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Nitrous oxide emissions from winter wheat field in the Loess Plateau
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Abstract: Knowledge on nitrous oxide (N,0) emissions from agricultural soils in semiarid regions is required for better
understanding global terrestrial N, O losses. Nitrous oxide fluxes from winter wheat fields in the semi-arid Loess Plateau of
China were monitored using static chambers from 1 July 2007 to 30 June 2009 at biweekly intervals. After nitrogen fertilizer
application, tillage, summer rainfall and during freezing and thawing cycles, additional measurements were conducted.
There were two treatments, with or without winter wheat growing (referred to as WF, and WF__, respectively). The results
showed that there was no significant difference between two years for both treatments (P<0.05). The annual average N,O
emissions from WF, and WF_ were 2. 05 kg+N,0-hm™-a™" and 2. 28 kg-N,0-hm?-a™', respectively. The average
emission factor for WF, and WF_ were 0.946% and 1.05% , respectively (uncorrected for background emission). The
emission factor for WF, was about one third (32.2% ) lower than the default value provided by the Intergovernmental Panel
on Climate Change for the application of synthetic fertilizers to cropland(1.25% ). Therefore, the amount of N,O emissions
from the semiarid wheat field may be overestimated without using regional-specific factor. Seasonal variations in N,O
emissions were mainly affected by the short-time events including freeze and thaw cycles, nitrogen fertilizer application,

tillage and summer rainfall. The greatest N,O fluxes of WF_ occurred during the freeze and thaw cycles of 2008 ( February
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29) with the value of 179.58 g+N,0-m™h™". In comparison, the peak values of N,0 emission from WF, occurred after
tillage, fertilization and during continuous rainfall at the beginning of October, 2007, with the value of 93.4 g-N,0-m™>h™".
There was significant correlation between N,O fluxes from the WF, and soil temperature ( P <0. 0l ), ambient air
temperature ( P<0.01) and water field pore space (WFPS) (P<0.05). The results of stepwise multiple linear regression
showed that soil temperature and WFPS could be identified as the key factors determining the temporal variability of N,0
fluxes from the WF, and accounted for 16.9% of the temporal variation. However, for the WF__ treatment, N, O fluxes were
not correlated with any of these environmental and soil factors. Soil WFPS in the WF, and the WF_ was always below 60%
except for during freeze-thaw in 2008and immediately after heavy rainfall, suggesting that nitrification was the important

source of N,O in this region.

Key Words: the Loess Plateau; winter wheat field; nitrous oxide; nitrogen fertilizer
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Fig. 1 Daily mean air temperature and precipitation in Changwu Agri-ecological Station

ke/hm? (A 46% ) , I WEIRES 750 ke/hm® . B4 4 AP A N THIEE 6 H T a) G I RO N 7
AR ERE K /N2 SR AE A R B 398 A0S Tt 0. 49 kg/hm® , B A9 4 /N 22 (Triticum aestivum ) iy
PO R 58, & 2 MEIR, A /NE W (A/NEAAK) , Jo/NEE (/N2 2R R k) | A Ak F
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Table 1 The main physiochemical characteristics of the soil at the study sites

P +J2 +- AT HLI TR AE
= Soil layer Soil organic carbon Total nitrogen pH (H,0) Bulk density
Parameters 5
/cm /(g/kg) /(g/kg) /(g/cm’)
A /N H WFin 0—10 5.79+0.10* 0.95+0.01 8.35+0.01
10—20 5.93+0.18 0.96+0.02 8.37£0.02 1.35+0.02
20—40 4.50+0.01 0.85+0.00 8.40+0.01
Jo/NEE H WFex 0—10 6.59+0.06 0.96+0.01 8.36+0.01
10—20 5.30+0. 06 0.97+0.11 8.38+0.01 1.46+0.00
20—40 3.57+0.02 0.80+0.04 8.37+0.06

= R a I = AN RUE P e pn v 22

M 2007 4E7 H 1 HE 2009 46 J 30 HXFE 4 & /N b N,O HEBGHAT T A IAPIAEA I, N,O0 =ik
SREFIHERSFAL:, SRR KA EE 2 J 1 W MRS | B S R il sg e 0] | AR (1 R4 T s i e T e
HIRCRFERIA A, M 2008 4F 1 H 3 HE 2008 4F2 A 21 H FREE L TAMCRE, RFEER ) £k 8 7
8:00—10:00, RAAHH 5 mm JEFE B B 5w S AR B, ISR 50 emx50 em, 51K 50 em, LI B RAE A
EIEAHAMT 5 em A A A B4 RS AR 2% DU JE 0 I o, 5 K 285 8 . RARFE AR 7 26 2 SO HE/ MR
(12 V,0.5 A) JRETFA AT RAHMEEZE SRR = RA—RE 1. 5m BB (4mm x 6mm ) -
FENANTEZ RS FEE 27 min, 23 BIFHIEEAE)E 0.9 18 .27 min B AYSARRE S, BFUCRFERT PR R
SR HEBIIAS SRR T 500 mL HESAAS T, BHE 4 A AN AR AR 40 em B BRRCREERT
T R LR 09 e SR -3 0 —J6 35 TOIE BYRAEEFR (50 em x 50 ¢cm x 50 cm) BELEINEZWGR,, A, TR R IR K
FERY IR [R5 SR AE 10 em LI, 78 P90 U6 0 R 2 T2 RN 37K 53 (0—30 em) , v, 4 P L R FH /K R
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mm 4Pz ) H Porapad-Q(80—100 H )37, K& A s FHARAMER (ECD, Ni®) W% N,O Atk R 1
YL VRS S8 TR 43 3R 72°C (72°C 1 390°C , /D) €O, (6 mL/min ) S AR A7 A4RE o A 1 1) 2
B AR S, BRI =S I 1 R RIS (0—30 em) HIRIHR IBLLBEFE KR (WFPS) o
1.3 BdEadr

N, O PAEHE RIS B PR 1 N, O HERCE IR, A5 W5 AH SRSRAE H I Z 811 N, O HEjila: x, HAE(1)
A

Xll =

St (n,-,.,) (1)

A f, FER R E I E] B i fie 5 — R N, O RIS £, 2on e € I TRl B W iR — K Y N, O HEjilci: , D, =
FiE I E] B i T — K, D, AR I TR B i — K

N,O i 550, #iE (0—10 cm) A1 WFPS(0—30 cm ) A o0 #7 Fig A6 e PE 1 H , HE L R BUZ 48 LU
N, O T HER i it o BT it 0 Uit (RUIE ) M B AR SO HERCRBUR A8 — 4R 2 /2 L N, 0 B 20HE
O o5 Tt P A R (RUIE) B L], 5 ZE U R AR SO HE R BIOR A bR StHERC I HE R R A ™
LI Z 8] N, O HECE FHECRTAEAS ¢« RSt b . P s 20 A F SPSS13.0(SPSS Inc. , USA) 581,
2 GHRE5H

AN TE/INAZ B PR A B b I 1 2 AR AR T S (181 2) , HLZR s AR AR AR — B, W A B 2 ]
WA BRI S, P BR f s TR AR BULE 2008 468 A 7 H, R 26.8°C, A /INA2 M A B IG IR

0 —— i/ EH
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Fig. 2 Soil temperature of the study sites
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WFPS {E- 7] LLIAF] 60% 2247, PASAEBRAR A WEPS 1 BL7E 2009 4E(9 5 A 5 H , WFPS {EAF] 10% , 7F
2008 4EfK) 5 A 23 H , WH B TARMCK WEPS {EAE] 20% . WiSAb B WEPS {EAERA] Fi%sh Kk, HAH T
2008 4F7 H 1 H#F| 2009 4F6 H 30 HEY WFPS 15,2007 4£7 A 1 #2008 4£ 6 H 30 H AL H WFPS (H% )
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Fig. 3 WFPS of the study sites
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PR N,O ., A /M MR N,0 i H B 2007
AE 10 H 77052 b B0 1 i I A0 342 2 B TR AR 3k A (10 A
5 H),N93.4ug N,O m™>h™" [ {E 2008 4F 9 AJE/NEH
b A A 3% 22 B RN A B ep A /NZE L (JE/ N EE )
WHE T A N,0 i, 4 76.28 ug N,O m>-h™', fE
2007 47 H T ) .2008 47 HIREIMZ J5 , AT B 2 1)
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H ,2009 4¢3 H 28 HEKWKEMZ G, A/NEZ BTSN - N,0 HE o R igm,
F /AT N, 0 HECS H U (P<0.01) , IR (P<0.01) Al WEPS(P<0.05) B M (£ 2), MJ/MNEH
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M N, O HEmcremsta) Eagasfk

®2 MEHN,OBESTERERFHHEXXE

Table 2 Correlation coefficients between soil N, O fluxes and environmental parameters at the wheat field over the study period

AbPE Treatments Hoifh /°C i%‘_ﬂ@j‘ﬂﬂiﬁ/% E\?ﬂ%‘l/oc
Soil temperature(10 cm) WFPS(0—30 cm) Air temperature

H/NEH WF, 0.351 % 0.246* 0.329 "

Fe/NZ W W, 0.176 0.199 0.175

Ferp o ARERANEIRF 0. 05 B EAKT, + « fAFAMIRF] 0. 01 1) B E KT

2007 4E 7 %) 2008 4 6 H,2008 4E 7 H %] 2009 4E 6 A Jo/hFE M N,0 4EHE & AT /N EE T4y 5w
15.4% F17.18% (#£3) , A TE/NE B N, O HE R B LA /N2 H 43511 15. 4% F16.85% ., /A HE 2007 4F
7 H#] 2008 4 6 H ,2008 47 H £] 2009 4F 6 HF4ER N,O FHER I AT, Jo/N A - IAERY N, O 4EHEL
HAIEARET

®3 AMNER,TNEEN,O HHBHNRY

Table 3 Annual nitrous oxide emissions and the emission factors of the including wheat soil and the excluding wheat soil

HLES Periods N, O it/ (kg N, O-hm™2a7!) ﬁkﬁﬁz{:i&v%
Total emission Emission factor
F/hZH WFin 2007-07-01—2008-06-30 2.01 0.927*
2008-07-01—2009-06-30 2.09 0.964
P2y 2.05 0.946
T/ H WFex 2007-07-01—2008-06-30 2.32 1.07
2008-07-01—2009-06-30 2.24 1.03
Wi4EF- 1 2.28 1.05
* PR FER T S
3 itig

B T AR R RS B AR I 5, AT /N2 L RNJG /N2 T 5 b BE 38 A WRPS (38 3 #1IK T 60% , A
G DX A BT 1) 25 KA RIS () 7K R ASE 7 il 45 - 458 b DR SB35 1 Bz 381 ) B i DR i) B 45 1T AR i
N,O M7=, Ciarlo 4517 5 H N, O MHERSZ 51 - HE7K 43 1 52 i, 7E 3R AT RO 5E o s 52 & B S N, 0 HE
B RYE AR, DARTRIBESE R Y WFPS {8 63% B}, RE AL RGN, 24 WFPS {H7E 30% —70% Z.[H]
i, N, O EZ i AL S R AT R, T AHERTAE AR M X, B AR SR N, O BB E A R, TEARHIFSY
X, MR AR A 21 A AL R W B, A /N A2 HE A N, O HER i IR AR 28 A 56 (P<0. 01) . Dobbie Al
Smith'*) Zhang I Han'" Dong 45" #RIRIE T N, 0 HEHCS il s R A G, X E 2 i T Yrid i
FERURAE 1T N,O FEIE M A S 5 06 Ak SO0 FlSCRE AR ™= A 1Y

PRE I T IREME G ICSKAEAE B NH, T s Ak s iS4 R a8 i e 4, DR A S5 N, O HETis I &
Bt BHAE 9 H AN MRS B 25d, BB IINK T ORAR R 2R, 2007 AFHALIS 25d A9 N, O HERCE & 54
AE BB Y 12. 6% ,2008 AFX AN LLBIN 13.9% , 1 HARAE 9 A )/ 1 it A 1F 44 TRk 22 1 3% B
19, 3 BERT I e WEPS (EAREEIT SO T 40% | iX 2 N, O HERCH S Ay — N EE RN, Weize 272 i)
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