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Fig. 1 Seasonal patterns in daily precipitation and mean air temperature

during upland-growing season from paddy rice-upland crop rotation field

ToFEHI242 d. RIS AR K RN H SA7E LR T
FEH AR S 1, {5 HT0 ~ 20 em -3 RRAL
YRR K AHLE32.8 gkg”!, 2A1.9 gkg!, 2.5
gkg!, HWAA110.7 mgkeg', BWA#E6.9 mgkg!,
HRLA100.3 mg-ke !, HHERTEL.2 g-em”, pHIEG6.4.
KA VERE H R AE S g0 5 5 b B . K
(CK). x5 (T1), BER (T2). £/ (T3)
HIMISE (T4 ), AR PRE 30K, A/NX HEFR 30 m*,
BEREE A0 BT AN RIS SR <Ak
TR, “BEm7 . B 1457 MRS, %A
TR PR 5 2 B A BRI AR, B B N
165 kg -hm™ . P,0s60 kg-hm>HIK,0 60 kg-hm?, 4
ANFEFHER AR AR, 20N 210 kg-hm™, P,Os
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Table 1 Field log during upland-growing season
from paddy rice-upland crop rotation field
i E] A HAEH
2009-10-08  geou ML R AR FRhE 235 45.0 F130.0 kg-hm™
2009-11-06  %&/NFEZEHE, #HFHRN 150 kg-hm?
2009-11-16 A ALIRHIK R ERF . BRI, Bk
[ 8.0x10* H-hm™
BT K/NERMSE RN . B R N:105
009-11.17 kg'hm?, P,0s: 60 kg-hm™ Fl K,0: 60 kg-hm™> 4 /N it
N: 84 kg-hm?, P,05, 90 kg-hm™ Fl K,0: 45 kg -hm?; i
S N:105 kg-hm™, P,05:90 kg-hm™ Fl K,0:45 kg-hm™
2010-02-20  jh3EHEAEAEAN( N:105 kg -hm™; K,0: 45 kg-hm™®)
2010-03-03 & /NHfEFKTTAL (N: 63 kg -hm™; K,0: 45 kg-hm™)
2010-03-28 MR —YXIFEIFEIGEAA (N: 60 kg'hm™)
2010-04-04 & /NAJitiZEFEAE ( N: 63 kg-hm™)
2010-05-15 S E4 — YioX) &
2010-05-25  HizEEIfE]
2010-06-01 /N IER

90 kg-hm™>HIK,0 90 kg-hm?, T A 45 HHS i I,
R, A AR RN 46.4% KR EK , 5 P,0s
12%H9 3 BEAS IR FI A K0 60%H A, A5 Ab 7 5
YEZRTCHEK, ATHIKREZRK 43 BER R R OK |
HE S TR AR AR, A P () B
it 2 24— e = e R H
1.2 SHEXER&ESHH

CH,FIN, O MK FHERASFH - SR (iR E
KEEFEHPVCH TRHIAL, AN AL AL RN Sh i
W, FHT B 1 A PH B8 S S B IR AR
AN R RAFE G HE3AS, JESJAE A S emIR A IUIAE
SMCRAERTMK BB, SRR M TR 12V
B AR ARSI N AR, IR A —fLIGIRE T,
FRMIFE IR AR AL, FEIRT BRI AIL, REE
B0, 10, 20 minf¥ A (] 8] 7 A SO mLyE S g4 HK
FEAMR, REHMBI3 R LSE TR AR, #iHs0
mLAAF TSRS H RGE SRR SR 2 A R
i) ) eI PSR = AT . SRR B 1
RCEAEE TR H BRAD ), SREER A 7E 1 7F8:00-10:00
M, OEEERAEIR, BN ER, FURCRE
SRERHIAEL0 em Y+ 35810 B FBEZ LS K,
It KA A (WEPS) P, CH,MIN,O,
AR TR i 280008 i Agilent 7890A S AH (1 11
FE, CHAZS NFID, R EE300 °C, #3760 C,
BTN 9=99.999 %i Al A<, W30 mL-min” ; N,O
K &8 MECD, K300 *C, 60 T, #H<
H9=99.999 Yo 2 HBE (95% < +5%HHE ) |
W40 mL-min” . SAHEGE B AR IT

F=pxhxd/d>x273/(273+T ) ! (1)

KPP EHEGE R (pgrm™h) 5 plbnife
IRE TR (kgm™) 3 b RRERH 1
(m) 5 d/d B [E] NRAEAR SR IR FR 34K
AR 273N IR TR REES R R AR
FENBTFRERE (C) .
1.3 I EHEAL 2

K HMicrosoft Excel 20075} 3 uE4 AL FE Fn2s
&, CHFIN,OHEGH 5 A U I 34~ 51 42 734
H M bR ZE R, 2B P 3 HERGE 2534
A 110 XU st 1) (o] B I AS - 340 J P34 3
B R I SPSS11.5 G bR A4 i 47 T 22 40 Al il i 2%
% ( Duncanik ).
2 HRERH
2.1 TEFEEMXEBRESZCH AN

IR RACAERG H RAE R R A B CH, HERGE 21
ZATAE LI 2, L 2 W] LA, R H24EZS CH,
Hepom EARA%, I H 2w aE, HEGE &7
-85.5~94.7 ug-m>h" Z[A], ACEEAET CH, HEl
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Fig.2 The seasonal variation of CHy fluxes
under different upland crops cultivation
CK FIRRIN, T1 R E R, T2 FOR BT, T3 FRAL /N, T4
FoRMH. TR

ToRA WAL, (HAE 11 Aa) 2 12 A EAERAEL
W1 CH, HERCA A — 2 D i B, X nl g &
IKFEWCIR 5 3 FK S RN O, KR Fe ARG 2
YEZ CH, 34 HEGE P 2 e (T4 ) >R
(T2)>Z/NE(T3) >% =9 (T1) >KH(CK),
S HEBGE AR N 8.96. 7.19. 6.94. 6.52 Fi1 6.02
ugm>h' (%£2) .

MWIEARAMEZ: CH, B HERCRE: (£ 2) KA,
2009-2010 AFEFAEAFEYX CHy 22705 S HE R A7
TERE 520 (P<<0.01), DL T4 4bBi ki K, CHy
ZA BHECR AT 432 mgm?, WEE T HAMAL
B, OHYON T2 4038, EHEE R 347 mgrm”, 5
T3 A1 T1 bFEERAR, HEZEEST CKAAHE, &
LEBEPL CK f) CHy Z 15 bR /)y, EHERCE N
29.0 mg'm?, T4, T2. T3. T1 ZLFR4M5I% CK 14
hn CH, HEfL 142, 5.7, 4.5 F12.5 mgm™, @S
HIh 49%., 20%. 6%F1 9%, HEfHANER T2, T3,
T4 Rb PRS2 He At FH ZUIE A8 CK AN T1 8841 CH, FE

FR2 KERIEREEEEFCHMNOH S
Table 2 CH4 and N,O emission fluxes under different upland

crops cultivation during upland-growing season

CH, 34 CH, Z=15 N,O -1y N,O ZEY

AhEL HERGERY  BHERcR/  HERGERY  EHice/
(ugm?h)  (mgm?  egm*hH  (mgm?
CK 6.02 ¢ 29.0c¢ 15.3d 73.9d
Tl 6.52 be 31.5bc 13.6d 65.7d
T2 7.19b 347b 340c 164.0 ¢
T3 6.94 be 33.5bc 52.5b 2533b
T4 8.96a 432a 61.1a 294.7 a

[FIZ 3 SC/NE FREA R R AR BRI 22 53 25 (P < 0.05). FIH]

23 %, XERB, SREERIRNMLE, KERAER
HREEMEAFEY (Fad, BEw | L/NE
FHEE ) SRR RN T CH, 2715 BHEi
RE Bt F S T RAEZE CH, HEL -
22 FIEREMEWITRIESNOHER RIS 0E
KRR H RERF A FED N N0 HE
JE AR — 2 (K] 3 ), HAEFIREK XS
N,O HER W B A, ANt EAE ) CK A
T1 A2 NLO HEBE I AR FEARAK T, HE il & 7E-37.1
ZF 63.3 pgm>h! Z], T N,O HE B, i
(B H AT BB Y B A 48 NL,O B 484k
WAGR A TR Ny (KT 13 A S HECR
2009-2010 4FEAEH 2/EZ:, T2, T3, T4 ABAEFPRL
AR NEFRSAED IS 30 d N3 HE—1H
W NO HEBGRE G, X AT B2 it FH I8 5 R FR T
H; T2 4bBEAE 2010 4F 4 A 2 H HB— N0 HEjk
g, TITHES 3 H AR B — RN E SE B i R
RIGHEASE; T3 ALPRTE 2010 4F 4 A a) i Bl—
A NLO HEGE G, ATRESE 4 A 4 H A& /Nt 2k
O PR B 45 5 s T4 ACFRINFE 2010 4E09 3 A FA)
a4 A A BB A NLO HECE %, T RE
MR ZE R BT . MR 2 TR, K5
AR I 2ERFMEARED R N.O F3HERGH
HINFEI N : T4(61.1 pgm™h' ) >T3(52.5

—A— CK —%—T] —8—T2 —6—T3 —¢—T4

400
—_
e 300
e
g
2 200
=
il
i
= 100
jern
=
)
z 0
-100
= =) =N % =) =N =N %
T 0T % % T 3 g 3
—_ [ — (] [sa) < v O
n n < < < < < <
=N =) =) = =) = =) =)
=) S = = — = — —
S S o = o = o o
Q Q Q Q Q Q Q Q
H3

E3 REFMHERRENNOHMEENETEN
Fig. 3 The seasonal variation of N,O fluxes under different upland crops

cultivation

pgm?>h!) >T2 (340 pgm*h') >CK (153
pgm>h?') >T1 (13.6 pgm™>h") .

KR FAERS H RAESF A FED X N,0 2
W RHEBCRE A R E N (P<0.01, £ 2), A
AEHLEAEZR NLO AR T4, T3, T2, CK
T, HEEA N 2947, 253.3. 164.0. 73.9
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M 65.7 mg-m™, N,O SHERC B 0 e 19 i i
i, HEAHENER T4, T3 M1 T2 4 N,O SHEKL
Y EERTAREAN CK M T1 4B, ZAEH
W) T4 A1 T3 ABREA i it U IR Y T2
REPR, BMEZE T4, T3 FI T2 2P CK B4
N>O HEL 299% . 243%F1 122%, AbFR[E] )25 715
P EKF (P<0.05) , T1 A3 CK 3/ N,O
HERL 1%, ZRRE B EKF (P>0.05) . i Fid
HH, BN U A K A YRR T 24E 2 NL,O
ZAY AR, YRR AT NLO 275 iR
Ei K.
23 KEHETEHREESCHMNOHE MK &M
FSES
YEARRDK A AE T =T A8 S2AE TR CH, HiikE

5 M 55K FLBRAE (WFPS) 110 cm Hiif
IR AT R (38 3), £ A0PEA CH, HERGHE 25
WFPS 2 g & s il i 3 IE A E (r = 0391%~
0.629%* ) , [ 10 cm MR 2 TiAHSE, HAKXRE
FK, R HHOK I R AE R EZ CH,
Hilom SRR R, R AR R
CH, AR B FA , X 5 F A 40—,
AEKFEEAET R TR EES N0 Hius &S
WEPS 2740, 5 10 cm MR 2 IEAX, B T4
AR TG AH O 2R B0 B KA, Hop AL R A O
FREOE B B R K (7 = 0.369%~0.494%* ) |
VLIRS SAE T, A8 L RAEZE NLO HERGHE Fif
ZH BB HF RN, MAEE AR, B
S INZAER A AR R B R THRAEZ NL,O HERGHE &
Bl - 35K o S e i s D, R SRR A T
i hn, X5 Smith 17 A2l SI% 52 1 - g
FIRFFEa AR TR

#®3 CHy. NyOHFUBES TIEF/KFLBEEMN10 cmittiRAIHX REL

Table 3 Correlation coefficients between CH,, N>O fluxes and WFPS
or soil temperature of 10 cm depth (T)

WP r(CH4WFPS) 7 (CH4T)  r(N,O,WFPS) (N0, T)
CK 0.405%* -0.362 -0.372* 0.485%*
Tl 0.487%* -0.293 -0.439* 0.369*
T2 0.629%* -0.326 -0.420* 0.423%*
T3 0.438* -0.232 -0.390* 0.494**
T4 0.391* -0.207 -0.352 0.366

n=28, *P<0.05, **P<0.01

24 KEREFEHEEFHMCHMNONEZE IR

BRI (GWP ) —BAE AR hRAAL
AR R 2 SRS M RGN, DL COL 1R
HSFESR, TE 100 a BFEIRUE L, B4 FifE CHy
1 N,O 9 GWP 48311 CO, 1 25 1 298 132 1t
THEIK FACAERS T A E A AS RV E D HE i CH, A1

NLO = A: TR0 (CO, M) o F& 4 ],
HALFLL T4 SIS FEN R, 18F] CO, 889
kg-hm?, & FHAMAIE (P<0.05), T3 ZbFH
SR CO, 763 kgthm?, BEET T1. T2
1 CK AbFE ( P<0.05), T2 AbFHAY SR TS 2
BT T1 A CK AbH (P<0.05) , AR T1
CK A3 SR #a/ ), TR EES (P
>0.05) . & 4 0v]LIFEH, KERIERHRE
ZEHER Y NoO X iR v A i sk e i CHL,
I A L IRHERT 42

F4 KEBERIEEEEESMEARREYWHEMCHAMN,OR LR E R
Table 4 Global warming potentials of CH4 and N,O
under different upland crops cultivation

SEIEESY (kg CO,-hm™)

o CH,4 N,O &it
CK 73 ¢ 220d 227d
T1 7.9 be 196 d 204 d
T2 8.7b 489 ¢ 498 ¢
T3 8.4 be 755b 763 b
T4 108 a 878 a 889 a
3 itig

A1 CH, HEHUR T4 CHy ™A | A AL i
g, BEAMTSE R, MIREZEM CH,
HER AR S R RS CH, 55
(3200 ARG Xt 7K S48 /A8 T AR ZE M RS
CH, HE A A g 25 b i 7 A VR 2R CH, HEil
BAR, HEOE E1E-85.5 & 94.7 ug'm b Z Ja], {H
HZ MHER R AE 29.0 & 432 mgm™ Z[E( £ 2),
JERS CH EH IR, X Sar A2 g mr g 461
e, SRERKNML, KEA/ER TS
YEEMHEAEY) (R ade, BAZR | Z/NERNH
) BPARIRRE RN T CH, 297 Bk, X5
WK RGBT 5 45 AR, 5 R i <
XA A RAE R AR 4518 — 8. AR LR
B, RIEREHE I T 2462 CH, Hiik, HJEPEA]
AEJE : TEMUIARTR A CH, 55 1F T, B AIEE ™ 52
DA CAPRZE ) X 1Ak CH, A &R E1
MFERRP, RE AR AR, RRKITTF
Tk AR I VRS 2 A 2 A, SR
PRZ RN 05t FH AT RE DD T % P4 22 - 3 4A Ak
CH, I, [N T CH4 HERL

3R Y R AL A R i A R AR D NL,O
M) EZORUR, HHER R AR . BRI
A it S [ g e D4 71623260 s i BLUE SR NL,0
HE = T il R E R A S K (5K ) 256
VERI 4 SR101022) - WAHF SR 45 3 F, KRS
M VRSP R A 7 A/ N RIS S E Y et
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BB AL S BN (F5) 724 N0 HER i)
JUREER, A L B A E 2R R AR AR 48
AEBRERAEZE N,O HERL AERFRAR K HICHER
WP, XS ET BT A R — 2O ABIEST i
—HUFSE T AR H N,O HE = Bt S0 24 Jin iy 3
TNEEET At R s AR SR Y NL,O 2
7 A I L TR /N R B, T B
S b e ad R e R UM U (A R - A
i, AR s AR B R T3 NLO K
Hege, WA FTRESIHEEEY H B A K L B A
Koo HFMZERZERL AT FE A E (H
MR ) FETFAESE B W e M AR, ISR e e niE
KR ITEM, B R E A TEH R
SETEM AR R A LN EIF AR B R, HAE
- FE i B H R AR Sy SR MRS AL R
it i PR 1 45, RN T NLO HEi, B
PUHI T RABFIT

AT 5% X 7K R FRAE RS H AR B HE i CHL AN, O
A TR 2 AN —— BRI EVEA (GWP) [953HT
ZERFRW, SAERI SRR SRR >4/
HSBEESIRN>ERTE (£4) , G55 N
PRAG RN FH K, /R e e it A 2k 1 T Ak
KINFE | AR R R =3 F T KT
UK ARG R E TR SO . AR SO FEIE
YIRRE 251 N OHE AR RS AR 2 500 ke
F Ve EME S LA OB G5B ARAT, X R
F YT EF K A VRS FEBNOW R A
AR SCRIFSE . MATRES I B 25 ok, 3 M F
FH 521 25 1R B 5 A RS 2108 /D NLO AT CHL HE i B
R . HAR SR =S8 hr, AR Mg
ZHECH AN, O = A IR =R . I, FELEA
RYPERE ST . BBRREE LA e - SR R 7 Sl
T, AT K SRR T AR 25 B IR 2 00
et — A HR3) .
4 ZHig

K B e T SR 2 CHL HE O = 8%, T
NoOHEHL 5 g W 8, ol AS [ 4 0 3of 8 11 A 2
CH, AN, O A HE U B 52 i ik 24 & K (P<
0.01), FIAEIHZE. B K/NEFERIAICH,
Z A5 R 23501 Fe X B AR PR3 i CHL HE 0 49%
20% ., 6%F19% , NoOHE it Fif 2N FH F2: (4 386 i iy
T, RIS . AN FIEASE B B NLOZE Y B HE
T ELIR PR ITNLOFE#299% . 243%H1122%
PR AS TRV 40 % e F R0 2 HE i CHL AN, OTE B Y
BB EHAE W B E (P<0.01), FlEMZ., &
/INFE T B R A g T SRR A it R ) R A TR
HH S 38 K R VRS SRS IR =200, At

L6 L HORIR R AL B SO EVE R B E 2 R (P>
0.05 ). TER R A PRMEA/ N | ANilRES
(SR B P o S o e S AR 7 e (N (R
FH A Pl 2K

Brigt: AH 0 Sh R I RAF AR P A 2] TN Rk BR
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Effects of different upland crops cultivation on CH,; and N,O emissions during
upland-growing season from paddy rice-upland crop rotation field

ZHANG Yuefang'?, ZHENG Jianchu™*, CHEN Liugen'?, ZHU Puping'?, SHEN Jing'?, WANG Zichen'?

1. Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China

2. Circular Agriculture Research Center, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China

Abstract: Although carbon dioxide (CO,) is by far the most abundant greenhouse gas, methane (CH,4) and nitrous oxide (N,0) are
also important because of their unique radiative properties and long residence time in the atmosphere resulting in global warming
potentials (GWPs) of 298 and 25 times that of CO,, respectively. Though much research has focused on CH4 and N,O emissions
under various agricultural managements (such as soil tillage, crop straw management, water regime, fertilizers, et al), the impact of
crop cultivation on CH; and N,O emission is currently not well documented. By using static chamber/gas chromatographic
techniques, this paper studied the different upland crops cultivation on CH4 and N,O emissions during upland-growing season from
paddy rice-upland crop rotation field, including Chinese milk vetch (T1), ryegrass (T2), winter wheat (T3) and rape (T4), with fallow
as control (CK). The results showed that paddy field was a weak source of atmospheric CH, and an obvious source of atmospheric
N,O as well during upland-growing season. The order of seasonal CH, fluxes was T4 > T2 > T3 > T1 > CK (mean 8.96, 7.19, 6.94,
6.52 and 6.02 pg'm™>h"', respectively), while seasonal mean N,O fluxes were: T4 (61.1 pg-m>-h™") > T3 (52.5 pg-m>-h’) > T2 (34.0
pg'm>h') > CK (15.3 pg'm™>h™") > T1 (13.6 pgrm™-h™). Total CH, and N,O emissions were significantly influenced by upland
crops cultivation during upland-growing season (P<0.01). T4 had the highest total CH, and N,O emissions during upland-growing
season, with 43.2 and 294.7 mg-m™, respectively. Compared with CK, T4 increased total CH, and N,O emissions by 49% and 299%,
respectively. T4, T3 and T2 significantly increased GWPs of CH4 and N,O during upland-growing season in contrast with CK
(P<0.05). The results of this preliminary study suggest that GWPs of CH4 and N,O were significantly promoted by planting rape,
winter wheat and ryegrass due to nitrogen fertilizer application during upland-growing season from paddy rice-upland crop rotation
field.

Key words: paddy rice-upland crop rotation; CH, and N,O emissions; global warming potential; paddy field; upland-growing season



