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General information 
Task(s) and Activity code(s): Task 3.3, Activity 3.3.1, 3.3.2, 3.3.3 and 3.3.4 

Input from (Task and Activity codes):  

Output to (Task and Activity codes): WP4, WP5, WP6 

Related milestones: MS331-MS333 

 

Suggested citation:  

Spiegel H., Schlatter N., Haslmayr H.P., Lehtinen T., Baumgarten A.,  Grignani C., Bechini 

L., Krüger J., Zavattaro L., 2014, D3.334 „shortlist BMP Climate“. “Compatibility of 

Agricultural Management Practices and Types of Farming in the EU to enhance Climate 

Change Mitigation and Soil Health”, www.catch-c.eu. pp. 

Executive summary 

The Task 3.3 aimed to evaluate the management impacts on carbon sequestration and GHG 

emissions with respect to climate change (CC) mitigation.  The goal of the task group was to 

conduct a “comprehensive, indicator-based analysis of the effects of different agricultural 

management options on climate change mitigation (carbon sequestration and GHG 

emissions) on field level”.  Soil organic carbon (SOC) is the main component of soil organic 

matter (SOM), which influences chemical, physical and biological soil quality, treated by the 

soil quality task groups. Furthermore, an increase in SOC with agricultural management 

changes (e.g. reduced tillage measures, addition of organic material) may lead to carbon 

sequestration by enhancing SOC stocks, thus lowering the atmospheric CO2 concentration. 

On the other hand, those management changes may lead to shifts in other GHG fluxes. In 

general, the most important greenhouse gases, which are connected with agricultural 

management, are carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O).  

The evaluation was based on data mainly derived from long-term field experiments, which 

have been collected in a comprehensive literature review and stored in an on-line database. 

Before the statistical analyses, comparisons between an assumed improved management 

practice and a baseline management were computed, forming either relative differences for 

CH4 emissions or relative response ratios (RR) for SOC contents and stocks and CO2 and 

N2O emissions. Furthermore, we investigated which environmental conditions mostly 

affected the performance of each practice, separately. The studied factors were climate, clay 

content, the investigated soil depth (for SOC) and the duration of practice. For the evaluation 

of GHG emissions it was considered, whether the experiment was a field or a laboratory 

experiment. 

The application of external C-sources, such as compost, farm yard manure (FYM) and slurry 

resulted in the highest overall increases of SOC concentrations (between 37% and 21%) 

compared to similar mineral N fertilisation. The growing of catch crops and cover crops also 

led to increased SOC contents (RR 1.16). Reduced tillage (reduction of the number of tillage 

operations or of the depth of disturbance), the incorporation of crop residues and (high) 

mineral N fertilization led to a SOC increase of 7 to 8% compared to the respective baseline 

management practices. Similar increases could be detected for SOC stocks. However, CO2 

emissions increased with the mentioned management practices as well, ranging between 4% 

http://www.catch-c.eu/
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and 64%. Crop residue incorporation even led to an average 5fold increase of CO2 emissions. 

Possible contradictions between a concurrent rise in CO2 emissions and SOC may be 

explained by the fact that the increases in SOM may exceed the increase in CO2 emissions– 

caused by heterotrophic respiration. Furthermore, the emissions of the potent GHG N2O have 

risen with most of the mentioned management practices that have been assumed to be “best 

management practices” so far. Based, however, on a very limited number of data, often 

derived from short-time experiments, the highest N2O increases occurred with the 

incorporation of crop residues > the application of compost > slurry > (high) mineral N 

fertilization > No-Till (NT) > catch crops/cover crops.  Non-inversion tillage (NIT) did not 

change N2O emissions compared with conventional ploughing (CT), and with FYM the N2O 

emissions tended to decrease compared to similar N fertilisation. Again, based on very few 

experimental data, the CH4 emissions decreased with compost and FYM application and with 

NIT. CH4 emissions increased with slurry application, (high) mineral N fertilisation, 

catch/cover crop, NT and residue incorporation. The quantitative assessments were 

summarised and converted - according to expert knowledge - to a qualitative assessment.  In 

summary, and if only the overall investigated CC indicators are considered, preferential 

management practices are: 

• FYM application 

• Crop rotation  

• Non-inversion tillage 

• Compost application 

These evaluations could change depending on the respective influencing factors, such as 

Environmental Zone, the clay content, the depth of soil sampling and the duration of practice. 
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Specific part 

1 Introduction 

1.1 Objectives 

This report aims to evaluate the management impacts on carbon sequestration and GHG 

emissions for climate change (CC) mitigation.  

Soil organic matter (SOM) is of particular relevance for chemical, physical and biological 

soil quality and, thus, the nutrient, air and water regime of soils. The sequestration of soil 

organic carbon (SOC) in agricultural soils has been an important research focus in connection 

with Article 3.4 of the Kyoto Protocol. Under the „United Nations Framework Convention on 

Climate Change“ (UNFCCC), an obligation exists to report changes in SOC stocks due to 

different agricultural management and land use change within the national greenhouse gas 

inventory. Long-term field experiments with different agricultural practices lasting more than 

20 years have been proven to be a good basis for monitoring SOC changes (e.g. Ellmer and 

Baumecker, 2005). Nevertheless, uncertainties of SOC measurements are high and they 

should be taken into account when evaluating management changes (Spiegel, 2012). Several 

comprehensive studies have summarised agricultural management options and quantified 

their SOC sequestration potential (e.g. Freibauer et al., 2004; Körschens, 2006; Smith et al., 

2007; Smith et al., 2008). In general, the quantity and duration of SOC storage depends on 

climate and soil conditions, the SOC pools, forms of stabilisation and physical location (e.g. 

Freibauer et al., 2004; Gerzabek et al., 2006; Kögel-Knabner et al., 2008; Bachmann et al., 

2008; Ekschmitt et al., 2008; Marschner et al., 2008). Although these mechanisms cannot be 

fully taken into account, we aim to evaluate different agricultural management options and 

their impact on changes of SOC. Furthermore, it must be taken into account that SOC does 

not change at a linear rate after a management alteration but moves towards an equilibrium 

(Johnston 2009; Powlson et al., 2012) after several decades. 

The three main greenhouse gases (GHGs) connected to agricultural management are carbon 

dioxide (CO2), nitrous oxide (N2O) and methane (CH4). N2O is a powerful GHG with a 100-

year global warming potential 298 times higher than an equal mass of CO2, the respective 

value for methane is 25 (IPCC Fourth Assessment Report, 2007; Butterbachl-Bahl et al., 

2013). CO2 has the largest turnover rate in agricultural production systems and soils can be 

both a source and a sink for CO2. Due to the balance of CO2 assimilation on the one hand and 

microbial decomposition of organic matter and burning of plant litter (Janzen, 2004; Smith et 

al., 2008) on the other hand, the net flux is relatively low. The most important reasons for 

anthropogenic CO2 emissions were (and are) land use changes, e.g. deforestation, cultivation 

of natural grasslands and drainage of wetlands (Luo et al., 2010; Anken et al., 2004, Janzen, 

2004). CH4 is produced by enteric fermention by ruminants, by the anaerobic decomposition 

of manure and during rice production under waterlogged conditions. N2O is produced by 

microbial processes of nitrification at low and medium soil moistures. More importance is 

placed on denitrification processes which mostly occur under anaerobic conditions and 

increase at a water-filled pore space greater than 60 to 70% (Ball et al., 1999; Ruser et al., 

2006). Soil compaction inducing an increase of the water-filled pore space and rewetting of 

dry soils enhanced N2O emissions (Ruser et al., 2006). In short, soil moisture/oxygen 

concentration, temperature, soil texture, the concentration of ammonium (nitrification) and 

nitrate (denitrification), pH and available carbon influence N2O emissions. Thus, N2O 
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emissions may be reduced by improved agricultural management (e.g. tillage, fertilisation). 

However, climate and soil conditions must be taken into account.   

2 Materials and Methods 

2.1 Database and indicators for climate change (CC) mitigation 

The data analysis was conducted based on the Catch-C online database, which has been filled 

in by various project partners.  

The dataset consisted of 5378 records regarding climate change indicators, including SOC 

concentration and SOC stock, and the emissions of CO2, N2O and CH4.  

The records in the database derive from a detailed literature review of scientific publications 

evaluating data of long-term field experiments (LTEs) in Europe. Table 2.1-1 reveals the 

experiments and the management practices, for which CC indicators were investigated. Most 

of the data were derived from international scientific publications; some were published in 

national technical journals and conference proceedings. Table 2.1-2 shows the classification 

of the LTE characteristics.  For each indicator a comparison (comp) between an assumed 

improved management practice (“BMP”) and a baseline management was computed (see 

chapter 2.2).  Tab. 2.1-3 depicts the number of comparisons and the number of LTEs for each 

indicator and Tab. 2.1-4 the number of LTEs and of comparisons for each indicator and each 

management practice. 

Tab. 2.1-1 Long-term field experiments reporting CC indicators and practices compared in 

each experiment. The letter indicates the type of relevant indicator (according to 2.1-3): a = 

SOC concentrations, b = SOC stocks, c = CO2 emissions, d = N2O emissions, e = CH4 

emissions. The letter in the characteristics columns indicates the type of climate class, soil 

texture class (clay content, %), depth of sampling and duration of practice: climate classes are 

N (Nemoral), A (Atlantic), C (Continental) and M (Mediterranean); soil texture class (clay 

content, %) are L (low), M (medium), H (high) and V (very high); duration of practices are L 

(low), M (medium), H (high), and V (very high); depths of sampling are T (Topsoil), M 

(Medium) and S (Subsoil). 
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Agramunt       ab ab           M n.d. M T,M 

Agugliano - Tillage 

and N 
      ab             M H M,L,T T,S 

Akureyri           ab         n.d. L M,S T,M,S 
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Almacelles/1                   ab M M L M 

Almacelles/2                   ab M M L M 

As                   ab N M V M 

As Norway Rotation 

& FYM Expt 
              ab     N M V M 

Askov                 ab   A L V M 

Auchincruive             acd       A n.d. n.d. n.d. 

Bad Lauchstädt               a     C M V n.d. 

Bad Salzungen L28               ab ab   A L V M 

Bad Salzungen M222               ab ab   A L M,V M 

Benacazon         ab           M H L T,M 

Berlin-Dahlem         ab           C L H,V M 

Boigneville   b b bcd             A M V M,n.d. 

Bologna 1               a a   M n.d. V n.d. 

Boxworth           d         A H n.d. n.d. 

Braunschweig FV4         ab     ab     C L H,V M 

Broadbalk           ab   ab     A M V T,n.d. 

Brody       ab ab           C n.d. M T,M 

Burgos       b b           M n.d. M n.d. 

Bush Estate           d         A M n.d. n.d. 

Carlow         d           A M M n.d. 

Caslav (VOP)               ab     C M V M 

Castile / Leon         c           M M L n.d. 

Cologne               ab   ab A L,n.d. V M 

Cordoba       abcd             M V H,V n.d. 

Coria del Río       ab abc           M M M,H T,M 

Court-St-Etienne         ab           C L H T 

Cow Park           d         A M n.d. n.d. 

DE-Darmstadt               ab     C L L,V M 

DE-Methau               ab     C L V M 

DE-Scheyern         d           C M H n.d. 

DE-Spröda               ab     C L V M 

Devon       cde             A n.d. n.d. n.d. 

DK-Askov               ab   a A L V M,S,n.d. 

DK-Flakkebjerg   d d               C L H n.d. 

DK-Foulum   abcd abcd cd cd         d A L M, H n.d. 

Doazit                   ab A L L,M,H,V M 

DOK               abc     A L V T,M 

Edinburgh       cde cde       cde   A n.d. L,M n.d. 

Edinburgh2         ab         a A M L S,T 

El Encín             cde de   cd M M L n.d. 

ES-Olite       ab ab           M M M M 

FI-Jokioinen 1       bd bd           N H L M,n.d. 
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FI-Jokioinen 2       bd d           N n.d. L M,n.d. 

FI-Vihti       bcde             N H L M,n.d. 

Fife         d           A n.d. L n.d. 

Foggia – A                   a M H H,V n.d. 

Foggia – C         a         a M H L,V n.d. 

Gembloux                   a A L V n.d. 

Gleadthorpe (ADAS)                   ab A L M M 

Grignon - 36 Parcelles                   a C L V n.d. 

Groß Kreutz P60               ab ab   C L V M,n.d. 

Göttingen HohesFeld         ab           A L V T,M 

Hangaar         ab           A n.d. L,M,H T,M 

Heestert         ab           A L L,M T,S 

Hnevceves           ab   ab     C M V M 

Hoogveld-Bertembos         ab           A n.d. L T,M 

Humpolec           ab   ab     C L V M 

Iasi           ab   ab     C H L,M,H,V M 

Illinois       ab ab           n.d. n.d. M M 

IOSDV Puch   ab ab         ab ab ab C L,n.d. L,H M 

Ivanovice (IOSDV)           ab   ab     C M V M 

Jable               ab   ab A L M,H M 

Jaen       ab ab           M n.d. V T,M 

Jokioinen       cde             N H M n.d. 

Kerlavic b b b               A L,n.d. H M 

Keszthely               ab   ab C M V M 

Kortrijkdorp         ab           A n.d. M,H T,M 

Kostelec           ab   ab     A M V M 

Kruishoutem         b           A L M S 

Kruishoutem_compost             ab       A n.d. n.d. M 

Kuttekoven       ab             A n.d. M T 

Lab-Flevopolder                   cd A L L n.d. 

Lab-Wageningen                   cd A L L n.d. 

la Chimenea                   cd M M L n.d. 

La Higuerela (tillage x 

rotation) 
      b b           M M H T,M 

Lange weide         ab           A L L,M,H T,M 

Livada               ab     C M V M 

Lodi – POC1 a                   M L L,M,H,V n.d. 

Lodi – POC2 ab                   M L H L 

LTE  1 Grabow               ab     C n.d. V M 

LTE  3 Grabów ab                   n.d. n.d. V M 

LTE  4 Baborówko       ab ab           n.d. n.d. T,M L,n.d. 

LTE  7 BOPACT         ab           A n.d. L T,M 

LTE 10_Ferti           ab ab ab     A L,H,n.d. L,M T,M 
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LTE 11_CROPRO ab                   A n.d. L M 

LTE 12 Tetto Frati               ab ab ab M L H M 

LTE 13 Lombriasco       a a           M L M,H n.d. 

LTE 16 Tomejil       ab             M V H,V T,M 

LTE 18 Effects of 

different tillage 

treatments 

        ab           C M M,H,V T,M 

LTE 19 Alpenvorland                   ab C M L,M,H,V M 

LTE 19 Marchfeld                   ab C M L,M,H,V M 

LTE 20 IOSDV               a a a C M V n.d. 

LTE 21 14C ab                   C L L,M,H,V M 

LTE 22 Compost             ab ab     C L L,M,H,V T,M 

LTE 24 Grossbeeren               a   ab C L,M,H,n.d. V n.d. 

LTE 26 GarteSud         ab           A L V,n.d. T,M,S 

LTE Braunschweig               ab   ab C L,n.d. V M 

LTE Denmark               ab     C n.d. V T 

LTE Müncheberg               ab   ab C L,n.d. V M 

Lukalev (IOSDV)           ab   b     C L V M 

Lukavec             a a   a C L,n.d. M n.d. 

Madrid (Alcalà de 

Henares) 
b       b           M M H T,M,S 

Maulde       abcd abcd           A L M M,n.d. 

Methau                   ab C L V M 

Midlothian       d             A M L n.d. 

Morley (ADAS)                   ab A L M,V M 

Müncheberg 

Cultivation 

Experiment V760 

        ab           C L L,M,H,V M 

Nieuwe stal         ab           A n.d. M T,M 

NL-Laboratory                   cd A L L n.d. 

Øsaker                    ab N M V M 

Padova - Residue 

incorporation 

experiment 

                  b M M L,H,V M 

Papiano - LTE ab                 a M M H M 

Pernolec           ab   ab     C M V M 

Pisa 2         a           M L V n.d. 

Pisa 3 b b b b             M L H M 

PL-Brody       ab ab     ab     C n.d. L T,M 

Praha Ruzyne (field B)           ab   ab     C n.d. V M 

Praha Ruzyne (field 

IV) 
          ab   ab     C n.d. V M 

Rakican               ab   ab A L M,H M 

Riley         ab           N n.d. H M 

Rennes               abd     A L M,H M 
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Ronhave                   a A L V n.d. 

Ros Klammer             abc abc     C n.d. H M 

Rostock           de ab abde de ab C M L,M,H,V M 

Rothamsted                   a A M V n.d. 

Säkylä       bcde             N M M,H M,n.d. 

Scottish Crop 

Research Institute, 

Invergowrite, Dundee 

      b b           A n.d. M T,M,S 

Serreslous                   ab A L L,M,H,V M 

SE-Ultuna ab ab ab       ab ab   ab N H V T,M,S 

Shenyang               ab     n.d. n.d. n.d. n.d. 

Skriduklaustur           ab         n.d. L V T,M 

South Netherlands - 

Grassland with manure 

slurry and FYM 

            ab   ab   A n.d. L T 

Spröda                   ab C L V M 

Studsgaard                   a A L V n.d. 

Suchdol           ab a a   a C L,n.d. M n.d. 

Swojec       ab ab           C n.d. L T,M 

Taastrup   cd cd           cde   C L L n.d. 

Tänikon2       ab ab           C L H T,M,S 

Terrington           d         A M n.d. n.d. 

Thibie b b b               A L,n.d. H M 

Thyrow Static soil 

fertility LTE 
              a     C L n.d. M 

Trutnov               ab   ab A M V M 

UK-Edinburgh2       d             A n.d. H n.d. 

Uppsala                 d   N H n.d. n.d. 

Urbana-Champaign a                   n.d. n.d. V n.d. 

Vihti       cde             N H L n.d. 

Vysoke nad Jizerou           ab   b     A L V M 

Wierzchucinek               a   a C L,n.d. H n.d. 

Witter et al             ab       N n.d. V T 

Woburn               ab   ab A L V M 

Wroclaw       a             C H M n.d. 

Wye Estate       cd           cd A L L n.d. 

Ylistaro       cde             N M M n.d. 

Zamaduenas         c           M M L n.d. 

Zaragoza       ab ab           M M H T,M 
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Tab. 2.1-2. Classification of the LTE characteristics in Tab. 2.1-1 

Climate class* 1-3 (N) 4,5,7,9 (A) 6+8 (C) 10-13 (M) 

Soil texture class: clay 

content (%) 

<18 (L) 18-34 (M) 35-60 (H) >60 (V) 

Duration of practice <5 (L) 5-10 (M) 11-20 (H) >20 (V) 

Depth of sampling 0-10 (T) 11-30 (M) >30 (S)   

*by Metzger, 2005; n.d. = not determined 

Tab. 2.1-3. Number of comparisons and LTEs in the Catch-C database reporting CC 

indicators 

 Number of comparisons Number of LTEs 

SOC concentration 986 119 

SOC stock (calculated+measured) 1168 114 

CO2 emission 197 23 

N2O emission 303 34 

CH4 emission 35 10 

Most data exist for SOC concentrations, less for SOC stocks. For CO2, CH4 and N2O 

emissions, data from long-term experiments were scarce. For these variables shorter duration 

experiments (instead of LTEs) and laboratory experiments were included into the database. 

From one experiment, multiple comparisons between treatments could be evaluated in most 

cases. 
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Tab. 2.1-4 Number (No.) of LTEs and of comparisons (comp) for each indicator and each management practice 
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 No. No. No. No. No. No. No. No. No. 

 LTEs comp LTEs comp LTEs comp

p 

LTEs comp LTEs comp LTEs comp LTEs comp LTEs comp LTEs comp 
SOC 

concentration

ns 

8 48 3 9 18 76 32 295 15 37 16 73 41 195 9 33 39 220 

SOC stocks 

(calculated+ 

measured) 
10 48 8 13 25 131 34 410 15 40 13 67 36 196 7 20 26 243 

CO
2
 

emission 
- - 2 3 12 53 6 35 - - 5 8 4 4 2 5 7 89 

N
2
O emission - - 3 7 16 92 9 54 5 24 2 5 2 9 4 10 8 102 

CH
4
 emission - - 1 2 7 13 1 2 1 2 1 3 2 6 3 7 - - 
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2.2 Data treatment 

Firstly, we aimed to homogenize units for SOC concentration (g kg
-1

), and SOC stocks (Mg 

ha
-1

). In the studies in which SOC concentration but no bulk density (BD) and SOC stock 

data were reported, the latter was computed according to Rühlmann and Körschens (2009). It 

was not possible to reach uniform units for the GHG emissions. Measurements of GHG 

emissions were reported and, thus, included in the data base in different units. However, each 

record consisted of a comparison between an assumed improved management practice 

(“BMP”) and a baseline management. Table 2.2-3 shows the management practices suggested 

for comparisons. For SOC concentrations and stocks, CO2, and N2O emissions the 

comparisons were carried out computing relative difference (rel.diff.) or response ratios (RR). 

For RR, the indicator of the assumed improved MP was divided by the indicator of the 

baseline management. RR higher than 1 were assumed as an improvement for SOC 

concentrations and stocks (within the reported ranges). Higher RR for CO2 and N2O 

emissions are assumed as an undesirable increase in GHG emissions. For CH4 emissions, 

relative differences (rel.diff.CH4) were computed (=(BMP-bl)/│bl│), because soils may act 

as a source or a sink regarding CH4 (i.e. CH4 fluxes were reported either positive or negative - 

unlike the other indicators). Positive relative differences meant that CH4 emissions increased 

with the assumed improved management practice.  

Tab. 2.2-1. Reference treatments and comparisons (in bold letters those comparisons that are 

reported within this report) 

Code Assumed improved management 

practice (“BMP”) 

Baseline management 

practice (“bl”) 

ROT rotation monoculture 

ROT rotation with tuber/root crops rotation without tuber/root 

crops 

ROT rotation with legume crops rotation without legume crops 

ROT rotation with grassland rotation without grassland 

CatchCr catch crops (harvested) without CatchCr 

GM green manure/cover crop (not 

harvested) 

without GM 

NIT=MT 

and RT 

minimum and reduced (shallow) 

non inversion tillage 

ploughing (CT) 

DNIT Deep non-inversion tillage to the 

depth of ploughing (in Belgium) 

ploughing (CT) 

NT no tillage=direct drilling=sod 

seeding 

ploughing (CT) 

COMP Compost application mineral N fertiliser (similar 

total N supply) 

FYM farmyard manure mineral N fertiliser (similar 

total N supply) 
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S bovine slurry mineral N fertiliser (similar 

total N supply) 

CR return of crop residues removal of crop residues 

(includes selling, feeding and 

burning of crop residues) 

IRR high efficiency irrigation methods surface irrigation 

MIN mineral fertilisation no fertilisation 

WEED mechanical weeding herbicides 

GRASS grazing mowing 

GRASS grazing growing of silage maize and 

other fodder crops in 

monoculture 

2.3 Statistical analysis 

Descriptive analyses were carried out for “RR” and “rel.diff.”. Frequency distributions were 

tested for normality using the SPSS software 20.0. In the descriptive analyses also a one 

sample t-test (2-tailed) was computed to explore, if RR were significantly different from 1 or 

“rel.diff.” were significantly different from 0 at p <0.05. 

A univariate analysis of variance (ANOVA, generalized linear model procedure of the SPSS 

software) using climate, crop, soil type and duration of practice as single nominal factors 

(without interactions) was performed to evaluate which conditions mostly affected the 

performance of each practice, separately. Climate and the duration of the management 

practice were divided into 4 levels each, soil texture (clay classes) and soil depth into 3 

classes (Tab. 2.3-1). Afterwards a Dunnett T3 test was used to separate the means of single 

factors different at p<0.05. 
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Tab. 2.3-1. Levels of the four factors considered in the linear multiple regressions. 

Environmental zones (“climate”) were those reported by Metzger et al., 2005. 

climate  Clay 

content % 

 duration 

of 

practice 

(years) 

 Soil sampling 

depth (cm) 

NEM 

Alpine North  

Boreal 

Nemoral  

 

<18  < 5  ≤10 

ATL 

Atlantic North  

Atlantic Central  

Atlantic South  

Lusitanian  

 

18-35  5-10  11-30 

CON 

Continental  

Pannonian  

 
> 35  11-20  >30 

MED 

Mediterranean Mountains 

Mediterranean North  

Mediterranean South  

(Anatolian)  

 

  > 20   

 

For the evaluation of GHG emissions it was considered, whether the experiment was a field 

or a lab experiment. For the evaluation of the effects of crop residue management the kind of 

crop - cereal (including grain maize and rape) or vegetable (root crops such as sugar beet or 

potato, leafy vegetables) was distinguished as well. 

Fig. 2.3-2. Levels of the four factors considered in the linear multiple regression. a) Climate 

(acronyms as in Tab. 2.3-1), from Metzger et al., 2005, modified according to Zavattaro et al., 

2014; b) soil texture classes and clay content classes (modified according to Zavattaro et al., 

2014). 
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3 Results and Discussion 

3.1 Crop rotation 

3.1.1 Expected results from the literature 

In the literature crop rotations are defined as the practice of growing a sequence of crops over 

a time period. Large differences may occur in the way how crop rotations can be designed. In 

comparison to many conventional crop rotations, the organic include catch and/or cover crops 

to improve the yield production and soil quality (Freyer, 2003). Crop rotations differ between 

regions and countries and are adapted to the climate and the operational conditions. 

It is reported by several authors that crop rotations slightly increase or stabilise the SOC 

concentrations (Hernanz et al. (2001), Motta et al. (2013), Tatzber et al. (2008) and SOC 

stocks (Constantin et al. (2009), Mazzoncini et al. (2011)) in comparison to monoculture. No 

information about CO2, N2O and CH4 emissions was found in the literature. 

3.1.2 Description of cases, reference treatment and influencing factors 

As already stated for productivity (Task 3.2), the database contained very different LTEs 

dealing with various forms of crop rotation. The comparison rotation – monoculture was 

performed for different LTEs, climate conditions, clay contents and durations. The complex 

crop rotations included cover crops and catch crops, such as alfalfa, clover, vetch, italian 

ryegrass, meadow and radish. However, they were also expanded to conventional crops, such 

as cereals (e.g. winter wheat, spring barley), legume crops (e.g. faba bean, pea) and tuber/root 

crops (e.g. potatoes, sugar beet). The duration of the rotation cycles was usually between 2 

and 6 years. We made no distinction between organic and conventional crop rotations. In 

accordance with the other task groups of WP3, monoculture was chosen as the reference 

treatment to which all available crop rotation treatments per LTE were compared.  

Although different indicators were investigated in the evaluation, only data regarding SOC 

concentrations and stocks were available. Other indicators such as CO2, N2O and CH4 

emissions lack data. To increase the amount of data SOC stocks were calculated according to 

Rühlmann and Körschens (2009). Main statistics of analysed cases are reported in Tab. 3.1-1 

and Fig. 3.1-1. 

Tab. 3.1-1. Main descriptive statistics for RR of CC indicators for crop rotation: comparison 

rotation – monoculture 

MP n. min max mean t-test sig. 

(2-tailed) 

median st.dev. Skewness Kurtosis Kolmo-

gorov-

Smirnov 

test 

RR SOC 

concentration 

48 

 

0.68 

 

1.60 

 

1.00 

 

0.968 

 

1.00 

 

0.152 

 

1.168 

 

4.530 

 

.043 

 

RR SOC 

stocks  

48 

 

0.72 

 

1.17 

 

0.99 

 

0.341 

 

0.99 

 

0.089 

 

-0.651 

 

1.347 

 

0.093 

 

 

Strong variations – between increase and decrease - were observed for the RR SOC 

concentrations. However, the mean and median showed no significant differences over the 

entire data set compared to monoculture. The RR for SOC stocks revealed no significant 

differences compared to the reference treatment for the entire data set (measured and 

calculated data).  
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No data were available for CO2, N2O and CH4 emissions, thus, no comparisons regarding 

GHG emissions can be presented. 

 

 

(a)       (b) 

Fig. 3.1-1. Frequency distribution of RR SOC concentration (a) and SOC stocks (b) for crop 

rotation. 

Tab. 3.1-2. Results of the multiple comparisons (univariate ANOVA) of RR SOC 

concentrations - crop rotation (Dunnett-T3 test) 

Climate Clay Content (%) Duration (yrs)  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM 4 0.94 a <18  27 0.97 a < 5yrs 10 1.01 a ≤10 - - - 

ATL 5 0.97 a 18-35 5 0.97 a 5-10yrs 5 1.01 a 11-30 28 0.95 a 

CON 10 0.92 a > 35 4 0.94 a 11-20yrs 12 0.97 a >30 1 0.84 a 

MED 22 1.00 a - - - - >20yrs 21 1.00 a - - - - 

 

Tab. 3.1-3. Results of the multiple comparisons (univariate ANOVA) of RR SOC stocks - in 

crop rotation (Dunnett-T3 test) 

Climate Clay Content (%) Duration (yrs)  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM 4 0.94 a <18  14 0.93 a < 5yrs 7 0.99 a ≤10 - - - 

ATL 10 1.00 a 18-35 17 1.04 b 5-10yrs 2 0.94 a 11-30 44 0.99 a 

CON 10 0.93 a > 35 4 0.94 a

b 

11-

20yrs 

28 1.00 a >30 4 0.99 a 

MED 21 1.02 a - - - - >20yrs 11 0.94 a - - - - 

 

The clay content (%) influenced the RR of the SOC stocks. While in coarse-textured soils 

(clay content <18%) the SOC stocks tended to decrease with applying crop rotations, they 

increased in medium textured soils (clay content 18-35%).  



CATCH-C 

No. 289782 

Deliverable number: D3.334 

10 April 2014 

 

 

  Page 20 of 57 

3.2 Intercropping, harvested catch crop and green manures (not 

harvested) 

3.2.1 Expected results from the literature 

Intercropping and the use of catch crops and green manures are soil management practices 

that increase C inputs to the soil via crop residues (Chirinda et al, 2010). In two long-term 

experiments it was shown that under continuous maize crop, no matter whether or not stalks 

were removed, soil carbon concentrations declined. While using a winter crop of rye-grass or 

the establishment of temporary grassland within the maize rotation resulted in an increase of 

C storage (Plénet et al., 1993). 

Not only the input of organic matter through plant biomass but also the prevention of bare 

soils has a positive effect concerning greenhouse gas emission mitigation. López-Fernández 

et al. (2007) recorded greater denitrification losses in the absence of plants than for areas with 

plants.  

Beside these positive effects of incorporation of plant biomass in soils it induces the 

emissions of greenhouse gases because of the surplus of easily degradable C and N fractions. 

In Spain a field experiment over 12 months was conducted to answer the question whether 

cover crops enhance N2O, CO2 or CH4 emissions (Sanz-Cobena et al., 2014). The results 

confirmed that they do. Vetch and barley were the cover crops with the highest N2O and CO2 

losses after maize crop, showing 75% and 47% increase compared with the control, 

respectively. With respect to CH4 fluxes soil had an overall sink effect produced by all cover 

crops but vetch. 

Even though there is still a lack in complete information about the potential of cover crops as 

a greenhouse gas mitigation strategy. Sanz-Cobena et al. (2014) assume that the possibility 

for overall mitigation appears to be high. 

3.2.2 Description of cases, reference treatments and influencing factors 

We could not find any data relevant for CC indicators from field experiments dealing with 

intercropping. 

Only 3 experiments with harvested catch crops and 6 with green manures could be included 

in the statistical analyses. We evaluated both MPs together, because the RRs for the 

investigated parameters were not statistically significantly different between both practices.  

Tab. 3.2-1. Main descriptive statistics for RR of CC indicators for green manure and catch 

crops  

MP n. min max mean t-test sig. 

(2-tailed)  

median st.dev. Skewness Kurtosis Kolmo-

gorov-

Smirnov 

test 

RR SOC 

concentration 

7 0.83 1.42 1.16 0.124 1.10 .234 -0.089 -1.898 0.183 

RR SOC 

stocks 

13 0.83 1.42 1.10 0.066 1.04 .179 .908 -.051 0.001 

RR CO2 

emissions 

3 1.30 1.89 1.64 0.068 1.72 .304 -1.142 - - 

RR N2O 

emissions 

7 0.76 3.15 1.81 0.041 1.55 .831 .492 -.677 .200 

Rel.diff CH4 2 0.90 1.00 0.95 0.033 - - - - - 
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emissions 

 

Including catch crops/green manure into the crop rotation (see Tab. 3.2-1) tended to result in 

an average 16% increase of SOC concentrations, in a 10% increase of SOC stocks, in a 64% 

increase of CO2 emissions and in a significant increase of N2O emissions by 81%. 

Only two CH4 measurements were carried out at one experiment (2008 and 2009 in 

Taastrup), both indicating slightly lower CH4 emissions with green manure compared to the 

omission of this measure.  

 

  
a) b) 

Fig. 3.2-1. Frequency distribution of RR SOC concentration (a) and SOC stocks (b) for green 

manure and catch crops  

 

 

 

 

 

 

 

 

 

 

 

 
  

a) b) 

Fig. 3.2-2. Frequency distribution of RR CO2 emissions (a) and N2O emissions (b) for green 

manure and catch crops 

Due to the limited data availability, the results of the multiple comparisons according to the 

different influencing factors (climate, clay content, experimental duration and soil depth) are 

not depicted. For SOC concentrations and stocks a tendency for higher RR in experiments 

lasting > 20 years compared with those between 11-20 years occurred. 

For GHG emissions either, the influence of the covariates could not be evaluated due to the 

limited amount of data in each class. 
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3.3 Grassland management 

The limited amount of cases regarding grassland management in the database did not allow to 

carry out statistical analyses. 

3.4 No Tillage – NT 

3.4.1 Expected results from the literature 

Several studies reported lower SOC at ploughed plots (CT) - compared to NT plots - due to 

the disruption of soil aggregates with the subsequent microbial degradation of the former 

physically protected SOM by oxidative processes in the uppermost soil layer (e.g. Madejón et 

al., 2007; Laudicina et al., 2011). Some authors emphasised that subsurface SOC should be 

taken into account regarding SOC sequestration effects, which are, however, discussed 

contradictorily (Prechtel et al., 2009). Mrabet et al. (2001) and Hernanz et al. (2002) stated 

higher SOC contents in the surface horizons under minimum and zero tillage, without any 

depletion at deeper horizons compared to more intensively tilled treatments. Hutchinson et al. 

(2007), Baker et al. (2007), Blanco-Canqui and Lal (2008) reported that no-tillage may 

enhance SOC concentrations in the upper soil layers, however, not more SOC is sequestered 

compared to plough-tillage in the whole soil profile (0-60 cm). Powlson et al. (2012) 

summarised contradictory findings in the literature, whether reduced and zero tillage lead to 

an increase in SOC or not. They hypothesise that increased SOC accumulation under zero 

tillage may occur in southern Europe, because of water conservation and, thus, increased crop 

yields, root and crop residues. This is not likely to occur in more humid regions (northwest 

Europe). Powlson et al. (2012) addressed the difficulties with depth sampling, which are 

related to differences in bulk density between soils under different tillage management.  

Based on a literature review by Six et al. (2004), the N2O emissions tended to increase in the 

first 10 years after a conversion from conventional ploughing to NT, afterwards they 

decreased. Rochette (2008) reported that NT resulted in an increase in N2O emissions in 

poorly aerated clay soils, whereas this was not the case in more coarse textured (sandy or 

loamy) soils. Van Kessel et al. (2013) did not find an overall effect of NT/RT on area-scaled 

N2O emissions averaged across 239 worldwide comparisons (only 8 sites and 26 number of 

comparisons were located in Europe). However, in dry climatic zones N2O emissions 

increased significantly in the short term (<10years) after the implementation of NT/RT, in 

experiments ≥ 10 years N2O emissions decreased significantly compared to CT. 

3.4.2 Description of cases, reference treatment and influencing factors 

Tab. 3.4-1. Main descriptive statistics for RR of CC indicators for no tillage (NT)  

MP n. min max mean t-test sig. 

(2-tailed) 

median st.dev. Skewness Kurtosis Kolmo-

gorov-

Smirnov 

test 

RR SOC 

concentration 

76 0.11 1.80 1.03 0.389 1.05 0.310 -0.397 1.065 0.001 

RR SOC 

stocks 

131 0.12 1.84 1.07 0.006 1.06 0.265 -0.497 1.563 <0.0001 

RR CO2 

emissions 

53 0.06 5.33 1.28 0.043 1.05 0.976 2.446 6.999 <0.0001 

RR CO2 

emissions 

10 1.00 2.94 1.62 0.016 1.47 0.661 1.463 1.019 <0.0001 
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field 

RR CO2 

emissions lab 

43 0.06 5.33 1.20 0.210 0.82 1.02 2.706 7.993 <0.0001 

RR N2O 

emissions* 

90 0.10 34.0

0 
3.24 <0.0001 1.47 4.709 3.831 20.410 <0.0001 

RR N2O 

emissions 

field 

16 0.79 14.9

7 
5.07 0.001 4.08 3.826 1.320 1.803 0.062 

RR N2O 

emissions lab 

74 0.10 34.0

0 
2.84 0.002 1.27 4.809 4.373 24.448 <0.0001 

Rel.diff CH4 

emissions 

13 -

14.0

0 

13.0

0 
0.70 0.710 0.00 6.658 0.173 2.563 0.000 

*The two highest RR outliers for N2O with NT have been eliminated (400.10 and 440.00).  

Our results indicated that, based on mean values, no tillage increased SOC concentrations and 

SOC stocks by 3% and 7% respectively (Tab. 3.4-1). The overall CO2 emissions rose by 

28%, however, great differences occurred between field and lab studies, the latter revealing 

lower increases (the median decreased). Our computations resulted in an overall significant 

more than 3fold increase of N2O emissions. Remarkable differences between field and lab 

studies occurred with higher average emission values in the field. Based on only few 

experimental results, NT resulted in slightly higher CH4 emissions, however, in the majority 

of measurements the soil acted as a sink for CH4. 

 
a) b) 

Fig. 3.4-1. Frequency distribution of RR SOC concentration (a) and SOC stocks (b) for NT 

  

a) b) 

Fig. 3.4-2. Frequency distribution of RR CO2 emissions (a) and N2O emissions (b) for NT 
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Tab. 3.4-2. Results of the multiple comparisons (univariate ANOVA) of RR SOC 

concentrations - no tillage (Dunnett T3 test). 

Climate Clay Content (%) Duration (yrs)  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM - - - <18  6 0.93 a < 5yrs 13 1.02 a ≤10 14 1.18 a 

ATL 2 1.15 b 18-35 9 1.02 a 5-10yrs 26 0.99 a 11-30 42 1.07 a 

CON 20 0.86 a > 35 38 1.07 a 11-20yrs 17 1.06 a >30 9 0.99 a 

MED 48 1.10 b     >20yrs 19 1.07 a     

SOC concentrations increased without tillage measures only in ATL and MED, in the CON 

zone they decreased (Tab. 3.4-2). The SOC concentrations tended to increase in heavily 

textured soils and decreased in coarse-textured soils. The highest increases occurred in the 

soil depths ≤ 10 cm.  

Tab. 3.4-3. Results of the multiple comparisons (univariate ANOVA) of RR measured SOC 

stocks - no tillage (Dunnett T3 test). 

Climate Clay Content (%) Duration  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM 4 0.98 a <18  10 0.99 a < 5yrs 16 1.01 a ≤10 20 1.11 a 

ATL 31 1.10 a 18-35 32 1.11 a 5-10yrs 41 1.14 b 11-30 77 1.04 a 

CON 16 1.00 a > 35 33 1.16 a 11-20yrs 31 1.12 ab >30 18 1.06 a 

MED 74 1.07 a     >20yrs 42 0.97 a     

In our analyses, the RR of SOC stocks did not differ statistically significantly due to climate 

and clay content. However, we could not take into account possible uncertainties connected 

with different bulk densities in different depths of sampling (e.g. Appel et al. 2008) due to the 

lack of data.  Changes were higher in the second period (5-10 years) compared to the first 5 

years. Again, the highest increases with an omission of tillage could be measured in the 

uppermost soil layer.  

Tab. 3.4-4. Results of the multiple comparisons (univariate ANOVA) of RR measured CO2 

emissions - no tillage (Dunnett T3 test). 

Climate Clay content (%) Duration  Field/lab study 

 n mean   n mean   n mean   n mean  

NEM 9 1.10 a <18  22 1.16 a < 5yrs 23 1.37 a field 10 1.62 a 

ATL 41 1.32 a 18-35 11 1.58 a 5-10yrs 19 0.92 a lab 43 1.20 a 

CON - - - > 35 7 1.07 a 11-20yrs 3 1.23 a     

MED 3 1.23 a     >20yrs 6 1.89 a     

Tab. 3.4-5. Results of the multiple comparisons (univariate ANOVA) of RR measured N2O 

emissions - no tillage (Dunnett T3 test).  

Climate Clay content (%) Duration  Field/lab study 

 n mea

n 

  n mean   n mean   n mean  

NEM 17 2.59 ab <18  43 2.35 a < 5yrs 36 4.90 a field 16 5.07 a 

ATL 70 3.48 b 18-35 16 2.70 a 5-10yrs 24 1.79 a lab 76 2.84 a 

CON - - - > 35 11 2.53 a 11-20yrs 21 2.13 a     
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MED 3 1.17 a     >20yrs 7 3.51 a     

 

The increases of CO2 and N2O emissions without tillage showed no statistically significant 

differences with different clay contents, experimental durations and climate zones, except 

with climate for N2O emissions (Table 3.4-4 and Table 3.4-5). They were higher in the ATL 

climate compared to MED. This does not entirely confirm the findings of van Kessel et al. 

(2013), who found higher N2O emissions in the first 10 years (this was also a tendency here) 

and in dryer climates. CH4 emissions (Tab. 3.4-6) increased in the first 5 years and afterwards 

decreased. 

Tab. 3.4-6. Results of the multiple comparisons (univariate ANOVA) of rel.diff.CH4 

emissions - no tillage (Dunnett T3 test).  

Climate Clay content (%) Duration  Field/lab study 

 n mea

n 

  n mean   n mean   n mean  

NEM 9 0.99 a <18  - - - < 5yrs 4 6.65 a field 13 0.70 - 

ATL 4 0.04 a 18-35 5 -3.13 a 5-10yrs 7 -2.43 b lab - - - 

CON - - - > 35 4 6.16 a 11-20yrs - - -     

MED - - -     >20yrs - - -     

 

3.5 Non-inversion tillage - NIT 

3.5.1 Expected results from the literature 

Several authors reported an increase in soil organic matter contents after long-term 

implementation of reduced tillage (e.g. West and Post, 2002; Ogle et al., 2005). Spiegel et al. 

(2007) observed significantly higher SOC stocks at MT and RT versus CT averaged over the 

depth of 0-30 cm, after 13 experimental years. However, this fact was not always statistically 

verifiable in the following years. Average SOC stocks from 0-60 cm did not differ between 

the different treatments of this Fuchsenbigl tillage experiment in Austria. This was in 

accordance with other authors, e.g. Hutchinson et al. (2007), Baker et al. (2007), Blanco-

Canqui and Lal (2008). 

3.5.2 Description of cases, reference treatment and influencing factors 

Tab. 3.5-1. Main descriptive statistics for RR of CC indicators for non-inversion tillage (NIT)  

MP n. min max mean t-test sig. 

(2-tailed) 

median st.dev. Skewness Kurtosis Kolmogo-

rov-Smir-

nov test 

RR SOC 

concentra-

tion 

295 0.33 2.29 1.08 <0.0001 1.04 0.251 1.310 4.422 <0.0001 

RR SOC 

stocks 

410 0.34 2.34 1.06 <0.0001 1.04 0.232 1.222 5.256 <0.0001 

RR CO2 

emissions 

34 0.33 5.33 1.09 0.553 0.82 0.864 3.930 18.181 <0.0001 

RR CO2 10 0.62 1.55 0.83 0.084 0.77 0.274 2.350 6.182 0.018 
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emissions 

field 

RR CO2 

emissions 

lab 

24 0.33 5.33 1.20 0.348 0.84 1.000 3.392 13.283 <0.0001 

RR N2O 

emissions 

53 0.10 5.00 1.02 0.832 0.96 0.740 3.180 15.613 <0.0001 

RR N2O 

emissions 

field 

- - - - - - - - - - 

RR N2O 

emissions 

lab 

53 0.10 5.00 1.02 0.832 0.96 0.740 3.180 15.613 <0.0001 

Rel.diff CH4 

emissions 

2 -0.60 0.33 -0.13 0.823 -0.13 0.660 - - - 

 

 

a) b) 

Fig. 3.5-1. Frequency distribution of RR for SOC concentration (a) and RR for SOC stocks 

(b) for non-inversion tillage.  

  

a) b) 

Fig. 3.5-2. Frequency distribution of RR for CO2 emissions (a) and N2O emissions (b) for 

non-inversion tillage.  
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Tab. 3.5-2. Results of the multiple comparisons (univariate ANOVA) of RR SOC 

concentrations - for non-inversion tillage (Dunnett T3 test).  

Climate Clay content (%) Duration Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM 1 1.35 a <18  89 1.14 b < 5yrs 49 1.03 a ≤10 38 1.25 b 

ATL 114 1.11 a 18-35 109 1.06 ab 5-10yrs 55 1.16 b 11-30 243 1.05 a 

CON 135 1.05 a > 35 2 0.84 a 11-20yrs 111 1.07 ab >30 9 1.02 a 

MED 39 1.06 a     >20yrs 63 1.05 ab     

 

Tab. 3.5-3. Results of the multiple comparisons (univariate ANOVA) of RR measured SOC 

stocks – for non-inversion tillage (Dunnett T3 test) 

Climate Clay Content (%) Duration  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM 2 1.14 a <18  133 1.09 a < 5yrs 54 1.04 a ≤10 56 1.24 b 

ATL 176 1.08 a 18-35 130 1.05 a 5-10yrs 91 1.11 a 11-30 301 1.04 a 

CON 139 1.04 a > 35 1 1.00 a 11-

20yrs 

134 1.06 a >30 46 0.98 a 

MED 87 1.05 a     >20yrs 114 1.04 a     

 

Against our expectations, the data showed a tendency for a higher increase of SOC 

concentration and stocks with NIT in coarse textured compared to medium textured soils 

(Tab. 3.5-2 and Tab. 3.5-3). The SOC concentration and stock increases were significantly 

higher in the uppermost soil layer (<10cm) compared to the next soil depth (up to 30 cm). 

Tab. 3.5-4. Results of the multiple comparisons (univariate ANOVA) of RR measured CO2 

emissions – for non-inversion tillage (Dunnett T3 test).  

Climate Clay content (%) Duration  Field/lab study 

 n mean   n mean   n mean   n mean  

NEM - - - <18  12 0.77 a < 5yrs 12 1.62 b field 10 0.83 a 

ATL 22 1.23 a 18-35 12 0.83 a 5-10yrs 12 0.77 a lab 24 1.20 a 

CON - - - > 35 - - - 11-20yrs 10 0.83 a     

MED 12 0.83 a     >20yrs - - -     

 

Tab. 3.5-5. Results of the multiple comparisons (univariate ANOVA) of RR measured N2O 

emissions – for non-inversion tillage (Dunnett T3 test).  

Climate Clay content (%) Duration  Field/lab study 

 n mean   n mean   n mean   n mean  

NEM 4 1.32 a <18  28 0.85 a < 5yrs 16 1.28 a field - - - 

ATL 42 1.00 a 18-35 9 1.10 a 5-10yrs 19 0.94 a lab 53 1.02 - 

CON 7 1.00 a > 35 2 1.24 a 11-20yrs 17 0.87 a     

MED        >20yrs - - -     
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CO2 emissions and N2O emissions (by trend) increased with non-inversion tillage in the first 

four experimental years, afterwards they decreased (Tab. 3.5-4 and Tab. 3.5-5). Only two 

CH4 measurements (in the Edinburgh experiment) with contrasting results were available, the 

investigated soils acted as a source. 

3.6 Mineral fertilisation  

3.6.1 Expected results from the literature 

An investigation of the influence of different mineral nitrogen fertiliser forms on nitrous 

oxide emissions from UK arable land and grassland showed that there was generally little 

difference between those diverse forms of N (Smith et al., 2012). One relationship was 

obvious: the higher the fertiliser application rate, the higher the emissions. In most cases 

nitrous oxide emissions from treatments with urea application were higher than those from 

treatments where a combination of urea and urease inhibitors was used, suggesting that the 

use of a urease inhibitor can provide some mitigation of N2O.  

While the application of farmyard manure increases SOC, mineral N-fertilisation resulted in 

significant increases only at high application rates (more than 180 kg N ha
-1

) (Blair et al., 

2006). So in a wheat-maize rotation in Romania it was observed that at an annual mineral 

application rate of 100 kg N and 100 kg P ha
-1

 was too low to increase SOC (Ailincai & 

Ailincai, 2012). On the other hand, such high amounts of fertiliser can lead to higher nitrous 

oxide emissions, outweighing the positive effect of carbon sequestration (Jones et al., 2006). 

Flechard et al. (2007) monitored ten grassland sites throughout Europe and found that annual 

emissions above 2 kg N2O-N ha
-1

 y
-1

 all occurred at sites with annual fertiliser inputs above 

150 kg N ha
-1

, though there were also sites where high N inputs did not systematically trigger 

large emissions. 

3.6.2 Description of cases, reference treatment and influencing factors 

The application of mineral nitrogen fertiliser increased, based on the mean value, the SOC 

concentrations and the SOC stocks by 7% and 3%, respectively, compared with N omission. 

No CO2 emissions could be investigated because of the low data availability in the literature 

and the LTEs. Due to the environmental problems of nitrogen and the importance of the 

nitrogen efficiency in agricultural production, N2O emissions data input was more substantial 

compared to data on CO2 emissions. Our evaluations revealed an overall significant, more 

than 3.5-fold increase of N2O emissions. 

Strong variations, between increase and decrease, were observed for the RR SOC 

concentrations and the RR SOC stocks, whereas the RR N2O indicated the strongest 

variations. 

 

The main statistics for the analysed cases are reported in Tab. 3.6-1 and Fig. 3.6-1. 

 

Tab. 3.6-1. Main descriptive statistics for RR of CC indicators for mineral N fertilisation: 

comparison mineral N fertilisation – no mineral N fertilisation 

MP n. min max mean t-test sig. 

(2-tailed) 

median st.dev. Skewness Kurtosis Kolmo-

gorov-

Smirnov 

test 

RR SOC 

concentration 

37 0.90 1.45 1.07 

 

0.002 

 

1.03 

 

0.128 

 

1.353 

 

1.631 

 

0.001 
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RR SOC 

stock  

40 0.90 1.45 1.03 0.075 1.01 0.108 2.654 7.917 0.0001 

RR CO2 

emissions (lab 

and field) 

- - - - - - - - - - 

RR N2O 

emissions (2 

lab and 22 

field) 

24 0.56 10.7 3.63 0.0001 2.16 3.141 1.361 0.429 0.0001 

Rel.diff CH4 

emissions 

2 -0.95 19.0 9.02 0.532 9.02 14.11 - - - 

 

 
(a)       (b) 

 

(c) 

Fig. 3.6-1. Frequency distribution of RR SOC concentration (a), SOC stocks (b) and N2O 

emissions (c) for mineral N fertilisation. 

Tab. 3.6-2. Results of the multiple comparisons (univariate ANOVA) of RR SOC 

concentrations - for mineral N fertilisation (Dunnett T3 test) 

Climate Clay Content (%) Duration (yrs)  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM - - - <18  18 1.05 ab < 5yrs 3 0.97 a ≤10 10 1.13 a 

ATL 11 1.13 a 18-35 11 1.16 a 5-10yrs 2 0.99 a 11-30 20 1.00 b 

CON 13 1.01 b > 35 5 0.95 b 11-20yrs 2 0.98 a >30 - - - 

MED - - - - - -  >20yrs 22 1.11 a - - - - 
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The clay content (%) influenced the SOC concentrations (Tab. 3.6-2). While in coarse and 

medium textured soils (clay content <18% and 18-35%) the SOC concentrations increased 

with applying mineral nitrogen fertilisers, it decreased in clay soils (clay content >35%). The 

SOC increase was highest in the uppermost soil layer (0-10cm), see Table 3.6-2 and Table 

3.6-3.  

 

Tab. 3.6-3. Results of the multiple comparisons (univariate ANOVA) of RR SOC stocks 

(all) - for mineral N fertilisation (Dunnett T3 test) 

Climate Clay Content (%) Duration (yrs)  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM - - - <18  21 1.04 a < 5yrs 3 0.97 a ≤10 12 1.10 b 

ATL 11 1.02 a 18-35 11 1.04 a 5-10yrs 2 0.98 a 11-30 21 1.00 a 

CON 13 1.01 a > 35 5 0.95 a 11-20yrs 2 0.98 a >30 - - - 

MED - - - - - - - >20yrs 22 1.06 a - - - - 

 

Due to the limited amount of RR regarding CO2, N2O and CH4 emissions, no evaluation 

regarding the covariates could be carried out. 

3.7 Organic fertilisation: compost  

3.7.1 Expected results from the literature 

Composts vary to a large extent in their properties, especially in their organic C contents. 

Powlson et al. (2012) emphasised that the effects of organic fertilisers, such as composts, 

farm manures  and cereal straw on SOC increase should be expressed in amounts (kg) per ton 

product (dry solids). They reported a mean SOC increase by green compost of 60 (±10) kg C 

ha
-1

 yr
-1

 t
-1

 dry solid. However, most studies do not indicate corresponding figures. Compost 

is known to improve macroporosity of soils with a corresponding decrease in bulk density for 

the benefit of water balance. Besides these physical advantages chemical and biological 

ameliorations can be obtained as well. Another investigation of the effects of long-term 

addition of different compost types showed that annual compost applications of 30 m³ ha
-1

 for 

ten years led to a significant increase in soil organic carbon up to 21% (Arthur et al., 2011). 

Data of a long-term field trial in Flanders strengthen this finding where garden waste compost 

amendments resulted in carbon accumulation in the top soil (Tits et al., 2014). 

The role of compost with regard to greenhouse gas emissions is difficult to crystallise, 

because experimental compost treatments are usually combined with other fertilisers. So the 

exclusive properties of compost are not quantifiable. Several examinations report an increase 

in nitrous oxide and carbon dioxide emissions after compost application (Vallejo et al., 2006; 

Meijide et al., 2007). 
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3.7.2 Description of cases, reference treatment and influencing factors 

Tab. 3.7-1. Main descriptive statistics for RR of CC indicators for the fertilisation with 

compost (plant compost, bio waste compost, sludge compost) compared with mineral N 

fertilisation 

MP n. min max mean t-test sig. 

(2-tailed) 

median st.dev. Skewness Kurtosis Kolmo-

gorov-

Smirnov 

test 

RR SOC 

concentration 

73 0.41 2.79 1.37 0.000 1.24 0.442 1.371 2.545 0.000 

RR SOC stock  67 0.49 2.64 1.31 0.000 1.22 0.368 1.472 3.634 0.000 

RR CO2 

emissions (lab 

and field) 

8 0.46 2.68 1.39 0.151 1.16 0.679 0.889 1.073 0.193 

RR N2O 

emissions (lab 

only) 

5 0.73 15.85 5.15 0.232 1.12 6.597 1.445 1.314 0.080 

Rel.diff CH4 

emissions 

3 -1.50 -0.01 -0.84 0.196 -1.00 0.761 0.945 - - 

 

As already widely confirmed by the literature, compost application led to an increase in SOC 

concentrations and stocks (Tab. 3.7-1). The increases with compost application were highest 

in the upper 10 cm and tended to enhance with the duration of experiments > 10 years 

compared to < 10 years (Tab. 3.7-2 and Tab. 3.7-3).  

Only few comparisons were available regarding GHG emissions. 3 field and 5 lab 

experiments were included in the database for CO2 emissions (with RR=1.30 and 1.44, 

respectively, which are not statistically different (P=0.80). All 5 studies for N2O emissions 

derive from the lab.  

GHG emission data (Tab. 3.7-4 and Tab. 3.7-5) revealed that compost application resulted in 

increased CO2 and N2O emissions in ATL and CON (only CO2) and in lower emissions in 

MED. The CH4 emission measurements were carried out as a field study at one experiment 

(in the MED area with medium clay content and in the first time period <5 years). CH4 

emissions were reduced with compost application (only three comparisons). 
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Fig. 3.7-1. Frequency distribution of RR for SOC concentration (a) and RR for SOC stocks 

(b) for compost fertilisation. 

 

 

Fig. 3.7-2. Frequency distribution of RR for CO2 emissions (a) and N2O emissions b) for 

compost fertilisation. 

 

Tab. 3.7-2. Multiple comparisons (univariate ANOVA) of RR for SOC concentrations for 

compost fertilisation. (Dunnett T3 test). 

Climate Clay Content (%) Duration (yrs)  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM 15 1.37 a <18  40 1.25 a < 5yrs 17 1.27 a ≤10 9 1.54 a 

ATL 15 1.34 a 18-35 5 2.50 b 5-10yrs 11 1.18 a 11-30 56 1.35 a 

CON 43 1.38 a > 35 7 1.15 a 11-20yrs 21 1.44 a >30 2 1.07 a 

MED - - - - - - - >20yrs 19 1.43 a - - - - 
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Tab. 3.7-3. Multiple comparisons (univariate ANOVA) of RR for SOC stocks for compost 

fertilisation (Dunnett T3 test).  

Climate Clay Content (%) Duration (yrs)  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM 15 1.30 a <18  40 1.22 a < 5yrs 17 1.24 a ≤10 9 1.44 a 

ATL 13 1.20 a 18-35 5 2.27 b 5-10yrs 7 1.23 a 11-30 56 1.30 a 

CON 39 1.35 a > 35 7 1.11 a 11-20yrs 21 1.38 a >30 2 1.06 a 

MED - - - - - - - >20yrs 19 1.35 a - - - - 

 

Tab. 3.74. Multiple comparisons (univariate ANOVA) of RRs for CO2 emissions for compost 

fertilisation (Dunnett T3 test).  

Climate Clay Content (%) Duration (yrs)  

 n mean   n mean   n mean  

NEM - - - <18  - - - < 5yrs 3 0.86 a 

ATL 2 2.31 b 18-35 3 0.86 - 5-10yrs - - - 

CON 3 1.30 ab > 35 - - - 11-20yrs 3 1.30 a 

MED 3 0.86 a  - - - >20yrs - - - 

 

Tab. 3.7-5. Multiple comparisons (univariate ANOVA) of RRs for N20 emissions for 

compost fertilisation (Dunnett T3 test).  

Climate Clay Content (%) Duration (yrs)  

 n mean   n mean   n mean  

NEM - - - <18  - - - < 5yrs 3 0.87 - 

ATL 2 11.58 b 18-35 3 0.87 - 5-10yrs - - - 

CON - - - > 35 - - - 11-20yrs - - - 

MED 3 0.87 a - - - - >20yrs - - - 

 

3.8 Organic fertilisation: farmyard manure application 

3.8.1 Expected results from the literature 

For the consideration of SOC with regard to climate change not only total organic carbon is 

of interest but also its different fractions (labile and non-labile). Only stabilized forms of 

carbon compounds can accumulate in soils and thus make it becoming a sink. Blair et al. 

(2006) showed that both total organic carbon and the labile and stabile fractions were greater 

in treatment plots with addition of FYM than without. In the Czech Republic long-term 

application of FYM or FYM and NPK increased the total organic carbon (TOC) content more 

than NPK application. However, it was confirmed that the organic manure amendment, and 

especially when it is supplemented with mineral fertilisers, is the main way of improving 

organic C level in soils (Šimon et al., 2011). Powlson et al. (2012) reported a mean SOC 

increase by farm manures of 60 (±20) kg C ha
-1

 yr
-1

 t
-1.

dry solid. Again, corresponding figures 
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(i.e. SOC increase per t of dry solids) are not indicated in other publications. A significant 

SOC increase was registered at 50 kg N, 50 kg P and 40 t ha
-1

 manure application (Ailincai & 

Ailincai, 2012). 

Bacterial denitrification results in the loss of fertiliser nitrogen und greenhouse gas emissions 

as nitrous oxides. A comparison between different kinds of fertilisers showed that the 

denitrification potential of a farmyard manure-fertilised arable treatment was significantly 

higher than that of an inorganic nitrogen-fertilised (ammonium nitrate) and unfertilised arable 

plot (Clark et al., 2012).  

3.8.2 Description of cases, reference treatment and influencing factors 

The reference treatment for FYM was mineral fertiliser supplied at a similar rate of total N. 

Tab. 3.8-1. Main descriptive statistics for RR of CC indicators for fertilisation with FYM.  

MP n. min max mean t-test sig. 

(2-tailed) 

median st.dev. Skewness Kurtosis Kolmo-

gorov-

Smirnov 

test 

RR SOC 

concentration 

194 0.86 2.59 1.23 0.000 1.17 0.264 2.353 7.764 <0.0001 

RR SOC 

stocks 

193 0.87 2.50 1.17 0.000 1.12 0.220 2.991 12.316 <0.0001 

RR CO2 

emissions 

4 0.95 1.11 1.04 0.350 1.05 0.080 -0.509 -3.017 <0.0001 

RR N2O 

emissions 

9 0.03 1.08 0.83 0.164 0.95 0.329 -2.224 5.239 0.003 

Rel diff CH4 

emissions 

6 -

7.65 

5.00 -0.19 0.920 0.11 4.364 -0.889 1.336 0.200 

SOC (both concentrations and stocks) increased with FYM application significantly 

compared to application of mineral fertilizer (Tab. 3.8-1). Also a slight insignificant mean 

increase in CO2 emissions could be stated, whereas N2O emissions slightly decreased, thus, 

contradicting results by Clark et al. (2012). CH4 emissions were only measured in 2 LTEs, 

showing very contrasting results, however, revealing no significant changes with FYM 

application. 

 
a) b) 

Fig. 3.8-1. Frequency distribution of RR a) SOC concentration b) SOC stock for fertilisation 

with FYM.  
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a) b) 

Fig. 3.8-2. Frequency distribution of RR a) CO2 emissions b) N2O emissions for fertilisation 

with FYM.  

 

Fig. 3.8-3. Frequency distribution of rel.diff.CH4 emissions for fertilisation with FYM 

 

Tab. 3.8-2. Results of the multiple comparisons (univariate ANOVA) of RR SOC 

concentrations - for fertilisation with FYM (Dunnett T3 test). 

Climate Clay content (%) Duration Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM 7 1.22 ab <18  98 1.22 a < 5yrs 16 1.32 a ≤10 6 1.48 a 

ATL 19 1.32 ab 18-34 41 1.28 a 5-10yrs 10 1.13 a 11-30 158 1.21 a 

CON 145 1.20 a 35-60 7 1.32 a 11-20yrs 65 1.21 a >30 5 1.35 a 

MED 22 1.34 b >60 - - - >20yrs 90 1.19 a     
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Tab. 3.8-3. Results of the multiple comparisons (univariate ANOVA) of RR SOC stocks – 

for fertilisation with FYM (Dunnett T3 test). 

Climate Clay content (%) Duration Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM 7 1.19 ab <18  123 1.15 a < 5yrs 16 1.29 ab ≤10 6 1.38 ab 

ATL 19 1.28 ab 18-34 33 1.26 a 5-10yrs 26 1.08 a 11-30 181 1.16 a 

CON 147 1.13 a 35-60 7 1.28 a 11-20yrs 73 1.19 b >30 5 1.34 b 

MED 19 1.34 b >60 - - - >20yrs 74 1.16 ab     

 

Most of the SOC data were derived from the CON area (Tab. 3.8-2 and Tab. 3.8-3). The 

highest increases occurred in the MED and ATL areas, the lowest in the CON. Statistically 

significant higher SOC stock increases can be seen in trials lasting 11 to 20 years compared 

to those with 5 to 10 years. Soil depth classes > 30 cm were only investigated in 2 

experiments and showed high SOC stock increases after FYM application.  

Tab. 3.8-4. Results of the multiple comparisons (univariate ANOVA) of RR CO2 emissions - 

for fertilisation with FYM (Dunnett T3 test).  

Climate Clay content (%) Duration  

 n mean   n mean   n mean  

NEM - - - <18  3 1.02 - < 5yrs - - - 

ATL 3 1.02 a 18-34 - - - 5-10yrs - - - 

CON 1 1.20 a 35-60 - - - 11-20yrs 1 1.10 a 

MED - - - >60 - - - >20yrs 3 1.02 a 

 

Tab. 3.8-5. Results of the multiple comparisons (univariate ANOVA) of RR N2O emissions - 

for fertilisation with FYM (Dunnett T3).  

Climate Clay content (%) Duration  

 n mean   n mean   n mean  

NEM - - - <18  3 0.66 a < 5yrs 4 0.95 a 

ATL 3 0.66 a 18-34 6 0.92 a 5-10yrs - - - 

CON 2 0.85 a 35-60 - - - 11-20yrs 3 0.66 a 

MED 4 0.95 a >60 - - - >20yrs 2 0.85 a 

 

The N2O emissions increased slightly with higher clay contents, probably due to higher 

disposition for compaction, thus generating anaerobic conditions leading to higher 

denitrification rates. 

3.9 Organic fertilisation: slurry application 

3.9.1 Expected results from the literature 

Basically, organic fertilisation leads to higher soil respiration rates indicating accelerated 

conversion of soil organic matter. Although soil respiration rates show seasonal patterns 
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related to soil temperatures, Jones et al. (2006) measured 27% higher rates after cattle slurry 

application than that in the control. In their three years study, which compared different 

mineral and organic fertilisers (NH4NO3, urea, cattle slurry, sewage sludge pellets and poultry 

manure), also methane fluxes were investigated and it was found to be generally small. Only 

cattle slurry resulted in significantly higher fluxes compared to the control with up to 8700 

times the control value immediately after spreading, but fluxes decreased to near zero within 

2-3 days. Similar results were gained during a long-term field study in Northern Germany, 

where the amendment of slurry triggered a short but intense rise of CH4 and N2O emissions, 

respectively (Leidel et al., 2000). Concerning nitrous oxide, however, Dambreville et al. 

(2008) point out that in their maize-crop field experiment in Brittany (France) the use of pig 

slurry or matured pig manure did not have a stimulating impact on N2O emissions in 

comparison with a plot receiving a mineral fertilisation. 

3.9.2 Description of cases, reference treatment and influencing factors 

Cattle slurry (Tab. 3.9-1) was tested in 9 experiments. Most of them lasted for more than 10 

years. The analysis was limited to cattle slurry, because only few experiments used pig slurry 

as organic fertiliser. The reference treatment was mineral fertiliser supplied at a similar rate 

of total N.  

Tab. 3.9-1. Main descriptive statistics for RR of CC indicators for fertilisation with cattle 

slurry 

MP n. min max mean t-test sig. 

(2-tailed) 

median st.dev. Skewness Kurtosis Kolmo-

gorov-

Smirnov 

test 

RR SOC 

concentration 

33 0.94 1.71 1.21 0.000 1.20 0.175 0.723 0.787 0.200 

RR SOC 

stocks 

20 0.95 1.71 1.26 0.000 1.28 .183 0.539 0.554 0.200 

RR CO2 

emissions (all 

field) 

5 1.14 1.42 1.32 0.004 1.38 0.122 -0.985 -0.916 0.114 

RR N2O 

emissions (all 

field) 

9 0.17 12.5 5.13 0.016 5.05 4.087 0.517 -0.436 0.200 

Rel diff CH4 

emissions (all 

field) 

7 -10.19 209.0 60.3 0.119 3.20 87.83 1.084 -0.484 0.036 

 

CO2, N2O and CH4 emissions were only measured in the field. One outlier for N2O emissions 

was deleted before statistical analysis. For CH4 emissions two outliers (minimum and 

maximum), see Tab. 3.9-1, remained included. In sum, the fertilisation with cattle slurry 

resulted in an average increase of SOC concentrations and stocks by 21% and 26%, 

respectively. The CO2 emissions were enhanced by 32% (5 comparisons) and N2O emissions 

were more than 5-fold compared to comparable mineral fertilisation (9 comparisons). On the 
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average of 7 comparisons (at three sites), the CH4 emissions tended to increase with cattle 

slurry fertilisation.  

  
a) b) 

Fig. 3.9-1. Frequency distribution of RR SOC concentration a) SOC stock b) for cattle slurry 

fertilisation 

  

a) b) 

Fig. 3.9-2. Frequency distribution of RR for a) CO2 emissions b) N2O emissions for cattle 

slurry fertilisation 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.9-3. Frequency distribution of rel.diff. CH4 emissions for cattle slurry fertilisation 
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Tab. 3.9-2. Results of the multiple comparisons (univariate ANOVA) of RR SOC 

concentrations - for cattle slurry fertilisation (Dunnett T3-test). 

Climate Clay Content (%) Duration (yrs)  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM - - - <18  24 1.24 - < 5yrs 2 1.36 a ≤10 2 1.36 a 

ATL 8 1.39 b 18-35 4 0.99 - 5-10yrs - -  11-30 16 1.24 a 

CON 8 1.08 a > 35 - -  11-20yrs 18 1.15 a >30 - - - 

MED 17 1.17 a     >20yrs 13 1.26 a     

 

Tab. 3.9-3. Results of the multiple comparisons (univariate ANOVA) of RR SOC stocks - 

for cattle slurry fertilisation (Dunnett T3-test).  

Climate Clay Content (%) Duration (yrs)  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM - - - <18  16 1.28 - < 5yrs 2 1.36 a ≤10 2 1.36 a 

ATL 8 1.39 a 18-35 - - - 5-10yrs - - a 11-30 16 1.24 a 

CON 4 1.18 a > 35 - - - 11-20yrs 10 1.14 a >30 - - - 

MED 8 1.17 a     >20yrs 8 1.39 a     

 

The increase of SOC concentrations and stocks (Tab. 3.9-2 and Tab. 3.9-3) after fertilising 

with cattle slurry were highest in ATL and showed a tendency to increase with experimental 

duration (after exclusion of the two comparisons in experiments lasting < 5 years). 

Due to the limited number of comparisons (observations) an evaluation regarding influencing 

factors was not meaningful for the GHG emissions CO2, N2O and CH4, thus, the results are 

not shown. The highest increases in N2O and CH4 emissions after slurry application occurred 

in the first 5 years. The only investigation of N2O emissions in experiments lasting 5-10 years 

showed the highest decreases of N2O emissions with slurry application, however, this value is 

not representative. 

3.10 Organic fertilisation: incorporation of crop residues 

3.10.1 Expected results from the literature 

Approximately four billion tons of crop residues are produced globally (Chen et al., 2013). 

Removal of crop residues has been shown to have a negative effect on SOC, although it has 

been estimated that between 25 and 50 % of crop residues could be harvested for other uses 

without endangering soil functioning (Blanco-Canqui, 2013). The harvesting of crop residues 

may be beneficial for farmers since residues can be used as livestock bedding, residues can be 

sold or thermally utilized, and harvesting residues fits reduced or no-tillage operations better 

than incorporation of residues. Incorporation of crop residues may be a sustainable and cost-

efficient management practice to maintain the ecosystem services provided by soils, the SOC 

levels and to increase soil fertility in European agricultural soils (Perucci et al., 1997; 

Powlson et al., 2008). Especially Mediterranean soils that have low SOC concentrations 

(Aguilera et al., 2013), and areas where stockless croplands predominate (Kismányoky and 

Tóth, 2010; Spiegel et al., 2010b) could benefit of this management practice. Crop residue 
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incorporation has though been observed to increase SOC concentrations and stocks, although 

to a minor extent if compared to farmyard manure (Cvetkov et al., 2010) or to slurry (Triberti 

et al., 2008). For GHG emissions, both positive and negative effects have been observed 

following crop residue incorporation (e.g. Abalos et al., 2013). 

3.10.2 Description of cases, reference treatment and influencing factors 

Data from 50 field experiments were included in the analyses. The reference treatment was 

removal of crop residues. 

Tab. 3.10-1. Main descriptive statistics for RR of CC indicators for incorporation of crop 

residues. 

MP n. min max mean t-test 

sig. (2-

tailed) 

median st.dev. Skewness Kurtosis Kolmo-

gorov-

Smirnov 

test 

RR SOC 

concentration 

220 0.74 1.81 1.07 <0.001 1.05 0.127 1.72 7.01 <0.0001 

RR SOC 

stocks 

243 0.77 1.78 1.07 <0.001 1.06 0.104 2.009 10.96 <0.0001 

RR CO2 

emissions 

(field and lab) 

89 0.54 46.93 5.88 <0.001 3.07 8.368 3.453 12.803 <0.0001 

RR CO2 

emissions 

field 

24 0.54 2.46 1.21 n.s. 1.09 0.515 1.024 0.561 <0.05 

RR CO2 

emissions 

lab 

65 1.30 46.93 7.60 <0.001 4.64 9.219 3.047 9.397 <0.0001 

RR N2O 

emissions 

102 0.30 260.2 12.08 <0.01 2.00 31.836 5,532 37,865 <0.0001 

RR N2O 

emissions 

field 

37 0.30 43.24 3.41 n.s. 1.31 7.680 4.562 21.883 <0.0001 

RR N2O 

emissions lab 

65 0.56 260.2 17.01 <0.01 3.01 38.71 4.520 24.899 <0.0001 

Rel diff CH4 

emissions 

field 

7 -3.40 2.50 0.057 n.s. 0.09 1.753 -1.145 3.422 <0.05 

                                                              

 

 

 

 

 

 

 

 

 

 
a) b) 

Fig. 3.10-1. Frequency distribution of RR for a) SOC concentration and b) SOC stocks for the 

RR incorporation of crop residues. 
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Tab. 3.10-2. Results of the multiple comparisons (univariate ANOVA) of RR SOC 

concentrations - incorporation of crop residues (Dunnett T3 test). 

Climate Clay Content (%) Duration  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM 11 1.10 a <18  54 1.08 a < 5yrs 50 1.02 a ≤10 3 1.06 a 

ATL 32 1.08 a 18-35 148 1.05 a 5-10yrs 21 1.04 a 11-30 167 1.06 a 

CON 124 1.06 a > 35 18 1.13 a 11-20yrs 53 1.08 a >30 1 1.03 a 

MED 53 1.06 a     >20yrs 96 1.09 b     

 

Tab. 3.10-3. Results of the multiple comparisons (univariate ANOVA) of RR SOC stocks - 

incorporation of crop residues (Dunnett T3 test). 

Climate Clay Content (%) Duration  Soil depth 

 n mean   n mean   n mean  cm n mean  

NEM 10 1.08 a <18  90 1.09 ab < 5yrs 49 1.02 a ≤10    

ATL 21 1.07 a 18-35 148 1.05 a 5-10yrs 41 1.06 ab 11-30 233 1.07 - 

CON 162 1.07 a > 35 5 1.14 b 11-20yrs 72 1.10 b >30 1 1.03 - 

MED 50 1.04 a     >20yrs 81 1.07 b     

 

According to our expectations the increases of SOC concentrations tended to be highest in the 

northern (nemoral) regions, in the highest clay content class and after longer experimental 

duration (Tab. 3.10-2). A similar development can be seen for SOC stock response ratios 

(Tab. 3.10-3). A lack of cases in the lowest and in the highest soil depth class does not allow 

statistical evaluations, respectively.   

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.10-2. Frequency distribution of RR for CO2 emissions for the incorporation of crop 

residues. 
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a) b) 

Fig. 3.10-3. Frequency distribution of RR for CO2 emissions (a: field, b: lab) for the 

incorporation of crop residues. 

Tab. 3.10-4. Results of the multiple comparisons (univariate ANOVA) of RR for CO2 

emissions - incorporation of crop residues (Dunnett-T3 test). 

CO2 field and lab emissions 

climate Clay Content (%) duration  Kind of crop residues 

 n mean   n mean   n mean   n mean  

ATL 73 6.95 a <18  73 6.95 a < 5yrs 89 5.88  cereals 32 1.66 a 

MED 16 1.00 b 18-35 16 1.00 b     vege-

tables 

57 8.24 b 

CO2 field emissions 

climate Clay Content (%) duration  Kind of crop residues 

 n mean   n mean   n mean   n mean  

ATL 8 1.64 a <18  8 1.64  7.60 24 1.21  cereals 17 1.02 a 

MED 16 1.00 b 18-35 16 1.00      vege-

tables 

7 1.67 b 

 

All CO2 emission measurements derive from experiments lasting less than 5 years (Tab. 3.10-

4). The majority (n=73) of measurements were carried out on coarse-textured soils in the 

Atlantic climate, 16 measurements derive from medium textured Mediterranean soils. The 

latter revealed significantly (P<0.01) lower CO2 emissions. The incorporation of cereal crop 

residues showed a significantly lower increase of CO2 emissions compared to vegetables. All 

65 lab comparisons (Table 3.10-1) were carried out in the Atlantic climate region on sandy 

soil and the differences between the RRs of cereal and vegetable crops were higher than in 

the field studies. The leafy crop residues resulted in significantly higher CO2 emissions (RR 

9.17, n=50) compared to the cereals RR 2.39, n=15) 
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Fig. 3.10-4. Frequency distribution of N2O emissions for the RR incorporation of crop 

residues. 

 

  

 

 

 

 

 

 

 

 

 

 
a) b) 

Fig. 3.10-5. Frequency distribution of RR for N2O emissions (a: field, b: lab) for the 

incorporation of crop residues. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.10-6. Frequency distribution of rel.diff.CH4 emissions for the incorporation of crop 

residues. 

 
Overall, RR of N2O emissions were significantly (P<0.05) higher in the lab studies 

(RR=17.01) compared with the field studies (RR=3.41) and significantly (P<0.05) higher 

with vegetables (RR= 19.03) compared to cereals (RR=3.27). The duration of the experiment 
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did not show any significant influences, however, the majority of measurements derive from 

experiments lasting less than 5 years. 

Tab. 3.10-5. Results of the multiple comparisons (univariate ANOVA) of RR N2O emissions 

in field studies- incorporation of crop residues (Dunnett-T3 test). 

climate Clay Content (%) duration  kind of crop residues 

 n mean   n mean   n mean   n mean  

NEM    <18  24 1.66 a < 5yrs 25 4.57 a cereals 30 3.76 b 

ATL 24 1.66 a 18-35   a 5-10yrs 3 0.81 a vege-

tables 

7 1.91 a 

CON    > 35 13 6.64 b 11-20yrs 9 1.06 a     

MED 13 6.64 b     >20yrs        

 

RR of N2O emissions measured in the field (Tab. 3.10-5) were significantly higher in the 

Mediterranean experiments with coarsely textured soils compared to the Atlantic ones with 

high clay contents. There was a trend of decreasing N2O emissions with increasing 

experimental duration. 

All N2O emissions in lab studies (Tab. 3.10-1) were carried out at four experiments, each 

situated in the Atlantic region, with coarse-textured soils (clay content <18%) and lasted less 

than 5 years, when the investigation took place. The leafy crop residues resulted in 

significantly higher N2O emissions (RR 21.43, n=50) compared to the cereals RR 2.28, 

(n=15). In the limited number of comparisons (n=7) the CH4 emissions did not alter 

significantly with the incorporation of crop residues (Tab. 3.10-1). 

 

3.11 Irrigation 

Dersch and Böhm (2001) observed losses of 2.4 t carbon per ha caused by additional 

irrigation compared to the rain fed system for sugar beet and maize in a rotation with cereals 

in a 21 years period in the Pannonian climate.  

No other publications were found comparing different kinds of irrigation regarding the listed 

CC indicators. 
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4 Conclusions 

 

Tab. 4-1. Summary of main effects of practices on CC indicators (+ p<0.05). 

Management 

practices  S
O

C
 

co
n

ce
n

tr
a

ti
o

n
s 

(R
R

) 

S
O

C
 

st
o

ck
s 

 

(R
R

) 

C
O

2
 

em
is

si
o

n
s 

 

(R
R

) 

N
2

O
 

em
is

si
o

n
s

(R
R

) 

C
H

4
 

em
is

si
o

n
s

(r
el

D
IF

F
) 

Rotation 

Monoculture (baseline) 1.00 1.00 1.00 1.00 0.0 

Crop rotation 1.00 0.99 n.d. n.d. n.d. 

Intercropping n.d. n.d. n.d. n.d. n.d. 

Without Green manure/catch 

crop/cover crop (baseline) 
1.00 1.00 1.00 1.00 0.0 

Catch crop/cover crop/ green 

manure 
1.16 1.10 1.64 1.81+ 0.95+ 

Grassland 
Grassland management (indicate 

baseline) 
n.d. n.d. n.d. n.d. n.d. 

Tillage 

Conventional tillage (baseline) 1.00 1.00 1.00 1.00 0.0 

No tillage 1.03 1.07+ 1.28+ 3.24+ 0.70 

Non-inversion tillage 1.08+ 1.06+ 1.09 1.02 -0.13 

Nutrient 

management:  

mineral fertiliser  

organic fertiliser (incl. 

residue management) 

Mineral fertiliser 

(mineral N – baseline) 
1.00 1.00 1.00 1.00 0.0 

Organic fertiliser- FYM 1.23+ 1.17+ 1.04 0.83 -0.19 

Organic fertiliser-slurry 1.21+ 1.26+ 1.32+ 5.13+   60.3 

Organic fertiliser-compost 1.37+ 1.31+ 1.39 5.15 -0.84 

No mineral fertiliser (baseline) 1.00 1.00 1.00 1.00 0.0 

Mineral fertiliser 1.07+ 1.03 n.d. 3.63+ 9.02 

Residue removal (baseline) 1.00 1.00 1.00 1.00 0.0 

Residue incorporation 1.07+ 1.07+ 5.88+ 12.08+ 0.057 

Crop protection  n.d. n.d. n.d. n.d. n.d. 

Water management 

irrigation-drainage 
 n.d. n.d. n.d. n.d. n.d. 

 

The application of external C-sources, such as compost, followed by FYM and slurry resulted 

in the highest overall increases of SOC concentrations (between 37 and 21%) compared to 

similar mineral N fertilisation. The growing of catch crops and cover crops also led to 

increased SOC contents (RR 1.16). Reduced tillage (reduction of the number of tillage 

operations or of the depth of disturbance), the incorporation of crop residues and (high) 

mineral N fertilization led to a SOC increase of 7 to 8% compared to the respective baseline 

management practices. Similar increases could be detected for SOC stocks. However, CO2 

emissions increased with the mentioned management practices as well, between 4 and 64%. 

Possible contradictions between a concurrent rise in CO2 emissions and SOC may be 

explained by the fact that the increases in SOM may exceed the increase in CO2 emissions– 

caused by heterotrophic respiration mostly by soil microorganisms (Janzen, 2004). Crop 

residue incorporation even led to an average 5fold increase of CO2 emissions. Nevertheless, it 

is under discussion, if CO2 is entirely emitted as a GHG or taken up by soil organisms/plants 

again. Therefore, CO2 emissions were not rated very highly within the qualitative evaluation. 

However, the emissions of the potent GHG N2O have risen with most of the mentioned 

management practices that have been assumed to be “best management practices” so far. 
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Based on a very limited amount of data, often derived from short-time experiments , the 

highest N2O increases occurred with incorporation of crop residues > the application of 

compost > slurry > (high) mineral N fertilization> NT > catch crops/cover crops.  Non-

inversion tillage nearly did not change N2O emissions - compared with CT - and with FYM 

the N2O emissions tended to decrease compared to similar N fertilisation. Again, based on 

very few experimental data, the CH4 emissions decreased with compost and FYM application 

and with NIT. CH4 emissions increased with slurry application, (high) mineral N fertilisation, 

catch/cover crop, NT and residue incorporation. The quantitative assessments were 

summarised and converted - according to expert knowledge - to a qualitative assessment (see 

Table 4.2). 

According to the qualitative assessment (see Table 4.2), if only the overall investigated CC 

indicators are considered - without taking into account different CO2-equivalents and 

different global warming potentials of the investigated GHGs - the best management 

practices are: 

• FYM application 

• Crop rotation  

• Non-inversion tillage 

• Compost application 

These evaluations could change depending on the influencing factors, such as ENZ, the clay 

content, the depth of soil sampling and the duration of practice. 
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Tab. 4-2.Qualitative assessment of CC indicators (n.d.- not determined) 

Management 

practices  S
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F
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O
V

E
R

A
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L
 

C
C

  

Rotation 

Monoculture (baseline)       

Crop rotation + 0   . + 

Intercropping n.d. n.d. n.d. n.d. n.d. n.d. 

Without Green manure/catch 

crop/cover crop (baseline) 
- - 0 + + 0 

Catch crop/cover crop/ green 

manure 
+ + 0 - - 0 

Grassland  n.d. n.d. n.d. n.d. n.d. n.d. 

Tillage 

Conventional tillage (baseline)       

No tillage + + 0 -- - - 

Non-inversion tillage + + 0 0 + + 

Nutrient 

management:  

mineral fertiliser 

organic fertiliser (incl. 

residue management) 

Mineral fertiliser (mineral N – 

baseline) 
      

Organic fertiliser- FYM ++ ++ 0 + + ++ 

Organic fertiliser-slurry ++ ++ - - -- 0 

Organic fertiliser-compost ++ ++ - - + + 

No mineral N fertilization 

(baseline) 
      

Mineral N fertilisation + + 0 -- - - 

Residue removal (baseline)       

Residue incorporation + + - - 0 0 
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