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RIS DrE VA WL o VAR 1 1 S K =l SRR D RRES P SV 48
G R, MEAE N AR Z 1110527 db
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201344 HURE I AR fE H 33, 4.0 7. 1010 WY
H¥ e SRS % 15C, 22°C, 35°CHI24C,
H ¥ ARSI 9 H9°C . 15°C ., 26°CHI16°C .,
>10CH RIS 600 C, ZEFHFEAKEL 250
mm, JTRAEPL300d, 4FHE1610~1620h,
1.2 ks sl

Bk BN EaI A LR FNKAE L, +
B oA, HEh R T R SR A
FE KWEAMIKI I (19824F ) +HEpHA

6.5, APLT& K201 g kg™', &E . . 28
SR H0.94, 0.66, 11.5 ¢ kg™, A . A
ROWE . R B 1560 7.2F1176 mg ke

BB 2 5 % =% (Astragalus
sinicus 1.) . i€ ( Brassica napus 1..) 1A HE
( Lolium multiflorum ) ., 20134FE /KRGS Fh N
WRE4974, BREEIE207, ¥R
1.3 iRt

RE R W RG-S ERRREL, &
AN H, A ERE - =% (RRV) . WZE
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ZHH-4W (RRF) o &/NXWBENLIX AR, &
3k, IXEMH375 m® (25 mx 15.0 m) , /pIX
Z A 60 ecm/K PR 5 fEIT .

LRNEHE RPN R = 98375 kg hm ™, g
7.5 kg hm™, BBEE15.0 kg hm . %4 FH R AR
SRS RSN, FLAY RS Y — 3, HAK R &t
NEAEASHEAE , T REAECEITT10 ~ 15 A%
FHIE], KARRREBARRI1S dA8 A7 2350 B R E H
JIT A Ak B KR it S A AR D, R G R it A 3 3
N 153 kg hm™, P,05 84 kg hm™>, K,0 129 kg hm™,
Gy B A E B2 K HOME , SEIEFE KRR R AT d
A, BAEERARIG6 ~ 10 dfFE AR 5 BEAE —
WA o FEAREH =0 (14-14-14) EHAE600
kg hm™; JBAE SRR ZMIKCL, JitE NN 69 kg hm ™,
K,0 45 kg hm™. FREHHAFLHE 420 cm x 20 cm,
MG A20 cm x 25 emo KFEUCERE S, FrA AbBEFG &
B AR,

201343 28 H A& EAEY I ™=, 3H30H #4
JEEEAE . PR SE BIMEK, 4 H25H B4R, 7H
1I3H W RAE, 7TH17HBRGRT, 1005 H Ik
MofE. 20134F4R R (B ) . T iE
TP mFSTEILEL, REFERRV . RRP,
RRG. RRFACFRAY LRS- 55000 7 653, 7 769,
7 449, 5 680 kg hm™, BERE" &4 5] R4 693,
4151, 4356, 3520 kg hm™,

1.4 HRXESHH

R AR, I3 B2 SR IE SR (3529
, S, ZERIERTL d) . SRR (4H21
, S2, SHEEEE21 d) . BRI (7H11
, S3, RAFUHRT4 d) BRI (1048
, S4, MAEILHEIE3 d) o HSTMS4mti) + 1
SbFIETRAS, S2MIS3HIHA +- 1 ab T ACR A . B
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*1 FRBEFERTVRFISE
Table 1 Biomass yields and nutrient contents of dry matter of green manures in 2013
e i ) gk T i KRS Ko g gl
Treatment Fresh biomass yields Dry biomass Total C Total N Total P Total K C/N
(kg hm™) (kg hm™) (gkg") (gkg") (gkg™) (gkg™)
RRV 12 006 1533 433 23.2 1.5 13.0 18.6
RRP 6563 1174 408 10.3 1.2 17.6 39.6
RRG 15679 2759 408 16.3 1.5 28.8 25.0
1: RRV. RRPFIRRGAFGIMRCERAERG -5 295 . BB - M3 MO AT - R ZZ HLAL B Note: RRV, RRP and RRG represent for

rice-rice-milk vetch, rice-rice-winter rape and rice-rice-ryegrass, respectively

FEIT NG5 A9 A A B /I8 DX P9 SR FH s BBORE 5 i
0~ 20 cm#f )2 1458, HIBR A BRI Y 5% A 5224,
A 5206 28 4 C Y A

+HEEA P (TOC) W2 SR FH 4% R B 4 =
He-sbm#gk 2 SMBC. SMBNI G R A
ZR-K,SO 2484 12 o i vk JE SR BOR A MR R
AL (#E[E Jena multi N/C 2100 ) W5E 2 T (4
Sk, SAE
1.5 BUEAEAZE

SMBC=E /ky,.

Xp, ECHEAK SR EZE + 8 0H LR 2218
ke R R, BUE0.45 7,

SMBN=E,/kyy
K, ECNEZEERBEETEORAMEM; kph
W R g, BUE0.54

EYI R O AR Y A R S RS L
W LAE, EISMBC/TOC,

R E 4 R I Microsoft Excel 2007 fISASS.1
WA TR A G o, T ES T2 HILK
KHLSDEE, #Ep<0.05/K T K56 22 5 W .
Sigmaplot10.01E A .

2 4 R

21 KEEMEETEHLIEREYENERRL

MEME

P12 L 2 R — 4% S 0 5 A A &R i 780 i 39 )
SMBCE fit. MAME, KEIAMEN)S, SMBC
AW B, ARSI E ASMBCE R AKX,
3ANEEALALFERRV . RRP. RRGAYSMBC 443
P HIN604.6. 549.4. 580.2 mg kg™, AIXFRRFZ>
MFEE T 15.92% . 12.43%F114.62%, =583,

SMBC & 2 75 2 0 B R 1 5 AR LA, B B 45 4k
PR 43 0 4636.5F1632.7 me ke, S3HTEE FI%
%3349 mg kg™, FES4M B N LFE S EE S
Y, FIIEN616.6 mg kg™'o AN[EALBEAES2 ) S3
MBS G LA, (HAEST M SAF B 4 JIE 4% 4k B 1y
SMBCHRRFALFA BORIE T, BRSIH B RRP AL
AN, ARSI B 22 Rk, Horf e 3k
RN A GE S4BT, RRV., RRP. RRGAL AR
RRF/3M4E T 721.12% . 33.48%H124.67%.

2B, A i e 45 B 1) A2 fb 5 SMBC
T AR, AT B A% Ak B ] ) 2% St 5 SMBC—
#Ho AR IRV R EL.73% ~ 4.52% 2
WP Eh, 3G FERRV . RRP, RRGIYALET
PUEA 9 H3.61% . 3.66% . 3.61%, 3535 T Xt
TR AR EBKE (3.13% ) . 5SMBC—3, S1
FSARTH], LR AC AL B B A i A S E W
T ) R o R M S s A LA 1Y B Ak,
I, 456 SMBC SRt A= P s i R AT DLW IR
AT A 12 e et 2 A Ak, e AT
JI T RESE M
22 KHLSMHERTHEEIENEVEYNEA

H B3R, SR E0 R AT S SMBNAS ALK, [F]
FEFE PRI EAL (A HEFI(E37.1 mg ke )
S1. S2. S3 =/~ 45 kb P m) o WL W 35 25 5 0 {HL
F 7T S4B B, SMBNZUR I FF It 2w T H
B, S4B N125.4 mg kg™ RIS ERA0 4%
AhFROH G TSMBN & &, SRRFAGHIZE R B
F, JLHIERRVALH, 7EMLiHHAMXRRFEERS T
98.45% . TEBRARTIWCIR J5 £ B 95 T H IR B 3 KB
T HEME AL TR R, RIS B
SMBNfJYEFl. RRV., RRP. RRGALFESMBN 4 4E
SEHAME 4991, 83.6., 87.7 mg kg™', FXIRRF
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ZRRE. 2) SCARNUERAI, SRR T, S3hRAY
AN, S4 MM FEILHR )G . T Note: 1) Different letters in
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&

2] Aver age

different treatments at the same sampling stage. 2 ) S1, flowering
stage of winter green manure crop; S2, after the incorporation
of green manure; S3, mature stage of early rice; S4, after the
harvest of late rice. The same below
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Fig. 1 Seasonal variation of soil microbial biomass carbon
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relative to treatment

Ay WIAR T T736.49% . 15.129%H120.80% , LLRRV*f
SMBN ) #2 m fE A i, HAPRRVACBE W &5 T
RRF X RRPACHE, 5 B &2 b JIE PR [ R0 RE ) 1Tl
FiH HIE AR E D A EEAEH]
2.3 KHLSMERTREALEREVEYSHERALL
TR HERHUE Y AE YRR A L. 4
EPHER, SEENEA R 2SS, WENETLE
Ao MHANFEG B, S0 AL FE X 4 A0 B 2 By i ik
RICA—E2m, R (SIHB) 34 b3
() B A 0 i e 2R G B 2 R T RRFAR B, SAR Bt
RRFALFE R & 5 FRRVERRGALFE, {5 B K 3 &
PR L AT BE XS T IEGUE MR IR 45 — e s . itk
AN, A A W R R R RS TR B B R K B0
HAP B BE RS (SIMIS2HBL ) 4% b 3 kWA
Yyt R HE R AT, BIS3WY B+ i E A 9
AL E TS (F{E8.96) , S4B LR
BARKE CF4(HS5.18) , KR HEIEBRAKKMT
- SR AE AT e LU R H (B Y B O L AR
PRS0 AR A L B A0 B A

®2 TEMNHZAETIRHEYEYERALL

Table 2 Seasonal variation of soil microbial biomass carbon to soil microbial biomass nitrogen ratio relative to treatment

Ik HUREIIY Sampling stage P
Treatment S1 S S3 S4 Average
RRV 7.15+£0.22a 6.71 +0.39a 9.93+1.12a 3.79 +£0.23¢ 6.89 + 0.35a
RRP 7.45 £ 0.34a 6.69 +0.12a 8.13 +0.82a 5.87£0.31ab 7.04 +0.25a
RRG 7.37£0.07a 7.66 £ 0.35a 9.38 + 1.06a 4.76 + 0.46bc 7.29 £ 0.24a
RRF 6.36 +0.13b 7.07 £ 0.64a 8.40 + 0.86a 6.30 £ 0.54a 7.03 £0.27a

W EHME = FRdER R — BUORERH 7B R R R Rl AL 3R] p<0.05 7K F 2253 1 3% Note: Means + SE. Different letters in the

table represent significant differences (p < 0.05, LSD test) between treatments at the same sampling stages
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220 ~ 200 mg kg™, S A HLAS ARG BRI
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T — & S AU ke 1 BT e R IS AR S 7 BB E W
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JEERAE A 3 S PR BE R | T AR R
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AR SAIEARA L . T RHERAD LR = Pl R e i T
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B R AEC) | BRI RO S5 5 1+ 4
SMBN G REEMRMEZEN T 7, N AFEAHY
BEXTSMNC K SMBNSE M (A [R], A6 AT 52 v ) 3
AR [ e AT E 3 v e e o A B s I
1) & AN A ] .

- R W A B — 1 B A W R A L
W B BE R e A FAL R HAES R m, &
AR AR RIS R Te bR, BEA IR~
BLY 50 it A 358 I 1A 40 A 0 e B Ak 1R B
FEmR R A A N e A R I — A
1% ~ 4% >, AHF5E A 45 40 B+ SE GR35
{H }3.58%, H:ARRVZRRGAHH S A B F )5 14
YRR T 4%, %P5 OB, 1

AN T3.67% ~ 4.55%22 6], A Fhég e &
FiRE MR YR, JELIRRV AR & AT
i, SRS R B AU AHXT A [R] e AR
PR R B 8 LAk B ) At 2 22 S 0 R AL
U, KRR AR T ESMBC A i KM
AT, BEBHSRAE BN AR B T A B 1) BE A
Dy E D RPE R B S e Ak, DT 8 i 1 43¢
FEOA RN, ik, SRR U 1 b S RE
AL, X R S AT R 0 TR K A R
EH

32 TIEREMEPER.

T

SRR AT . R A R e R AR S 4
A 02 XA - & S IE e VR 1R &R b i S B3 . A
AWFFEH, SMBC. SMBN A 3% A 9 7 10 % {4 b A
—E, YIRS E BRI B AR, ORI
A%, MRk E X BT,

A 5T 5 TR DA B B A8 3 B B A AR, d- g
IERZ 5T AR 7 1 281 e i v 7K P AR VT 1
AR, AR K o AR PR B AR A AN R AT fig 2 S
SR ) B 1A 3 A 26 0 o R sl A AR A ) 32 I
W, A5, RNEPHE LN E-, +
oK a4 R S AR B R S 80T SMBC Y 3
BASE, SR ESMBCH [l /3 A g EEHE D
SMBCAZ 8 &K S MR A, 3 B 48 5 K o
A BT S Y R AR R RCE: (R R
Rk, S0 AR W 2 B - HE S KR Y 3 n i
BB T WK AT M B e B ) 3% 4 T 4K
EPER BRI, RKIMBUK I H EE R K S
P R B S, K AR MUK R R4
X A AR ORVE R, AR Th S I B
AU JE AR W AR B AR AR OR K, iT BBl T AR I
JE 5 B 7K B 58 X5 Bl A 0 30 P T A o T T AR I
JE RS RO VE A . RS A A5 AL FESMBC |
SMBNFICAE $y 7 45 0 35 AR T A B 99, AT BB JE H
TSR, KSR g E W R, %
el A, TR EAR R0 8 A i . WK
(14 - 398 5 355 ] BB 43 X A AR A PR AR IR AR .
HARRGANHTE SL A R B T AR A%, 3
SMBC . SMBN S fdi A= ¥y iy 359 40 7 0 Ath 2 12 Ak 38 K
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SR E I E o [5) IFAE SA ] & Fh 4 IR XFSMBC |
SM BN A GCAE 9y 1 1) T A FH R Xk Al ik 09 58y 65
F, UL AR SR IR S — R REAE X e A Pk
R A AR 0 5 T 1 A T
3.3 KEILXMEEE N L IEMEYE R EN

SMBC/SMBN £ 9 FH T 38 15 26 W O e s 45
M5 ., B ErSMBC/SMBN % 7x 30 Ak Wy vh &
[N A O M UB TR =q & S e e
Mol 20 DA S H At R R A 20 R
A, W C/NME —AET ~ 12220, &7
3~ 620 P, AKX P R GR RS R,
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T I RETR S5 4 ™ A — g g e, R L B AR fR AR
S DA BRL— 1) Bl A 40 24 e 2R G P AR A EA T 1
SMBC/SMBN [ 45 2 A8 {0 34 5 1w A= 0 A= 0 o e 280
S, BIVTE SR AR AL 9] I e R CHR 5 1 Ak T
VRS HHBAG, 7 w5 T K ) PR A K 2R A
T, XS R B B 4 K iR i A - e BN
X DRI S A AR KR, 7 e IR K A5 1
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LONG-TERM APPLICATION OF WINTER GREEN MANURES CHANGED THE SOIL
MICROBIAL BIOMASS PROPERTIES IN RED PADDY SOIL

Cao Weidong" *"  Bai Jinshun' Gao Jusheng" * Huang Jing" * Zeng Naohua'

Chang Danna'*

Gao Songjuan'" *

Shimizu Katsuyoshi’

(1 Key Laboratory of Plant Nutrition and Fertilizer, Ministry of Agriculture / Institute of Agricultural Resources and Regional
Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China )
(2 Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100081, China )
(3 Qinghai Academy of Agricultural and Forestry Sciences, Qinghai University, Xining 810016, China )
(4 Red Soil Experimental Station in Hengyang, Chinese Academy of Agricultural Sciences, Qiyang, Hunan 426182, China)

(5 Faculty of Life and Environmental Sciences, University of Tsukuba, Tsukuba, Ibaraki-ken, 305-8572, Japan )

Abstract In South China, application of winter green manure crops into the double rice cropping
system has been proved to be a high effective rotation pattern in improving soil environments, soil fertility
and rice yields, and is very beneficial to the sustainable agriculture. The effects of long-term application
of green manure crops on soil microbial biomass carbon, soil microbial biomass nitrogen and the seasonal
fluctuation of soil microbial biomass properties in red paddy soil were still not clear enough. Based on a 31-
year long-term field experiment on cultivation of double cropping rice and winter green manure in red paddy
soil in South China, soil microbial biomass properties were investigated at different stages, aimed to provide
a theoretical basis for deliborating mechanism and effects of winter green manure on transformation of soil
carbon and nitrogen in the paddy ecosystem. The long-term field experiment includes 4 treatments, i.e., rice-

rice-milk vetch (RRV ) , rice-rice-winter rape ( RRP) , rice-rice-ryegrass ( RRG ) and rice-rice-winter

fallow ( RRF ) . Soil samples were collected at 4 different typical stages, i.e., flowering stage of winter green
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manure crop ( S1) , after the incorporation of green manure (S2) , mature stage of early rice (S3) , and
after the harvest of late rice (S4) , for analysis of soil microbial biomass carbon (SMBC ) , soil microbial
biomass nitrogen ( SMBN ) , soil microbial quotient and soil microbial biomass carbon to nitrogen ratio
(SMBC/SMBN ) . The results showed that the cultivation of green manure crops increased the contents of
SMBC, SMBN and soil microbial quotient. Especially at the S4 stage, when soil properties were relatively
stable, all the green manure treatments were significantly higher than those in the RRF treatment, and
similar trends were observed for the annual mean values. The SMBC and SMBN were most influenced by the
leguminous green manure milk vetch. Compared with the RRF treatment, they were increased by 21.12% and
98.45%, respectively, at the S4 stage, and by 15.92% and 3.49% for the annual mean values, respectively.
The annual average values of soil microbial quotient in RRV, RRP, RRG were 3.61%, 3.66% and 3.61%,
respectively, significantly higher than that in RRF treatment ( 3.13% ) . Although the SMBC, SMBN and
soil microbial quotient were affected by sampling time profoundly, they all showed similar trends at all the
4 sampling stages, i.e., no significant differences between the stage of S1 and S2, down to the lowest level
at the S3 stage, and up again at the S4 stage. The SMBC to SMBN ratio did not vary much among different
treatments but fluctuated obviously with the sampling stages, i.e., highest at the S3 stage ( when soil being
flooded ) and lowest at the S4 stage ( when soil being non-flooded ) . It could be concluded that soil microbial
properties were improved obviously after the long term cultivation of winter green manure crops in red paddy
soil in South China, furtherly supporting that the cultivation of winter green manure crops is an effective way
for soil fertilizing in red paddy fields.

Key words Green manure; Red paddy soil; Soil microbial biomass carbon; Soil microbial biomass

nitrogen; Soil microbial quotient
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