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Effects of different long-term fertilization regimes on the soil microbiological

properties of a paddy field
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Abstract; Fertilization regimes affect the soil microbiological properties of paddy fields. In China, few studies have
investigated the influence of long-term fertilizer and combined organic matter and fertilizer application on the soil’s
microbiological properties. Our objective was to explore the characteristics of soil microbial biomass carbon (SMBC) , soil
microbial biomass nitrogen (SMBN) , and the soil microbial quotient of a paddy field during the early and late rice growth
periods 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 SMBC, SMBN, and soil microbial quotient of the fields with the above five treatments using the
fumigation-extraction and chemical analysis methods. The results showed that after 29 years, the different fertilization
regimes significantly affected the soil’s chemical and microbial properties. Compared to the CK, the organic matter, total N,

and available N, P, and K increased due to the combined application of chemical fertilizer, recycled rice straw, and
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chicken manure. In paddy fields, the SMBC activity, SMBN, and soil microbial quotient were increased by long-term
fertilization regimes wherein applications were carried out during the early and late rice growth periods. Meanwhile, the
SMBC activity, SMBN, and soil microbial quotient increased with the development of early and late rice, peaking at the
heading stages of early and late rice. These measurements then reached their minimum value at the mature stages of early
and late rice. Compared to the CK, the SMBN activity increased by 7.67% , 10.98%, 19.17% , and 21.75% when treated
with MF, RF, OM1, or OM2, respectively, at the heading stage of early rice, and increased by 7.27%, 10.41%, 18.
18% , and 20.14% when treated with MF, RF, OM1, or OM2 at the heading stage of late rice, respectively. Furthermore
the SMBC activity, SMBN, and the soil microbial quotient were significantly higher when treated with OM1 or OM2 than
that in the MF, RF, or CK treatments at the different main growth stages of early and late rice, respectively. In addition,
the SMBC activity, SMBN, and soil microbial quotient under different fertilization regimes were ordered as follows; OM2 >
OMI1 > RF > MF > CK at the main growth stages of early and late rice. The soil fertility was increased by the combined
application of mineral fertilizer and organic matter, and the SMBC activity, SMBN, and soil microbial quotient were
correlated with combined long-term fertilizer and organic matter application. Therefore, the combined application of
chemical fertilizer and recycled rice straw or chicken manure could significantly increase the SMBC activity, SMBN, and
soil microbial quotient of paddy fields during early and late rice growth. In addition, the soil microbial properties reflect
changes in soil quality, such as the SMBC activity, SMBN, and soil microbial quotient, all of which can be used as

biological indicators for the evaluation of soil fertility.

Key Words: rice; long-term fertilization regime; soil microbial biomass carbon; soil microbial biomass nitrogen; soil

microbial quotient

TR P Y SRR S ) B A LB SR AL SR B ), ORI 45
YA RER R EL, HERMCEY S E IR A B B R M YRR (soil microbial
biomass carbon, SMBC ) . £ 3 7l 4= ¥ & & ( soil microbial biomass nitrogen, SMBN) | f# 4= # i ( microbial
quotient ) B FHYEPEAN + N0 1 A 38 e i R I AR (L A alcdspn . ENAMIFE R, A A S
ARl A 7 rp R R A B BEVERE AT IE O 25 R R O R W, AR S BIESEIA A IR JE 1 XA [ R
I A DL AR A Y =ik BT BB 22 57, o oBUEAg 3 & T 5 R — 2R A K R
FR GRS DI ARR, IR Y R RS R LT A R R E A C, Ekenler 451
T, IR i RS R R SRR SC R ), Jangid S5V BFSE AN, HEEMUE Y E IR D)
Z AR A AR, Chu 26 BFFT A SRR W], A LA o 35 5 i - AR A Ay 5 e, S 4687t A Ak 8 - e
Wi i R TR B AR AL B 2SR A VR IR R RS R X A - SR A A AR A
., 23RS R 45 R B A AR Bt A HLAC AL B RS P e W A Rk R W s TR e B
Jn A3 W8 R TR A RO X ORI DX R T SRR ) RS RIS R KA e R R B A
BARITAF R TR 278X IR W2 R R T R A 5T (EE B TR O 1 388 A DL R B I 9 52
A AR 0 H IR Y S e WIS AE RN SR ] N T XA DX TR 1 AN [) it A it il )
Xof FKREHE — I 01 P - S AR i | SR R AR ML a L BN 2R R I AT A W 22 e e 5 T T W) F T
FE R HERFE RS GRS A A S [ B A Rt Yo R | R 4% A 2R I I R e
AWyt R ANRE Y 3 S A DT S A T — TP e, IR, AR ST L g T & A 1 U -F
B, RR 29a AR ACAE PR XUZEAE U WA= Wy Rk AL R R YR i e 1, LA T R XA 43
RIS BN, A B e A i 2 7 O RN ] Hp 2 i S AR I AR

http ; //www.ecologica.cn



18 14 TR—22 A5 R AL XS XA SR A W 2 e R R 52 3

1 #MREFE

1.1 R RS

AN ]t BE AR 2 1S 46 T 1986 4F 7EWIF S T 2 BARE PO N #FAT (1120187 E,28°07" N) , ML ALY
XUZERE 77 X MR 36.1 m, AEYR 16.8°C A P FE M & 1 553.70 mm, 4F78 & & 1 353.9 mm, TLFE ] 274
d, BRI HE 3R KAE £ TV U R B ] BE S KA WA, A ) A HEE SRR R AF . 1986 AR5 mir Bk
JZ 14 (0—20 cm) FERHAE 7 . AP 29.39 g/kg A 2.01 g/kg 4 0.59 o/kg 4H 20.6 g/kg FRfE A 144.1
mg/ kg AT R 12.87 mg/kg HEAN 33.0 mg/kg Al pH 6.85, /KAEA K3 H P3RS 00 0L IE 1,

40 1

(%]
W

W
(=}
T

H PR
Daily mean temperature/°C
[ 3] (3]
(=] W

—
W
T

J—
(=}

) L ) ) ) )

[sa) — [o)} [ < o (=3 0 e < N (=3 - v o — (e} el < [ (=]

v v wy Va) o O O O - - [ o~ o0 o0 0 o0 D (=) D (=] <

S S 38 & 33 3 S S 5 o o &35 &5 5583 3 33 ==
H # Date

B1 HRRKBEKHBEEHKETH

Fig.1 Variation characteristics of daily mean temperature during growth period of rice in the study area
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I 5 A AEACEE . (1) L AEAL B . jits 5 B B AL AE , AN AT 45 HLAE ( MF : mineral fertilizer alone) ;
(2) FEFFIL M+ AL s FH W R A5 FF 5 AL AEAL B ( RF ; rice residues plus mineral fertilizer) 5 (3) 30% 44 ALAE
A FE AL A S B o S U 1Y 30% , A 70% BRI A (OM1 : 30% organic matter plus 70% mineral
fertilizer) 5 (4) 60%A HLAE AL B . A5 HLAE A9 20 & & 7 S0kt Ui 19 60% , oAy 40% A M ALIE & (OM2: 60%
organic matter plus 40% mineral fertilizer) ; (5) JCAEXS B . ANHEAL AT AERE (CK: without fertilizer) . FEAN/NX A
10.00 m, & 6.67 m, [fiF 66.7 m* , /NX[H] FHZK PR SRR T, HEER 100 em, &5 H HAT 35 em,, DRSS /DXORERE &
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BRI F A OC 43 TR Excel 2003 2043847, J5 2243 01 1 22 T HL 8k H DPS 3.11 ( Data Processing
System for Practical Statistics ) #X{F#47T, Z 8 LR A LSD #:(P<0.05)
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SRIMTCAEALHE (CK) A L, A AL BE A it FH AR IR AT DA G 35 40 i 3 WL 40 Bl R0 Al A
e (R 1), Hrb,60%A UL EAT H H AP AR R A A SR ES & S S i, 3l L
TCHESE N 28.0 g/kg  1.77 g/kg . 157.0 mg/kg .234.21 mg/kg Hl 14.0 mg/ kg ;30% A HLACAL FRELALAE 55 FT 34 H A
TEHEm T RS & i (S BT 60% A HLIEALBE, A5 FF 4 H R -5 it A0 IE Ak 2+ A PILRT | 42
R A A S B W = T ICAE AL B A R S TCIC AL BT B 2 2 S . A AL BRIE] R pH (i 25 5
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Table 1 Effects of different long—term fertilizer managements on soil chemical properties (0—20 cm)

ib B R/ (¢/kg) BARA/ (mg/kg) AR/ (mg/kg)  BEE/ (mg/kg) BHLF (g/ke)

Treatment pH Total N Available N Available P Available K Organic matter
MF 6.33a 1.77¢ 128d 10.2¢ 29¢ 27.6d
RF 6.65a 2.11b 166¢ 12.3¢ 3lc 34.3¢
OM1 6.37a 2.21b 186b 129.3b 34b 38.0b
oM2 6.73a 3.18a 253a 243.8a 40a 50.5a
CK 6.67a 1.41d 96e 9.59¢ 26d 22.5e

MF: fLAE Mineral fertilizer alone ; RF ;5 #Fi4 [ Rice residues plus mineral fertilizer; OM1 .30% A HLAE +70% fLHE 30% organic matter plus 70%
mineral fertilizer; OM2 :60% 45 HLAL +40%4LAE 60% organic matter plus 40% mineral fertilizer; CK : JGHE Without fertilizer

2.2 KU AE X AR A 3 A W A ik | SRR

WREAS ERAE TR, A AT AL #EE 2 A W A s ik (SMBC) 8 AL N 2 th iR, 45 it A Ab 3
SMBC 4B A= B WAEIE 52 S IS AR 4 A8 fh 34 3 T S R 38 31 Je KA, W8BT3 B R (I . A e 5 1
Y ARE AR IR H 30% A HLIEFT 60% A AILIE AL 5351 L ICAE AR FHE I 19.71% ,26.04% 45.19% F1 49.99% ,
ZIE TR R AT EE 2 ], L 60% A3 HLAE N 309% 4 HLALAL BE SMBC 34 R fe i {8, ¥ & T
HAAbHE

R 2R BT, £ 40 P SMBC #4F S5 R 8 B 5 KA, fLIE RS FF4E H 30% A HLAE T 60% A HLAE &b
BRI L TCHE AL PR AN 19.46% 25.70% 44.60% F1 48.39% . 43 BEW 2 il , 609% A HLAEF1 309% 4 HLAEAL B
SMBC ¥ fie i (8, 349 1 2 5 T HA AR B, JR/NIF R A 60% A7 HLIE >30% 43 HLIE > 5 FF 34 H >4 AL > Te AL
(B 2) ., AHLICHLEL G AL PEAE K AR 45 2R F I SMBC 348 LR A JCIE AR ], 3 3t B A HLICHLAE e
B, T ANTE A AL, B = A LT A i O IO W 0 A K BB R T R PR R A 1
AEVR ",

AR FE AT, R RAC A BEZ + 55 YA Y i A (SMBN) 341 S5 R0 18 21 55 K AH, fRIE RS
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Fig.2 Effects of different long—term fertilizer managements on soil microbial biomass carbon in paddy field
[ th R R INE T R 35 22 5 (P<0.05) s MF ALE Mineral fertilizer alone; RF ; #5#F 3£ [l Rice residues plus mineral fertilizer; OM1 ; 30% 75 HL
AE+70%4LAE 30% organic matter plus 70% mineral fertilizer; OM2 :60% F HLAL +40%fLAL 60% organic matter plus 40% mineral fertilizer; CK ; JCHE
Without fertilizer, SS: Bl Seedling stage; TS: 43 BEMW] Tillering stage; JS: 48 173 Jointing stage; HS: 5% #I Heading stage; MS. & #41H
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Fig.3 Effects of different long-term fertilizer managements on soil microbial biomass nitrogen in paddy field
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Fig.4 Effects of different long-term fertilizer managements on SMBC/SMBN in paddy field
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Fig.5 Effects of different long-term fertilizer managements on soil microbial quotient in paddy field
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TEARMEGEH K30 FH JCHLAEAE K RS AN R A= B B S X = 38 A= A il L RS2 i /s, 32 TR Rk
FE A KAHFE R ER 43 77 4 EK R R AR R Dl g 22 AR 2R Kok R i s /b, HLK Wt FH AR AR , G =2 TEHLEUIE
fifi £3E C/N FOFRAR, i 1T 30 A A DL o i, S 3 SR A B A MU B A FE KRR AN E
BEHY R H RSN A YL (CFSFF) PEFRFAFH (RF) Ab B 32604 W 8ok A& = 508 B it F AL A
ALEEAR F YA — 2 g e (B FA VLG HLEL A7 (OM1 F OM2) 4b# ) mTIL, AV R HAS RS+
ST A W B RN R B R R A S A ) o RS AT IR I R RE B = A g ik W e e R, (H R Y
MR Z W AR FERAREA N B I, KA HLCHLES A5 (OM1 AT OM2 ) Ab 2 Ak 25 42 5 + 37
A= R, HLES T O OIS RS 1A H AR R R ] fe A ALICHLEC A S B0 T, 34 TR &R
A=W R A3 (0 S A W A I SR O BN T I MR RS R, XS Goyal S ST
P80 XMt — 2 R B T A HLICHL I FH T L33 A 943 A A LA VB J3E b, TR Ak A6 e i) ok it
RETPERES SR (E D), R & A LY &, A VL CHLEC A e & 52 & B s 3R i
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ERFE AR S BB, A HLCHLEAL FE A SMBC/SMBN 18 B i 55 T Bt A0 AE A JC AR AL 3E | 3% 55K
TRV 45 A NK Hl NPK LB SMBC/SMBN {H /) T TeHE Ab BN — 2, HLJ5 P AT g2 h T A BF 90 i
HAEHUAEFIFEFEE )5, A6 shR AL T 6RIE ; RIS, A5 HLAC RIS FF 23t 7 6 A0 R B0 Ag 0 4
AbTFBRIF & A4y RIRBZ " BPIRAS I X 5 AR I 13 SMBC/SMBN {455 . - 6 Y iG RE 7 40 e e - 352
HIE A HLBR AT o5 0 HEA9] , T DGR B0 £ R s A Sy 25 57100 | 5 e A B A 2 RR AR
i A) 25 R & O R ), AR LT — R 0.27%—7.0% " . (EARBFSE b e Wi BRI R 45 S8R F
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At FH (OM1 1 OM2) b A i s W fe s, FL D R AT g2 A AILAE 5 AR MBI A e FH A R ek st 4 338300 0 1
AT, A PR A R T R i e KA WL R A W i R AR AR AR PR T
T HEA YR B IR Y A Y R, R AT HE G A AT Ak B - 3 A W 2 v T JC A | PRt fR A Ak
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B ARSI T A LICHLBC A T A BRI R AT B 1 SR IR AT i B 55 R 30 o i A JIE 60 JHG A Ak B A
FU A2 RS A A W) 0 it e A A DL, A BILIBOCR S A D SO O AU — 800 4R i T
EHEA DA AN LR Y A Y (U 9 HLBR AR AR TR DL HLBC Gt I AL 2

4 Hit

P RUERGIX., 75 R A - XU A8 = 0 oA A R PF R SIS [R] B9 Tt A Ak BT A 1T 357 00 | S 1
A=W e R SR R A AN A HLICHILAE & BE O o - 3 ol A W A i i R M SR
Sy, R LU HUIE BCHE A CRCR o feefd 5 it A HE R JCHE Ak BRAH LE , 5 1340 Bt AL NE7E — %E
JE L BENS N SR My A M i R R e (H R T A MU EC it AR e . it A AE X £ 157 7y
i S SRR E W A YR ROC E R, REREA HLICHLAE Ot R A LAE & BERCHE AL HEXT T 15 HE g
JeONE R, P A I SRR Y AR YR i R R W A e S W R AT LA S B DA A T
B B TR A7
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