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Characteristic variations of N,O flux in winter wheat field under

different tillage methods
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Abstract: The N,0 emission fluxes and seasonal variations by four treatments including blank control (CK), con-
ventional tillage (CG), no tillage (CB), and straw application tillage (CJ) were sampled and measured by static cham-
ber-gas chromatographic. The soil temperature, water content, NH;" , Eh and other related factors were monitored at the
same time. The results indicated that N,O emission flux by four treatments showed significantly seasonal variations and
each treatment displayed a consistent trend. However, emission flux of the blank control were less subjective to seasonal
changes in volatility than others. In addition, during wheat growing season, all farmland treatments were N,O emission
sources. Compared with the blank control, the N,O total emission fluxes by conventional tillage, no tillage and straw ap-
plication tillage were increased by 0.89 kg-hm ™%, 0.41 kg-hm~? and 1.02 kg-hm ™2, respectively. Moreover, air tem-
perature and soil temperature at 5 cm and 10 cm layers were not related to N,O emission flux, indicating that these were
not the significant limiting factors as the wheat field N,O emissions flux. N,O emission fluxes by all treatments and soil

moisture showed a positive correlation ( P <0.035) . By comparing the relationship between precipitation and pre and post
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fertilization, it was found that N,O emissions flux could be significantly reduced by fertilization after rains. The increase

of water content caused by precipitation was the factor that affected the dramatic change of N,O emissions flux. Further-

more, no tillage and straw application tillage had the best effects on N,O emissions and wheat production among the four

treatments. For N,O abatement and wheat yield, straw application tillage is the most appropriate approach.

Keywords: N,O emission; winter wheat field; tillage methods; soil moisture; greenhouse gases; emissions reduction
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Table 1  Fertilization management

B R s Akt A 2/ (kg hm=2)
(FF-H-H) T NE R L Fertilizer application amount
Management time Fertilization
(y-m-d) N P,0s K,O
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_—
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Fig.1 Seasonal patterns in daily mean air temperature

and precipitation during the wheat season
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Table 2 Correlation analyses between N,O emission flux

and soil temperature, air temperature and WEPS

A3 Treatment Tsem T10m T WFPS
CK 0.026 0.237 0.296 0.375" "
CG 0.034 0.023 0.089 0.361" "
CB 0.097 0.117 0.048 0.354" "
CJ 0.012 0.032 0.045 0.355" "
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cm MU 5 Tgo: 10 om R 5 T2 WFPS : RHEZS BLEIKEK,

Note: * Correlation is significant at the 0.10 level; * * Correlation

is significant at the 0.05 level. Ts.,: 5 cm temperature; Tjgq,:10 cm tem-

perature; T': Air temperature; WFPS: Soil moisture rate.
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Table 3  Analyses on winter wheat N,O emission during different periods under different tillage measures

2EEH H Rl ~ =T BT ~ B
Whole growth period Sowing period to returning green period Returning green period to mature period
pg:t N
e PR R HE b b R HE e b T R HE e

Average emission flux Total emission Average emission flux Total emission Average emission flux Total emission
/(yg'm_z'h_]) /(kg'hm_z) /(yg'm_z'h_]) /(kg'hm_z) /(yg'm_z'h_]) /(kg'hm_z)

CK 7.76 +3.04b 0.74 7.33 0.32 9.55 0.42

CG 16.18 + 17.50a 1.63 11.35 0.27 26.12 1.36

CB 11.24+10.83a 1.15 9.40 0.42 16.51 0.73

CJ 17.03 +22.46a 1.76 10.28 0.45 29.68 1.31

T Al —3H a b AR TR 3R A B 8] J5 28 50 M ik B3 K (P < 0.05)

Note: Within a column a and b indicate significant difference at P <0.05 level.
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Fig.7 N,O emission from winter wheat field during different periods
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(11.24 pg=m™2+-h™ ") > HXFHE(7.76 pg-m~ 2+
h=).
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Table 4 Winter wheat yield under different tillage methods and greenhouse effect of N,O

b3 Y SR Gy R BRANY  AWFRRC RRRHRCE RS
Treatm«:ent Biological outputs Variable coefficient Economic outputs Variable coefficient Economic Emission intensity N,O
/(kg*hm=2) / % /(kg*hm~2) /% coefficient /(g-kg™") /(kg*hm=?)
CK 3889B 8.0 1439 8.2 0.37 0.51 220.52"
CG 8719A 1.6 3139 1.5 0.36 0.52 485.74*
CB 8873A 5.1 3194 6.6 0.36 0.36 342.70*
CJ 10880A 12.2 3917 13.9 0.36 0.45 524.48*

T DA RS F B AL 3 22 57 .35 (P < 0.01) 52)bRfEZE 5 FIHZ 1L 5 3) &35 1 S A 2 Lo

Note: 1) Different capital letters within a column indicate significant difference at P < 0.01 level; 2) The ratio of the standard deviation and average;

3) The ratio of the economic yield and biological yield.

TE N,O HEBOBHERINZE P it b, e FIRS A8
F A BRGS0 BB ) LL , 78 /N2 B f
N0 HEGE =g bR b RIS B> T 13.5%,
BB T 30.8% o R AT HAb BRAE /NAZ 1 7
N, O B HEPI AN T3 T A SE B0 T A IR 350, TR G ik %
W XM 5, R AR B R A 4 BOmEE X

ZNFE 18 N,O HEGRR gt B B b
A RESE B, 5 W HE R S5 0 [ 2 IR K
Oy JERL R Y A BRI S, TR R A2
BN, A& /N H N0 1977 A 32 2k R
T K 3 B AR BR T RSN, BEAKE 2
IR E IR LR, Y R RIS R, R
FE—E R B T R N0 iR MPREE
AAREHE , XA H T2 B = AR N, O 1 Wi A FLHE
R R B AR B 2L

S FIAS A 55 IE ARV T I K 5 3 Ak
BUE) A0 HADGARERRE S0 T A R8RS
SIRBIZER TSN A Z UL . &/NE 32 H 2=
R NyO FHERCIR , DR A SCES PE AN AR T BEAE
AKX AE R T & /N4 N0 HEIURAIE
FIBIFIE , AN 35 A SCH oK % 22 B 55 A 1 i = A1
(CH, . CO,) IHIERURRAE LA B & 52 R 28 AR I 2 BR
RS (CWP) AT 28 Al 5. LR ) £
B RFES ST =R E2R S RS M
DU S RIS AR LU R WG B 7 1] o FEATIA A
Tl B H R R S VR i, s A A e
HH 77 O R = AR HE O 52 k5T, i2 A R 2R 7R
B3 5 R R W R RS AR S AR HIE R A T R A e e
M, A SRR 38 7 [R] Bp s 20 N, O A HE R A4
DU 58 0 5o

B ROt E MR LK F R RS FREF ML
B R AR R A TR RS A AR R AR B 09 F B TAE %1
o R LKL TP LT 8!

& % X #:

[1] Rashad R, Deirdre H. Nitrous oxide emission from grazed grassland
under different management systems [ J]. Ecosystems, 2011, (14):
563-582.

[2] HHARSZALI(WMO). Record greenhouse gas levels impact atmo-
sphere and oceans [ EB/OL]. https://www. wmo. int/pages/media-
centre/press-releases/pr _ 1002 __ en.html. 2014 - 09 - 09.

(3] Li X, Inubushi K, Sakamota K. Nitrous oxide concentrations in an
Andisol profile and emissions to the atmosphere as influenced by the
application of nitrogen fertilizers and manure[ J| . Biol Fert Soil, 2011,
35(2):108-113.

[4] Barton L, Kiese R, Gatter D. Nitrous oxide emissions from a cropped
soil in a semi-arid climate[ J]. Glob Change Biology, 2008, 14(1):
177-192.

[5] Clough T J, Scerlock R R, Rolston D E. A review of the movement
and fate of N,O in the subsoil[J]. Nutr Cycl Agroecosyst, 2005, 72
(1):3-11.

[6] T ¥, tmthis, ke, 55 BE I T X & /N = R % AUA
HEBGE Y [J] 2RO R 2244, 2014, 41(2) :241-247 .

[7] Ji Y, Liu G, Xu H, et al. Effect of controlled-release fertilizer on ni-
trous oxide emission from a winter wheat field[ J]. Nutr Cycl Agroe-
cosyst, 2012,94(1):111-122.

[8] Zhou M H, Zhu B, Klaus Butterbach-bahl, et al. Nitrous oxide emis-
sions and nitrate leaching from a rain-fed wheat-maize rotation in the
Sichuan Basin, China[ J]. Plant Soil, 2013,362(1):149-159.

(9] #1 1%, [IRE%, wy e Re, 45 . 2 4 o Ml R o St &/ 2 K )
N> O HEBCRHIE 5 5 T 00 Ak it & 0 v HE ik ik g (1] h AR 2S
folb 241 ,2014,22(9) : 1038-1046.

[10] 2%, AR 3R AL B A N,O RS [J]. o

ARl %,2005,26(1) : 7-10.

(1] o f,th MR, ZRAH R, 4 RS SR I 4 PR i X IS 2R
N0 HE AR (1] . 458, 2006,38(6) :672-691.

(12]  RFVER, 5k B4, W, % AR dUF R R IX & /N2 4k 4
R SARHEO LR A iR RO L] E AR S Al 2 4k,
2013,21(3) :297-307.

[13] LanT, HanY, Marco R, et al. Processes leading to N,O and NO e-
missions from two different Chinese soils under different soil moisture
contents J]. Plant and Soil, 2013,37(1):611-627.

[14] PEFME, ERORL, 258, 5 8 R4/ N N0 HEk (]
A A2, 2011,31(7) : 1896-1903 .

(F £ % 246 77)



246 F R A

5 34 45

SR, i T B 85% Akt ok 54, L
WK i Dy 2 ) DY A R £ ™ R 5 s R R A
TEo PR, —Je 20 K e e R Al B A
WILEHA AL A5 g ARSI A i) 7K SCAR A 2R A
I Fpe 7 5 g PR LA R g A T R 3
PR, R K BE 7 85 9 v - saB Bk . ik
Xt B PRUEARC B 2R P B AR E . =
S I3 7 XU 0 LA 28 e FR 3 JOR ARG o il
AR B ARE BE, I HA SRR R A X
4 30 AR L X5 i) S [ D B R B

& % X k-

(1] b & E,5K . AESHEETR st DR s
Z SR LI]. A 255240, 2000,20(3) :369-373.

(2] BRATT . b B8 e W —— A IR T b DX Y 8 5 b
TR )] IR, 1953,19(1) :43-60.

[3] Viglizzo E F. Agroecosystems stability in the Argentine Pampas[J].
Agriculture Ecosystems & Environment, 1986,16(1):1-12.

(4] HERE AL ARBC s AO RGN i [J] . &
W RGR A HLE AT ,2002,18(4) :279-282.

(5] ka3 & e N TR R b el i 8 g% (0] B2
XL 2252 , 2010, (3) :18-21.

(6] X<, AL, SKWIBH . JE T EMD i3 ML &7 i i 3l S H
BN Z REEZHTI] . B ARBEIR 4], 2005,20(5) : 745-751.

(7] FAVE 2000, T THDR, 55 . 3k T Ok K €0 G 156 B vk i b 48
MBS R DS ()], A Al BE2£, 2011, 44 (1) : 176-

(8] #wHl,&H R, W, % T EIBES I FAEXS 4B i

HCE A= Sh R wa M (1] 4l TRE 224, 2013,29(4) : 213-
221.

(o] b R, % . NE R EZR AR K SR Bl 1 Al R GE I 3D
PESIHTLI] . A A 5541, 2002, 26(1) :23-28.

[10]  RIDV-, iR TP 22 A o sc s - o) FHAR Ry 117828 S L
BH[J]. B 224, 2007,62(12) £ 12991307 .

(1] 2= W AR, B 77 . it S A 2 Z 0 A O 1 52 1 1
M B E DR (], T 5 X 5808 5 5045, 2009, 23 (12) - 82-
86.

[12] MR, 2 U, e . AL AR XA A TS R G AT
FIRF A W B 19 Wi SN —— DA AR K R ) [T ] A S AR R,
2012,32(19) :6156-6167 .

[13]  XI&E AR, K FHBA . ZEF EMD (938 ER 7= 5 ik gl S
R 2 RS Hr (] B SR IE24 1, 2005,20(5) : 745-751 .

[14] & JRCERIE, N R,5% . 7 ER T i 2 m 40
[J] . HEBEHEAK 242 ,2006,25(6) :65-70.

[15] 40IR R T 0 T HF o0k i B A4
M 2R 5 (1] K BAREFIFSY, 2010, 17(6) :278-282.

[16] Huang N E, Shen Z, Long S R, et al. The empirical mode decompo-
sition and the Hibert spectrum for nonlinear and non-stationary time
series analysis [ J ]. Proceedings of the Royal Society of London,
1998,454:903-955 .

[17]  kHABH, EFobk, X4 E, % 5T EMD A9k 85 7 35 i 7 R
W Z W] REE Zr A [T b Al 4, 2005, 26 (4) £ 220-
224

(18] MW, &K, B, % BT RSN
MR =g 43 Bt (1] 40k TR %41k, 2013,29(4) : 213-

184. 221.
(L% 227 1)
[15] Farquharson R, Baldock J. Concepts in modeling N,O emissions from [24] ZEHHES, 7% .5 § OBHASRS CH, M NO HEk[M].

land use[ J]. Plant and Soil, 2008,309(1):147-167.

[16] Hpatdn, skIET5, BRER , % TR IE RO /N AR HBHERT
Tx S A SR R i (1] AR 2541, 2012, 32(19) - 6138-
6146.

(17] 3k 8, 3B, 00 55, 46 AN IR) A B X A AL - J A /N2
H 3 CO, A1 NO HEH A S AT 5T [J]. e 5d 42, 2013, 44
(3):653-659.

(18] FEifF &, B0k, & 5, 5% AE LA A =0 Lo = Sk
HERO B AR AE AL [T . 38274, 2013,50(6) : 1172-1182.

[19] sools, skUbd, Bk B, 5% BHER I A2 b b X & /N 32 H
NoO HERRSEIR [ 1] A0l TRE2A4R,2011,27(2) £ 167-173.

[20] Xl iR, T AR, 5F B TR /NE H N O HECR Y
Wi PR WS (] K R AR 27417, 2008, 22(3) £ 196-200.

[21] Shelp M L, Beauchamp E G, Thurtell G W. Nitrous oxide emissions
from soil amended with glucose alfalfa or corn residues[ J]. Commini-
cations in Soil Science and Plant Analysis, 2000,41(4):310-317.

[22] ZE3Gh, R0, 28 5, 5% AR FHE 2504 H R R =
SAEHER R (1] A S B A4AR ,2014,23(6) : 1076-1083 .

(23] S, o 4R A5 AREHIEH 20 1 N0 HE
1], +3%,2007,39(6) : 870-873.

AL« H R AR K 2 iR, 2009:67-115.

[25] #F  55, Bt R A R S A H N & ()] +
ek R, 1995,23(6) :35-40.

[26] FEIEZE,JNDGE, By HGAHE, 55 A PR EE X 4k H AL I
HEO STk 0] . ARl K24, 2002,25(4) < 21-25.

[27] Hansen S, Mahlum J E, Bakken L R. N,O and CH, fluxes in soil in-
fluenced by fertilization and tractor traffic[ J]. Soil Biology and Bio-
chemistry, 1993,25(5) :621-630.

[28] Mfite, IR, FERE ERBERAELTREMN N0 14k
HCFFELI] . N A 2541, 1997,8(5) :495-496.

(207 ZRAKE, FWEHE, B/, 45 A B -3 N,0 77 A 1 G A=
T R HERE it (1] . SR BER2F,2014,35(2) : 792-800.

[30] AL, 25 IR, & AR L R 7 2UF R S
FHEK AT 2 A N O HEBCR s [T]. Rl B R 2 22 4,
2013,32(11) :2286-2292.

[31] FFEHF,#Hutt. BIEEW R AHR I K R [T]. 4
P22 ,1999,11(6) :534-541 .

[32] # 4k, BR%E BB, 5% RS AN B/ H CH,
N, O HEFRC RS2 a5 [ )] Al PR B8R 2% % 4k, 2013, 32(10)
2093-2098.



