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g/kg, AL P5.6 mgkg, MM K 105.9 mgkg, i N
90.2 mg/kg, pH 4.5, Fiki(<1um) F& 38%°. 2006
3 HB/NXCREE 0~15em HIEFESIE TpH. 5
Bl C AFRo S AR EE T (D,

F 1 TEIERLLE T IRERLF R
Table I Chemical properties of red paddy soils

under different fertilization treatments

b3 pH EpiNe AN 4P HHP
(grkg) (gkg) (g/kg) (mg/kg)
CK 5.58 8.19 0.89 0.26 2.89
C 5.67 9.88 1.10 0.32 4.72
5.54 8.66 0.96 0.26 2.65
NC 5.41 10.13 1.20 0.36 4.54
NP 5.50 9.46 1.01 0.47 10.64
NPK 5.48 9.74 1.00 0.46 10.52
NPKC 5.46 10.12 1.20 0.60 20.90
NK 5.52 9.29 0.98 0.25 221
NPKS 5.59 10.11 1.01 0.46 11.22

e R EE AR KB

1.2 Rt

ANFIEARALEE Ay : OQTEIEX (CK); @G HURAEH
(€): @t N JIE (N): @ N JE+AHLUTIE
(NC); ®fk%— N. P It (NP); ®fk% N. P. K JIt
(NPK): @ik N. P. K JE+-AHLGIEIR (NPKC);
% N. K i (NK); @fb% N. P. K JE+12F5FF
[A]HH (NPKS). AEF} it FH 14 75 Ab 2 P 5 8K, 1998 4F
WrEEZ=4E AW N 230 kg, P,0s 68 kg, K,0 84 kg; 1998
ETTFURRFZAE A N 115 kg, P,0s 68 kg, K,0 42 kg.
Hp N AR E, P OREEBEREAL, K OAEASILER
P LA K AECAENEIE N, PR3 2 JE L FIE I 4
8:7 MMLLBIP XN o JEI AL BE P FEFT 2FIL L, o)

S8 R A5 KAt I X 2 3 1 /KR A W A B 5 0 R S W — 595
KN 833.3 kg/hm® (FH 1) % 2% UAb 78 R AR
FiRs HHF7 45, REFFRUE 350075 50 8 1 A [A) it A Ak

PRI TR BENIRIE WA S 1 Ho A A 6 S 28,
1.3 H@mXESSHAEE
2006 *rfﬂmallizz)\r’i/l% XZHRGRE 0 ~

¥ 0 7 £ YAY

PR, S 7J<:@j</J\ﬁ$iE%jﬁﬁﬂjFFL
2 mm G, [R5 ER IR AT L A REIAR SR A0 L s,

IR ERESKE A 50% MRIFKE, 4°C &td
SEORAT o FEIE Z R, P EAEE e 25°C— ik
7% 24 h.

T HMAEY Y E C (microbial biomass carbon,
MBC) X HE 7% #ki e FERLIEIR (basal
respiration, BR) SR BRI ML s 5 ahlsE T
RFERE (5°C, 15°C, 25°C, 35C) F, KR+AELf
H(50% WEAIFEEKED FIRA (201 KB 44
NS R R R, I E D VA R BRI s BT
SN (substrate-induced respiration, SIR) & 5%
Lin £ Brookes {175k .

REE A SPSS 13.0 FAFHEAT AH I 43 b7 A
One-Wway ANOVA 43#7, M K/NRA pearson
8RR, ZR 9 E ST Duncan .

2 FER5HM

2.1 HEYEYE C NEDE

ANTR] it JE AL FE K FE - ¥ MBC 7E 186.4 ~ 326.3
mg/kg 2 0], WEYR (microbial quotient, MQ) 7F
2.16% ~3.22% 2 [a] (F£ 2). LI3ESEHIF ROUAE 16
A, AN AT e 1) SRR A o A e AT AR T
Mo 2 s s g e B AR T () 41 3
DKFE L I AP ) K, AE R AR T %
T R VUL 1 MV PG K I S A v, R
AR HIRI KT R IR, R A
W AR TE B AT KR L KT

R2 TEFMEMENE C MMEYTER

Table 2 Microbial biomass carbon and microbial respiration of red paddy soils under different fertilization treatments

AbEE MBC MQ BR qCO, SIR SIR/BR SIR/MBC
(mg/kg) (%) (mg/(kg - d)) (g/kg - d)) (mg /(kg - d)) (g/kg - d))
CK 1953+9.7d 241+08cd 593+04a 30.08 £2.0 ab 1848+ 0.8 ¢ 3.14£0.11¢ 94.0+35b
C 2745+ 16.2 be 2.78+0.6b 701+£06a 25.50 + 4.0 abe 33.02+2.1b 4.85+0.49 be 1203+9.1ab
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N 186.4+15.0d 2.16+0.8d 6.31+0.6a 33.50+49a 21.08+2.1¢c 3.37+0.09¢ 112.1+13.9 ab
NC 3263+112a 322+12a 6.87+04a 21.01+0.6¢ 41.65+3.6 ab 5.88+0.42 ab 1275+115a
NP 283.1+13.4bc 299+25ab 629+0.5a 22.02+1.2bc 38.09+29b 6.1 +£0.24 ab 1343 +2.7a
NPK 2545+ 144 ¢ 2.61+0.7bc 6.77+04 a 26.64 + 0.7 abc 35.69+2.5b 528+043b 1412+ 14.7a
NPKC 3255+133a 322+12a 6.60+04a 2020+1.7¢ 4527+2.1a 711x126a 139.5+11.8a
NK 246.1 £ 14.6 ¢ 2.64+£0.7bc 7.17+05a 29.38+3.0ab 23.02+19¢ 322+031¢ 93.1+5.1b
NPKS 296.7+9.1 ab 294+ 15ab 6.03+03a 2034+0.6c¢c 36.08+19b 6.00 +0.35 ab 121.6 £4.9 ab

VE: [ R RRR p<0.05 ACF LR E.

SV NS SRS AT EAR: L Vi@ R i A
A, SAMERRAL AL, RS NOIEAN %
P LB LIRS il 5E = T 14581 MBC, JLLL
A LTINSt b o e S5 I 9 4 H B
it A I % 21338 KRG -+ MBC YA 500, 1T 7E A K30
I, T NI AR B AL, A S S A PR S
BERE T B3 MBC & &L X AT g 5 KR R AR IR
WA, MRS B o e KRG L, i
KR TF B F 20 e, &+ JLEE KRS HHE R it
JE S TSI ) KA R, it AL I JEIE S PR
3RS BN R KRG 2B K 1 5 e 5 s B KR A L
BN .

KTt A WU AE IR E g e, X
CH I Z T HTIE S, B AME 2 K e R 45
SRARA A Kt AT HLAE -5 it FH A AR A L B 4% 2 4
m R AR ARG 4 R, AN
JEEEHALIE (CK. N. NPK) Hy%:ft ERd&AHLIE
SMEFR (C. NC. NPKC), figli gtk R+
) MBC FItg A .

XSF IR I BEA L C BN,
THRAEYI R BRI, AR R BN, KIPARR
T JEFE Tt 203 M KRS A HL C A MBC & 5345% 0
B, 0 MBC 14 HIEAHL C R IEERS, 5
SOC HH LS AN [l A it 5 g A, HL s il J8 K1
SOC, M i A5 AN ] it A Ak 4 ) - 38 ke A= 0 v 2R 0 1 6
MR,

2.2 TOEYIERERE IR AN 5

FERHIT U s e T IR A R 1) S R A
HEC R e, i E AR RS (metabolic
quotient, qCO,) BUIEALFFIR S Ay LY = C IMIE
U S2 BIT 0 A O T A R i DK /N RO 55 3 14 ) FH 28
K, SR W R R AR A I A e AR R
A3 50 A (1) it A Ak BHE 7K R 1 1 kA 40 S5 A o R A
593 ~ 7.17 mg/(kg - d) Z i), RUFHLE 20.2 ~ 33.5
g/(kg - d) 210 BTG AbFE 4358 () FE Rl U 4 T 5 2
Sty AR CK. N MINK A, A PR

NP.NPK 4t P H 7%, NPKC Al NPKS AbFRAL (£ 2).-
A [ i A Ak BE2 7K G - 110 S5 ek e R A AT A v
Jt, RUTEARNIE ARG L, JEREIEIR S5 1A Y)
Ay C AHLE i R BBURR FE A, [N T 3
H AR AT AR A LE B RS PR — ok, +-
R RE R, AR AN, ARSI 45 R R,
FEAN it A sk St A A 1 Sk Atk L4545 HLIR 2 16 34 v] LA
RS AR R, R WA HLFR IR ER o) AR 21
KR L R, e DU HLIE DU BT i 1) %%
T o T BERI AN Tl LX) Ak 34 - 38 R A A A
7 A0 A LW U EC AR B, n] 2 DR o itk e
FUAS RO AL BRI A L C BN ERARD, 3k
YT R R C Y5, AR AM- S B0 E Y SR
AU C U580 T B, SRR B IR S T,
UE AR B AT AR sk = . IR A B
Yihia 4R bRz 2,
2.3 ERIFFTFR

TS T PR AR — Rl N ) T R
Ay C ME k. IR I S TR )
ISR, X R A ACUHE Tk A E ) o 7 A
ORI, PRI 26 5 5 - PR AR A Ol AT DA SRR 4
AU AR A ) 2B e R /NP O, 5 i 3 R
A RIS (1 L AR (STR/BR) . J 50175 S i B 4 e
YEWE C IH(E (SIRMBC) K/he] L e 4= 4
FRGHE MR E Y LE B =A% o AR PR AN [t S
FE R KRG AR AR )3 s S IR AE 18.48 ~ 45.27
mg/(kg - d) 2], CK. N Fl NK 4K, NPKC
Wb v, FLAR AP A W s SIR/BR LUAE
fE 3.14 ~ 7.11 28], CK. N. NK 4# &, NPKC
Ab PR A s SIR/MBC LUAETE 93.1 ~ 141.2 g/(kg—d) Z
[, CK 1 NK Ab# 2 2K T- NC. NP, NPK fil NPKC
AR (3 2),

— Ay it FH AT LR RE B - SIRPY,
Enwalla 25525 H il ARG - 3 b P 08 R 57 175 5 g
W AR 1 FE A A BILIE > TEHLIE > it A, Kautz 2529
I 4 SR SR 7R 5 AN it AT FRAF B, A LIE ML R it
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Felbe R A AT X ZL3B M KRS R B i B 0 P AR B e — 597

Ab PR 2 PR e O R, i HU A NOIERE
HYW2ER . AP, SAMICAARAREL, JEH N
5 N, K B3 fe e mK R L3k s S, H
TR A R e B 25 e, R
LIHOKH, TERARCHE P ERIA&A T HitH Ny KA
X A A i R R PRI RS A N . B NPKC
ALBEAT NPK AL BE[Y) SIR/MBC {54, C. NC Fl NPKC
ALFEFK) SIR. SIR/BR Fl SIR/MBC {8 )4 il & & w1
CK. N FI NPK 4B, 1 BHAE At NE - it FH A E
et ERCA A WU IR AT DL 2 i 23 KA
FRUHE P A= A S e o X T S U N
K AERKREAK A IR, AR 6 N
TR IR TR FE TN K.

AR 22 WF G045 FEHR A WA AN [t S P 21 3 7K R 1
AHL C FBZEYEY R C 2 e R,
Michelsen %5 PV S0\ b 36 %5 5 WP MR AR 400 A 4
i C AR IIAOCHE, A TR H T L AR I |
RS SR 3E C. N SR EEIEMEY, &
ARFFTH,  AS[R] T AL B KRG - O E Y AE Y & C
B PP AN C SRR EADS, A
KRBT RN 0922 Fil 0.826, {HIEREIFIEE SOC.
MBC & SIR [H¥ W E ARG . BRI &
HOE RV R S T BN R, (AT R
ALK RE L, B TIPS, 5
TAEY)Z BRI HIH], AFEAHL C AKEIRKRE L
TE D Ay it B TR AEAR A M AR AN, (HARR I
HAH 7P B HE R AR K
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JLAALEE, DRAAPEIR 505 0 2 Ik T C. NC. NPKC.

NPKS i A HUIE R4 EE, $ilH CK. N Fl NK 4b
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Fig. 1 Microbial respiration of red paddy soils under different

incubation temperatures and moistures;-a:¢

T T R T 10°C— T IIEIR AR AG LE 2R Q)
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PP P TR iE €7 BICE kT
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Table 3 Qo of microbial respiration of red paddy soils under different fertilization treatments

At B SE TR, IREANFIR,
a b R? Qo a b R? Qio
CK 140.6 0.0430 0.807 1.54 148.3 0.0257 0.850 1.29
C 135.4 0.0519 0.790 1.68 170.7 0.0317 0.765 1.37
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N 145.9 0.0442 0.787 1.56 174.3 0.0255 0.655 1.29

NC 126.1 0.0558 0.925 1.75 117.8 0.0323 0.554 1.38

NP 108.9 0.0577 0.828 1.78 242.5 0.0199 0.637 1.22
NPK 126.5 0.0519 0.913 1.68 134.4 0.0265 0.636 1.30
NPKC 117.5 0.0567 0.915 1.76 159.7 0.0282 0.574 1.33
NK 164.0 0.0427 0.729 1.53 181.6 0.0166 0.467 1.18
NPKS 117.2 0.0533 0.940 1.70 233.1 0.0238 0.651 1.27

AN [ it A il 0 4 KRG A AP Qi 1H
75118 ~ 1.38 Z[A), MfF <P Qo fHAE 1.53 ~ 1.78
AL, AR ) DR AR R (1 i 5 BB R A T e PR o
CK. N NK AR LF S Qqo fH W AR T- Ho Al Ab 22,
FPIX 3 Pl A A3 ARG 7 3R 2 i PR P
JFERURAE s T AS [ i I Ak B Z0CRE, - 1 RS S M O L i
SRR I B SR, X T R A I T g
AP A R RE PR, AN [ it AT Ak B T A AR 42 IR
B P IR B O S RN K o A AN it IS L P A
(CK. N. NPK) [3&ht ERAHHLFRSIEHR (Cy
NC. NPKC), M EY)PRANFIANLE PR Q10 18
SRR T 0.84 0.9, 0.3 K 1.4, 1.9, 0.8, KHIHHL
TR G B85 B o KRR A 2 A R 1 P58 ek
UGS e AR i PR AU PR FH R T DRAEUTI

3 g

SUIETE T B A /KRG, AN [m] it I it i XY
ZhE 16 4, IR W, RARAL TG K
SPUY, R Y 1) - B AR AR A 2B A R S I T 4
DX KRG 0 — MK o AN ]t I it 2438 1 oK g
TIREY YR Cy HISE SIS S IR L C
T R AT, AN IO . AR R
SIR/BR ¢ SIR/MBC ZfitrY SOC Z [ R I
0 O B I IE AR GBS G G R o H /KR
Bl PR IRA [t A A PR TR AT B B 22 5, 5 SOC ik
HREANE, XA aes RIEAE KPR G, 18
AR C WA OT, M EDERZ,
KB4 TARIIRE, B4 RFRAR AR 7K.

P &t BN KRG LR i BRI -, 7R
ABCA IS POIEBAE HUERE S FH N, K
e AR A KB A RS, R T Rl C
P LB =73 = S TVt il w47 G B 7/ [ O R EE 7 b R A
S PR AL U . LR R RIS N TR AR
BRGEAHIENFE RN, 5 T KB R
SRR AR, SN T R Ty, AT
TR A ACERE AR B A

R EE AT R A A A WP WRE P PS8 AR o AN [ Rt S 1
FErf, BLNG Py KBRS & A LIRS IR Tt AL 75 X
IAE, AAEYER A A2 7 TR I 3R IR RCR
Bt T HA B e R A P e R AR R A
JH v T AR A 5 5

S

(1] BRE, f09Rar, B8 5. L3RR A i R i SO
4R, 2002, 39-(1): 89-96

[2] AERIE, Grego S. 8L e EMFRFRII . PIE AL
B2, 2000, 33-(1): 68-75

[3]1 AEHRE, BRIOK, RHEER, EA&RM, SR, A0 TTHUCEE
R R A RS PR (S R SR SRR AR, 1996,
2(3): 279283

[4]  MReeds, EPL, WAL, AL 55 55 5 IR AR A 33
IR R ARSI IR AR, 2005, 24-(6):
1094-1099

[5]1 BB, RSO, ZERBM, SCHLEE. RO AL X 2T SRR L B
i 07 TR A P R ) R L T A 2 AR AR, 2008,19(1):
71-75

[6] B, PR, frHe, mbibk. AN AL SR N 2050 E
RO S PO REE, 1998, 31(1): 46-54

[7]  RWeR, 2B, FKBEMR. K IIAS R REAL 1 X 27 KR A7
U FI SR 2 & IS m. AR5 FREE, 2008, 17(6): 2019-2023

[8] e, ARG, SRBRAR. WA RN HE T 28 H ) %
IHEIAL AL 3, R

o1 i, LRI . LR dEat PR R
fi#k, 1999

[10] 6hlinger R. Soil respiration by titration // Schinner F, 6hlinger R-,

Kandeler E, Margesin R. Methods in Soil Biology. Berlin:

Springer-Verlag, 1996: 95--98

[11] Lin Q, Brookes PC. An evaluation of the substrate-induced

respiration method. Soil Biol. Biochem., 1999, 31: 19691983

XS Te, MRS, HRL, RaK. WAGETE M ey A

Y. & BRROU I EIL IR S R . AR BARAL ST,

[12]



598 - +

% 414

2003, 24(4): 278-283

[(13] FLZE, BaAn, skidk, G, S0igE, Do, WREmE. i
FORRTAS [F) REUR 5 1A B AR S R GE LU E Y A s A
QREI. N AR AR, 2007, 18(5): 1043-1048

[14] k%, vt IR AN R A P AR 24 2R 45 3 A0 R e
BRFARCRIE . A LAY 1 30RHE, 1998, 7(1): 1-5

[15] ®E, ®&F, S0, UL AR BT 1 ek
A SRR S P E AR R RO AR, 2007, 15(5):
63-66

[16] Marika T, Jaak T, Mari 1. Soil microbiological and biochemical
properties for assessing the effect of agricultural management
practices in Estonian cultivated soils. European jJournal of Ssoil
Bbiology, 2008, 44: 231-237

[17] Kaur K, Kapoor KK, Gupta AP. Impact of organic manures with
and without mineral fertilizers on soil chemical and biological
properties under tropical conditions. J. Plant Nutr. Soil Sci., 2005,
168: 117-122

[18] Ananyeva ND, Susyan EA, Chernova OV, Wirth S. Microbial
respiration activities of soils from different climatic regions of
European Russia. European Journal of Soil Biology, 2008, 44:
147-157

[19] Gil-Sotres F, Trasar-Cepeda C, Leirés MC, Seoane S. Different

approaches to evaluating soil quality using biochemical properties.

Soil Biol. Biochem., 2005, 37-(5): 877-887

[20] Ebhin MR, Chhonkar PK, Dhyan S, Patraa AK. Changes in soil
biological and biochemical characteristics in a long-term field
trial on a sub-tropical inceptisol. Soil Biol. Biochem., 2006, 38
(7): 1577-1582

211 ZREN, WABR, FIIE, TR sl 2 R
WA AT, A AR, 2005, 14(5): 727-729

activities and microbial community structure in two European

2005,

long-term field experiments. Agric.

109(112): 141-152

Ecosyst. Environ.,

24(23]

fertilization and tillage on soil biological parameters. Enzyme and

Mijangos I, P'erez R, Albizu I, Garbisu C. Effects of

Microbial Technology, 2006, 40: 100-106
£254[24]

Stenstré ma J, Hallina S. Long-term impact of fertilization on

Enwalla K, Nyberga K, Bertilssonb S, Cederlunda H,

activity and composition of bacterial communities and metabolic
guilds in agricultural soil. Soil Biol. Biochem., 2007, 39: 106-115
£26425]

arable soil is governed by the fertilization regime. European

Kautz T, Wirth S, Ellmer F. Microbial activity in a sandy

Journal of Soil Biology, 2004, 40: 87-94

RAR6]  fEkA, SER, WEE, EA R REAUEER
BRI HURAL S 10 3h A5 S . A AE % 5 IR 2
2001, 7(4): 374-378

28427 A, HO, W, WA, BRSO KN
it S T 86 1 KRG S g g . RS EREE, 2007, 16(2):
554-559

F294(28]

M. Carbon stocks, soil respiration and microbial biomass in

AL,

Michelsen A, Andersson M, Jensen M, Kjoller A, Gashew

fire-prone tropical grassland, woodland and forest ecosystems.
Soil Biol. Biochem., 2004, 36: 1707—1717
Be429]

respiration to warming in a tall grass prairie. Nature, 2001, 413:

Luo Y, Wan S, Hui D, Wallace LL. Acclimatization of soil

622—=625

[22] Boéhme L, Langer U, Béhme F. Microbial biomass, enzyme

Long-Term Effects of Fertilization on Microbial Biomass and Activities of Red Paddy Soils
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China)

Abstract:  Soil microbial biomass and activity are sensitive indices to soil fertility promotion and soil environmental changes. In this paper,
the responses of microbial biomass and respiration to the different fertilization managements in paddy soils cultivated from wasteland in red soil
region were studied. The results showed that, after 16 years of rice cropping, the microbial biomass of activity of red paddy soils under all

fertilizations were still in low level. The fertilization managements affected microbial biomass carbon (MBC) and substrate-induced respiration (SIR)
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significantly, with the exception of basal respiration (BR). Compared with the no fertilizer treatment (CK), nitrogen and potassium fertilizers did not
affect microbial biomass and activity evidently. The microbial biomass, metabolizing activity and temperature sensitivity of microbial respiration
were promoted by the application with organic cycling. Among of all fertilization treatments, composed application of chemical fertilizer and organic
cycling promoted the soil microbial biomass and metabolize activity most.

Key words: Red paddy soil, Microbial biomass carbon, Substrate-induced respiration, Temperature sensitivity



