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Abstract Studies on the emissions of greenhouse gases and global warming potential (GWP) under different tillage systems
have benefited scientific research on the effects of agricultural management on mitigating greenhouse gas emission and
reducing global warming. Such studies have also laid the theoretical basis for establishing measures to reduce global
greenhouse gas emissions. Long term tillage and straw return to soil experiments were set up in 2001 at the Luancheng
Agro-ecosystem Experimental Station (LAES) of Chinese Academy of Sciences. The experiments included 5 treatments —
no-tillage with whole maize residue mulching (M1), no-tillage with chopped maize residue mulching (M2), rotary tillage with
chopped maize residue incorporation (X), mouldboard ploughing with chopped maize residue incorporation (F) and
mouldboard ploughing with maize residue remove (CK, representing conventional tillage method). The experiment monitored
N,0, CO, and CH, fluxes in wheat-maize rotation fields using the static chamber method / gas chromatography technique for
the period from October 2008 to September 2010. Total greenhouse gas emissions and GWP were also estimated. Meanwhile,
during the experimental period, the amount of fuel consumed by farm machines and power consumed during irrigation and
fertilizer application were recorded and transformed to carbon equivalent using a transformation coefficient. In the study,
crop yield and aboveground biomasses were measured and carbon sequestration calculated. The total GWP under the 5
tillage treatments were estimated based on the identified parameters of greenhouse effect. The results indicated that
wheat-maize rotation fields served as the source of N,O and CO,, and also the sink of CH,. InM1, M2, X, F and CK treatments,
total N,O emissions from soil were 2.06 kg(N,O-N)-hm>a™', 2.28 kg(N,O-N)-hm>a™, 2.54 kg(N,O-Nyhm>a™, 3.87 kg(N,O-N)-hm *a™*
and 2.29 kg(N,O-N)-hm2a™"; total CO, emissions from soil of 6 904 kg(CO,-C)-hm>a™', 7 351 kg(CO,-C)-hm>a™', 8 873
kg(CO,-C)-hm2>a™!, 9 065 kg(CO,-C)-hm *a™! and 7 425 kg(CO,-C)-hm >a™'; and total CH, sink of 2.50 kg(CH,-C)-hm >a™!,
1.77 kg(CH4-C)hm2-a™', 1.33 kg(CH,-C)-hm2a™!, 1.38 kg(CH4-C)hm>a™' and 1.57 kg(CH4-C)-hm>a™', respectively.
GWPs in M1 and M2 treatments were negative, which indicated that farmland ecosystems under no-tillage with straw served as
carbon sink, with annual carbon retention of 947—1 070 kg(C)-hm™ after subtracting directly or indirectly carbon equivalent emitted
from the system. GWPs for other treatments were positive, with GWPs for CK, F and X of 3 364 kg(C)-hm™, 989 kg(C)-hm™ and
343 kg(C)-hm 2, respectively. This suggested that for wheat-maize rotation system in the North China, chopped crop residue
incorporation with rotary tillage was optimal tillage practice with relatively lower greenhouse effects and higher grain yield.

Keywords Tillage measure; Straw return; Greenhouse gas; Greenhouse effect; Global warming potential; Wheat-maize

rotation system
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Y= z 24xR (3) (GWPsoilcxport)
LY CO,  (kghm?) 44 16 44
GWP, . = fCO, x—+ fCH, x—x25+ N,Ox—x298
N,O CH, 4 Soilgor= /0O X+ JEH 325+ N0
n (5)
Y= le (X, + X))/ 2% (2, —1;)x 24 4) : GWP,jiexpon
LY N,O  CH, (kghm™); X [kg(CO,)'hm™]; fCO, CO,
N,O  CH, (mgm>h™); i ; : [kg(CO,-C)-hm™], fCH, CH,
(t—1) ‘n [kg(CH4-C)-hm™], /N,O N,0
1.2.3 (GWPsoilexport) [kg(NZO-N)hm_Z]
CO, CH, N0 , 124 (GWP,ygiree)
3
CO,
IPCC 100 , 1kg
CH, 1kg CO, 25 1 kg N,O CO, >
1kg CO, 298 (GWP) s CO, )
3 1] CO, 1
Fz1 REFDNFEE CO,ELHEHRRL
Table 1 Index of equivalent CO, emission of energy consumption by different agricultural managements
[10] [ Fertilization
Fuel consumption Irrigation N(710-12] pli2! KZOUZ]
2.59 kg(CO,)-L™" 1.29 kg(CO,)-cm™ 3.59 kg(CO,) kg™ 0.61 kg(CO,) kg™ 0.12 kg(CO,) kg™
1.2.6 (AGWP)
GWPindirect = Z In x Cn (6)
1, C, n CO, , )
1.2.5 (GWPNPP) AGWP = GWPsoilexpon + GWPindirect - (9)
GWPypp — GWP g
, : AGWP s
(NPP) (GWPypp) : > )
GWPypp = NPP/(0.68x0.85) (7 ; GWPysoc (
NPP =1.15x TAGB (8) ); GWPnpp  GWPgoitexport  GWPingirect
0.68 CO,
([CH,0]/[CO,]=0.68); 0.85 1.2.7
([Biomass]/[CH,0]=0.85), (ANOVA) (regression
0.6!""; TAGB(total above  analysis) ,
ground biomass) (kg'hm™); 1.15 Least-significant difference(LSD)
) Microsoft Excel 2003  SPSS
(root biomass) 13.0 , Sigmaplot 11.0
(TAGB) 0.10~0.15, st N
0.15~0.201"4], 0.15 2 HRSAW
; NPP(net primary production) 2.1
(kg-hm™) 2008 10 2010 9
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Fig. 1 Seasonal change of N,O fluxes under different tillage treatments
MIl: 5 M2: ; Xo ; F: ; CK:
10 s 4 7 M1: no-tillage with whole maize

residue mulching; M2: no-tillage sowing with chopped maize residue mulching; X: rotary tillage with chopped maize residue incorporation; F:
mouldboard ploughing with chopped maize residue incorporation; CK: mouldboard ploughing with maize residue remove (conventional pa-
ttern). Fertilizer was applied in October (before wheat sowing), April (wheat jointing stage) and July (maize bit trumpet period) with
irrigation management, respectively. The same below.
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Fig. 2 Seasonal change of CH,4 fluxes under different tillage measurements
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— ] H
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Fig. 3 Seasonal changes of CO, fluxes under different tillage treatments and soil temperature at 5 cm
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http://www.ecoagri.ac.cn



1"

*2 FAREMERETRKEALIERESHAHNEERE
Table 2 Total emission of greenhouse gases from agricultural soil under different tillage treatments
N,O CH,4 CO,
Total N,O emission [kg(NZO—N)-hm’z] Total CH4 emission [kg(CH4—C)-hm’2] Total CO; emission [kg(COz—C)-hm’z]
Treatment
Wheat Maize Annual Wheat Maize Annual Wheat Maize Annual
M1 0.85+0.03 1.21+0.11 2.06+0.20b -2.20+0.14  —0.30+0.04 -2.50+0.12a 2 908+423 3 996+641 6 904+606¢
M2 0.88+0.10 1.40+0.12 2.28+0.16b —1.4540.08  —0.32+0.06 —1.77+£0.07b 2 835+210 4 516+351 7 351+£552bc
X 1.25+0.15 1.28+0.10 2.54+0.27b -0.994+0.16  —0.34+£0.06 —1.33+0.13¢c 3 932+472 4 941+338 8 873+558ab
F 1.80+0.10 2.07+0.12 3.87+0.40a -0.97+0.17  —0.41+£0.05 -1.38+0.14c 4 438+213 4 627+373 9 065+908a
CK 0.83+0.06 1.46+0.11 2.29+0.14b —0.78+0.15  —0.79+0.04 —1.57+0.12bc 3 620+426 3 804+395 7 425+93bc
5% Different letters within the same column indicate significant difference at
P<0.05 level. The same below.
0.30~0.79 kg(CH4-C)-hm™* MI>M2>CK>F>X, Ml CH,4
N;O 0.83~1.80 kg(N,O-N)-hm?, (P<0.05), M2
13%~31%; CO, 2 835~4 438 F X (P<0.05), CK
kg(CO,-C)-hm™, 10%~25%; CH,4 JF X CH,4
0.78~2.20 kg(CH4-C)-hm?, , 2.3
1.3~6.4 , ,
> 5
CO,
5
N>O , )
(F)> (X)> 2(M2)> (CK)> I(M1), F ,
N,O (P<0.05), , (carbon
CO, R equivalent)
N,O ,F 2.3.1
CK M1 M2)  (P<0.05),
X , X MI1(P<0.05), s )
CK M2 M1 CO, CO,,
s CK M2 CO, ,
CH, , CO, R CO,
, 1
, R , 3
CH, , , )
(M) ; CO;, ; X) (F)
(CK) R , CO,
R3 TRMELEMNMHRESEZEYLE COKRAE
Table 3  Fuel consumption and equivalent CO; inputs under different tillage treatments
Fuel consumption by machine (L‘hm™-a™")
CO,
Treatment Maize straw Ploughir/lg/rotary Wheat/maize . Total fuel [quégal:lt 92931]
smashing tillage Straw remove sowing Land leveling Wheat harvest consumption g(COz)yhm -2
M1 0 0 0 31.05 0 30 61.05 158
M2 47.25 0 0 31.05 0 30 108.30 280
X 47.25 45.00 0 11.40 3 30 136.65 354
F 47.25 37.50 0 11.40 3 30 129.15 335
CK 0 37.50 3.75 11.40 3 30 85.65 222
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) M1
T F4 REBHELTDIEN B RENBEIRE GWPye)
Mosier I em Table 4 Crop yield and pl i
p yield and plant carbon capture (global warming
14.8 , 1.29 kg(CO,-C) potential based on NPP, GWPypp) of different tillage treatments
157.5 mm, GWPypp
Treat " Grain yield Straw yield Total GWPypp
70 mm, CO;, reatmen (kghm™?) (kghm>a')  [keg(C)yhm>a™]
29.3 kg(CO,-C)-hm*a™! M1 13 166+736c 14 177+798b 14 779+828b
M2 13 834£601b 15 272+715ab 15 732+711a
X 14294£991a 15 519+998a 16 114+1 075a
Co, F 13 909+£580ab 15 032::684b 15 643+681a
_Robertson [ 1 kg N CK 13 178£116¢c 14 302+153b 14 853+162b
CO, 4.51 kg(CO,)-kg'(N), 233
Adviento-Borbe 1 West [
4.05~4.51 kg(CO,» kg '(N)  2.6~3.24.51 kg(CO,)kg'(N)
Ry |
3.59 kg(COy)'kg (N) co, .
CO, 0.61 kg(CO,)kg™'(P) Co,
) )
C02 1 567 C02 , GWPNPP
2.3.2 , , GWPxpp
( ) NPP ,
’ CO,, 5 GWPxpp
€O, NPP ( ),
CO, (NPP) NPP
(7)~(8) (5)~(9)
« 95, GWP ,
: 7 ® ,
NPP ( 4 , (X) CO, CO, ,
) 947~1 070 kg(C)-hm™?; 3
X)>  (F)> GWP ,
2(M2)>  (CK)> 1(M1); ,  GWP
(NPP) (X)> (CK> (F)> (X)
2(M2)> (F)> (CK)> 1(M1) , ,
(MI)
N,O ,
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Table 5 Global warming potential (GWP) under different tillage treatments

GWPypp [kg(CO-C)-hm ] GWP,oilexport [kg(CO,-C)-hm ] GWPigireet [kg(CO,-C)-hm ]
N AGWP
Treatment ] GWPcu4 GWPn20 GWPco2 s
Grain Straw-+root Fuel Energy Fertilizer
Ml 6 188+346 8 591+483 —23+1.1 263126 6 904+606 43 29 428 -947
M2 6 5024283 9 230+429 -16£0.6 291420 7 3514552 77 29 428 -1070
X 6 7181466 9 396+609 —-12£1.2 324434 8 873+£558 97 29 428 343
F 6 537£272 9 105+410 -13£1.3 494451 9 0651908 91 29 428 989
CK 6 194£118 4 856x70 —14#£1.1 292+18 7 425493 61 29 428 3364
GWPgitexport: 5 GWPindirect: 5 GWPypp: ; AGWP:

GWPyitexport: global warming potential of soil greenhouse gases emission; GWPingirect:

indirect global warming potential of farming activities; GWPypp: global warming potential of plant carbon capture. AGWP: comprehensive global
warming potential, its positive value means farming system is sources of greenhouse gase, the negative value means farming system is sink of
greenhouse gas.

SIS D NZO B
3 itie

T8 O

3.1 7
’ s F NZO 3

4 b b
10 , ,X F N,O CO,
) (F) ,
P [21]
» ) [22]
(CK), N,O CO, ,
5 5 , (X)
, CK
) ’ P} COZ 5
, 10 CK N,O
X, CO, N,0
D s 7

, , , NH;-N
; 4 NO;—N, B
, 10 (CH,4 ) (WEPS) 60%, 80% , 5 cm

) 25"‘32 OC,

, , N,O CO, ,

7 N,O CO,
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CO,, CO,
3.2 Co, , ,
3 >
, ) CO, 12.3 t,
CO, N0 , .
CH, ’ 4 gl:l-“f'
, , - N,0 CO,
,  CH,
/ , CO,
, , N,O , CH,4
Ml
, €O, NO , CH, ,
, , , N,O  CO, ,
, N,0 CO, ,
N,O CH, )
CH, sy CH,
CH, , (AGWP)
Ml CH, ,
[23] , , C02
CH,4 , , 947~1 070 kg(C)-hm?;
CH, , AGWP ,
, CH, , AGWP
CH,4 24 (CK)>
CH, , (F)> (X)
CH, CH, ,
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CH, /

)

S EZHk References

[1] Kiehl J T, Trenberth K E. Earth’s annual global mean energy

http://www.ecoagri.ac.cn



715

(7]

[10]

(1]

[12]

[13]

[14]

budget[J]. Bulletin of the American Meteorological Society,
1997, 78(2): 197-208
IPCC. Special Report on Emissions Scenarios: A special
Report of Working Group of the Intergovernmental Panel
on Climate Change[R]. Cambridge: Cambridge University
Press, 2000
Hansen J E, Lacis A A. Sun and dust versus greenhouse gases:
An assessment of their relative roles in global climate
change[J]. Nature, 1990, 346(6286): 713-719
IPCC. Climate Change 2007: The Physical Science Basis[R].
Cambridge: Cambridge University Press, 2007

N , Frolking S, . [J1.

, 2003, 23(5): 493-503
Li C S, Xiao X M, Frolking S, et al. Greenhouse gas
emissions from croplands of China[J]. Quaternary Sciences,
2003, 23(5): 493-503
[J1.
, 2013, 21(3): 297-307
Song L N, Zhang Y M, Hu C S, et al. Comprehensive analysis
of emissions and global warming effects of greenhouse gases
in winter-wheat fields in the high-yield agro-region of North
China Plain[J]. Chinese Journal of Eco-Agriculture, 2013,
21(3): 297-307
Adviento-Borbe M A A, Haddix M L, Binder D L, et al. Soil
greenhouse gas fluxes and global warming potential in four
high-yielding maize systems[J]. Global Change Biology, 2007,
13(9): 1972-1988
[J1. , 2007, 27(5): 1960-1968

Wang X G, Zhu B, Wang Y Q, et al. Soil respiration and its
sensitivity to temperature under different land use conditions[J].
Acta Ecologica Sinica, 2007, 27(5): 1960—1968
[J]. , 2008, 28(11):
5461-5468
Zhan M, Cao C G, Wang J P, et al. Greenhouse gases
exchange of integrated paddy field and their comprehensive
global warming potentials[J]. Acta Ecologica Sinica, 2008,
28(11): 5461-5468
Robertson G P, Paul E A, Harwood R R. Greenhouse gases in
intensive agriculture: Contributions of individual gases to the
radiative forcing of the atmosphere[J]. 2000,
289(5486): 1922-1925
Mosier A R, Halvorson A D, Reule C A, et al. Net global

warming potential and greenhouse gas intensity in irrigated

Science,

cropping systems in northeastern Colorado[J]. Journal of
Environmental Quality, 2006, 35(4): 1584-1598
West T O, Marland G. A synthesis of carbon sequestration,
carbon emissions, and net carbon flux in agriculture:
Comparing tillage practices in the United States[J]. Agricul-
ture, Ecosystems & Environment, 2002, 91(1/3): 217-232
Passioura J B. Roots and drought resistance[J]. Agricultural
Water Management, 1983, 7(1/3): 265-280

(M]. : ,

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

1999: 35-59
Zhang X Y. Crop Roots and Soil Water Utilization[M].
Beijing: Meteorological Press, 1999: 35-59
— [1].
, 2013, 34(6): 1-11

Liu X H, Xu W X, Li Z J, et al. The missteps, improvement
and application of carbon footprint methodology in farmland
ecosystems with the case study of analyzing the carbon
efficiency of China’s intensive farming[J]. Chinese Journal of
Agricultural Resources and Regional Planning, 2013, 34(6):
1-11
Willison T W, Webster C P, Goulding K W T, et al. Methane
oxidation in temperate soils: Effects of land use and the
chemical form of nitrogen fertilizer[J]. Chemosphere, 1995,
30(3): 539-546
Harriss R C, Sebacher D I, Day Jr F P. Methane flux in the
great dismal swamp[J]. Nature, 1982, 297(5868): 673—-674

) . 1
, 2003, 11(2): 50-53
Ding W X, Cai Z C. Effect of nitrogen fertilizers on methane
oxidation in soils by methanotrophs[J]. Chinese Journal of
Eco-Agriculture, 2003, 11(2): 50-53

s R . [J].

, 1998, 22(2): 119-126
Liu S H, Fang J Y, Qing T X. Soil respiration of mountainous
temperate forests in Beijing, China[J]. Acta Phytoecologica
Sinica, 1998, 22(2): 119-126
[J1. , 2000, 32(1): 11-17

Jin F, Yang H, Zhao Q G. Progress in the research on soil
organic carbon storage and its influencing factors[J]. Soils,
2000, 32(1): 11-17

[D]. : , 2009
Dong W X. Effect of different tillage on gross N transfor-
mation, crop and environment[D]. Beijing: Graduate University

of Chinese Academy of Sciences, 2009

[D]. : ,2011
Wang Y. Study on the effects of different tillage on the
structure and diversity of microbial population[D]. Beijing:
Graduate University of Chinese Academy of Sciences, 2011
(] ,
2009, 28(12): 2495-2500
Wan Y F, Li Y E, Gao Q Z, et al. Field managements affect
yield, soil carbon, and greenhouse gases emission of winter
wheat in North China Plain[J]. Journal of Agro-Environment
Science, 2009, 28(12): 2495-2500
, , s CH,
[J1. , 2006, 29(2): 181-188
Zhang X S, Shen S H, Li J, et al. Soil CH4 uptake in winter
wheat field in the North China Plain[J]. Journal of Nanjing
Institute of Meteorology, 2006, 29(2): 181-188

http://www.ecoagri.ac.cn



