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MFERE-AN, TSRS TR LA R LR E AL
WO AKRE L, JEAREEPE U AL 21.5 g/kg (il
AMINFAE AR IR S-S, TR N 124 mg/kg
HENLY 105D, 4730 P 13.4 mg/kg (Olsen ¥£), 33 K 47
mg/kg (BEEREEEEGE), pH5.20 GKELEN 2.5:1),
1.2 Rt R HEEEE

AGRE R R LT, S 2 AN, %
HIANER, Z/AXK S5m, % 4m, /NX R
7 25 DAJE S A B R K. B RESK FHAL BURE AL 360,
RIGALBEREE W R . WAL (NPK, N, P. KB
394 N 180 kg/hm?. P,0s 45 kg/hm? F1 K,0 150
kg/hm®) FE RUALJE-+ASFEJS AT 35 (NPK+SB). fh2¥
N. P. K B350 R % RS & s . P ELL
FERO I 2K VRPN, T NIRRT KR DU [ s N
TNy b 28 RRCR 5B i 1 A RS, e TR
BAN 4.8 thm®o JEATAEREN 5 202 J Y H U )
RT3, WG FEFE PR BRI . IR AE LA
)L 1.

F1 BREIENBEEERER

Table 1 Managements of later rice field

i) I
6 H8H ERE
7H15H FEFF I BERE, MEAFENE (50% N JIE, 100%

P A 50% K A

7H 16 H R, FKPE 18 cm x 18 cm

7H23H B> BENE (40% N BT 50% K At
8 H12 H—20H HezK I FH

91 7H JERE (10% N AED

104 10H Il

1.3 REHZERMNERR

AARI R i A S A - %95, LT3 RAE)
T AT o SRAER R R G R WA R e, A6 Y
A RF A AMNE N E b IRg) . FARERE 55 om, &
1.2 m, ARG « B2l (0 X2 AR o
) Y SR o 245 s 2 ARk S A R OO B DY S 1T 5 2 Y
LR T R e SRFER [ L B 8:00—10:00, MEEAE
J& 5+ 10+ 15 1 20 min Ji5 A 60 ml “AA7E A
IS B I BB ORAT I R . RERG 3 ORI
PR, BB N RS HER s i — RHURE,  E
P 300 0 3 BORY o BFJE B8 R AN AN AL, TR TR 0.25
m’e A UCRFE FTAE R EE KRS Py Ik BLRE %, IR

SKEAVPNX K ZRE . T3 5 om LIRS
CH, F1 N,O ¥ 3R FH 1A 8l 3 #F 2 RAOAH €0 3

(Agilent7890A, E[ED MsE, Fr#AHl2 KIGE 1
s (FID) FHL-FHiRE I ES (ECD), I 23
FES3 510 200°C A1 330°C o S M%) 23 B AT EHE PQ
AR, HEl 55°C bRt R B B bR O
fit, ZARGME CHy A1 N,O MR A5 R 500 51 N
0.73% K1 1.25% (n=28), K FR474 0.02 mg/(m®h)
A 14.2 pg/(m*h), W5E 7L WSCHR8]. 3% S em W%
O ~ 10 em TIEARRUS /KSR 13K H 3hid s
1 Em50 (ECH,O Logger, F[E) M.
1.4 HEFEMBRS

FEIH CH, A N,O HEROE 5 2 U R

F=p-h-dCldt-273/(273+T) (D
Xf, F o CHy WIHEEGE £ ((mg/(m*h)) F1 N,O [
HEBOM £ (pg/(m*>h)), p A CH, A1 N,O FrifiR& R
[l B (CHa M 0.714 kg/m®, N,O 4 1.964 kg/m®),
B DA 28k T R] 7K 22 v P R 4 s SR AR A T8 P /K T g i
PR e (m), dC/dt ARAEERE RAEAT N CHy WL
AFAk 2% (ml /(m*h)) 5% N,O WK (ul /(m*h)),
LT S5 A i 2280 PAT N ) 5 4 N SR S AT e P [l g
IR, T A REEAE A P8 CC.

FEFEAE RS =420 CHy 1 NL,O HESCE LR 24 5
[10-11],

Ea=Q-EFa-fco 2)
K, Ea ZRBEFEFT = A2 1% CH, AT NL,O Jii & (kg CH,
5 kg NoO); O & IRBEIREAT T3 EFa & Hupy i Bl
FEIHER RS (g/kg), WL SHAHLTOR, CH, HE
FHON 1.68 gkg!™, NLO HEARECH 0.07 g/ke'™); feo
SEIRBEREL, FEFF AR RR 5 b A R R > 1t
FIRKIIK R Zarate S0} 32 ANFEAR ) Sz Hb A
WA PR 80%, WL ML HL IR LEIE B, Ik
FEFF BRI 80% L&,

+HEFE KBRS (Water-filled pore space, WFPS)
R VR

WEPS =0, /TP=0, /(1- p,/ps) (3)

Kb, 0, REABEIKE (em’/em®) , TP &
3R FLBRE (em®/em?) 5 p, & HIEAABUR & (g/em®) ,
ps N LIS (2.65 gem’),

RIS E R H Excel #2215 /E B 9FH SAS8.1 8
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BRFEHE CH, HIMBE METH T UMK E

AN it AR A FE R e RS CH, HEBCZE 5 A A A
ABL, TR I HE B A e A 2 A R — A
HW. BAkEHm0m &g Fb. Bk 10 K H—
WRFEE— B K RS, 3R R, e
T CH, HEBC ML T — 2 8 . s A 338
FEM ETF, CH, HEBOZ#THE . NPK AbFE A A KA
MHEBAG T NPK+SB A2, 7 BEJG WITF R MY, B
Mg JE Al ik 35 mg/(m?« h), 1] NPK+SB AbHHE AL E
BTG, WL FE R P ALEE CH, HECE IR, )5
YEFFIRAGACT, AR Z 5K (B Do MefEAE K
SN PN ARFL CH, HECRAUAR 2 3.3 kg/hm?®, 755

2.1

ARFH (p>0.05) (£ 2). HLMEMML R —2 W
FH SRR T CHL HEBCEL AT s P LS 19,

45
— & NPK

1]
W

—A— NPK+SB

N
W

CH, HFGHE: (mg /(m? « h))

W

-5

717 731 8/14  8/28 9/11  9/25  10/9
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Bl 1 EEFEHE CH,HRUBEMETTN CRHE + fRfERs)

Fig. 1 Seasonal variation of CH4 emission fluxes in later rice field

#2 TEHEBLETBRIEE CH, #1 N0 HiE

Table 2 CHjand N>O emissions in later rice field under different fertilization treatments

yoscil CH,4 N,O SRIEHE I B HE I
PRPEFISCE: TR0 R =R SRR petlscd CTRAEcaE AR CH,4 N,O
(kg/hm*) (mg/(m’- h)) (kg/hm*) (kg/hm*) (ug/(m*- h)) (kg/hm?®) (%) (%)
NPK 0 508+0.93a 141.39 0 3783+ 2.50a 1.05 0 0
NPK+SB 6.45 520+£0.50a 144.64 0.27 46.17+ 10.87 a 1.29 4.27 17.31

T FSEE TR R B ) 2 A B2 (p>0.05).

A I, K A FHURIR A, 1
Bk e (B 2), CHyHEBGREE K. it f 1+
BEAK B (WFPS) IR AR, 338 UM s,
T3 CH, AL I = F B iE v, 350 CH, i
bULY 8 N I DS IR i & G e i o 2 S we Y
CH, BB 7 (14 SR LM AR, AN n] Rt 52 21 LA
HEIBACY o 7K R EE AR A A2 S 0 RS - CH, HETRUT)
FEHE,

2.2 ERFSH N,O HMBEWMEHTUMHEKE

WA A I A NLO HE T8I 5 43 sl 38 I 5 H
LB CHE R =0 (B 3D, SR —IRAEB RS 12 K&
W FH AT, NPK+SB Ab#FREEN M LR K, 1fi NPK &b
HLU LK b CHE, W R 400 pg/(m*h). A
HYI A NPK+SB AL BEAE 8 H 17 H L T — NN
HEBUEAE (100 pg/(m?h)), HoAh IS [a) 5 A 4b R 347 o
HEL NLO S HE . 28 AN IR AE 9 12
F, WA E S I — AN/ HE TS AR, s BEAE 100

~ 200 pg/(m*>h) ZJa) . WCEIHTF R G K N N,O HE
JRARAG o 75 17 FE S5 R D00 %85 SBCRE 1R 475 0 1 i R A 30
N,O KAEHE, 11 NoO HFBEE AR AL 5 7K 73 A 78
JET I

120 - - &—— WFPS 150

——o—— ptfisom i

4 |

20 ————
717 723 730 86 §/13 820 827 93 9/10 917 924 10/1 108

HI CH/7HD

B2 BRFSEKTFTA S cm TIFREF 0~ 10 cm TIEFKZIEE
(WFPS) #7SEL
Fig.2 Dynamic changes of soil temperature at 5 cm depth and 0-10 cm soil

water-filled pore space (WFPS) in later rice field
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Fig. 3 Seasonal variation of N,O emission fluxes in later rice field

NoO SEAH AR A AL SN =, b3 Ae 7K A B
JE I RON B RS A R NLO HE ) 32 2
W mEHCA" ), MR % WEPS 1F 75%
~85% i}, NoO HEBUR SR Z o AGRES AR T 0 ~ 10 cm
4% WFPS TR 60%, %A HI N,O e HEi,
FHR, BN I HE O AR 7B IS 1 #E 7K 3
T 55 A A1 g S S POR HT NLO B 5 S LA
B VN AR ) 25 573 G2 AR K NLO HEBURFAE A [
FHADIRY: , ARK: N B 180 kg/hm?, Hiz% (K
JE: 4 BEREARAR A LLBTD) Ry S5:4:1, S BERAIBAL)S 20 K
A FFURIIG H , AFF 5T WRS FH e A s b3 sy B
JT NALBESESF 3 ~ 7 REY, L35 T N 25 K Fgh bk
W SRR AR AR RE S IR PR AIG, G
N,O HEBURAG . SR 521/ T 38 DR (¥ it A i
HEHARXBAE, BEESE N 50T (360
kg/hm®), A [ N,O HEU B fH AL 75.6
ng/(m*h). MG HAREAS L N,O HERCEA, R ATRE
YeFh NI SR I AR S )5 DI AR DG 1) 3 A N
TEIE S H BB S 1) NLO HETBO (AR T /K R AR o B
NH,™-N ISR AR o 17 3K o MRDRES T
N,O HJ U b A 345 A1 AL I K HE

TR, N,O HEOE &5 8. K&
AEEAEAFNE (p>0.05). XTJAELZH) 11 N £
I BRED, R T T SR X NLO HEU R
i o
2.3 FEMRRITRRFEE CH, 71 N,O HiRY #20m

FRAE 2 ZHAG 5T, KBRS FHIA e 72 R
() CH, FINLO 2359 4 4.6 F110.27 kg/hm?, /7 # NPK+SB
Kb T A A RS U 4.27% A1 17.31% (R 2). 5
IR AR [r) (RO HETBCER AT L, FEFFIRGEr=2E CH, 1R /D,

Hdi N,O HEBU — @it ARSCPOKFERSFTEAE M)
N,O HEABAL A 0.07 g/kg, T NLO-N AL FEFF N 2
1) 0.49% (FEFF N Z & 0.92%). W LIESELY)
(NOy) MZ/S (NHy) iR 3.43 1 1.3 g/kg!'™ Y
T, 38 N R BT N 28810 30%. H Al 5,
FEFFA8 e BT NLO 2 — /N4y, iR
AH R NOx R NH; 7 7 B 285 5 o 3K 4875 Gepidind -1+
YIRS kN B SO D) N0 HECE

Ao e A ) P A B ) CHL, SR R e, 1
NPK+SB 4b 2 1) N,O HEE [ NPK AbHE 7y 22.8%, {H
ERAEFE . BEEPIHEY, ZHERGRE T
AHLCIEREEA 7 HBE S A B C s 3 hn e
CHy It TR A e 4y, S WElE T A
RN I 22 AR NLO HEIR . 1) 8 S5 P00 2t RE F A%
BFEF NoO HEBOM IR B, RS b s b 38K 47,
BN 245155, AT FEAR 2 NLO . AR50 45 20
R FEFT AR e T e HH KR AR K 25 CHL AT NLO HEi
IR, X AR H TR A — 3 1A
FEAS Be JE RO 5 56 — RIEAT I, REAF LAk A
B, IRIEAIN e s I RIS K, REFFRBE A 2
DRI PN 5 38 A WL B R A 2 A0 P 0
MEAE . BT N,O E—FRESE, FIEHRAEE
AR KA T, ZOM I ES s A BE Ui W1 AR e Rt A2 59
T N,O Hejse PRIk, A3 2 ZERET K 2 A7 R 50
KT FAEATHEBER R L CH, AT NLO FIEIIR 5200
2.4 FEFREIGEHSEMEEYNAIZM

YBT3 WA, CHy A2 YRS FH 3 22 S
A, HoTER G E] CHy F1 N,O AR # (global
warming potential, GWP) ZHI[1) 90 %. MfEAKIH
F] Y AL PR CHy HEBCR AR 3T, 11 NPK + SB A4b 3
1 N,O HEfltE L NPK ARER )& 22.8%, (HZE AR
F (p>0.05). HEFE Mt S =LK, NPK+SB 4k
HL R4S B L NPK ARFES /D 0.6 thm®. Ma Z51205%}
FEZ AR IR, R AERAL I 5 A G A 3L 7K
Far B2 A2 . Chareonsilp 2527 R BUFS AT A be A
HERFEH CH, HESUW AR BR AR, 1= AR A K.
ISV VAW g A€ e S P 12 [ )4 [ S Sl N e o e
BEARRE FH P o, S DR AR N ek, AR
Ude R e Bob o OB LI 2 (AL = P SN NG AN PN B )
Ridk— L.

BV 7 e PR A BRI LV A e 4 S ARG HE AR 11
IREERON AN 22520, LA 100 4F I a) R,
NPK+SB Ab# {1 54 7 5t ) A BRI il v 34 b NPK Ab 2
1 22%. T AR (A AE RS = AR AR A LT
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Table 3  Effects of different fertilization treatments on grain yield and GWP from later rice field

AbER R AT CH, HFil N,O HEi AL GWP
(t/hm®) GWP GWP/% GWP GWP GWP/i& GWP (CO, kg/kg)
(CO, kg/hm?) (%) (CO, kg/hm?) (%)
NPK 76a 3535 91.87 313 8.13 0.50
NPK+SB 7.0b 3777 88.92 465 11.07 0.61

: OLL 100 4 I 1a) R BT, SR T i CH, Al NoO A BRIGIVE SN CO, #4925 F1 298 /51, @B =i GWP HEBUR FeIafa 2L K2y 3t —

ALFRR) GWP HIHEBCE (COLkg/hm?®) STEA & (kg/hm®) HILEAE .

WD SRR R A A R R i R R
RFEBEE AT, BATTERUR - SRASAT ) HAB A
B, e RAERE

3 it

U R FABFS F AL A8 Jon) 21 3R A 1 CHL,
FINO HE IR AR /N, AR PARAE A =5, Hn
P77 () A BRI YL VB A

(2) MIEBEMSEL, FEFHRBeh ™4 CH,
ATN,O 39 BHERUN 4.27% F117.31%, FEFFHRERE
XAl AR NLO HEBURAT — 52 50

(3) &MEAE T AN LM N,O Fs IR
TBE S 7K A3 AR 78 A2 AT 35, Tt A0S E 39 TR HE TSR 2>

BBt R RFEF 5 B 2SR RO R R L
REBFEARZRENRE, BIRFERKRIEPH
HBERTIR UG !
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Influence of Early Rice Straw Burning on CH4 and N,O Emissions and Grain Yield

of Later Rice Fields in Red Soil

SHI Sheng-wei', LI Yu-¢',

LI Ming-de?,

WAN Yun-fan',

PENG Hua?, WU Hai-yong’

(1 Institute of Agro-Environment and Sustainable Development, Chinese Academy of Agriculture Sciences/The Key Laboratory for Agro-Environment and

Climate Change, Ministry of Agriculture, Beijing 100081, China;

Abstract:

2 Soil and Fertilizer Institute of Hunan Province, Changsha 410125, China)

By using the method of static chamber-gas chromatograph technique, CH4 and N,O emission fluxes from later rice fields in 2009

were studied under the conventional chemical fertilizer (NPK) and conventional chemical fertilizer + rice straw burning (NPK+SB), while CH, and

N,O emission from rice straw burning was calculated by default value. The results showed that CH, emissions during rice growing season were very

similar in both treatments, meanwhile, N,O emission increased by 22.8% than former, but the difference was not significant at 0.05 level. The highest

N,O emission occurred in the period of soil saturation moisture after top-dressing both in two treatments. CH4 and N,O emissions from rice straw

burning represented 4.27% and 17.31% of total emissions in NPK+SB respectively. The global warming potential per unit rice grain of NPK+SB was

22% more than NPK. Rice straw burning should be avoided judged comprehensively by consideration of economic and environmental effects.

Key words: Later rice field, Rice straw burning, CH,, N0, Yield



