X oM2
0.4 XA 4 ® CK
X
L .
= ¢ A
<
bl
a
g - 05 e 05 1 15 2
= = 02 ®
L |
0.4 -
0.6 | .

-0.8 -

PC1/35.42%

JUOWHT 2 DN ER T8 (B 2) o Z5REH,
AFEFEAEALFEAE PC 4l E B B 9505, 1E PCl1
1 [ A AL BRI AT S HL, FEFTAA HADBR B A 18 )y
], TAAE . 60%A HLIEAT 30%A HLAEALIR =550 4
1E PC1 HHiEJrIa]; PC2 il FASFFA AL/ A
J7l), 60%A WL 30% A HLAELL B G 1E IE 7 18],
H BN BEAE PC2 IE il F35H /04 . Bk E,
ATt AE AL B B -3 A R EE AR BRI 25 57

X} PC1 H1 PC2 HA R R AR 19 AR
IYMTEE R, X PC1 Ml PC2 2 Sl =5
IRFSE LR AR Y (% 2) o ZIERRISHRIE
7E PC1 AR K, 15 PC2 AHIEMEE K IHRIE
FEIEMEDS; AHRIS . MESBRIR I X 4345t A ik
P 3 R

AR SO [ it A Ak B LA A i S Fbascili
FFTo0r (£ 3) o AFEACPEAHRER 3R R
SRFIFHG AR | S AIRIS U S /b oA )
J, AHAS AL PR A AR AR R 2 b b, X RN
[i) it AL Ak FHR X AR o - SEE Al A4 0 0 FH B VRIS 19 A7
HH A R S
2.4 TIEEMIBAERTK

AAb a3 pH (HE R EEES . 5Tk
PAREG, gt A DU A e s AL . A
BRA 2R . AR R o i (R 4) o o, 60%

Late rice * MF
08 u RF
X A OM1
06
% X OM2
A
04 ¥ ‘A ¢ K
.
< ®.2 A
B
<
< .
§ 1 0.5 0.5 1 15 2
02
m L]
m-04
0.6 ¢
.

-0.8 -
PC1/ 37.68%

B2 FREF0REFE A PR B EAR AL BRAR BR L e A MR IR R A KBV E A 3 AT

Fig.2 Principal components for carbon utilization of rhizospheric soil microbial communities in different fertilizer treatments at early and

late rice maturity stage

R2 EPCIfIPCEXBEMEEIEHFRE

Table 2 Correlation coefficients between main substrates and PC1 or PC2

PC1 PC2
Substrates r Substrates r Substrates r Substrates r

D-H B EE(RE2E) 0.932 D-NRAMR(FILFRIS) 0.887 PRAF (A1) 0.863 R RERSS) 0.787
D-HIE TR ORIRYS) 0915 L-N AR (IS 0.885 L-FIRA s HE2%) 0.845 D-SAHAS) 0.783
p-BREHEZRORIRSS) 0912 L-RIIXEMERERYE) 0881 6-TATR T (IHZS) 0.838 D-Hi TR 0.765
2 JRBRORFRIS) 0.904  L-KIBEMRERERI) 0877 R 0.824 D-HZBEBEHE) 0.742
L-22 R (FILRIS) 0.901 LTI ERER (FRZS) 0.873 FLAHECHED) 0.818 D-% HHHES) 0.628
o-D-HIEHE(HEZR) 0.897 REFRR(ZTZR) 0.870  B-HIL-DAAMEITHEZY) 0804  N-ZFEE-D-Hi4 M 0.624
LR AR ELERY) 0893 Y-EIE T RR(EIFRSS) 0.862 WU (R 112%) 0.787 W FRORFRSS) 0.618
L-se R (FILRYS) 0.891 D-TA IR RIRYS) 0.858 D-IGFHEAEHEAS) 0.782 WK CRED) 0.602

L-Ifa MR (IR ZS) 0.890 =R (28) 0.826 L-BETR TR A () 0.795

TR 0.887 ORI 0.790
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®3 HREF AR EERE

Table 3 Main carbon substrates utilized by rhizospheric soil microbial

communities for different fertilizer treatments

Treatment PC1 PC2
D-2EFLBECREZE) L-Ff R AP B CBE2S)
D-H @B (hZE) N-Z Bt HE-D-FUBER 2R

MF LR E R (EHEIREE)
T ()
S ES)

N-Zt-D- A Z B ()

USHGSIES)
L-BERR A AR

D-HEBECRZE)
D- LI A4EECREZE)
RF D-L-o-BER H i (B
R
Y2 T REIERY)

L- & H & PR (R EERDE)

L-RABEIGIR (A HERR)

HRBE-L- KA AR CRIERR )
N-Z Bt -D-F FURE (F26)

DY 3 )

D-#HFE(HZS)
D- FUHRA R GRIRZS)
OM1 &AL SRS
6-BRRR AT (FES)
MBS

B-FH IE-D- AT H (HH2)
B-FH HE-D- AT HH (HE2%)
m-LEE(FESS)

LS (HES)

e O AR e )

p-FEHA LIRORIRZS)
AHEECREZS)

D-BiTRAFHRE )
L3E BB (AFERSS)

oM2 Y-FEIE T RORIRSS) LS EZR)
m-JILEECE) Y-S TR (EHERRZE)
L-RABMRR (EIERZ) P BB R
D-H#E (RS L- 225 PR (R HIRS)
D-HEI MR (R IRZS) L-BT R o o)
CK D-BaI A IR L- 5 SR (F MR 2E)
W) 4 48 FE RS
Rk (L) 2,3- T Z ()

AU RS AP . 2% A, A5k
BRSO B i m, 4o B T IR AL
28.0 gkg' . 1.77 gkg™ . 157.0 mg'kg ™" .234.21 mgkg”
1 14.0 mg-kg™ s BALAE  FEFF A HTFIJCAEALHE, 30%
AHUEAHE S T IR & &, (HHA B
T 60%AHUEALHEL, F5FTi4 H AL ARAL B+ A L
. AL B RN R Y S e TR A
A S-S JCIEAL PRI B A R
3 iTig

AWCD (1) =4I ] FH A FAE B A X6 sk DR 1) A
FRER, RN A YE A R b . A
FEAEFRE TR FH A5 5% 72 h WO 4S
SEEREAEE (2007 ) 7 Bk K& (2006) BF5E
H IR FH A TR RO SRS — 3, FEARTRZEH, K
FEAR s S A E M 255 24 h ZEAFBIIE B Biolog 1
SEARERALAYIAEE, RIEXTEUERE 720, ZJREK
WL AR EW] (B 1), ARBFFERAIAE 72 h 859805
() AWCD {H#A T e 40 . B AR R,

Jites FH DR AR AT ) F 2 o AR B A 3R 52k W 1) 2 R e
W (RIS, 2003) M2 GRS (2007)
655661 419 3 BAT AUIE . AU O 551 T, ek
YRR A AR . AW L5 R R, ARG
T X MR PR - 338 A WA il A e 1 EA BH R Y
S . A PR -S5 AL IR BL it DA A it FH Ak AE A 3 - 35
AWCD &&= TIOAEAL T, FERA X Lo fb A ) T4k
FAAR PR L IERUE Y IR A HEE 1, e 1 gk
AR T, X o] B i T A AL O U it
B IR (R 4) , fe BRI
PR ZIRETRFNFR S, (E3E T HIERUE YR TE PR
ZHEVE . AL IE AL BREE By 1 AR B - A W X ik
TRFIFR, X AT RESE AT A 3 i (2137
KFEL ) . BIERALINZR | R (KA -G )
5 HAWBFFEA AR I S350 25 SR R4S, 2007 )
655661 T ATk FH AL 433 AWCD PR T ICIEAb
HJF A Al GESEFEFFA TS JCHL N P AEXTEL= H C/N
Lo, FRREse, W orfits, RIS T+
EE TG E R R (2RSS, 2006) o F3b,
FEFFIA HACPRAT RECAE T AR P 338 il A W i O 3
B, o 1R BT IR A A R B

Richness. Shannon Fil McIntosh $5%05#r 4 5
B, TRt AR AL B AR PR 3 A Wi Vs 22
FEMEA BB S, MR PR SRR Y Rl R |
B AW Rl I B AE AN ) it A Ak BB [60) A7 7 BH S ) 25
5o H, AHESIER A (60%F1 30%A
HLAEALEE ) 75 F] F 2 = AR Br A W B 5 A AL
. AP E, XaTReEm AL CON A
FIFARPr HIEHEYI A ;. HAVUIEARHEY 2
HET iR ZReIR 5554, fRE TRPR HIERAYIR
HEG (Tangetal., 2014) , JHsA: M BiRE
W, FEFFIA HANHLE SR RES MU E B A g, (|
FEAIR TR 51 4, AT REE Hh RN FHA H
fEHE T LR Y A RE (TR AR 9 3R R 1) R
) A RARHE, R T A A A A AR
W, BAARPR LEREE S E TR (P A%,
2009 ) MO it FHAV AR AL BRRE A T AR B A Y
YIRIECE . SRR, XATRERE T
PR e FH A A S 50 35 I R R ) AR WA A TR A
D YR IR ST, ARG TR PR

&4 KEGEAEXTFE H L BEA S M RA#Mm (0~20 cm)

Table 4 Effects of different long-term fertilizer managements on soil chemical properties (0~20 cm)

Treatments pH Total N/(g-kg” B

Available N/(mg-kg ')  Available P/mg-kg™') Available K/(mg-kg™') Organic matter/(g-kg™")

MF 6.33a 1.77¢ 128d
RF 6.65a 2.11b 166¢
OM1 6.37a 2.21b 186b
OM2 6.73a 3.18a 253a
CK 6.67a 1.41d 96e

10.2¢ 29¢ 27.6d
12.3¢ 3lc 34.3c
129.3b 34b 38.0b
243.8a 40a 50.5a

9.59¢ 26d 22.5¢
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T ERE YRR 2. APUIE S LB iERE
EPE RS R E YR, AOEARTER AR R
KA, HEHE AR s, AL
BRENFEFIH . FEAFL HAPE SRS TR PR
YIREE IR EE B, (HRRAS TR BPRiAE YR i
TR RE T VA S eI I Rh S 5 B, X AT R S H: 0
fe . EURIH TR A

Garland et al. (1991 ) 2359 &R InkEA
£ PC Z5[H)A[A] PC ShALARIY 25 508 5 X RAEARZ
PC i FakIEF FBE I MBI R 1Y . FEASIRS 1Y 35 %
gyortreh, FHERECT 9 D ERr, (HEXHET 2 A
BT AT T 008 SRR, AN[EEAL AL FAR
bR IR HE Y B IR A R I A E R R (K
2) , KRBT AN [E) it AT A B+ SRR I LA AN TR
M) S FE RIS FIBEZE ) o2 AR a0 A AR AR B 1
B E R IR (R 2) , (BRI
FEAR B -+ S0 A W o R 9 28 S R ROBE S ) B A7
R ES (3R 3) , AVERRI &I AR PR 1
HER A W3 i K 3 ( Ekkehard et al., 1997;
Gabriela et al., 2006) . ARWFFREEREH, 59
LB EEAR EE, KA HL-TCHLAE BE A it FH Ab 34
(60% . 30% A HUIEHIFEFFIL FHALEE ) 8 m TR
b - e R A p R, ORI A
BLAE FNFS A 34 B 21 B ] 85 G2k 9 0 FH 1 e 15
ThE, MR IR DL SRR A S ) T ik
A REE R LR, NS T A HUIE AL A
P 58 b DL 2 5 R SIS R BRI AE 25 ) o oy 3 e b R
AR B T B s, X S kaR e aE (1995)
FEAERA—3L

R AE W R I T e 2 AT AR AN 32 it AT
M, 5 R EUIMOC, INmIES (2004)
R, AL S AP IEC S i T RE R W5 = T
AHUSTFIA . B, B O, REREm
HE, EWR A R AR S
Bi ., RUFES (2003 ) M BRSEAE SRR, ARG
JIES A S it 2 i) - S5 5 B s RN A AR
Horbits A R sE R, ARAESE /N, ASBIESR
SRR, At NEALEE ] - A MRS DI RE 2 HE
PEAZ FIEFR S i R . 5 B AR T b A
Lt , 78 XA XA A A T A HL- e LI e & it FH
KEEE (60% ., 30% A HLAEFIFEFTA FHALEE ) vl AS[A]
JFE MG 0 S E MR T RE ARV, X AT RESE A
A L5 AR it X 398 HAT 3 i R B AL
ROE4), el HIEHAE DR B Z I REIR SR IT
PRHE T SRR E Y R S, W+ A Y s
ettt X5 AR SR8 (R,
2008 ) ; [FIA, At A REEME SEVE IR R AR

R B FARAERIRS AR T4 5 1 S E IR eI, et
TR SERAE R SR AV R A A IR
SR E YRR DIREZ R E RN/ N, IO 7K AR
KAMFERE 57 7 AR KOROUBEE , R Sk B
Y¥i b, HARWIERAE, JUTHRTCHLARE, i+
HE C/N LUREAR, g T b g AU, %
Wi T SR S AR E B P (ERFHAESE, 2000 )

TEAWIFEH, AUTRE T A R AL AL BT XA
AR Br SR WU RE R DI REZ FEE RO RE MR ST, 1M
AN TRt A Ak B o A AR AR P - S8 Bl A= W i v D g
ZAENE B M) AR PR A AR AR P 4 1 8] 1) 22 S 75
VR — LI o
4 iR

A PUIE 55 A AL IE 5 A B it A AE Ak 23R
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Effects of Long-term Different Fertilization Regimes on the Rhizospheric
Microbial Community Functional Diversity in Paddy Field

TANG Haiming , XIAO Xiaoping, LI Weiyan, SUN Geng, CHENG Kaikai

Hunan Soil and Fertilizer Institute, Changsha 410125, China

Abstract: Microbial community functional diversity is a sensitive indicator of soil quality; soil management such as fertilization
regimes which can affect the microbial community functional diversity of paddy fields. In this paper, the average well color
development (AWCD) in BIOLOG plates indicated the ability of rhizosphere microbial community to utilize carbon. The indices of
Richness, Shannon and Mclntosh were calculated to show the richness and evenness of the functional diversity, while the principal
component analysis (PCA) of substrate reaction reflected the main carbon source utilized by rhizosphere microbial community. Our
objective was to explore the rhizosphere microbial community functional diversity of a paddy field at early and late rice mature
stages under different long-term fertilization regimes in a double cropping rice system. A long-term experiment was established in
1986 in Ningxiang county of Hunan Province, China, and five different fertilizer treatments were applied: (1) no fertilizer input (CK),
(2) mineral fertilizer alone (MF), (3) rice residue plus mineral fertilizer (RF), (4) 30% organic matter and 70% mineral fertilizer
(OM1), and (5) 60% organic matter and 40% mineral fertilizer (OM2). We analyzed the rhizosphere microbial community functional
diversity of the fields with the above five treatments using BIOLOG system. The results showed that both applications of organic
manure mixed with chemical fertilizer, and chemical fertilizer alone caused high increase of the AWCD while straw incorporation
had less effect on the AWCD, which effect was even lower than in the treatment without fertilizer. It was implied that long-term
fertilization regime resulted in the variation of the carbon utilization efficiency of rhizosphere soil microbial communities. In addition,
the indices of Mclntosh under different fertilization regimes were ordered as follows: OM2>0OM1>MF>CK>RF at mature stages of
early and late rice. And the indices of Richness, Shannon under different fertilization regimes were ordered as follows:
OM2>0OMI1>RF>CK>MF at mature stages of early and late rice. PCA analysis indicated that there were different
carbon-substrate-utilization patterns among different fertilizer treatments. Carbohydrates and Amino acids were the main carbon
resources utilized by rhizosphere microbes. There were significant differences in carbon-substrate-utilization patterns among
different fertilizer treatments. Therefore, the combined application of chemical fertilizer and recycled organic manure could
significantly increase the rhizosphere microbial community functional diversity of paddy fields at mature stages of early and late rice.

Key words: double rice; long-term fertilization regime; rhizospheric soil; community functional diversity



