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Abstract: Conservation Agriculture (CA) alters soil properties and microbial processes compared to 10 
conventional agriculture. These changes can affect soil-atmosphere greenhouse gas (GHG) fluxes. In 11 
this overview, we summarized the results of global literature and the gaps in measuring and 12 
understanding of GHG fluxes in CA systems and conventional agriculture. Some studies compared soil 13 
carbon sequestration and soil respiration in conservation agriculture and no-tillage system with 14 
conventional agriculture and the results were not consistent in all experiments. Interactions between 15 
CA pillars and soil factors such as soil moisture, temperature, texture can determine the rate of 16 
respiration rate and soil-atmosphere CO2 fluxes. The majority of studies reported larger N2O emissions 17 
in no-tillage treatment compared with conventional tillage while some other studies reported no 18 
difference between no-tillage and conventional tillage systems. In the majority of CA studies, there is 19 
lack of required information which is necessary to understand the mechanisms and processes that affect 20 
soil GHG fluxes. Determining factors like climate, amount of plant residues, soil type, crop types 21 
included in crop rotation and cover crops and duration of the study are not considered. Static chamber 22 
method was used for measuring soil-atmosphere GHG fluxes in the majority of studies. Spatial and 23 
temporal changes in GHG flux rates are high and missing part of highly episodic events by using static 24 
chamber method may result over- or under-estimation in flux balance calculation. Applying standard 25 
techniques for measuring continuous fluxes can help to calculating accurate GHG balance. 26 

Key words: Conservation Agriculture, Soil Greenhouse Gas (GHG) fluxes, Soil Tillage 27 

1. Introduction:  28 

Agricultural lands are one of the major anthropogenic sources of greenhouse gases emissions and 29 
contribute about 13% of global emissions [1]. Agricultural practices may affect agroecosystems and offer 30 
a way to mitigate greenhouse gases emission. Agricultural soils are a net source or sink for greenhouse 31 
gases depending on the status of soil physical, chemical, and biological properties. Changes in these 32 
variables control microbial process which controls C sequestration in soils and GHG fluxes. Carbon 33 
sequestration in agricultural lands is considered to be the most important of GHG abatement strategies 34 
and the global mitigation potential estimated to be almost 1400Mt CO2 eq [2]. 35 

Conservation Agriculture was introduced to control wind and water erosion [3] and due to providing 36 
multiple ecosystem services in agroecosystems, agricultural lands under CA practices in the world is 37 
growing [4]. CA is a system of agricultural practices that include minimum soil disturbance, permanent 38 
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organic soil cover, and crop rotation. CA has several ecosystem services such as climate change 39 
mitigation as related to greenhouse gases (GHG) emission, C sequestration and regulation of water and 40 
nutrients through modification of several soil properties (chemical, physical and biological). CA 41 
practices foster the buildup of new soil organic carbon by protecting soil surface via plant residues or 42 
cover crops [5]. Further, CO2 emissions have been shown to be reduced by the inclusion of soil organic 43 
carbon in soil aggregates [6]. Regarding N2O emission, many agricultural practices such as tillage, 44 
legume cropping, crop residues and manure or mineral N fertilizers may contribute to the emission 45 
rate.  46 

In many past research papers and reviews, ecosystem services of CA including GHG fluxes have been 47 
investigated. The majority of these studies focused on the effects of reduced or no-tillage systems and 48 
effects of plant residues and crop rotation are ignored. Moreover, understanding the processes of GHG 49 
fluxes in agroecosystems with CA practices is arduous due to site-specific context, management, soil 50 
type, and climate. For instance, CO2 emission is often lower in no-till than in conventional till [7] but an 51 
increase in no-till has also been reported compared to conventional tillage  [8]. Some studies reported 52 
that tillage can increase emission of N2O [9, 10] but some reported decrease in N2O emission compared 53 
to no-till treatment [11, 12] 54 

In this paper, we summarize CA effects on soil GHG fluxes and bring to light gaps and questions needed 55 
to provide a framework for the potential competence of CA practices in GHG mitigation. This review is 56 
based on global literature about CA practices effects on smallholder farming systems and experiments 57 
set upped to compare conventional agriculture with CA. We discuss CA effects on CO2, N2O, and CH4 58 
fluxes separately to link CA effects on microbial processes that control these GHG fluxes.  59 

 60 

2. Carbon Sequestration and Carbon Dioxide Emission 61 

2.1 Tillage 62 

Soil respiration and carbon dioxide (CO2) emission can decrease soil C stock. Soil disturbance increases 63 
soil C loss by altering soil respiration rate and CO2 emission. Some studies have shown that minimum 64 
soil disturbance (reduced-tillage or no-tillage) elevated soil C compared with conventional tillage [13-65 
16]. This improvement was often restrained to the top layer. At deeper soil layers (> 10 cm) soil C level 66 
might be equal or less than conventional tillage [13]. [15] compared soil C in 100 studies in USA and 67 
Canada and some from Brazil, Mexico, Spain, Switzerland, Australia, and China. In 54 cases soil C was 68 
higher in no-tillage system and in 39 cases there was no difference between conventional tillage and no-69 
tillage treatments. In 7 studies soil C stock was lower in no-tillage system.  The potential of CA for C 70 
sequestration and low CO2 emission depends on multiple factors such as cropping system, soil texture, 71 
foregoing C concentration, management duration and climate [17].  72 

 In addition, soil C stock it is better to be reported in equivalent soil mass (ESM) basis rather than on 73 
fixed depth layer and it abates overestimation in C stock calculation with higher bulk density in CA 74 
treatment (Table.1). 75 

Depth 
(cm) 

Tillage treatment No-tillage treatment 
Bulk 

density        
(g cm-3) 

Soil C 
concentration 

(g kg-1) 

Cumulative C 
mass (Mg ha-1) 

Bulk 
density 
(g cm-3) 

Soil C 
concentration 

(g kg-1) 

Cumulative C 
mass (Mg ha-1) 

5 1.34 6.3 4.4 1.29 12.9 8.4 
10 1.33 6.3 8.9 1.45 7.9 14.5 
20 1.33 5.9 17 1.44 5.4 22.8 
30 1.32 6.1 25.4 1.47 4.3 29.4 
40 1.33 5.7 33.8 1.42 3.6 34.8 
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ESM C   27.4   29.4 
Table 1: bulk density, soil C concentration and cumulative soil C in different depth layers in tillage and no-76 
tillage treatments (Plaza-Bonilla et al., 2010), and the equivalent soil mass C (ESM C) 77 

 78 

In the majority of studies, soil C stock is reported based on fixed soil depth layer and soil bulk density 79 
is not included in the calculation. The result of studies using fixed depth rather than ESM is that reports 80 
of changes in soil C stocks are confounded by management-induced changes in bulk density rather than 81 
out- right changes in stock [17]. 82 

2.2 Crop Rotation 83 

Potter et. al.,[18] evaluated no-tillage effects with four crop rotations (continuous wheat, continuous 84 
sorghum, wheat/fallow and wheat/fallow/sorghum/fallow) in a study and concluded that no-till 85 
management with continuous crops stored more C in soils in southern Great Plains in the USA. Fallow 86 
limited carbon accumulation.  87 

Crop rotation can affect soil C sequestration by increasing biomass production and C diversifying 88 
rooting pattern. In many studies crop rotation with tillage in confounded and make it complicated to 89 
understand effects of crop rotation alone. West and Post [19] found that crop rotations stored more C 90 
than monoculture in no-tillage treatment, though there were exceptions with corn-soybean rotations 91 
with less soil C than monoculture maize.  92 

Franzluebbers et. al., [20] found that 65% to 98% of the variation in CO2 flux could be accounted by crop 93 
rotation, tillage and season by altering soil temperature and moisture. While temperature increases soil 94 
CO2 efflux, the effect on net ecosystem C balance depends on any effect on primary productivity. Crop 95 
rotation effects on soil C stock are linked with produced above- and below-ground biomass [19].  96 

There are limited studies investigated soil C input by plants biomass production (especially root 97 
biomass), to better explain crop rotation effects.  Boddey et. al., [21] showed that legume intercrops in 98 
the rotation increased soil C stock in no-tillage treatment was the response of higher production and 99 
residues inputs. They concluded that low mineral N in no-tillage treatment led to slower decomposition 100 
rate and CO2 efflux, higher roots: shoots ratios and belowground C input.  101 

2.3 Residue Retention  102 

Plant residues effects on soil carbon and CO2 emission are inconsistent. Johnson et. al., [22] showed that 103 
crop residues removal did not alter CO2 emissions compared with crop residues retained treatment. In 104 
some other studies, soil CO2 emission was decreased. A USDA project in five states in the USA indicated 105 
that corn stover removal decreased soil total CO2 emissions by 4%, relative to no removal [23].  106 

Retention of crop residues is needed for increasing soil stock and it is affected mostly by the quality 107 
than quality of plant residues. Paul et. al., [24] found that limited amount of residues have little or no 108 
effects on soil C stock. Moreover, the quality of plant residues is determined by the C: N ratio and it 109 
may affect soil C storage and dynamic. Plant residues with high C:N ratio reduce available N in soils 110 
and it may lead to lower crop production and materials with low C:N ratio as in case of legume residues 111 
increase available N and possibly microbial processes such as soil respiration and consequently CO2 112 
emission [25].  113 

2.4 Interaction of Tillage, Crop Rotation, and Plant Residues 114 

It is important to study interactions between CA pillars (minimum soil disturbance, crop rotation, and 115 
organic soil cover) to understand processes that are involved in soil GHG fluxes in agroecosystems. For 116 
instance, in CA systems no-tillage may not increase soil C stock when there are limited crop residues. 117 
Adequate crop residues are essential for increasing soil C stock. Dendooven et. al., [26] concluded that 118 
soil tillage had no significant effect on CO2 emission independent of crop residue management. Crop 119 
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residual removal significantly reduced soil respiration rate and CO2 fluxes. Residue management 120 
improved soil C stock and created C substrate for soil microorganisms and removing it reduced soil 121 
CO2 emission. Interactions between crop residuals and other soil factors such as soil moisture, 122 
temperature, texture can determine the rate of respiration rate and soil-atmosphere CO2 fluxes. 123 
However, these network of multiple interactions that alter soil C stock makes it difficult to identify a 124 
clear and fixed guideline for CA practices in agricultural fields.  125 

Models can be used to simulate interactions between CA components at different levels to evaluate the 126 
contribution of different practices in soil C storage.  Several studies have simulated C sequestration and 127 
reported relatively small C stock improvement in soils under no-tillage system [27, 28]. Model 128 
simulations can be used in investigating on interactions among CA practices to figure out the primary 129 
factors affecting soil C sequestration in different agroecosystems. In model simulations, it should be 130 
noticed that the models are validated for the soil, climate and crop types to be able to reflect changes in 131 
soil C stock in the response of CA practices [17].  132 

3. Nitrous Oxide Emission 133 

Nitrous oxide (N2O) is a long-lived GHG with 298 times higher global warming potential that of CO2 134 
and remains in the atmosphere 114 years. Denitrification and nitrification processes in soils produce 135 
N2O and emit into the atmosphere. Nitrification is the dominant process in aerobic condition while in 136 
anaerobic condition denitrification occurs chiefly. The contribution of these two pass ways to N2O 137 
emission depends on changes in soil air and water distribution in the soil profile.  138 

3.1 Tillage 139 

N2O emission response to no-tillage or minimum soil disturbance in CA systems compared to 140 
conventional tillage is not clear [29]. The majority of studies reported larger N2O emissions in no-tillage 141 
treatment compared with conventional tillage [9, 10, 30-32]. Some studies reported lower N2O emission 142 
under no-tillage or reduced tillage treatment [7, 10, 33], while some other studies reported no difference 143 
between no-tillage and conventional tillage systems [8, 34-37]. Six et. al., [38] reported that N2O 144 
emissions in no-tillage treatment decrease with time. And this results is consistent with Rochette et. al., 145 
[39] concluded that no-tillage treatment increased N2O emission only in poorly-aerated soils.  146 

Soil structure has a direct relation with bulk density, soil C stock, and aggregate formation. All these 147 
factors are influenced by soil disturbance and tillage. Soil aggregate formation in no-tillage system due 148 
to higher soil organic input is higher than conventional agricultural systems [40-42]. Nitrification is the 149 
main source of N2O emission when water filled pore space (WFPS) is below 40% while the contribution 150 
of denitrification in N2O emission increases above 65-70% WFPS [43, 44].  151 

Soils with higher soil moisture content and higher C input under CA practices increases N2O emissions 152 
[45-47].However, The impact of tillage on N2O emission depends on temperature, soil moisture, soil 153 
chemical and physical characteristics and duration of no-tillage treatment [31]. 154 

3.2 Crop Rotation  155 

Crop rotation can alter N2O emission by changing soil NO3 availability originated from soil organic 156 
matters decompositions [48]. The quantity and quality of crop residues can alter N2O emissions. Legume 157 
residues contain low C : N ratio and can result in higher N2O emissions [49]. On the other hand, crop 158 
residues with high C : N ratio may result in N immobilization and consequently low N2O emission. 159 
However, N2O emission in CA systems depends on crop rotation and the quality and quantity of crop 160 
residues [17]. 161 

Wang et. al., [33] reported substantially higher N2O emission than those observed in cereal cropping 162 
systems in semiarid region in Australia. They concluded that factors might contribute to higher 163 
emission from these croplands may include higher clay and soil organic C content, higher precipitation, 164 
temperature, and generally occurrence of wet and warm summer.   165 
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3.3 Residue Retention 166 

Crop residue retention in CA systems lead to higher soil organic matter on the soil surface. High soil 167 
moisture and anaerobic conditions associated with high content of soluble carbon. Consequently, easily 168 
decomposable organic matter can boost denitrification and N2O emissions [43].  169 

Effects of CA practices on soil N2O fluxes is controversial. There are 3 main reasons for observing 170 
inconsistent results in studies investigated CA pillars effects on N2O emissions. a) the majority of studies 171 
measures short-term (single season or one year) soil N2O fluxes, b) high temporal and spatial variation 172 
in soil N2O emissions, and c) methodological problems in field measurements. For example, sampling 173 
intervals vary from several days to one month in different studies. Estimating annual emission can be 174 
over-estimated about 200% if the sampling interval is about one month due to missing considerable 175 
episodic events [50]. However, complete seasonal or annual patterns of emissions should be captured 176 
in static chamber based methods [17]. 177 

4. Methane Emission 178 

Methane (CH4) is another GHG with 25 times higher global warming potential than CO2 over a 100 year 179 
time and its lifetime in the atmosphere is 12 years. The main terrestrial source for CH4 emission is 180 
methanogenic archaea which exist in soils with high soil moisture content such as lowlands, wetlands 181 
and rice fields [51]. Methanotrophic bacteria live in upland soils like agricultural fields and have the 182 
ability to utilize CH4 as their energy source [52].  183 

4.1 Tillage 184 

Tillage in agricultural practices reduced the CH4 oxidation capacity of methanotrophic bacteria by six 185 
to eight times as compared to natural undisturbed soils [53]. The destruction of an aerobic micro-sites 186 
within the soil structure and the removal of the organic layer that develops at the top of the uncultivated 187 
soils may be responsible for the reduction of CH4 uptake rates in cultivated soils [54]. Some studies 188 
focused on tillage effects on the activity of methanotrophic bacteria in agricultural fields. For example, 189 
Maxfield et. al., [55] suggested that tillage can reduce significantly methanotrophic biomass and activity. 190 
 191 

4.2 Crop Rotation 192 
Different kinds of crops can have distinct CH4 balances. Hütsch et. al., [56] observed that intact soil cores 193 
from a continuous maize plot showed lower CH4 oxidizing activity than samples from a continuous rye 194 
plot. Crops with low C:N ratio has the potential to decrease CH4 oxidation in soils by altering soil 195 
Ammonium (NH4) or Nitrate (NO3) concentrations. NH4 inhibition in methanotrophic activity in the 196 
field was first reported by [57]. Physical similarities between CH4 and NH3 permit both compounds to 197 
compete for methane monooxygenase enzyme (MMO) [58].  198 
Some studies did not show any effect N application on CH4 oxidation even after several years [59].These 199 
results suggest either that the methanotrophic bacteria in these soil are tolerant to excess NH4 , or other 200 
soil properties like N immobilization and pH protect them. Gulledge et. al., [60] hypothesized that the 201 
inhibition pattern could have resulted from immobilization or nitrification that initially buffered the 202 
CH4 oxidizers from exposure to NH4.  203 
 204 

4.3 Residue Retention 205 
Many studies investigated effects of plant residues on soil surface on soil moisture [61, 62]. CH4 206 
transport in soils occurs in the gas phase exclusively. Soil moisture controls air diffusion into the soil 207 
and thus regulates the uptake rate of atmospheric CH4 in soils. The optimal range of water content 208 
depends on landuse. For grassy soils maximum CH4 oxidation occurred in a range from 18 to 33% of 209 
moisture content and for forest soils optimal soil moisture was between 30 and 51% [63]. 210 
 211 
With increasing soil organic matter, bulk density decreases while pore volume increases and soil 212 
granules form. This can alter the CH4 transform to the methanotrophs for oxidation [63]. 213 
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Some studies investigated on soil structure to understand lower CH4 uptake in pastures than forest 214 
soils [64-66]. Soil aggregates are a key factor in soil structure and functioning, affecting water, air, heat 215 
and nutrient availability, the size and numbers of pores, water movement and soil greenhouse gas 216 
exchange [67].  Plant residue retention facilitates soil aggregate formation. Higher organic carbon input 217 
increase aggregate formation by increasing binding agent like humified organic matter, microbial and 218 
plant-derived polysaccharides, fungal hyphae and roots [68]. 219 
 220 

5. Conclusion 221 
Many studies have indicated that CA pillars can increase soil C stock considerably [17, 69]. On the other 222 
hands, there are studies that showed no significant improvement in soil C sequestration in soils under 223 
CA practices [70]. Understanding the impacts of CA practices on soil C requires an integrated approach 224 
to articulate crop production to organic C input into the soil, decomposition rate, microbial activity and 225 
biomass and soil C formation. In addition, in future investigations on soil C stock determining factors 226 
like climate, amount of plant residues, soil type, crop types included in crop rotation and cover crops 227 
and duration of the study should be considered. In the majority of CA studies, there is lack of required 228 
information which is necessary to understand the mechanisms and processes affect soil C storage.  229 

Amount of plant residues as soil organic cover in CA is a key factor in estimating the amount of C 230 
storage. Produced residues and management practices should be correlated with crop productivity to 231 
facilitate simulations in detailed process models. The amount of crop residues needed to improve soil 232 
C storage depends on different factors such as crop type, crop productivity and the balance between C 233 
input and soil organic decomposition rate. Soil C models should be used more with detailed information 234 
about amount of crop residues, management practices, and climate data to illustrate complex 235 
interactions and the importance of different factors. 236 

 Sampling depth is an important factor in reporting soil C stock. IPCC reference depth is 30 cm [71] and 237 
in some studies, the sampling depth is deeper than 30 cm, even up to 100 cm [13, 21]. Soil C reporting 238 
in a fixed depth basis leads to inaccurate results when soil bulk density differs due to different 239 
management systems for the same depth interval. Today there is a general agreement in reporting soil 240 
C stock on an equivalent soil mass (ESM) basis rather than fixed soil depth  but many of studies do not 241 
use it because of methodological difficulties [17]. 242 

In the majority of studies, static chamber method was used for measuring soil-atmosphere GHG fluxes. 243 
Sampling frequency varies (from several days to one month) in different studies. Spatial and temporal 244 
changes in GHG flux rate is high and missing part of highly episodic events may result over- or under-245 
estimation in flux balance calculation.  246 

Regarding measuring CH4, it is difficult to constrain CH4 balance by using static chamber technique 247 
because of emissions tend to be episodic and they are often mediated by ebullition, which is–on a short 248 
time scale–a discontinuous process  [72]. Applying standard techniques for measuring continuous 249 
fluxes and separately count the occurrence of ebullition events can help to calculate accurate CH4 250 
balance. 251 

 252 

6. References  253 

 254 

1. IPCC. Changes in Atmospheric Constituents and in Radiative Forcing. UK and New York USA: 255 
Cambridge University Press; 2007. 256 
2. Smith P, Martino D, Cai Z, Gwary D, Janzen H, Kumar P, et al. Greenhouse gas mitigation in 257 
agriculture. Philosophical Transactions of the Royal Society B: Biological Sciences. 2008;363(1492):789-258 
813. 259 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 April 2018                   doi:10.20944/preprints201804.0125.v1

http://dx.doi.org/10.20944/preprints201804.0125.v1


7 
 

3. Baveye PC, Rangel D, Jacobson AR, Laba M, Darnault C, Otten W, et al. From dust bowl to dust 260 
bowl: soils are still very much a frontier of science. Soil Science Society of America Journal. 261 
2011;75(6):2037-48. 262 
4. Kassam A, Friedrich T, Shaxson F, Pretty J. The spread of conservation agriculture: justification, 263 
sustainability and uptake. International journal of agricultural sustainability. 2009;7(4):292-320. 264 
5. Stagnari F, Ramazzotti S, Pisante M. Conservation agriculture: a different approach for crop 265 
production through sustainable soil and water management: a review.  Organic farming, pest control 266 
and remediation of soil pollutants: Springer; 2009. p. 55-83. 267 
6. de M. Sá JC, Cerri CC, Dick WA, Lal R, Filho SPV, Piccolo MC, et al. Organic Matter Dynamics 268 
and Carbon Sequestration Rates for a Tillage Chronosequence in a Brazilian Oxisol. Soil Science Society 269 
of America Journal. 2001;65(5):1486-99. 270 
7. Almaraz JJ, Zhou X, Mabood F, Madramootoo C, Rochette P, Ma B-L, et al. Greenhouse gas 271 
fluxes associated with soybean production under two tillage systems in southwestern Quebec. Soil and 272 
tillage research. 2009;104(1):134-9. 273 
8. Oorts K, Merckx R, Gréhan E, Labreuche J, Nicolardot B. Determinants of annual fluxes of CO 274 
2 and N 2 O in long-term no-tillage and conventional tillage systems in northern France. Soil and tillage 275 
research. 2007;95(1):133-48. 276 
9. Baggs E, Stevenson M, Pihlatie M, Regar A, Cook H, Cadisch G. Nitrous oxide emissions 277 
following application of residues and fertiliser under zero and conventional tillage. Plant and Soil. 278 
2003;254(2):361-70. 279 
10. Ussiri DAN, Lal R, Jarecki MK. Nitrous oxide and methane emissions from long-term tillage 280 
under a continuous corn cropping system in Ohio. Soil and tillage research. 2009 2009/07/01/;104(2):247-281 
55. 282 
11. Robertson GP, Paul EA, Harwood RR. Greenhouse gases in intensive agriculture: contributions 283 
of individual gases to the radiative forcing of the atmosphere. science. 2000;289(5486):1922-5. 284 
12. Steinbach HS, Alvarez R. Changes in soil organic carbon contents and nitrous oxide emissions 285 
after introduction of no-till in Pampean agroecosystems. Journal of Environmental Quality. 2006;35(1):3-286 
13. 287 
13. Blanco-Canqui H, Lal R. No-tillage and soil-profile carbon sequestration: An on-farm 288 
assessment. Soil Science Society of America Journal. 2008;72(3):693-701. 289 
14. Franzluebbers AJ. Soil organic carbon sequestration with conservation agriculture in the south 290 
eastern USA: potential and limitations. 2008. 291 
15. Govaerts B, Verhulst N, Castellanos-Navarrete A, Sayre KD, Dixon J, Dendooven L. 292 
Conservation Agriculture and Soil Carbon Sequestration: Between Myth and Farmer Reality. Critical 293 
Reviews in Plant Sciences. 2009 2009/04/03;28(3):97-122. 294 
16. Mishra U, Ussiri DA, Lal R. Tillage effects on soil organic carbon storage and dynamics in Corn 295 
Belt of Ohio USA. Soil and tillage research. 2010;107(2):88-96. 296 
17. Palm C, Blanco-Canqui H, DeClerck F, Gatere L, Grace P. Conservation agriculture and 297 
ecosystem services: An overview. Agriculture, Ecosystems & Environment. 2014;187:87-105. 298 
18. Potter K, Jones O, Torbert H, Unger P. Crop Rotation and Tillage Effects on Organic Carbon 299 
Sequestration in The Semiarid Southern Great Plains. Soil Science. 1997;162(2):140-7. 300 
19. West TO, Post WM. Soil organic carbon sequestration rates by tillage and crop rotation. Soil 301 
Science Society of America Journal. 2002;66(6):1930-46. 302 
20. Franzluebbers AJ, Hons FM, Zuberer DA. Tillage and crop effects on seasonal dynamics of soil 303 
CO2 evolution, water content, temperature, and bulk density. Applied Soil Ecology. 1995 304 
1995/06/01/;2(2):95-109. 305 
21. Boddey RM, Jantalia CP, Conceicao PC, Zanatta JA, Bayer C, Mielniczuk J, et al. Carbon 306 
accumulation at depth in Ferralsols under zero-till subtropical agriculture. Global Change Biology. 307 
2010;16(2):784-95. 308 
22. Johnson JM, Barbour NW, editors. Crop yield and greenhouse gas response to stover harvest 309 
on glacial till Mollisol. Proceedings from the 19th World Congress of, Soil Science; 2010. 310 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 April 2018                   doi:10.20944/preprints201804.0125.v1

http://dx.doi.org/10.20944/preprints201804.0125.v1


8 
 

23. Jin VL, Baker JM, Johnson JM-F, Karlen DL, Lehman RM, Osborne SL, et al. Soil greenhouse gas 311 
emissions in response to corn stover removal and tillage management across the US Corn Belt. 312 
BioEnergy Research. 2014;7(2):517-27. 313 
24. Paul B, Vanlauwe B, Ayuke F, Gassner A, Hoogmoed M, Hurisso T, et al. Medium-term impact 314 
of tillage and residue management on soil aggregate stability, soil carbon and crop productivity. 315 
Agriculture, Ecosystems & Environment. 2013;164:14-22. 316 
25. Palm CA, Gachengo CN, Delve RJ, Cadisch G, Giller KE. Organic inputs for soil fertility 317 
management in tropical agroecosystems: application of an organic resource database. Agriculture, 318 
Ecosystems & Environment. 2001;83(1):27-42. 319 
26. Dendooven L, Gutiérrez-Oliva VF, Patiño-Zúñiga L, Ramírez-Villanueva DA, Verhulst N, 320 
Luna-Guido M, et al. Greenhouse gas emissions under conservation agriculture compared to traditional 321 
cultivation of maize in the central highlands of Mexico. Science of the Total Environment. 2012;431:237-322 
44. 323 
27. Apezteguía HP, Izaurralde RC, Sereno R. Simulation study of soil organic matter dynamics as 324 
affected by land use and agricultural practices in semiarid Córdoba, Argentina. Soil and tillage research. 325 
2009;102(1):101-8. 326 
28. Leite LFC, de Sá Mendonça E, de Almeida Machado PLO, Fernandes Filho EI, Neves JCL. 327 
Simulating trends in soil organic carbon of an Acrisol under no-tillage and disc-plow systems using the 328 
Century model. Geoderma. 2004;120(3):283-95. 329 
29. Snyder C, Bruulsema T, Jensen T, Fixen P. Review of greenhouse gas emissions from crop 330 
production systems and fertilizer management effects. Agriculture, Ecosystems & Environment. 331 
2009;133(3):247-66. 332 
30. Abdalla M, Hastings A, Helmy M, Prescher A, Osborne B, Lanigan G, et al. Assessing the 333 
combined use of reduced tillage and cover crops for mitigating greenhouse gas emissions from arable 334 
ecosystem. Geoderma. 2014;223:9-20. 335 
31. Abdalla M, Osborne B, Lanigan G, Forristal D, Williams M, Smith P, et al. Conservation tillage 336 
systems: a review of its consequences for greenhouse gas emissions. Soil use and management. 337 
2013;29(2):199-209. 338 
32. Lemke R, Izaurralde R, Nyborg M, Solberg E. Tillage and N source influence soil-emitted 339 
nitrous oxide in the Alberta Parkland region. Canadian Journal of Soil Science. 1999;79(1):15-24. 340 
33. Wang W, Dalal RC, Reeves SH, BUTTERBACH-BAHL K, Kiese R. Greenhouse gas fluxes from 341 
an Australian subtropical cropland under long-term contrasting management regimes. Global Change 342 
Biology. 2011;17(10):3089-101. 343 
34. Bavin T, Griffis T, Baker J, Venterea R. Impact of reduced tillage and cover cropping on the 344 
greenhouse gas budget of a maize/soybean rotation ecosystem. Agriculture, Ecosystems & 345 
Environment. 2009;134(3):234-42. 346 
35. Fuß R, Ruth B, Schilling R, Scherb H, Munch JC. Pulse emissions of N 2 O and CO 2 from an 347 
arable field depending on fertilization and tillage practice. Agriculture, Ecosystems & Environment. 348 
2011;144(1):61-8. 349 
36. Lee J, Hopmans JW, van Kessel C, King AP, Evatt KJ, Louie D, et al. Tillage and seasonal 350 
emissions of CO 2, N 2 O and NO across a seed bed and at the field scale in a Mediterranean climate. 351 
Agriculture, Ecosystems & Environment. 2009;129(4):378-90. 352 
37. Pelster DE, Larouche F, Rochette P, Chantigny MH, Allaire S, Angers DA. Nitrogen fertilization 353 
but not soil tillage affects nitrous oxide emissions from a clay loam soil under a maize–soybean rotation. 354 
Soil and tillage research. 2011;115:16-26. 355 
38. Six J, Ogle SM, Conant RT, Mosier AR, Paustian K. The potential to mitigate global warming 356 
with no-tillage management is only realized when practised in the long term. Global Change Biology. 357 
2004;10(2):155-60. 358 
39. Rochette P. No-till only increases N 2 O emissions in poorly-aerated soils. Soil and tillage 359 
research. 2008;101(1):97-100. 360 
40. Pisante M, Stagnari F, Acutis M, Bindi M, Brilli L, Di Stefano V, et al. Conservation agriculture 361 
and climate change.  Conservation Agriculture: Springer; 2015. p. 579-620. 362 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 April 2018                   doi:10.20944/preprints201804.0125.v1

http://dx.doi.org/10.20944/preprints201804.0125.v1


9 
 

41. Tebrügge F, Düring R-A. Reducing tillage intensity—a review of results from a long-term study 363 
in Germany. Soil and tillage research. 1999;53(1):15-28. 364 
42. Tisdall JM, Oades JM. Organic matter and water-stable aggregates in soils. European Journal of 365 
Soil Science. 1982;33(2):141-63. 366 
43. Dalal RC, Wang W, Robertson GP, Parton WJ. Nitrous oxide emission from Australian 367 
agricultural lands and mitigation options: a review. Soil Research. 2003;41(2):165-95. 368 
44. Weier K, Doran J, Power J, Walters D. Denitrification and the dinitrogen/nitrous oxide ratio as 369 
affected by soil water, available carbon, and nitrate. Soil Science Society of America Journal. 370 
1993;57(1):66-72. 371 
45. Liu XJ, Mosier AR, Halvorson AD, Reule CA, Zhang FS. Dinitrogen and N 2 O emissions in 372 
arable soils: effect of tillage, N source and soil moisture. Soil Biology and Biochemistry. 2007;39(9):2362-373 
70. 374 
46. Regina K, Alakukku L. Greenhouse gas fluxes in varying soils types under conventional and 375 
no-tillage practices. Soil and tillage research. 2010;109(2):144-52. 376 
47. Venterea RT, Burger M, Spokas KA. Nitrogen oxide and methane emissions under varying 377 
tillage and fertilizer management. Journal of Environmental Quality. 2005;34(5):1467-77. 378 
48. Firestone MK, Davidson EA. Microbiological basis of NO and N2O production and 379 
consumption in soil. Exchange of trace gases between terrestrial ecosystems and the atmosphere. 380 
1989;47:7-21. 381 
49. Millar N, Ndufa J, Cadisch G, Baggs E. Nitrous oxide emissions following incorporation of 382 
improved-fallow residues in the humid tropics. Global biogeochemical cycles. 2004;18(1). 383 
50. Rowlings D, Grace P, Scheer C, Kiese R. Influence of nitrogen fertiliser application and timing 384 
on greenhouse gas emissions from a lychee (Litchi chinensis) orchard in humid subtropical Australia. 385 
Agriculture, Ecosystems & Environment. 2013;179:168-78. 386 
51. Conrad R. The global methane cycle: recent advances in understanding the microbial processes 387 
involved. Environmental Microbiology Reports. 2009;1(5):285-92. 388 
52. Semrau JD, DiSpirito AA, Yoon S. Methanotrophs and copper. FEMS microbiology reviews. 389 
2010;34(4):496-531. 390 
53. Hütsch BW, Webster CP, Powlson DS. Methane oxidation in soil as affected by land use, soil 391 
pH and N fertilization. Soil Biology and Biochemistry. 1994;26(12):1613-22. 392 
54. Hütsch B. Tillage and land use effects on methane oxidation rates and their vertical profiles in 393 
soil. Biology and Fertility of Soils. 1998;27(3):284-92. 394 
55. Maxfield P, Brennand E, Powlson D, Evershed R. Impact of land management practices on high-395 
affinity methanotrophic bacterial populations: evidence from long-term sites at Rothamsted. European 396 
Journal of Soil Science. 2011;62(1):56-68. 397 
56. Hütsch BW. Methane oxidation in soils of two long-term fertilization experiments in Germany. 398 
Soil Biology and Biochemistry. 1996;28(6):773-82. 399 
57. Steudler P, Bowden R, Melillo J, Aber J. Influence of nitrogen fertilization on methane uptake 400 
in temperate forest soils. Nature. 1989;341(6240):314-6. 401 
58. Dunfield P, Knowles R. Kinetics of inhibition of methane oxidation by nitrate, nitrite, and 402 
ammonium in a humisol. Applied and Environmental Microbiology. 1995;61(8):3129-35. 403 
59. Hütsch BW, Webster CP, Powlson DS. Long-term effects of nitrogen fertilization on methane 404 
oxidation in soil of the Broadbalk wheat experiment. Soil Biology and Biochemistry. 1993;25(10):1307-405 
15. 406 
60. Gulledge J, Doyle AP, Schimel JP. Different NH4+-inhibition patterns of soil CH4 consumption: 407 
a result of distinct CH4-oxidizer populations across sites? Soil Biology and Biochemistry. 1997;29(1):13-408 
21. 409 
61. Liu Y, Gao M, Wu W, Tanveer SK, Wen X, Liao Y. The effects of conservation tillage practices 410 
on the soil water-holding capacity of a non-irrigated apple orchard in the Loess Plateau, China. Soil and 411 
tillage research. 2013;130:7-12. 412 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 April 2018                   doi:10.20944/preprints201804.0125.v1

http://dx.doi.org/10.20944/preprints201804.0125.v1


10 
 

62. Thierfelder C, Wall P. Investigating conservation agriculture (CA) systems in Zambia and 413 
Zimbabwe to mitigate future effects of climate change. Journal of Crop Improvement. 2010;24(2):113-414 
21. 415 
63. Czepiel P, Crill P, Harriss R. Environmental factors influencing the variability of methane 416 
oxidation in temperate zone soils. Journal of Geophysical Research: Atmospheres. 1995;100(D5):9359-417 
64. 418 
64. Abichou T, Mahieu K, Chanton J, Romdhane M, Mansouri I. Scaling methane oxidation: from 419 
laboratory incubation experiments to landfill cover field conditions. Waste management. 2011;31(5):978-420 
86. 421 
65. Ball BC, Scott A, Parker JP. Field N 2 O, CO 2 and CH 4 fluxes in relation to tillage, compaction 422 
and soil quality in Scotland. Soil and tillage research. 1999;53(1):29-39. 423 
66. Hiltbrunner D, Zimmermann S, Karbin S, Hagedorn F, Niklaus PA. Increasing soil methane 424 
sink along a 120-year afforestation chronosequence is driven by soil moisture. Global Change Biology. 425 
2012;18(12):3664-71. 426 
67. Kasper M, Buchan G, Mentler A, Blum W. Influence of soil tillage systems on aggregate stability 427 
and the distribution of C and N in different aggregate fractions. Soil and tillage research. 428 
2009;105(2):192-9. 429 
68. Tisdall JM, Oades JM. Organic matter and water-stable aggregates in soils. European Journal of 430 
Soil Science. 1982;33(2):141-63. 431 
69. West TO, Marland G. A synthesis of carbon sequestration, carbon emissions, and net carbon 432 
flux in agriculture: comparing tillage practices in the United States. Agriculture, Ecosystems & 433 
Environment. 2002;91(1):217-32. 434 
70. Ogle SM, Breidt FJ, Paustian K. Agricultural management impacts on soil organic carbon 435 
storage under moist and dry climatic conditions of temperate and tropical regions. Biogeochemistry. 436 
2005;72(1):87-121. 437 
71. Eggleston H, Buendia L, Miwa K, Ngara T, Tanabe K. IPCC guidelines for national greenhouse 438 
gas inventories. Institute for Global Environmental Strategies, Hayama, Japan. 2006;2:48-56. 439 
72. Karbin S, Guillet C, Kammann CI, Niklaus PA. Effects of long-term CO2 enrichment on soil-440 
atmosphere CH4 fluxes and the spatial micro-distribution of methanotrophic bacteria. PloS one. 441 
2015;10(7):e0131665. 442 

 443 

 444 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 April 2018                   doi:10.20944/preprints201804.0125.v1

http://dx.doi.org/10.20944/preprints201804.0125.v1

