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Abstract
To understand the impacts of different tillage management practices on the car-
bon emission footprint of production inputs and processes throughout the life
cycle of crop production in rainfed farmland of northern China, we measured the
annual N2O emission fluxes from rainfed winter wheat fields for two consecutive
years using the static chamber-gas chromatography method at a long-term sta-
tionary experimental site for conservation tillage in Yaodu District, Linfen City,
Shanxi Province, under different straw management and tillage practices (straw
removal with rotary tillage, straw incorporation with rotary tillage, and straw
mulching with no-till). A comprehensive analysis and calculation of carbon emis-
sions from production inputs and processes under different tillage management
practices was conducted to estimate the carbon footprint of different tillage
practices. The results showed that: 1) The annual cumulative N2O emissions
from rainfed winter wheat fields under straw mulching with no-till and straw
removal with rotary tillage were reduced by 19.2% and 18.9% on average, re-
spectively, compared with straw incorporation with rotary tillage; 2) Rainfed
winter wheat achieved the highest yield under straw mulching with no-till; 3)
Nitrogen fertilizer production, direct N2O emission from farmland, and diesel
consumption emissions accounted for over 90% of the total carbon footprint in
rainfed farmland; 4) Straw mulching with no-till had a lower carbon footprint
than other tillage practices. During the two-year experimental period, the car-
bon footprint was 11.0% and 6.9% lower compared with the straw incorporation
with rotary tillage treatment, and 7.9% and 8.3% lower compared with the straw
removal with rotary tillage treatment; 5) In semi-arid regions, straw mulching
with no-till had the lowest carbon footprint per unit yield and is the recom-
mended practice for low-carbon and low-emission in this study. The results
of this study can provide a scientific basis for the sustainable development of
rainfed farmland aiming at low-carbon emission reduction.

chinarxiv.org/items/chinaxiv-201711.02214 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02214
https://chinarxiv.org/items/chinaxiv-201711.02214


Full Text
Effect of Tillage Practice on Carbon Footprint of Rainfed
Winter Wheat
LI Ping¹², HAO Xingyu¹, ZONG Yuzheng¹, GU Runsheng³, JIA
Shaohui³, DONG Qi¹, GUO Liping²

¹Agricultural College, Shanxi Agricultural University, Taigu 030801, China
²Institute of Environment and Sustainable Development in Agriculture, Chinese
Academy of Agricultural Sciences, Beijing 100081, China
³Agricultural Bureau of Linfen, Shanxi Province, Linfen 041000, China

Abstract: Sustainable agricultural production requires mitigating greenhouse
gas emissions from soil and reducing carbon emissions from the production of
agricultural inputs and farming processes. To evaluate the carbon footprint
and emission intensity of different tillage practices in rainfed systems, we con-
ducted a 15-year long-term experiment in Linfen, Shanxi Province, a typical
semi-arid region of northern China. Three tillage management practices were
investigated: rotary tillage without straw incorporation (RT), straw incorpo-
ration with rotary tillage (SRT), and straw mulch with no-tillage (SNT). The
carbon footprint throughout the production lifecycle of rainfed winter wheat
was assessed by measuring field N�O emissions using the static chamber-gas
chromatography method and calculating emissions from agricultural inputs and
associated processes. Results showed that: (1) Annual cumulative N�O emissions
under SNT and RT were 19.2% and 18.9% lower than under SRT, respectively;
(2) Winter wheat yield was highest under SNT conditions; (3) Nitrogen fertil-
izer production, direct N�O emissions from fields, and diesel fuel consumption
accounted for over 90% of the total carbon footprint; (4) SNT had the lowest
carbon footprint among all practices, being 11.0% and 6.9% lower than SRT,
and 7.9% and 8.3% lower than RT during the two experimental years; and (5) In
semi-arid regions, SNT produced the lowest carbon footprint per unit of yield,
representing the recommended practice for low-carbon, low-emission agriculture.
These findings provide a scientific basis for sustainable development of dryland
agriculture aimed at carbon mitigation in semi-arid regions.

Keywords: straw incorporation; no-tillage; rainfed wheat; N�O emission; car-
bon footprint

Introduction
N�O is a major agricultural greenhouse gas with a global warming potential 298
times that of CO� over a 100-year timescale, contributing approximately 5% to
the atmospheric greenhouse effect [1]. Agricultural activities represent the most
important anthropogenic emission source after energy and industrial sectors, ac-
counting for 10–12% of global anthropogenic emissions [2]. An estimated 90% of
annual atmospheric N�O emissions originate from soil, with cropland soils mak-
ing substantial contributions [3-4]. Understanding N�O emission characteristics
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and influencing factors in farmland and identifying mitigation measures are cru-
cial for slowing global climate change and achieving sustainable agriculture.

Carbon footprint, measured from a lifecycle perspective, quantifies the direct or
indirect CO� equivalent emissions caused by an activity or accumulated during
a product’s lifecycle [5-7]. This approach has become an important analytical
framework for low-carbon agriculture research [7-9]. Winter wheat (Triticum
aestivum L.) is a major food crop in China, with dryland farming being the pri-
mary production method in the extensive northern arid regions [10]. Improper
nitrogen fertilizer application in dryland systems constitutes a significant source
of atmospheric N�O [11]. Although dryland soils act as weak CH� sinks, their
low magnitude is generally not calculated separately in national greenhouse gas
inventories. Furthermore, under the United Nations Framework Convention on
Climate Change (UNFCCC), CO� emissions from managed croplands are not
yet included in greenhouse gas inventories, which only account for emissions
from land-use changes such as deforestation [1].

For dryland agroecosystems, N�O emissions from nitrogen fertilizer application
and diesel consumption from tillage, planting, and harvesting operations repre-
sent primary emission sources. Insufficient input of production materials during
the production process is a major challenge in semi-arid agricultural production.
Returning crop residues—straw—to fields is a simple and effective method to
increase carbon inputs to soil and can curb the decline in soil organic carbon
(SOC) [10,13-16]. Numerous studies have reported that reasonable straw mulch
with no-tillage or reduced tillage can reduce soil water loss and increase crop
yields [10,13-16]. However, comprehensive reports on the combined effects of dif-
ferent tillage management practices on N�O emissions and carbon footprints in
dryland systems remain scarce. Studies on the effects of reduced or no-tillage on
N�O emissions have reported both increases and decreases [17]. Chinese scholars
have investigated the comprehensive warming potential of greenhouse gases in
high-yield farmland in North China under different management practices [18],
considering carbon emissions from agricultural activities such as machinery fuel
consumption, irrigation electricity use, and fertilizer application [19]. However,
soil moisture conditions in China’s semi-arid regions differ substantially from
those in the high-yield areas of North China, and the effects of different tillage
practices on N�O emissions and full-chain carbon footprints of agricultural in-
puts and processes exhibit distinct characteristics. This study addresses this
research gap by scientifically evaluating the impacts of different tillage manage-
ment practices on the carbon footprint and emission intensity of rainfed winter
wheat in semi-arid dryland systems. Conducted at a 17-year long-term exper-
imental site in Linfen, Shanxi, this research monitored N�O emissions for two
consecutive years and estimated carbon emissions from machinery fuel consump-
tion and full production chains of all inputs to evaluate the carbon footprint and
emission intensity of different tillage practices, aiming to provide data support
for greenhouse gas mitigation and sustainable agricultural production in semi-
arid dryland systems.
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Materials and Methods
1.1 Experimental Site

The field experiment was located at the Conservation Tillage Fixed-Way Long-
Term Experimental Site in Chenghuang Village, Xiandian Town, Yaodu District,
Linfen City, Shanxi Province (111°30�N, 36°04�E). This site features permanent
lanes for tractor and machinery traffic, each 30 cm wide, left untilled and un-
planted. The lanes are spaced 150 cm apart, with six rows of wheat planted
between them at 20 cm row spacing, ensuring the crop growth zone remains
uncompacted by wheels [20]. Established in 1997, the long-term experiment
had been running for 15 years by 2012, representing Asia’s earliest fixed-way
no-tillage trial and providing an important platform for monitoring long-term
effects of different tillage management on crops and soils. The experimental
area has a temperate continental climate with an average annual temperature
of 12.6°C, average annual precipitation of 527 mm, and a frost-free period of
approximately 190 days. The soil is dryland cinnamon soil, and the cropping
system is single-crop winter wheat annually under rainfed conditions without
irrigation. The winter wheat cultivar‘Linfen 227’was sown in 2011, while the
cultivar‘Chang 6359’was used for both the 2012–2013 and 2013–2014 seasons.

1.2 Experimental Design and Field Management

The experiment included three treatments: (1) rotary tillage without straw
incorporation (RT, conventional local practice), (2) straw incorporation with
rotary tillage (SRT), and (3) straw mulch with no-tillage (SNT). The original
long-term experiment included only SRT and SNT treatments without replica-
tion for operational convenience, with each treatment area approximately 0.13
ha. For this study, three 30 m² sampling plots were established within each orig-
inal SRT and SNT treatment area as replicates. Additionally, sampling plots
and replicates were added in the non-straw-returned protective row area of the
original experimental site (with all other operations identical except straw re-
moval) as a conventional control for rotary tillage without straw incorporation
(RT). Under RT, wheat straw was completely removed after mechanical har-
vest, followed by rotary tillage before sowing. Under SRT, straw (chopped to
15–20 cm length) was spread on the surface after mechanical harvest, followed
by rotary tillage before sowing. Under SNT, high stubble (approximately 30
cm) remained after mechanical harvest, with the remaining straw chopped and
spread on the surface, followed by direct seeding of the next wheat crop using
a no-till seeder in late September without further soil tillage. All treatments
received a single basal application of nitrophosphate compound fertilizer (con-
taining 25% N and 12% P�O�) at 450 kg(N)・ha�¹, equivalent to 112.5 kg(N)・
ha�¹ and 123.7 kg(P�O�)・ha�¹. Fertilizer application dates were September 24,
2012, and September 26, 2013, synchronized with sowing. Harvest dates were
June 13, 2013, and June 15, 2014.
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1.3 Soil Properties

On September 23, 2012, soil samples from 0–20 cm depth were collected from
each treatment for physicochemical analysis. The soil texture was light loam,
with other properties shown in .

Precipitation from September 2012 to September 2013 was 593.7 mm, with 180.6
mm during the wheat growing season. From September 2013 to September
2014, precipitation was 731.6 mm, with 283.5 mm during the wheat growing
season [Figure 1: see original paper]. Precipitation was concentrated during the
summer fallow period from July to September.

1.5 Sample Collection

N�O emissions were measured using the static chamber-gas chromatography
method. Sampling chambers were made of opaque PVC material, 25 cm in
diameter and 30 cm in height, with matching PVC base rings featuring grooves
to seal the chamber-base interface. Gas samples (35 mL) were collected at 0,
10, 20, and 30 minutes using syringes and injected into 12 mL vacuum vials
(Labco, UK). Sampling occurred between 9:00–11:00 AM, a period closest to
the daily mean temperature and representative of average daily flux [18]. One
chamber was placed in each experimental plot, with three replicates per treat-
ment. Gas sampling was conducted from September 25, 2012, to September 20,
2014. During the growing season, samples were collected every 7 days; in winter
(November to January), every 10–20 days; and after fertilization and rainfall,
every 2 days for three consecutive collections. Simultaneously, chamber tem-
perature and soil temperature at 5 cm depth were measured using self-made
thermistors (±0.5°C error). Soil volumetric water content at 5 cm depth was
measured using a portable soil moisture meter (Model TZS-�, Zhejiang Top
Instrument Co., Ltd.). Precipitation was measured using an automatic rain
gauge. Serum vials were analyzed within one week using a gas chromatograph
(Agilent 7890B) to determine N�O concentrations, with fluxes calculated based
on concentration change rates and chamber volume.

1.6 Sample Measurement and Calculation

N�O gas samples were analyzed using an Agilent 7890B gas chromatograph
equipped with an electron capture detector (ECD) operating at 330°C. The
analytical column was a Porpak Q packed column at 70°C, with pure N� as
carrier gas at 25 mL・min�¹. Detection precision was ±5.5 �L・L�¹. The N�O flux
calculation formula was:

F = � × H × k × (273.15 / (273.15 + T))

where F is the N�O flux (�g・m�²・h�¹), � is the N�O gas density under standard
conditions (0°C and 100 kPa) (1.96 kg・m�³), H is the chamber height (m), k is
the N�O concentration change rate in the chamber (�L・L�¹・h�¹), and T is the
average temperature inside the chamber (°C).
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1.7 Carbon Footprint Calculation

This study employed carbon footprint analysis for comprehensive greenhouse
effect assessment. The lifecycle assessment (LCA) method established by Bren-
trup et al. [21] was used for carbon footprint calculation, encompassing three
stages: raw material extraction, agricultural input production, and crop pro-
duction. This methodology enables systematic and comprehensive analysis of
greenhouse gas emissions from crop production processes and associated activi-
ties. The calculation formula was:

fC = Σ(i=1 to n) (mi × �i)

where fC is the agricultural production carbon footprint, n represents the num-
ber of consumed materials (energy or production inputs), fCi is the carbon
footprint of the i-th material, mi is the consumption amount of the i-th mate-
rial, and �i is the carbon emission factor of the i-th material. Carbon footprint
was expressed as CO� equivalent emissions [kg(CO�-e)], with N�O emissions mul-
tiplied by 298 to convert to CO� equivalent, in units of kg(CO�-e)・ha�¹・yr�¹ [21].
Carbon emission factors for agricultural inputs and activities are shown in .

Emissions per unit yield were calculated as:

Unit yield emissions = Carbon footprint per unit area / Wheat yield per unit
area

1.8 Data Processing

Microsoft Excel 2007 was used for chart preparation. SAS 8.0 software was used
for statistical analysis, with analysis of variance to compare differences among
treatments at a significance level of � = 0.05.

Results
2.1 Soil N�O Emission Characteristics Under Different Tillage Prac-
tices

Precipitation in this region is concentrated in summer when soil moisture and
temperature are high. Spring soil water content in 2014 was 6.4% higher on
average than in 2013 [Figure 2a: see original paper], while summer soil temper-
ature in 2013 was 5.7°C higher on average than in 2014 [Figure 2b: see original
paper]. During summer (June–August), the 5 cm soil temperature under SNT
was 0.54°C lower than under SRT but 0.42°C higher than under RT [Figure
2b: see original paper]. In spring, surface soil moisture under SNT was 3.5%
and 1.7% higher than under RT and SRT, respectively [Figure 2a: see original
paper]. Overall, N�O emission fluxes under SRT were higher than under SNT
(averaging 22.2% higher), particularly evident from the wheat regreening stage
in 2013 through the autumn sowing period [Figure 2c: see original paper].

Total annual N�O emissions under RT and SNT were lower than under SRT,
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with average reductions of 19.2% and 18.9% over two years, respectively. The
reduction was greater in 2013, reaching 26.0% and 25.6% compared to SRT.
Except for RT, where N�O emissions showed no significant correlation with soil
moisture, emissions under other tillage practices were significantly positively cor-
related with both soil temperature and moisture, though the correlation with 5
cm soil temperature was stronger . Higher precipitation and lower soil temper-
ature in 2014 likely contributed to lower N�O emissions compared to 2013.

[Figure 2: see original paper]

2.2 Carbon Footprint of Different Tillage Methods

Components contributing to the winter wheat carbon footprint from sowing to
harvest are shown in . Factors other than N�O emissions contributed similarly to
the carbon footprint each year, while field N�O emissions varied with annual cli-
mate conditions. The greenhouse effect of N�O was calculated as 298 times that
of CO� by mass. Annual carbon footprints for each treatment were: RT—490.3
kg(CO�-e)・ha�¹・yr�¹ and 507.5 kg(CO�-e)・ha�¹・yr�¹; SRT—451.5 kg(CO�-e)・
ha�¹・yr�¹ and 465.9 kg(CO�-e)・ha�¹・yr�¹; and SNT—458.7 kg(CO�-e)・ha�¹・yr�¹
and 427.1 kg(CO�-e)・ha�¹・yr�¹. The contribution ranking to total carbon foot-
print was consistent across treatments: chemical fertilizer production (46.4%
average) > field N�O emissions (21.6% average) > diesel consumption from
tillage and sowing (25.2% average) > seed production emissions (4.4% average)
> pesticide production and use emissions (2.4% average). Field N�O emissions,
nitrogen fertilizer production emissions, and diesel consumption emissions ac-
counted for over 90% of the total carbon footprint, representing the three main
contributing factors. Seed and pesticide production contributed less than 5%
each.

Carbon footprint estimation showed SNT had lower emissions than other prac-
tices, reducing the footprint by 11.0% and 6.9% compared to SRT, and by 7.9%
and 8.3% compared to RT during the two years. SNT represents an effective
emission-reduction management practice for dryland wheat systems. Compared
to RT, SNT primarily reduced diesel consumption from tillage (accounting for
over 6% of emission reduction), while compared to SRT, N�O emission reduction
accounted for 4% of the total reduction.

2.3 Yield of Rainfed Wheat Under Different Tillage Methods

As shown in [Figure 3: see original paper], SNT increased wheat yield by 41.7%
in 2013 and 14.3% in 2014 compared to SRT. The increase was greater in the
dry year of 2013, with an average yield increase of 21.8% over two years.

[Figure 3: see original paper]
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2.4 Carbon Cost Analysis of Winter Wheat Under Different Tillage
Methods

Based on wheat yield per unit area and carbon footprint values, carbon emissions
per unit of wheat production were calculated . Under rainfed conditions, SNT
produced the highest yield with the lowest carbon footprint, resulting in the
lowest carbon footprint per unit of yield. In 2013, the carbon footprint per unit
yield under SNT was lower than under RT and SRT.

Discussion
3.1 Analysis of N�O Emission Reduction Effects of Different Tillage
Practices on Dryland Wheat Fields

Soil N�O emissions are primarily produced through microbial nitrification-
denitrification processes. Soil temperature, moisture, and mineral nitrogen
content are the main environmental factors affecting N�O emissions, and
different tillage practices can alter these soil properties, thereby influencing
emissions [24-25]. Straw incorporation increases soil organic matter content,
affects soil physical structure, and changes the microbial environment, conse-
quently impacting N�O emissions. By increasing carbon supply to soil, straw
incorporation promotes denitrification, resulting in significantly higher N�O
emissions from wheat fields compared to no straw incorporation [26]. Straw
mulch no-tillage can increase soil moisture and alter surface temperature,
affecting N�O emissions. During early no-tillage implementation, increased
soil bulk density enhances water retention in surface soil, creating anaerobic
conditions that increase potential denitrification rates and promote N�O
emissions [27]. However, this study was conducted under long-term straw
mulch no-tillage conditions (17-year long-term experiment), and soil N�O
emissions were lower than under straw incorporation with rotary tillage ,
consistent with some studies in arid and semi-arid regions [28-30] but differing
from reports from Australia, Europe, and Canada [17,31]. This discrepancy
may be attributed to generally low soil moisture in arid and semi-arid regions,
where volumetric water content remains below 60% year-round. Soil moisture
under straw mulch no-tillage is slightly higher than under rotary tillage during
non-rainy seasons, with smaller differences during rainy seasons relative to
baseline moisture values. Additionally, straw mulch no-tillage reduces soil
temperature in the plow layer (surface straw provides insulation during hot
months, lowering soil temperature). Correlation analysis between soil N�O
emissions and temperature confirmed that temperature variation significantly
affects emissions. Furthermore, Rochette [32] found that no-tillage increases
N�O emissions in poorly aerated soils but has little effect on well-aerated
soils. The long-term fixed-way no-tillage system used in this study avoided
the widespread soil compaction typical of conventional no-tillage, improving
soil porosity and increasing surface soil aeration (bulk density in the 0–10
cm layer under no-tillage was lower than under rotary tillage, as described in
the Materials and Methods). This reduced anaerobic conditions, decreased
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denitrification rates, and reduced N�O emissions. The experimental soil was
light loam with light texture, so no-tillage did not impair soil aeration, and
thus straw mulch no-tillage did not increase N�O emissions.

3.2 Comprehensive Emission Reduction Effects of Different Tillage
Practices

Conservation tillage reduces surface evaporation and significantly improves soil
water storage and moisture content, with the water conservation effect of straw
mulch no-tillage being particularly prominent in low-precipitation years [16].
Under rainfed conditions, straw mulch no-tillage helps maintain soil moisture
and can increase winter wheat yield. Carbon footprint analysis of rainfed winter
wheat production under different tillage practices revealed that emissions from
chemical fertilizer production and direct N�O emissions after fertilizer applica-
tion accounted for the largest proportion of the total carbon footprint. This is
primarily because fertilizer production and transportation consume substantial
fossil fuels, and China’s grain production relies heavily on fertilizers, particu-
larly nitrogen, with usage rates exceeding optimal levels [33]. Excessive nitro-
gen application further increases field N�O emissions [34]. Therefore, rational
nitrogen reduction would significantly decrease emissions from both industrial
production (e.g., fertilizer manufacturing) and field application. Our analysis
of carbon footprints in rainfed winter wheat production systems under different
tillage practices demonstrated that straw mulch no-tillage not only reduced soil
N�O emissions but also decreased mechanical tillage fuel consumption, result-
ing in the lowest total carbon footprint. Moreover, the carbon footprint per
unit of wheat yield under straw mulch no-tillage was lower than under other
practices, demonstrating the best comprehensive emission reduction effect, con-
sistent with findings by Wu et al. [35]. Additionally, straw mulch no-tillage
provides other benefits such as water conservation and soil temperature improve-
ment [16]. Therefore, straw mulch no-tillage represents an optimal low-carbon,
high-efficiency management model for light-textured dryland farming systems.

The main components of the carbon footprint in dryland farming are field N�O
emissions, nitrogen fertilizer production emissions, and diesel consumption emis-
sions. In semi-arid and semi-humid regions, straw mulch no-tillage can reduce
both field N�O emissions and carbon emissions from mechanical fuel consump-
tion. In the semi-arid and semi-humid region of southern Shanxi, straw mulch
no-tillage increased rainfed winter wheat yield while maintaining the lowest
carbon footprint per unit of wheat production, demonstrating the best compre-
hensive emission reduction effect.

References
[1] IPCC. Summary for policymakers[M]//Stocker T F, Qin D H, Plattner G
K, et al. Climate Change 2013: The Physical Science Basis. Contribution of
Working Group � to the Fifth Assessment Report of the Intergovernmental Panel

chinarxiv.org/items/chinaxiv-201711.02214 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02214


on Climate Change. Cambridge, United Kingdom/New York, USA: Cambridge
University Press, 2013

[2] Linquist B, van Groenigen K J, Adviento-Borbe M A, et al. An agronomic as-
sessment of greenhouse gas emissions from major cereal crops[J]. Global Change
Biology, 2012, 18(1): 194-209

[3] Pielke R Jr, Wigley T, Green C. Dangerous assumptions[J]. Nature, 2008,
452(3): 531-532

[4] Gan Y T, Liang C, Hamel C, et al. Strategies for reducing the carbon foot-
print of field crops for semiarid areas: A review[J]. Agronomy for Sustainable
Development, 2011, 31(4): 643-656

[5] Zhao R Q, Huang X J, Zhong T Y. Research on carbon emission intensity
and carbon footprint of different industrial spaces in China[J]. Acta Geographica
Sinica, 2010, 65(9): 1048-1057

[6] East A J. What is a carbon footprint? An overview of definitions and method-
ologies[C]//Vegetable industry carbon footprint scoping study-discussion papers
and workshop. Sydney, Australia: Horticulture Australia Limited, 2008

[7] Weidema B P, Thrane M, Christensen P, et al. Carbon footprint: A catalyst
for life cycle assessment?[J]. Journal of Industrial Ecology, 2008, 12(1): 3-6

[8] Yang X L, Gao W S, Zhang M, et al. Reducing agricultural carbon footprint
through diversified crop rotation systems in the North China Plain[J]. Journal
of Cleaner Production, 2014, 76: 131-139

[9] Xu X M. Carbon footprint optimization of winter wheat production based
on nonlinear programming[J]. Acta Scientiae Circumstantiae, 2015, 35(8): 2648-
2654

[10] Zhang H H, Yan C R, Zhang Y Q, et al. Effect of no tillage on carbon seques-
tration and carbon balance in farming ecosystem in dryland area of northern
China[J]. Transactions of the CSAE, 2015, 31(4): 240-247

[11] Zhang Q, Ju X T, Zhang F S. Re-estimation of direct nitrous oxide emis-
sion from agricultural soils of China via revised IPCC2006 guideline method[J].
Chinese Journal of Eco-Agriculture, 2010, 18(1): 7-13

[12] Fang S B. Research on the influencing factors of water efficiency of irriga-
tion[D]. Yangzhou: Yangzhou University, 2013

[13] You L Y, Li B, Wang C Q, et al. Effects of different amount of straw
incorporation on grain yield, nitrogen uptake and use efficiency in wheat-rice
rotation system[J]. Journal of Nuclear Agricultural Sciences, 2015, 29(12): 2394-
2401

[14] West T O, Marland G. A synthesis of carbon sequestration, carbon emis-
sions, and net carbon flux in agriculture: Comparing tillage practices in the

chinarxiv.org/items/chinaxiv-201711.02214 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02214


United States[J]. Agriculture, Ecosystems & Environment, 2002, 91(1/3): 217-
232

[15] Yang J C, Han X G, Huang J H, et al. The dynamics of soil organic matter
in cropland responding to agricultural practices[J]. Acta Ecologica Sinica, 2003,
23(4): 787-796

[16] Huang G B, Guo Q Y, Zhang R Z, et al. Effects of conservation tillage on
soil moisture and crop yield in a phased rotation system with spring wheat and
field pea in dryland[J]. Acta Ecologica Sinica, 2006, 26(4): 1176-1185

[17] Van Kessel C, Venterea R, Six J, et al. Climate, duration, and N placement
determine N�O emissions in reduced tillage systems: A meta-analysis[J]. Global
Change Biology, 2013, 19(1): 33-44

[18] 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

[19] Yan C P, Zhang Y M, Hu C S, et al. Greenhouse gas exchange and com-
prehensive global warming potential under different wheat-maize rotation pat-
terns[J]. Chinese Journal of Eco-Agriculture, 2016, 24(6): 704-715

[20] Zhang J. The study of conservation tillage with fixed way[J]. Shanxi Agri-
cultural Machinery, 2002, 16(S1): 22-23

[21] Brentrup F, Küsters J, Kuhlmann H, et al. Environmental impact assess-
ment of agricultural production systems using the life cycle assessment method-
ology: �. Theoretical concept of a LCA method tailored to crop production[J].
European Journal of Agronomy, 2004, 20(3): 247-264

[22] Lu F, Wang X K, Han B, et al. Assessment on the availability of nitrogen
fertilization in improving carbon sequestration potential of China’s cropland
soil[J]. Chinese Journal of Applied Ecology, 2008, 19(10): 2239-2250

[23] Shi L G, Chen F, Kong F L, et al. The carbon footprint of winter wheat-
summer maize cropping pattern on north China Plain[J]. China Population,
Resources and Environment, 2011, 21(9): 93-98

[24] Flechard C R, Ambus P, Skiba U, et al. Effects of climate and manage-
ment intensity on nitrous oxide emissions in grassland systems across Europe[J].
Agriculture, Ecosystems & Environment, 2007, 121(1/2): 135-152

[25] Li Y C, Hou C C, Li Y, et al. Effects of no-till and straw mulch on greenhouse
gas emission from farmland: A review[J]. Ecology and Environmental Sciences,
2014, 23(6): 1029-1035

[26] Xia W B, Zhang X H, Liu M L, et al. Effects of wheat straw return ways
on integrated global warming effect from dryland soil in North China Plain[J].
Soils, 2014, 46(6): 1010-1016

chinarxiv.org/items/chinaxiv-201711.02214 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02214


[27] Ball B C, Crichton I, Horgan G W. Dynamics of upward and downward
N�O and CO� fluxes in ploughed or no-tilled soils in relation to water-filled
pore space, compaction and crop presence[J]. Soil and Tillage Research, 2008,
101(1/2): 20-30

[28] Wang J, Cai L Q, Zhang R Z, et al. Effect of tillage pattern on soil green-
house gases (CO�, CH�, and N�O) fluxes in semi-arid temperate regions[J]. Chi-
nese Journal of Eco-Agriculture, 2011, 19(6): 1295-1300

[29] Almaraz J J, Zhou X M, Mabood F, et al. Greenhouse gas fluxes associated
with soybean production under two tillage systems in southwestern Quebec[J].
Soil and Tillage Research, 2009, 104(1): 134-139

[30] Mutegi J K, Munkholm L J, Petersen B M, et al. Nitrous oxide emissions
and controls as influenced by tillage and crop residue management strategy[J].
Soil Biology and Biochemistry, 2010, 42(10): 1701-1711

[31] Six J, Ogle S M, Breidt F J, et al. The potential to mitigate global warming
with no-tillage management is only realized when practised in the long term[J].
Global Change Biology, 2004, 10(2): 155-160

[32] Rochette P. No-till only increases N�O emissions in poorly-aerated soils[J].
Soil and Tillage Research, 2008, 101(1/2): 97-100

[33] Zhang F S, Cui Z L, Wang J Q, et al. Current status of soil and plant
nutrient management in China and improvement strategies[J]. Chinese Bulletin
of Botany, 2007, 24(6): 687-694

[34] Li Y Q, Tang J W, Che S G, et al. Effect of organic and inorganic fertilizer
on the emission of CO� and N�O from the summer maize field in the North
China Plain[J]. Scientia Agricultura Sinica, 2015, 48(21): 4381-4389

[35] Wu F L, Li Lin, Zhang H L, et al. Effects of conservation tillage on net car-
bon flux from farmland ecosystems[J]. Chinese Journal of Ecology, 2007, 26(12):
2035-2039

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.02214 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02214

	Postprint: Effects of Different Tillage Practices on the Carbon Footprint of Rainfed Winter Wheat
	Abstract
	Full Text
	Effect of Tillage Practice on Carbon Footprint of Rainfed Winter Wheat
	Introduction
	Materials and Methods
	1.1 Experimental Site
	1.2 Experimental Design and Field Management
	1.3 Soil Properties
	1.5 Sample Collection
	1.6 Sample Measurement and Calculation
	1.7 Carbon Footprint Calculation
	1.8 Data Processing

	Results
	2.1 Soil N₂O Emission Characteristics Under Different Tillage Practices
	2.2 Carbon Footprint of Different Tillage Methods
	2.3 Yield of Rainfed Wheat Under Different Tillage Methods
	2.4 Carbon Cost Analysis of Winter Wheat Under Different Tillage Methods

	Discussion
	3.1 Analysis of N₂O Emission Reduction Effects of Different Tillage Practices on Dryland Wheat Fields
	3.2 Comprehensive Emission Reduction Effects of Different Tillage Practices

	References


