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Analysis of the Characteristics of Nitrous Oxide Emissions from a Winter Wheat—Green Onion Rotation Sys—
tem and the Influencing Factors

ZHANG Jing, LI Hu, WANG Li-gang’, QIU Jian—jun

(Institute of Agricultural Resources and Regional Planning,Chinese Academy of Agricultural Sciences,Beijing 100081,China)

Abstract: Quantifying greenhouse gas(GHG ) emissions and searching for appropriate mitigation measures have become a relatively hot issue

in international global climate change studies. Therefore, understanding the impacts of human activities on greenhouse gas emissions from
productive soils is vital for mitigating negative effects on climate change. In this paper, N,O emissions in winter wheat—green onion rotation

system were observed using static opaque chamber/gas chromatography(GC) method. The effects of relative environmental factors such as

soil moisture and temperature etc. on N,O emissions were also discussed. The results indicated that the observed N,O emissions peaks fol—
lowed each time of fertilizer application and irrigation or heavy rainfall. The frequency of the peaks in green onion growing season was higher
than that in winter wheat. The highest N,O emission flux was observed in green onion growing season with 507.11 pwg N-m2-h™. Annual cu—

mulative N,O emissions in the 5 treatments of Control (CK), farmer’s practice(FP), optimized fertilization (OPT), optimized fertilization +re—
ducing fertilizer(OPT-N), and straw returned (C/N) were 1.71, 4.6, 3.62, 3.24 kg N-hm™ and 3.02 kg N-hm™, respectively. The annual

emission factor(EF) of N fertilizer ranged from 0.31% to 0.48%, with an average of 0.43%. The OPT-N and C/N treatments could reduce N,O

emissions by 10% and 17%, respectively, comparing with OPT treatment. But the C/N treatment was regarded as the best management prac—
tice because it not only had significantly effect on reducing N,O emissions, but also maintaining crop yield. Multiple regression analysis re—
vealed that soil temperature and soil moisture( WFPS) were also the factors affecting N,O emissions besides nitrogen fertilizer. When soil

temperature changed in the range of 10~20 °C, N,O emissions increased greatly with temperature rise, but soil temperature changed in the
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range of 20~30 °C, soil moisture(WFPS) became a limiting factor and there was a significant positive correlation between N,0 emissions and

soil moisture(WFPS). We expect these efforts will provide basic data for accurately predicting N,O emissions at regional scales that are at—

tracting more attention across China.

Keywords: nitrous oxide emissions; winter wheat—green onion rotation; influencing factors
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Table 1 The soil basic agro—chemical properties for this study

R fom ﬁml{ﬁ/ éﬁ/ fﬁi&ﬁ}ﬁ/ ﬁi‘kﬁi/ o
g-kg g-kg mg-kg™ mg-kg™

0~20 21.7 0.40 75 13349 837

20~40 184 0.64 3.6 99.54 8.77

40~60 14.3 0.53 3.2 100.27 8.61

60~80 12.1 0.48 3.2 112.32 8.51

1.2 X5 i&it

AR L HAEE AT T 2a (2008 4F 6 AFFH)
B REAHRIE AT, ANXTEFR 27 m?(3 mx9 m), A%
K 2010 4F 10 A Z 2011 4E 11 A B NI R . iR56
WE 1N EX A 4 MR . CK AR ARHER
HE, TCREFF A H s FP Ab3 R Ak R 37 5t AE , ZAE it
/2 600 kg N-hm™>; OPT b3 AL HEAE , AL AE
B2 430 kg N+-hm2; OPT-N A3 R4 AL s ARG AE , 5
Rt P B 2 330 kg N-hm?; C/N AbFLE7E OPT 4bFHfY
Fefl B/NEFREFHAH 225 t-hm (5 A& 9 kg N-hm?,
N ETERMERES ). HH FP.OPT 5 OPT-N b3
Bk A IEHE MRS EYS CK MR, KE4
K Zfx CK AbFRAN , Hoft 4 b 3R & Hi A HLIE (&K
BH 52%18XGZE)6 t-hm? (FAEE 57 kg N-hm?),
B E 3 RER CRAMILX 4. ZER
PR ZE TS BR — 4% (N46% F11 P,0s18% ) , 4 HE Sy S AL 4
(K,0 60% ), 3% P Ff AT R 43 ZEAE FE AEME A , Horp ik
FERRFEL AR HEA BN 2,
1.3 SERESHH

HH () SABRURE SR FH B A A — S G D 8 1R
ERAABCER . FEREANERR A, F AR R
A 75 emx75 cmx50 cm, X FERARIEKZITRIEE A
75 em TR, DAORIERS 2 BURE D 2 S MAE & B A
R, REWVNS R T R AR 2 . BRI
ANEREEEREE T LT, BMERFENVAHEBI,



55 31 B2 8

SR U 1641

R2 BENPREENE (kg N-hm™)

Table 2 The rates of nitrogen fertilizer for each time(kg N+hm™)

N K& -
Abs ‘ B
B B 2011/6/24 2011/8/9 2011/8/29 2011/9/21

CK 0 0 0 0 0 0 0
FP 60 120 59 29 121 211 600
OPT 50 100 23 23 37 197 430
OPT-N 40 80 23 23 37 127 330
C/N 50 100 23 23 37 197 430

SKRERT ] —TE_E4F- 9:00—11:00 HHT, 3% —BFER Y
HEWGHE &5 H V-3 84 2 5 H R ErEsE SRR
SRAE R O TP B 00 2% DY &) A U1 v, oK 28 &, F0A8
J& F 100 mL %8} 1 5428 F 0.8.16.24.32 min FHEL
BNAE, FEWM 15 com REMEKB S KE
(TRIME-PICO 64)#1 5 cm YREE Y H1EIE . SRER
SRR G R SR g (36 B L HEA A w1y
T890A )ME N,O MRFE . RN Sy - H B R 1
1R, AR S S B 1 A, HE R Rk v J i B2 HURE 3
d, AR EARAEVEYIAE £ AR 15 AR08 X AR E
SEEETAEARXN:
de 273 P

F=pH 4 5737 P,

K F Ry BERS AR (N0)HEBGE 2 (mg NO-m2+h™);
p AARERSIRE TSR E (g L) s H MR
SERE (em) ;de/de A RAFEFE N ANE BE 1928 fL 3R
R P AT 43 3 A RAE s A S AR B SEBR FE 7 AR
JE s Py AAMER SRS

SAHER R BT LI (B AN AR I H P4
BITEMEZ H Zn158], {84 SPSS16.0 Giit kit
FIARIAL IR 22 5 B R, N0 il & 55
i) PR R 22 B A9 56 2R R FH R e AR ik BR 4047 o

2 ERE5H51

2.1 NO B FHERUHIE

MM IR BEA IR R B AR I SE R E N0
HE 2B B A Z 1 sh A, H Ak g 3= 52
e B UCEAE L . FEBR A TR TR 2 5 ) — B
AN 1)

N0 HEiloE 22 b5 -3.85~507.11 pgN-m>h,
P HERGE RN 251.63 pg Nom?+h'  FERZER T,
T REAC MR, R A R SR R
HBLT HCRSEER A N,O HER R, e HEBOE & H BUHE

9 H 26 HAA, HAPLIRRIHELE N0 HEK
WEEE,5F) 507.11 pg N-m2-h' A FREA K
Z, ZNFEAEKZE N0 HE s>, N0 HEBGE &
WEAE H IRTERK R P A B AR 0, B HERS
EEAE B A TR A4 K 2  Ding e IR/ NE/
FKEAE HI A EE B , B EHE S | B AINLO HE
ERRSERT I 208 1~2 J& e, RAEK S
R AE G A B B A 5 3 N0 RrekHEmnt
AR, 202 10~15 d,

2.2 NO HE B EMHEN R E

M N0 HEBUR SRR , KA K ZEL M N0
Ho R B B S TA/NEEKZE(P0.01), A%
B & /NERANE R AR N0 HElE
ATF 0.64~1.23 kg N-hm™ Z [i] , B K TP IR 5
HAWPIRA/ N IR ERFAE (i & R 600 kg N+hm?)
FOI RN 2.67 kg N-hm?; RZAE K ZFEARLE N0
HE A BT 1.06~3.34 kg N-hm™ 2Z ],

A RS AL HE N0 4EHERUS B &R R CK
AbFE 171 kg N-hm?, BFMRTHM 4 MbH (P<
0.01) ; B B AR R IR AL B (FP) , AR HEGA B 4.60
kg N-hm?, i & & T HAth 3 403 (P<0.01) (3 3),
RALIEA (OPT-N) 2 B 7E 4L (OPT) Y ZEilh | ¢
EHE R 23% , N0 HEBUSR B 1T10%, FEFFE
HAEE (C/N)N,O Hijl b2 AR B> T 17%,
AR B ST AR AL RS/ T 34% , B AL AE AL IR
MFEFFIEH 3 NMEBEINO HE B B TR E M2
F(P>0.05),

HEARBAEAR T  FEE AR N0 Hek &
WA, FE Z 0 2T LA XX R (B
2), IPCC(2006 )% [FIHA A i AL AE &0 I 5 2 /Y N,O-
N HE & o SR B 0 E 2 HE XA N0 HEjik R 3
(Emission Factor, EF), Ff#E34LAER A NO-N HEK
RECH 1.0%"9, ABFFE I A/NE KRB FAE N0 HEK
REANTF 0.31%~0.48%2 [0 (F 3), F¥IH 043%, 5
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Figure 1 N,O emissions from winter wheat—green onion rotation field and daily precipitation and irrigation

(\represents the application date of fertilizers )

R 3 AEHEIEALE NO HE R EFHEH R E

Table 3 Cumulative N,O emissions and emission factors

for each treatment
e WA N,O/kg N-hm™ Hik Z %0 %
kg N-hm>-a™ Yl SE Yl SE
CK 0 1.71c 0.16
FP 600 4.60a 0.31 0.48 0.06
OPT 430 3.62b 0.14 045 0.06
OPT-N 330 3.24b 0.14 0.47 0.05
C/N 430 3.02b 0.19 0.31 0.03
6.0 -
¥=0.004x+1.627
® 501 R=0910
g
= 40}
z
=19
= 30
%
220k
= s
=3
z 101
0 : : : ;
0 200 400 600 800

A B /kg N-hm?-a™
B2 EINEXRBERIENOHHEESHEENXER

Figure 2 Correlation between the total N,O emissions and the rate

of nitroge

n fertilizer
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FIH) ZWOER (E 3, 1), N0 HEf# 5 5 cm 11 (10 °C
<T,<20 C)FFTERZE TR BOEMR (K 4).

£ 2010 4FJE %] 2011 4F 9 A X —BHHA NO HE
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Bl TEE BT = (B 3) IR EEASZ PRI N0 F= A HEK
MEEIRE . 556, T AE YIS tEBR 2 R A
AT Z HALR R (H R E SR RS ) R, 1T g
i 1 IR AR
2.3.2 T EERE (WFPS)HY5

3 B AR Ak B R T R HEE AR |
AEYIEER N0 7= A THFE S AZ a2, iKW
WA A, /NZE A K ZE 0~15 em 3 WFPS 284k T N
44%~80% (& 3) , -3 Bl 68.3% , BN /NEA:
K2 N0 Hijc kil 3808 B A9 w3, Hix %) 0.05
() TR o WA KA E K ZE N0 BE S HHESK
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Figure 3 Seasonal variation in soil temperature and soil moisture( WFPS) from experimental plots

R4 FELE NO HiEE(FH) 5 LERE(T)EIFHXER
Table 4 Correlation between N,O flux(F) and soil temperature(T,)

in the different treatments

BB WHE n P R I
I CK 18 <001 061 F=1.85¢™"
FP 18 <001 062 F=4.68¢™"
OPT 18 <001 065 F=4.88¢"%
OPT-N 18 <001 072 F=4.38¢"%
C/N 18 <001 065 F=4.95¢"%
m CK 31 <001 055 F=3.06e"
FP 31 <001 053 F=2.44¢".
OPT 31 <001 057 F=0.90e">"
OPT-N 31 <001 054 F=4.60e""
C/N 31 <001 051 F=1.16¢">"

T :n R TR AL, P A AR, R S B ARBRAHC R B, 10 C<Ti<
20 °C,
Note:n is the number of observations, P is correlation probabilities, R

is the Pearson coefficients, 10 C<7,<20 °C.

EMEE TR, I KR A BE(P>0.05),HE2
MRZEBREM(6 A TR ZRAL RO HH
A]), X B E] (20 C<T'<30 C) 9 N0 HEjik 5 H 31
2 AR E 2 R BUEAH R KR (P<0.01)

3 itig

AP LERET AR R BT &/ EIR
BARARIR R 2AF NO HEBURFE , LI s 7R BR AL
Ja 10~15 d P N,O t BUE A B A HETBOIE S, HoAt ik 1
HRAL T HARBIHRHOK S AR B S BB AEALEE N,O HETK
EEH 4.60 kg N-hm?, #f HL T /N2 /H FTOKFEAFAR
3, XGRS IMETTSF LI ) 4.4 kg N-hm B
Y, 5&/NEERTMIL, BARANETHE
(3209 150 d), HRRZAERKIMEIEER, HAEHRR
w, ERBAERZREEE K& Ee (8 3), Hik
REERKZ N0 HEoR EAHBEA LS/ PEERK
FR, XGIMETTFMPRFRTL/NE/E R
BA/H LS N0 H S BB BRI KRG LH
F).I"%g[lils]o

RUEREFRIEHEAR H NO He i E 2N, N0
HecE 5 AR B 2 PR B R R, BB
N0 HE R B 12 T XA 23R K H N0 HEjik
AR gH WSV RIRE , AT NOHE
AR BCFRE R 0.43% , i TEL/NE A KR ZE ) N.O
HE R BN 0.3%, TERBERFR NO HERECH
0.4% , A% T H Al E br_E 3w A AT 1%~1.25%11,
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HEIE R B A IEA S e R R A — 2 IR
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BT 20~30 CZIH], A Y9 i) Bol H L
B, K& EBOVRGBIE T, FHit NO HcE RS
WFPS 2 8 EHEEUEMS ;78 10 C<T,<20 CHY T30
FEVERIA, Rk S BB/ 3), iR
o ERGEMEAE T, HEERENTR, 1%
N0 HEcGE &t 2 E 3 b
HHEEFAR RS (FP) AR, AL R HE (OPT) F
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Figure 4 Yield of wheat( I ) and green onion yield( I)

for each treatment

FERORPRL, KAV EEER ), 3 FliEACHE 5 T A1 =
BIEEZR(P>0.05), ik R NO HE#U
B8 E S TR AC AR AU A 3, R A BA T Y
KRBT R —E AR >,

FEAT 38 H e HH 13 N,O HEfK i B2 i S5 75 FF it
FHE FEFFHE A 7 2R DL A FT C/N HA 2, Zhang
ORI R R G R R/ N ER AR HAE E £
KRN T 16.6%H) N0 HEik , {756 BF5E 5
5 C/N HRY/NEREFF X 38 N,O Y E B HEE R
INEE B LTRAL N0 BIHER™Y, ZEARBFZEH , HEXTF AR
ALBRTT 5, /NEREFTAE AL FE N0 HE R B T
17% , i KA 7= & (B )M T 13%, HFEFFE A3
INEFIRZ &3 02 = T HA 3 ME 3 (P<0.05),
RI N B R HE B . HATAE R AR
it 2R B R TR AR Xt RUK R i i C/N
H RS FFRES IR R R A E R, R
VX RS AL A A A R A7 2, AT NLO Y HE
T, B, A SR B E Y FE S R T A
FFik B MR 2= S ARHE B B AL, XA 2k
N,O Hujilt A B4 s FAEFI R BB TEEE X,

HEARBGE R, KA K43 N0 #2400
INE R 245, BEES BRI/ NE KX FEY
BT RN L ERBAR GBS/ NELS
45 d fy2EA A, R AR SR UF A/ N R R 28 A bR AR
RETEE, HTFEMKRENS , AELAEYR
SREF A1, 1H N0 HER B B4 5 2 FHU R B /Y
25%, EAERAXAERIEEFIR BT W, TE 0
INEEEAR NEEMES (HEBREENAXE
YRR TR EREHGR TR R . WAk, TR
EREHEBEBRRKNERES, U SR FES
EE R R EAE R — 2RI,

4 #ig

(1) Z/NEIRBFAEERR N0 24FEF T HE
ME RS, RAAKZE N0 HEBuEs
A, — R E] S 10~15 d, R HEk %4 507.11
pg N-m?-h™; Ti/hEAKZE N0 HiE s, B
HEmC AR XT B, R BAE R Rt E 3 AR PRI
B

(2)&/NZEIRBRAERZ NO BEEAR R
F 0.31%~0.48% 2 |a] , SEH{E H 0.43% , ik FIPCC
BN 1.0%, WNHEBCRERE, ARGEAEA I
N0 HEUR B F 3.02~4.6 kg N-hm? Z[A], SRR
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