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Characteristics of CH, and N,O Emissions and Greenhouse Effects for Mechanical Transplanting Rice in Rice—
wheat Rotation System
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Abstract: CH, and N,O play important role in global warming and climate change, the emissions of CH, and N,0 in rice fields are affected by
many factors, such as climate, soil properties, water regime, fertilizers et al. However, the emissions of CH; and N,O in rice fields under vari—
ous cultivation patterns are currently poorly understood. By using the method of static chamber—gas chromatographic techniques, a field ex—
periment was conducted in 2008 to study the characteristics of CH, and N,O emissions and greenhouse effects of mechanical transplanting
rice in a rice—wheat rotation system. The results showed that, the seasonal variation of CH, emission in two different rice cultivation patterns
was defined, an increasing of CH, emission at the beginning and declining in later season were observed. A N;O emission peak was observed
during the midseason drainage period. The seasonal CH, emission averaged at 4.68 mg-m™-h™" in mechanical transplanting rice, and 4.39
mg-m™-h™ in manual transplanting rice. Seasonal N;O emission averaged at 92.80 pg-m>-h™ and 111.33 pg-m™>+h™ in mechanical trans—
planting rice and manual transplanting rice, respectively. Compared with manual transplanting rice, total CH, emissions was 14% higher in
mechanical transplanting rice, while total N,O emissions was 12% lower. In contrast with manual transplanting rice, mechanical transplanting
rice increased total global warming potential(GWP) of CH, and N;O emissions during paddy season and GWP per yield by 8% and 10%, re—
spectively. These results indicated that mechanical transplanting rice would mildly intensify the radiative forcing during paddy season in
rice—wheat rotation system relative to manual transplanting rice cultivation pattern.
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%t (CHy) AR AL LA (N0) 2 5 2Bk Ak
RAFVINEZRE A, W E O A ST UK T
ZE AR (CO,)WFE 100 a Bf[A]RUEE |, Bf & CH,
N0 B2 BRIE IR E(CWP) 23]k CO, K 25 1%
298 53, A HE R CH, A EZAYHBIRZ
— AFHEER Y 31~112 Tg, (&R EHER A 5%~
19%2; i H N0 i &/ TR, B KREE K
S0 140 R P ) EEL R e e B SR AR E N0 BOHERRH

Fe RS bR A KR A E AR R B
e FH THT AR 4 o5 i SRR R AELE TR AR B9 23% , IR, T
AT EFREH CH, il NO BHEH A7 B Al
| SREUH DU HE R , %) G2 A O IR N A AR E
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KRN F, B LR SR T B R SRR 55 50
FIRE AR VR, LA A S RO
A AL KA | ELRE A LA A TR AR LB P
BIRAEANS BTN Kk M7 8l S AR AR SR AR AT
TR R X, 2 TR LI K R R TR AR IE
BAEY K, MG A T T4 /KRS AR N,
BRI E XL TR ERE CH, Ml NO HERHLAAIA
REZRAE N T F KRS AR T 2T 3R ASS 10,
BARTE BRI BRSO Ty T A T —
LEWSE, A ALK RE R 20T 8 FRR 2 SR
HERCRIESRZ T ffF o I, AR S i W) 3 Lt
FAEGEN L F R FEFUEKRS 2 Rk REfbiE =X
T CH, Al NO BIHEBURE S HAR R0, IR %
A% IR 2 S ACHE R Ao 1 1 5 S 5 B HE RS R P
il X B o

1 #REFZE

L1 {5igit

FH (8] 3036 T 2008 4F 6 H—11 HFETLIRE H
i FEE M T AR ML K R R 78 X (31°32'N, 1200
A1'E )BT, R IX Ak PRV W v I, 2524 T
IKFE-A/ N AR B o X0 AE e R S+,
AIFE/NET 6 A 3 HAWEIPLBE, B 10 cm A&
B NERFAGEH , BEHET 0~20 cm T HEFEHR
HA MR 3.4% , LA 110.5 mg kg™, FHEBE 6.8
mg kg™, FEALAH 99.8 mg kg, TIHERE 1.2 geecm,
pH6.4,

PR AL B, BEE 2 Rk RaRE 7 =
SbFE : N TF KRS FIHLAE KR, /MX T AR 60(5x12)
m’, B 3 IR HEEUKREATR S RIEARAE ™ F Y T4

A PRI REE T 1 5, A TFEKRERAE
HUKEB,5 A 18 H¥E4,6 A 20 H A TH#BR
(BRI MFTHE 26.64 cm, BEEE 13.32 cm, &2
Z),11 A 13 HYedk, KREAK 146 d, HUHKRER
FEFWEERL,5 A 25 HIEA,6 A 13 BHLWIGE
AR (A HATEE 30 cm HREE 13.3 cm, 5¢ 3
A),11 A 16 Bk, KEAKE 156 d, &4 H )it
JE 2t AE 7 A R, BORE (R 3 VB IE (I B ER 45 )
e (E ) A EE A48 N 240 kg P,0s
120 kg K;0 120 kg, RUAEHZHAE 43 BEAE <A AL - FEAE =
3:3:2:2 it I, BRAE— R LA , B REAE AR A1 AR
iR, Bk 50% B AL I FBIE 7d4.7 A 16 H.7
H 23 Bt . S0HBS7EBIRAET 3 d ¥EKHLH , KAE
AR EHER AR K (BRETH 25 H).
FHIEE(7 A26 HE8 A 9 H) R T E (8
H 10 B ZWOGKAET 7 d) R R, oAt FH 945 B
Jita [l — s 7= K H
1.2 SHERESHT

CH, 1 NO SR F#SA RN E , B AR
BRI 50 cmx50 em, RAEFEH PVC A5, A8
{2 1 IR 7K RS v T 0 (R AT 0.5 m 3R /S 1.2
m) , SRR 4R AR TE 4K, B 1L K BH B 5t 5
HAANEED TR, KFEABREE 3d&, 8
R 20, FAHEBAE (7 A 27 H—8 A 9 H)2d XK,
1K, SRR 1R, SRR Rl #E 4 8:00—10:00,
SREFERTFTIFRARFE N TERB A 12 V /NS LAFE S
IRAIFE AR, RESHFERT , K RARH B B L AR
JE 5 cm BRI IFE N FE IR B E, R A PEEN R
SEFA 18 mL HAFRET, B 10 min 2R 11K
B, 3L 3 R, TEBRIFERENFREEREH 10 cm
TIEEAEFRAL(ER ). CH, SR E AR
KHEES TS0 5 GC—12A M BN E , A
V8 80 °C, KB R 200 °C, B Fi#E 40 mL-min;
N0 HH A Ni® HL gk A I 2% 19 B HE GC-14B X,
FHETEAIN E , FE I 65 °C, MR EE 7 300 C, A
Wi 40 mL-min™, SAHHCGERTHE AT

F=p+h~(de/dt)-273/(273+T) (1)
K F S ARHERGE 2 , mg-m?-h5p AARERSS
AR b RS, m;de/de B
AL ] YRR N SRR MR B AR L3R 5273 RS
T RRE BT N RFE R P ORAEFE N F R
B, °C,
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2.1 #lHEZKFS CH, HEET U

B 18R T 2 #KEMESXT CH, fFBGE &
MIZETAR . PP R KRR K ZE CH, fFEE A
T KRR KRR 255w G R 2 i
Fo MUIEKFER CH, HEREMETE 7 A 5 H B, LKA
TFHEKFERAT 3d, I HATER CH, HEpul Skl
W B B T /5 3 ALK RS CH, HEGE B EA R
44.46 mg-m>-h', A TFHH/KFEH 29.12 mg-m>-h7,2
AAEFRHE T R IR RTEL 10 d 245 HEE ) L AL
KRR CH, HEBGE & T R B, N T4k
T REAHXTENS , P E 3R A S M A, HLIE K
FERY CH, HEBGE 2T AN TFEKRE (B 1), 7K
fie A, CH, HEE R 305, RS it /5 A A
7K, 2 Rk AR E 5 AL BRAY CH, HERGE B s A 8%
HE KRR . ARFHE KA K2 CH,
Y HERGE B AR KRR R T LT KR, 2508
4.68 mg'm>-h? 1 4.39 mg-m?-h'(FE 1),

R — T WA R KRR X T R
CH, i 22 5, BIH LI K RS CH, HEBURFE , #oK
A FH(KREAERKE) 2 MBEIREE BT EERA
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W
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N
(=]
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T
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CH, HE# B /mg - m2+h™?

101

- AT FHKRE
-O- HLIEKAE

FEE Fh R 2 A 4 BB R 1 AL KA
[FAE B BB CH, BFHEE R 24 F IHRRUR
B H I 0 R A 30 BRI 8 B> G 3y BE
I 5 - B 2 T ST A 2 A >R T T
T, ViR CH, HEit B EEE P KL T, 5
HRBRZA ST EERF T, MUK TF
KRG FT 5 LB 43700 86.84%F1 71.69%

CH, BB JF 454 F 7 CH, W HIE S ™4, —
INHR7= CH, W #E 138 Eh<—-150 mV 3155 H A4 RE =
A CHPY, 2 FuKFEFE 7T BB G f H 138
Eh U TR ZE-200 mV G THE . 13 Eh 7EKFE
i H -5 & K SR ) e A B, e KRB LRk Rl
B E (K 2), MRS TRI, N TFHEKEM
MUEZK RS CH, HERGE & A 215 28 1+ 38 Eh 24%
TR 1R A K R (r=—-0.687 7 F1-0.558 1,P<0.01,
n=36 F138), Uil Er XTFEE MR HREZE CH,
Heoa B AEH . SATFKREME T ML,
WG KRS AR FH AR KA 10 d 76 F R s A R i ]
PIRRT 7 d, H 43 ER 553]-150 mV DAF F1-200 mV
DL B B8] 4330 Bb N T F- 4K S48 RT 6 d F1 4 d, 3F
HHUIEKRE RT3 3 Er IR F A TFHK
i (E2) , HlAEKREIE B ™ CH, i 138 Eh B RIEK,
Al RE R BMUIEK RS CH, HEE R o

B 1 AEABHEFRT CH HREENETHEL

Figure 1 The seasonal variation of CH, fluxes under different rice cultivation patterns
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Table 1 The mean CH, fluxes and percentage of accumulative emissions in different growing period to total emissions during paddy season

I T Yy I e N S e I R
FHrR L BRI AT BB SRR RAH SRR R Sen
kg-hm=? B4 /% kg+hm™ H4rE/% kg hm? HAirH/% kg hm? B /%

ATFREKE  4.39+0.35 110.23 b 71.69 b 2731 a 17.76 a 6.88 a 4.48 9.33 6.07

HLIEKFE 4.68+0.38 15229 a 86.84 a 1120 b 6.38 b 391b 2.23 7.97 4.55

v : RPN EME RIS RIPE S/ NG FH8EK R Duncan’s £ HEIE 754 0.05 BEKE,
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Figure 2 The seasonal variation of soil Eh under different rice cultivation patterns

2.2 HLHEKTE NO HEMIIE P U

FEH B 4R 2 e FH AR PR K HE L, A4 T
RS, 2 FoKFERE T 2UE B LF-TE N0 HEse (B
3) HEFEHAT 7 A 26 H,2 d 5 HEEAET, -
B Eh RG#ETHE (B 2), IEF N.O KREHER , N TF4H
IKFEFINLIE KRGS ANAES A 3 HF 8 A 5 HikZl
N,O HEBCE 8 5 KAE , HEBEAE 53 518 1 947.63
1 834.89 pg-m?-h', £4b¥7E 8 A 10 HHEIEKE
N0 HEBGE BFEZE 59.45 pg-m>-h™ 1 46.92 pg-m™-
h?, TEZJE TR K3 BRI NO HFHGE &
BAG, DEK NO HEHE BEKRIBGRET 14 d f7K
ST 3). F8ZE NO FHHERGE B T 4K
R THLIE KRS, 4350 111.33,92.80 pg-m2-h'(FE
2),

T3 NO FE =4 F R YR LR
AL AR, KRG AR 301 H [R) K R0 R B E N0 2
AL A F B RSS2, KRS el 3 3 B A -
KR R AR SRS, R L AR R AR
FABBUE AT R T 40, N0 150 N (1) E 2 =)
T R EHEA S, Hh 4R F A 28 B A e

25001

= 2000

m

15001

N0 HEGE B /g
2
(=]

WEHA YT AT , XA B B N.O ZR R S H:
f AT AR S R L AdE K, B ES S
FEZE N0 SRR 80% , Hak B3k 35 HA EHhhAEss,
ZIHERC 15% 049 NO, B 2 U BB R 2 A A4
BRI A 2 BB N0 RN (R 2).
23 #BF CH, M N0 HHIM B ER KB ER M

% F N TF KR MALIE K RSB B CH, A
N,O HER S , H H A H 5 K A -5k 1:10
F1:80, HiA SO B HH CH, A1 N0 BHEB R Z B A
T, Rhe K HA RSN HESE . B3R 3 715, HlaEK
RS CRHEARM) Rk CH, 175.36 kg+hm™,
N;0 3.47 kg-hm?, AT FHE/KFEH CH, Al N.O HEK
MEARIR 153.75 kg-hm™ 1 3.90 kg-hm™, HliEK
B A T /KRG CH, HEUR & 14% 382> N,O
Heo B & 11%,

LIRIGEIEF(CWP)—RRAE Ry AEXS Hh5 S il 55
AR E AR SER G AIETERL, LA CO, 1E RS
FHSAKR, 7E100a BFEIRE E, BfAFE CH, FINO
1) GWP 43512k CO, Y 25 £%5F1 298 £52, #8334
AbFEFEZE CH, F1 NO HEBUI 7= A= IR ZE 0% (CO, 24

& AT FHEKAE
-O- Pl KAE

3 AEABHEFRT N0 HEEENETHEN

Figure 3 The seasonal variation of N,O fluxes under different rice cultivation patterns
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Table 2 The mean N,O fluxes and percentage of accumulative emissions in different growing period to total emissions during paddy season

Bk ZA MO B AR Ao B S = R

WA E R TR = BB

FR A S HERCE

pgemeoh BB AT REHEY

HedFY BRE Se4TH BRE SeLFE

kg-hm™ B4 /% kg-hm™ A4 H/% kg+hm™ B4 /% kg-hm™ H4rt/%
ANTFHEKAE 111.33£27.26 0.07 1.70 3.05 78.23 0.18 4.63 0.60 15.44
PUEAKRE  92.80+14.76 0.06 1.74 2.75 79.22 0.15 443 0.51 14.61

R 3 FRKEMEAXTHESE"E.CH M N0 N EERBELN

Table 3 Grain yield, total CH, and N,O emissions during paddy season and their greenhouse effects under different rice cultivation patterns

FiE = AR /kg-hm™®  CH, HECE R /kg-hm? N0 HE iR /kg-hm?  IEEHNi/kgCOhm™ BN =AY GWP
ANTLFHAR 9747.43+950.18 153.75+12.22b 3.90£0.96 5 006 0.51b
HlAEKAR 9632.57+851.09 175.36+14.20a 3.47+0.55 5418 0.56a
EEWUIEKFE-ATFHEKR) -114.86 21.61 —-0.43 412 0.05

I : RIS BUEIRIRRIZES0/NE F8: 3R Duncan's £ 2Rk 0.05 BEKF,

&), 3R 3 AIA, HUsKFEFE 7 X HEik CH, #1 N0
FEAE IR RN A 2T 5418 kgCO,-hm?, A T.F4d
TKFEF= A TR 23508 K 5 006 kgCO,»hm?, WL K Fgdse
AN T FHEKRERE 412 kgCO,-hm™, B HNR % 00
8% . %5 FEH 2 MK AR 7 X T REA =Bk A rE
5, R A RN PR R CWP” X —F8 AR SR IEM AR R
FEFAE 7 =00 CH, 1 N,O HER LR G 2, Hlid
IKFEFIN T F KRG AL =B GWP” 433k 0.56
MOS51, RIHFLEERY 10%, 2575538 FKFE
(P<0.05), XM, BB AHRIRES =&, LIE K
P 5 N e N T -k R iR = 3508 10%,

3 e

FURU, 3 E KR AR D7 2 N T4 PN
BEHE BREER, FER AR AR S LR
ZEARK S, U KRR KRR AL A G 2
X, IE7E 4 [ Vi [ A TG ), 2008 47 AR TR
I 3x10° hm?, B K &R 7K Rl A 7™ B B 2 A AR U7
P, ST oS 220 MRS H CH, HERY
W RZ K FERHE T R 22—, (ER55m
X EAR S AN TR HKRERPTIE B, 2 MoK REfitE
T REHAMFK) CH, Hii B AR S5 Z B 5 L
BX RIS 1) P22 450 (R IR AEPIRG I ST 45 R v
W, R AR N T4 AR 2 Aok AR5 =X
i CH, HEBO 2 AT 5 6 A T R T T R
FaH s TR TR RERIE DT X FEZE N0 HEZE T f
IR ILARAE - A SRR 2 SR TN T4k
REFBLIE KRS 2 MoKREFE DT SURT R, K Fa s
ARE M CH, {2 TR R RS 5 135

CH, HECBHAIG, T N,O {CFE i 3 [|) 3K 9% T 5
BB EHER, HAn R HEREAE F S , S ARE R M
IR K A3 s =X (RIRTHAYR K P s | S T
B2 % ) T AT R 7 X protes g —31,
XoF T8 e SR i X AN R K R AR 7 A S R B, B
TRRHA KBS A TFHKREK 25~30d, HFERE
CH, Z=5 ¥ HEGE & /NP N TF4/KHE, 13 CH, HE
S B KT AT FHA/KRE, KSR RS 17T RS2 I
CH, HEfE 2 M EEE ", Ko HPes EMIRE S
N, ZET CH, R BB dk 8 d Ukt /K RE>E84% 30 d
BRI K RE>K EIE RG> 2 EH IR ; Singh FPNEIEH
R AT F KBRS KRBT B, AFK
FEFE T CH, HERUE B R AE R R 5, 7= &k
A R B N T F K REAMLIE KRS CH, HEB R & 22
SRR B B 5 T EHEAE . AR R R, Wi
KRB TF K FEEANMRER(RHEA K )CH, HE
Ay BIR 175.36.153.75 kg-hm™, MG KRG Fpae
IR R & T AT TR AR TR ERER
HKREA e, AN TFEKRE R RS TE 30d £
G WK RS B R B — BN T 20 d, A RATRESR
HIFRBOGIR 254 AT R BUS R 7= 4T T 20 o AL 7K 7
RIRSAR AT )8 % BT N T FH/K R, i A S s
SRR . A ST AP 2 FloK REFPAE 7 2R A AR L 15 e
(FFE B R IA] 3R P R 7 ik SR E] A S
B ERHEE KR EEE )5 L — = K HEA
AR, B R R R MAIRESRE PG K
BATF/KRBERMRHA R 10 4. HABGE
R RIHERT 7 d, HE RS CH, Y -3 Eh B E
BE(E 2), X0l et TREZE CH, HE . (BARBER
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HR,2 FoKFERAE T X T KREEKZERN CH, Fl
N,O HEMC 2 (A7 AE B B A BT S 2, MUK R %
AT TR NO HE & 1%,

AL BB AT UE S, ANRK SR N2 T
JKFRER HH A= KBt R] , - FT RERZ M B8 H 3R A
etk B B, HEMXT CH, F1 NO FHERGE & FHE
BB R, (BRI REA K BN CH,
N.O HER I ZE T AR Ab

BTN 2 Pk REFpAE 7 T HER CH, #1 N0
FEAE IR N —— 2 BRI IR TS (GWP) I 4T 45
REW, PR AN T KRS 412 keCO,-
hm?2, B ANIR =B (GWP)8% , H FHLIE KRB A T
FHRKFER P Bk, 2 FloK R RE 7 = “H
=& K GWP” ) EFH—H4 K, HUEKRER AT
FARKRER “BAI =B CWP R 10%44 , 3 H
2 IR B B E K- (P<0.05) . ARl B4
KA A P ML AL 4F & BRI (2006—2015 ) Y1613k
F, WEMEARN 57 81 1 Bk A m A R , Rk JL
SRR E ALK RS AR =X o E s BH S 5 o Fh Ut
HEW, FEKFE B = BT R E BT, BEE HLIEK
FEFPAR T AR AW, KRS AR KB B R Y CH, F1
N,O e AR =300 (GWP) A HE— 4R B 0 T 88
B F A SR K RS2 AR B /N 22 A= K 80 18] HE i
CH, 1 N,O 7= A= ¥R 2= 500 , TR PE A R KRR A
77 X FREZ s ek B R RE EHEBOITE S i 2R
AR E RO AR — R

4 g

(1)FEZ CH, HEGE & A T F /KRB LIE KRS
2 Pk FEFE T NI BT S R R Bt 5, oK
Ferfiel HH 2= vlieak it 18] CH, HERREE , N0 (N AE/K 5
T A B R, REZR CHL R N,O HERCZ B 77
e B A EIE R R R HUR/K RS R CH, HEBUEE EE
ANTFHKREHRAT 3 d, I H CH, HEEGE E A 2
mTEE WK TFMKR CH, V3 HEEGE
BAR 4.68.4.39 mg-m?-h7, N0 FIHEBGE & A
92.80.111.33 pg-m2+h,

(2) K HAKIIVAE KRS TF4EKRE CH, HE
AR R 175.36.153.75 kg-hm2, N,0 HEjl m &
53314 3.47.3.90 kg-hm 2, MUK FEEL A T 467K
e CH, HEBCE & 14% 820 N0 HERUE & 11% ,{#
FEZEHERC CH, F1 N,O B P-4 B 23R IR IEH (GWP)
ML =R A GWP” 4 HIHRE 8%F1 10%, 55N

T KR b, TERE A2 SRV RAR SR ML K R AR
T, R TKREE R CH, A N0 7 A2 Y
2R
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