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RESUMO 
 
 

Sistemas diversificados de produção agropecuária, tais como sistemas integrados 
de produção agropecuário (PISA) são uma alternativa para o aumento produção e 
melhorias nos ecossistemas. As características distintas destes sistemas de 
produção são explorar sinergias e propriedades emergentes de interações no 
compartimentos solo-planta-animal-atmosfera em áreas que integram os PISA, 
também fornecer interações ecológicas entre os diferentes ecossistemas agrícolas, 
como a redução da degradação química e física do solo, aumentando a matéria 
orgânica do solo, preservação dos recursos naturais e benefícios ambientais, como 
a redução das emissões de gases com efeito de estufa. Assim, a utilização da 
interação em PISA é fundamental para alcançar sucesso, como resultado final, para 
aumentar o rendimento e a sustentabilidade ecológica. O primeiro capítulo avalia o 
efeito árvores de um PISA sobre a qualidade e a produção de seis espécies 
forrageiras Axonopus catharinensis, Uruchloa brizantha cv. Marandu, capim-
mombaça cv. Aruana, Hemarthria altíssima cv. Florida, Cynodon spp. híbrido Tifton 
85 e Paspalum notatum cv. Pensacola. O segundo capítulo avalia as emissões de 
N2O em um PISA com rotações de longo prazo: pastagem cortada seguida de três 
anos com rotações agrícolas . O terceiro capítulo aborda a questão do N2O em 
sistemas com diferentes manejos de pastagens (cortada vs. pastejada). Concluiu-se 
que as espécies de forrageiras apresentaram menor rendimento produção no PISA 
estudado, devido ao efeito do sombreamento das árvores. A adubação nitrogenada 
aumentou o valor nutritivo e produção de matéria seca das forragens. Os resultados 
da emissão de N2O mostraram que aração do solo aumenta a emissão de N2O do 
solo. A pastagem cortada também contribui para o aumento da emissão de N2O 
solo, comparando com a forragem pastejada. 
 
 
 
Palavras chave: N2O, rotação de culturas, forragem, manejo de pastagem, gases do 
efeito estufa. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	  

ABSTRACT 
 
 

Diversified agricultural systems such as integrated crop livestock systems are an 
alternative for achieving production and ecosystem services. The distinguishing 
characteristics of these production systems are that they are designed to exploit 
synergisms and emergent properties of interactions in the compartments soil-plant-
animal-atmosphere on areas that integrate crop and livestock production systems 
(ICLS). ICLS also can provide opportunities to capture ecological interactions among 
different land use systems to make agricultural ecosystems more efficient at reducing 
soil chemical and physical degradation, increasing soil organic matter, enhancing 
biodiversity and preserving natural resources and environmental benefits as reducing 
greenhouse gas emission. Thus, the use of the interaction in ICLS is key to achieving 
success, as final result to increase ecological sustainability and yield. The first 
chapter evaluates the trees effect of an ICLS on the quality and production of six 
forage species Axonopus catharinensis, Uruchloa brizantha cv. Marandu, 
Megathyrsus maximus cv. Aruana, Hemarthria altissima cv. Florida, Cynodon spp. 
hybrid Tifton 85 and Paspalum notatum cv. Pensacola. The second chapter 
assesses the emission of N2O on an ICLS with long-term rotations: mowed pasture 
and three years crop rotations. The third chapter addresses the issue of N2O in 
systems with different pasture management (mowed vs. grazed). It was concluded 
that the forage species showed lower production in the ICLS, due to trees effect. 
Nitrogen increased the forage nutritional value and dry matter yield. The results of 
N2O emission showed that plowing increases the soil N2O emission and the mowed 
grassland also contributes to the increase in the soil N2O emission, compare to 
grazing. 
 
 
 
Key words: N2O, crop rotation, forages, pasture management, greenhouse gas. 
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1. INTRODUTION 

 

 Diversified systems such as crop-livestock systems appear to be an 

interesting alternative and path forward for agricultural development in the face of 

climate change and volatility of commodity and input prices. 

 The use of integrated crop livestock production systems (ICLS) is an 

alternative for achieving sustainability. The distinguishing characteristics of these 

production systems are that they are designed to exploit synergisms and emergent 

properties of interactions in the compartments soil-plant-animal-atmosphere areas 

and integrate crop and livestock production (Moraes et al., 2013). 

 ICLS also can provide opportunities to capture ecological interactions among 

different land use systems to make agricultural ecosystems more efficient at reducing 

soil chemical and physical degradation, increasing soil organic matter, enhancing 

biodiversity and preserving natural resources and environmental benefits as reducing 

greenhouse gas emission (Smith et al., 2007). 

 Thus, the use of the interaction in ICLS is key to achieving success, as final 

result to increase ecological sustainability and yield. In this sense, the interactions 

must be planned in different spatial-temporal scales and in landscape level to cover 

crop and animal production and ecological sustentability. Although is necessary the 

knowledge to understand the interaction effect between the biotic and abiotic factors 

involved, considering the unique characteristics of each system. In this way witch 

species are adapted to provide productions and environmental services. 

 The forages species adaptation in an ICLS with trees depends mainly of the 

ability to growth in shaded areas caused by the trees. In shaded conditions forage 

plants can change its structure and nutritional content. The production and nutritional 

value is important tools to select forages species for use in shaded areas to use in 

integrated crop livestock system with trees. 

 The radiation level that reaches the understory of the ICLS with trees is crucial 

to the development and the success of the system, as the forages species should be 

agronomic, environmental and economically viable.  

  Integrated crop livestock system is an agroecosystem able to conserve 

natural resources and enhance ecosystem services while maintaining productivity 

(FAO, 2010). Managing a system for multiple environmental services requires a high 



12	  	  
	  

degree of biodiversity in soil organisms, plant communities, and cropping and grazing 

systems distributed across the landscape.  

 Environmental benefits of grassland ecosystems can, however, be 

progressively impaired as intensification of production increases (Lemaire et al., 

2014).  

 The diversification of crop system, as introducing grasslands can provide an 

improvement in ecological services as reducing the green house gas emission to the 

atmosphere (Sanullah et al., 2014). Nitrous oxide emissions are among of he most 

important greenhouse gas emission, contributing 6% to global warming. Agriculture 

contributes to the increase in atmospheric emissions of N2O accounting for 24% of 

the global annual emissions (IPCCC, 2007). The N2O emitted form soils are 

produced by different soil-related factors, such as moisture, temperature and nitrogen 

content (Ranucci et al., 2010). 

 High N input, typical of intensive agricultural systems, may imply further 

environmental threats, such as ammonia volatilization and nitrate leaching in aquifers 

and rivers and lead to substantial losses of applied N-fertilizers (Del Grosso et al., 

2006). Quantification of N2O fluxes emitted from arable soils remains a major 

challenge. Field measurements of emissions conducted in different soil and 

agricultural conditions are still scarce and annual estimates are generally assessed 

from a small number of measurements. They are therefore not necessarily 

representative of average emissions per year, especially as emissions of nitrogen 

oxide (N2O) can be very sporadic (Laville et al., 2011). 

 This thesis is organized into chapters that show, in different ways, as general 

objective in evaluate the yield, nutritive value and the nitrous oxide soil emission of 

forages in different integrated systems.  

 The specific objectives of each chapter are: 

 Chapter 1: Quantify the productivity and nutritive value of six forage species 

grown in differents management practices. 

 Chapter 2: Quantify the N2O fluxes before and after grassland conversion to a 

crop rotation. 

 Chapter 3: Measure the N2O soil emission at the same time in grazing and 

mowed grassland. 
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2. CHAPTER 1 

 
 

Productivity and nutritive value of six forages grasses grown in integrated crop livestock1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Prepared in accordance with the standards of the Agroforestry System Journal 
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Abstract 

	  

The integrated crop livestock systems (ICLS) are alternative to sustainable timber, livestock 

and crop production. However, for the success of these systems, it is necessary to choose the 

correct forage and system management given the needs of ICLS. Therefore an experiment 

was conducted to test several forages species and system management practices : Urochloa 

brizantha cv. Marandu (Ub), Cynodon spp hybrid Tifton 85 (Cd), Hemarthria altissima cv. 

Florida (Ha), Megathirsus maximus cv. Aruana (Mm), Paspalum notatum cv. Pensacola (Pn) 

and Axonopus catharinesis (Ac). The experiment was conducted during 2012 in a factorial 

2x2x6, with three replicates. Formed by two systems (ICLS with trees and full sun (FS)), two 

nitrogen rates (0 and 300 kg ha-1year-1) and the six forages species. The forage dry matter 

yield (DMY), digestible dry matter yield (DDMY), crude protein yield (CPY), leaves, stem 

and senescesnt material percentage were determined. The FS had an increase of 41%, 50% 

and 35% in DMY, CPY and DDMY, respectively, regardless the specie and nitrogen dose. 

With the nitrogen application the DMY increased in 33%. The species with higher DMY was 

Ha (14,0 Mg ha-1), although Ha had lower leaves proportion. The species with more leaf 

blades was Ub (82%). Therefore, species choice, nitrogen fertilizer application and the corret 

pasture management are strategies that increase forage quality with a potential positive impact 

on ruminant performance. 

Key words: pasture, quality, integrated crop livestock system. 
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1. Introduction 

 

The use of integrated crop livestock systems (ICLS) is an efficient alternative for 

sustainable production (Nair 1993). There are several benefits pointed in this systems, such as 

for the soil fertility conditions, better utilization of solar radiation (Lin et al. 2001), increased 

in biodiversity and improved land use (Varella et al. 2009). 

The increase of soil fertility in ICLS has been observed in several regions, due the 

utilization of nutrients by the trees in the soil layers that are beyond the reach of forages roots 

(Nair 1993). However, it is known that the presence of trees in the system reduces the light 

available for forages, condition that influences the forage productivity and quality (Barro et 

al. 2008; Lin et al., 2001; Paciullo et al., 2013). 

With the light reduction in the system, the soluble carbohydrates in plants decreases 

(Belesky 2005). Generally, also occurs the increase of the cell wall content and consequent 

reductions of the forages digestibility (Lin et al. 2001; Castro et al. 1999). Some studies also 

reported the increased of lignin content in shaded plants, which contributes for reductions on 

digestibility (Senanayake 1995). Contradicting the results mentioned above, some studies 

show a reduction in cell wall content and increased in the digestibility of shaded plants 

(Kephart and Buxton 1993; Deinum et al. 1996; Paciullo et al. 2007). For C4 species, in 

general, the shading effects of shading causes decreases in forage production (Soares et al. 

2009; Castro et al., 1999; Burton et al., 1959), and the effects on nutritive value of the forage 

are not well understood (Jackson and Ash 1998). Lin et al. (2001) found different responses to 

light reduction in 30 forage species, and this response varies according to the degree of plant 

tolerance to shade. 

The luminosity reduction in ICLS depends on the tree population, thus manipulating 

this fact in the system is a strategy adopted to modify the biomass production of the other 

components by the control of intra and interspecific competition (Ribaski 2008). The trees 
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were planted as alley crop system allows greater light entrance in the system with higher dry 

matter production (Pofírio- da-Silva et al. 1998). 

 In this context, Cooper and Wilson (1970) postulated that the canopy efficiency in the 

conversion of light energy into biomass depends on the individual leaves photosynthetic rates 

and the patterns of canopy light interception. The accumulation of dry matter in forages is the 

result of environmental interactions and its effects on physiological processes on the 

morphological plants characteristics (Da Silva and Pedreira 1997). The pasture management 

with optimal LAI (95 % light interception) allows maximum leaf accumulation of leaves in 

relation to the stem, improving forage quality (Trindadet al. 2007; Lin et al., 2001; Wilson et 

al., 1982), in full sun systems. Althogh in shade environments, as ICLS with trees, the criteria 

for cut at 95% of light interception may be alter.  

 The nitrogen fertilization also plays an important role in plant quality and 

gworth. Nitrogen is directly liked with light capture by the plant and leaf groth (Lemaire et 

al., 2007), According to Valladares and Niinemts (2008) nitrogen can affect the plant 

response to shade, altering their growth and development capacity.  

 In this context a few studies in intregrated crop livestock systems had 

evaluated forage by using light interception as harvest criteria for integrated systems. 

Our aim is to characterize the response of forage species in association with trees and, 

consequentely, indicate their potential for use in sustainable ICLS. Therefore, an experiment 

was carried out in order to quantify the productivity and nutritive value of six forage species 

grown in full sun and in an association with trees (i.e. an ICLS). 

 

2. Material and Methods 

 

 The experiment was conducted at the Agronomic Institute of Paraná (IAPAR), located 

in Ponta Grossa - PR (25º07'22''S ; 50º03'01''W). The climate is Cfb, according to Koppen's 



18	  	  
	  

classification, i.e. a subtropical mesothermal humid. The temperatures of the coldest months 

range from -3 oC to 18 oC, and temperatures in the hottest months are between 10 oC to 34 oC. 

The region has no defined dry season, with annual rainfall between 1200-1600 mm. The mean 

relative humidity is between 70-80 % (IAPAR 2000). The soil is an Oxisoil, medium texture 

classification according to EMBRAPA (2006). 

 The design of the experimental area was in a factorial 2x2x6, with three replications. 

Two systems (full sun and ICLS), six C4 forage species (Axonopus catharinensis (Ac), 

Cynodon spp. Hybrid Tifton 85 (Cs), Hemarthria altissima cv. Florida (Ha), Megathirsus 

maximus cv. Aruana (Mn), Paspalum notatum cv. Pensacola (Pn) and Urochloa brizantha cv. 

Marandu (Ub)), usually used in Brazil and also recommended (Soares et al. 2009) for use in 

ICLS and two nitrogen rates (0 and 300 kg N ha-1 year-1). 

 Nitrogen fertilizer was applied at the beginning of each growing season (October). The 

correction of soil acidity and fertilizer P2O5 and K2O were performed according to soil 

analysis, in each year. 

 The Eucalyptus dunnii trees were planted in 2007 in double rows, with 3m between 

trees within rows and 4m between rows, with spaced 20m apart (3x4x20m), fitting to an east 

– west orientation, following the contour. The initial population was 267 trees ha-1. In winter 

2011 a thinning management was performed reducing the number of trees to 155 trees ha-1. A 

pruning was done in 2012. 

 The forages species were planted in January 2010 in plots of 4.5 m2 (1.5 x 3 m) in full 

sun (no crop integration) and in the shaded area (ICLS) in plots of 100m2 (5 x 20 m). In all 

plots a cut of standardization were performed at 10 cm height. 

 The interception of forest canopy (i.e. shading percentage) was measured with the aid 

of two ceptometers, one placed in full sun and another under the forest canopy. From the 
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difference of the readings of the two ceptometers, the decrease of light interception in the 

forest understory was calculated. 

 The forages light interception was monitored weekly using a ceptometer (AccuPAR 

LP-80). Three measurements obtained at full sun plots were in three positions and 

measurements in the ICLS were in five positions (2, 4, 10, 16 and 18 meters from the trees 

row), with measurements made at ground level and above the sward, to compose the plot 

mean The difference between the two measures represented the intercepted radiation by 

vegetation. The canopy height was measured 2 times/m2 with the help of "sward 

stick"(Bartham, 1986). 

 The cuts to dry matter yield evaluation were performed by cutting whenever the sward 

reached levels of incident light interception corresponding to 95% (interval criterion). The 

height at which the cut was made corresponded to 50% reduction of the initial height 

(intensity criterion). The samples period were from the year of 2012. 

 To collect the material sample, were carried out one sampling in the full sun plots, and 

five sub-samples in the plots of the ICLS for the morphological separation (leaf, stem) and 

determination of dry matter, crude protein and dry matter digestibility. 

 For determination of crude protein and digestibility of dry matter, the samples were 

dried at 60 °C under air flow for 48 hours, milled (1 mm) in Willey mill and analyzed by the 

method of near infrared reflectance (NIRS) (Marten et al. 1985). Analyses were performed 

with spectrometer Perstorp Analytical, Silver Spring, MD, 5000 model, coupled to a 

microcomputer equipped with ISI software version 4.1 (Intrasoft International, University 

Park, PA). The annual yield of digestible dry matter and crude protein yield were calculated 

based on the production of dry matter, digestible dry matter and crude protein concentration, 

for each cut. 



20	  	  
	  

 The results were analyzed by the Shapiro-Wilk test for homogeneity of variances and 

then performed the residuals variance analysis (ANOVA,lme procedure). Data were 

trandormed when necessary to reach the normality of residues. Transformations were 

perfomed using the Boc Cox procedure (package MASS). The average effect of the 

treatments (species x system x N levels) was compared by Tukey test using the R program for 

linear models. 

 

3. Results 

 

 There was a significant system effect, N level and forage species (p<0,001) in all 

variables evaluated, excepted for percentage of stem (Table 1). The system in full sun 

obtained 41% higher dry matter yield than the ICLS with trees, independent of forage and 

nitrogen applied (Figure 1). Forages grown with nitrogen (11,3 ± 33,06 Mg ha-1 year-1) 

obtained a 33% more dry matter yield than without nitrogen (7,4 ± 29,46 Mg ha-1 year-1). 

Table 1. F ratios and ANOVAs of forages dry matter yield (DMY), crude protein yield 
(CPY), digestible dry matter yield (DDMY), % of leaves (Leaf), % of stems (Stem) and % of 
senescent material (Senesc.). 

  DMY CPY DDMY Leaf Stem Senescent 
Material 

System 59,94*** 42,59** 58,69*** 12,94** ns 4,22* 

Specie 17,93*** 12,28*** 16,92*** 32,65*** 37,90*** 16,03*** 

N 53,90** 101,95*** 61,93*** 12,26** ns 17,04*** 

System x Specie ns ns ns ns ns ns 

System x N ns ns ns ns ns ns 

Specie x N 2,63* 4,49** 3,09** ns ns 2,74* 

System x Specie x N ns ns ns ns ns ns 
*,	  P	  <	  0.05;	  **,	  P	  <	  0.01;	  ***,	  P	  <	  0.001;	  n.s.,	  not	  significant.	  

 The most productive species, without nitrogen fertilizer was Ha (11,2 ± 0,8 Mg ha-1) 

and Ub (9,1 ± 0,8 Mg ha-1) (Figure 2), with nitrogen application the most productive specie 

was Cd (13,9 ± 0,8 Mg ha-1). The specie less productive in both nitrogen doses was Pn 
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(Figure 2). The specie most responsive to nitrogen application was Cd, followed by Mn, with 

increments in order of 43 and 40%, respectively. 

 
Figure 1. Crude protein yield (CPY, n=2), digestible dry matter yield (DMY, n=2) and dry 
matter yield (DMY, n=2), within each light condition (FS= full sun and ICLS = ICLS with 
trees). The bars show standard error. Means with the same letter are not significantly different 

 
 Among the systems studied, the crude protein yield was greater in the full sun system 

(Figure 1). The addition of 300 kg ha-1 increased the crude protein yield in 50.4% 

 Without nitrogen fertilizer the species with the highest protein yield was the Ub 1,0 ± 

0,09 Mg ha-1, with 300 kg ha-1 of nitrogen fertilizer the species with most crude protein 

production was Cd and Ub with 2.0 ± 0,09 and 1.8 ± 0,09 Mg ha-1, respectively (Figure 3). 

 

 
Figure 2. Dry matter yield (DMY) within each nitrogen fertilization condition (N0, no N 
fertilization, N300, 300 kg.ha-1yr-1) and each species (See material and methods for species 
codes). The bars show standard error.Means with the same letter are not significantly different 
(N0 = case letters, N300 capital letters). 
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 The digestible dry matter production varied depending on the system and nitrogen 

dose and specie. On average, the full sun system had 35% more digestible dry matter 

production, comparing to ICLS with trees. The application of 300 kg ha-1 increased the 

digestible dry matter production in 36% (2,4 Mg ha-1). The species did not differ from each 

other for digestible dry matter yield, except the Pn with 3,4 ± 0,4 Mg ha-1 with the addition of 

300 Mg ha-1 (Figure 4).Without nitrogen application the specie with most digestible dry matte 

yield was Ha (6,3 ± 0,5 Mg ha-1) and the less productive specie was Pn (1,9 ± 0,3 Mg ha-1) 

(Figure 4). 

 
Figure 3. Crude protein yield (CPY) within each nitrogen fertilization condition (N0, no N 
fertilization, N300, 300 kg.ha-1yr-1) and each species (See material and methods for species 
codes). The bars show standard error.Means with the same letter are not significantly different 
(N0 = case letters, N300 capital letters). 

The analysis of variance shows significant differences between system, species and 

nitrogen fertilization for the percentage of leaves. For the percentage of stem were only 

significative differences between species and for percentage of senescent material were 

significant differences between system, species and nitrogen fertilization (Figure 1).  

Nitrogen fertilization resulted in an increase of leaf blades in the order of 8%, and the 

reduction in the senescent materials proportion (4.3%). The leaves proportion was also altered 

by ICLS (10%), regardless of the species. 

With the application of nitrogen fertilizer the Ub showed the highest proportion of 

leaves (82%), while Ha obtained only 38%. At the opposite, the proportion of stem ranged 
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from 11% (Ub) to 53% (Ha) (Figure 5). Regarding the interaction of species with N, just Ub 

and Pn did not change the proportion of leaf blades in harvested biomass (Figure 5). 

 
Figure 4. Digestible dry matter yield (DDMY) within each nitrogen fertilization condition 
(N0, no N fertilization, N300, 300 kgha-1yr-1) and each species (See material and methods for 
species codes). The bars show standard error.Means with the same letter are not significantly 
different (N0 = case letters, N300 capital letters). 

 

 
Figure 5. Leaves, Stem and senescent material percentage within each nitrogen dose (N0, no 
N fertilization, N300, 300 kgha-1yr-1) and each species (See material and methods for species 
codes). 

	  

4. Discussion 

	  

Gautier et al. (1999) found lower carbon production in ICLS, which affected dry 

matter production. Here, we also observed a reduction on dry matter yield in ICLS due to the 

lower incidence of photosynthetic active radiation in the sward in understory. 
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 The highest forage yield obtained with nitrogen fertilization can be attributed to the 

effects of nitrogen, which promotes an increase in the rates of enzymatic reactions and 

metabolism of plants as reported by several studies (Alexandrino et al., 2004; Da Cunha et al., 

2008; Fagundes et al., 2005; Martuscello et al., 2005). According Colozza et al. (2000), the 

content of chlorophyll in leaves occurs in plants with higher nitrogen availability, which 

increases the supply of assimilates influencing morphogenetic and structural characteristics of 

pastures, as the size and number of tillers, having direct positive impacts on forage 

production. The increase in forage dry matter yield with nitrogen fertilization was also 

reported by many studies, for instance, Wilson and Wild (1991), Lopes et al. (2003) and 

Manzanti et al. (1994). 

The dry matter yield and protein yield reduction exhibited by most species in ICLS 

with trees is in agreement with literature (Shelton et al, 1987; Castro et al, 1999). In fact, in 

most studies with tropical grasses, there are reports of reduced forage production under shade, 

due to the marked reduction in photosynthesis of C4 forage (Deinum et al, 1996; Andrade et 

al, 2004). The photosynthetic apparatus of C4 plants have no light saturation even at high 

radiation intensities, due to the concentration of CO2 in mesophyll cells mechanism with that 

C4 grasses have a large reduction in photosynthesis in low light conditions (Taiz & Zeiger, 

2004), as these type of ICLS. Castro et al. (1999) showed 50% reduction in the yield of U. 

brizantha when grown with 60% shading. 

When grown in full sun system forages produced greater crude protein yield, due to 

more protein content (data not showed and also greater dry matter production. According to 

Corsi (1984), nitrogen fertilization can reduce the percentage of neutral detergent fiber in 

plants by stimulating the growth of new tissue, which has lower levels of structural 

carbohydrates in dry matter. Nitrogen fertilization can positively influence the digestibility of 

forage dry matter, as it stimulates the growth of new tissues that have high protein and low 



25	  	  
	  

amounts of structural carbohydrates and lignin in the dry matter (cell wall components). This 

effect would be more pronounced in tropical forages, which the percentage of cell wall dry 

matter is inversely correlated to crude protein. 

The highest values of leaf:stem ratio for the most of the species, such as U. brizantha 

can be attributed to cutting height, which removed most of the leaf blades in relation to the 

stem, because leaf blades have higher nutritional value compared to other plant parts 

(Trindade et al., 2007). 

The forage management using the 95% of light intercept by the forage canopy, as 

frequency criteria, allows high herbage intake rate and animal production, as well as improves 

the quality of harvested forage (Trindade et al. 2007; Zanini et al. 2012). For the intensity 

criteria (50% off the height) seems to improve the leaves:stem ratio for all the species studied, 

less the Ha. 

 

5. Conclusions 

	  

There was a significant system effect, dose and forage species on dry matter 

production (p< 0.001). The system in full sun obtained a 33 % higher dry matter yield than in 

ICLS, regardless species and nitrogen level. In general the nitrogen fertilization compensated 

the yield reduction (-33%) cauded by the trees effect with the trees in the ICLS. 

The most productive species and the species more adapted to the management 

(LI=95%) was Urochloa brizantha. Also Ub showed better leaves proportion. 
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3. CHAPTER 2 

 
Grassland management on nitrous gas emissions under temperate climate conditions2 
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Abstract 

	  

Quantifying nitrous oxide emission (N2O) fluxes emitted from croplands remains a major 

challenge because field measurements in different climates, soil and agricultural systems are 

still scarce and emissions are usually calculated from a small number of measurements. In this 

paper we asked: (1) Are the N2O soil emission increased after changing grassland to a crop 

rotation? (2) How long lasting is this effect? (3) What is the influence of fertilization on the 

N2O soil emission under grassland and crop? To answer this questions an experiment in 

Centre West France was build, with 6 automatic chambers at rate of 16 mean flux 

measurements per day, in a 3 years crop rotation and permanent mowed grassland at same 

time from 2010 to 2013. The N2O emission were larger for the converted grassland to crop 

rotation than the permanent mowed grassland (1,52 (1,63) ng N.m-2.s-1, and 1,37 (1,87) ng 

N.m-2.s-1, respectively (inter quartile range)). After the plowing a N2O emission peak occurred 

for 34 days with flux mean of 5,43 (3,35) ng N.m-2.s-1 compared to 1,79 (1,36) ng N.m-2.s-1 

for the mowed grassland. The drives of N2O soil emissions are soil N content and soil water 

content. The plowing increases the N2O soil emission in about 3 times, due to soil disturbance 

and probably to largest soil microbial activity.  

 

Key words: N2O, plowing, forage, crops, integrated systems 

 

1. Introduction 

	  

 Agricultural activity strongly impacts greenhouse gas emissions. Worldwide, 23% of 

the CO2 emissions and 58% of nitrous oxide (N2O) emissions come from the agricultural 

sector (Smith et al., 2007, IPCC, 2007); in France and probably other European countries 

these contributions are even higher with 84% of the N2O emissions derived from agriculture 

(Lopez et al., 2012). Soil is the main source of these emissions. Fluxes of CO2 and N2O from 

agricultural soils are the result of complex interactions between climate, soil microbial 

activity, chemical and physical soil properties (Attard et al., 2009). Whereas CO2 emissions 

are caused by soil microbial and plant respiration, soil microbial denitrification is the main 
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source of N2O emissions. N2O emissions are characterized by very high spatio-temporal 

variability (Goffmann et al., 2006). These emissions are typically thought to occur under 

anaerobic conditions, when soil bacteria will reduce nitrogen (N) oxides, such as nitrate (NO3
-

) to nitric oxide (NO) to N2O and last N gas (N2) although other pathways including ammonia 

(NH4) oxidation, nitrifier denitrification and chemo-denitrification, which may occur under 

aerobic conditions, have been reported (Venterea et al., 2012). The net N2O and CO2 flux 

between the soil and the atmosphere is the result of the balance of production and 

consumptions of these gases within the soil surface and the contribution for these processes to 

N2O and CO2 emissions vary with climate, soil conditions and land use (Skiba and Smith, 

2000; Laville, 2011). Whereas CO2 emissions occur continuously depending on climatic 

conditions, N2O emissions are strongly impacted by single events, such as fertilization and 

rainfall (Butterbach-Bahl et al., 2013). The accurate assessment of these ‘hot moments’ 

requires continuous emission monitoring. However, up to now many studies in agricultural 

systems rely on weekly or biweekly emission measurements (Almaraz et al., 2009; Omonode 

et al., 2011). 

 The introduction of grasslands into the cropping cycle has been postulated as being 

beneficial for maintaining soil fertility and agricultural productivity. It seems that this 

diversification of the regular agricultural management could be an important improvement for 

the quality of services gained from this system (Sanullah et al, 2014). Temporary grassland 

management is strongly dependent on N fertilization to maintain crop production as well as 

pasture productivity and thus susceptible to contribute significantly to N2O emissions. In such 

a system, the most important impact on greenhouse gas emissions are occurring through land-

use change by plowing grasslands for installing crop rotations (Sauerbeck 2001; Velllinga et 

al. 2004). Grassland conversion to arable land impacts soil organic matter stocks and 

composition (Rumpel and Chabbi, 2004) and also soil nitrification and denitrification 
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potential (Attard et al., 2011). Its effect on actual greenhouse gas emissions under field 

conditions has been addressed only in few studies (Almaraz et al., 2009). None of them 

assessed simultaneously N2O and CO2 emissions through continuous emission monitoring 

over several years period. However, such datasets are indispensible to validate C and N cycle 

models (Shaffer and Hansen, 2001). 

  Considering that a large proportion of annual N2O emissions commonly occurs over a 

timescale of hours or weeks following management or climatic events, such as fertilization, 

tillage or precipitation (Johnson et al., 2010) we focused in the present study on the impact of 

grassland turnover and fertilization on N2O and CO2 soil emission under field conditions. We 

investigated the effect of converting six years permanent grassland to agricultural land on 

N2O soil emission, over a two years period after the convertion. Thanks to the use of a long-

term experiment designed to follow agricultural management impacts on biogeochemical 

cycles, we were able to monitor N2O and CO2 soil emissions of permanent grassland, 

converted grassland and a crop rotation through continuous measurements on adjacent sites. 

The aim of our study was to quantify the N2O fluxes before and after grassland conversion to 

a crop rotation. Specifically we asked: (1) Are N2O soil emissions increased and linked after 

changing grassland to a crop rotation? (2) How long lasting is this effect? and (3) What is the 

influence of fertilization on the N2O soil emission under grassland and crop?  

 

2. Materials and methods 

	  

2.1 Field site  

This study was carried out at Experimental Site of SOERE-ACBB (Agro ecosystem 

Biogeochemical Cycles and Biodiversity) at Lusignan, Centre-West France (46o251’2,91” N; 

0o07’29,35” E). The soil type at the site is Cambisol with a loamy texture (Chabbi et al. 

2009). The mean annual temperature is 10.5°C and precipitation is around 600 mm. The 
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climate is Cfb, a matirme temperate climate. In 2010, 2011 and 2012, when the experiment 

was carried out, mean annual temperature was 11.1°C with rainfall of 863 mm.  The study site 

is completely flat temporary grassland, which has been under ley cropping systems for more 

than 50 years. 

 The experiment started in 2005, when two plots of mowed grasslands were installed 

next to a continuous agricultural cropland. On 16 Mars 2011, these grasslands were converted 

to a maize, wheat, and barley crop rotation.	  	  	  

On 18 april 2011 the converted grassland plots were sown with maize (Zea mais L.) 

and fertilized with 36 kg N ha-1. (Solufix). The maize was harvested on 29 septembre 2011.  

Thereafter, wheat was sown on 15 November and harvested on 24 July 2012 and fertilized 

with ammonium nitrate on 2 april and 22 mai 2012. Wheat was harvested on 24 july and 

barley (Hordeum vulgare), was sown on 23 October. All major field management operations 

are summarized in Table 1. 

Water fill pore space (WFPS), air temperature and rainfall were recorded throughout 

the experiment. 

The treatments were a mowed grassland (permant 6 years mowed grassland) and a 

grass crop rotation (6 years mowed grassland converted in a crop rotation of maize, wheat and 

barley), using the numer of chambers as repetition (6 chambers). 
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Table 1. Main Crop management operations in the field, 2011 and 2012, for the grass-crop 
rotation plot. 

Date Culture Management/Land Use Quantities 

16/03/11 Grass Plowing 36 kg N.ha-1 (Solufix) 

18/04/11 Maize Maize sowing  

02/05/11 Maize N application  

27/09/11 Maize Maize harvesting  

15/11/11 Wheat Wheat sowing  

02/04/12 Wheat N application 80 kg N.ha-1 (Ammonitrate) 

22/05/12 Wheat N application 40 kg N.ha-1 (Ammonitrate) 

24/07/12 Wheat Wheat harvesting  

23/10/12 Barley Barley sowing  

 

2.2 Flux measurements 

 Flux measurements were carried out on a six year mowed grassland and a converted 

plot, where six-year mowed grassland was followed by plowing and crop rotation of maize, 

wheat and barley. N2O and CO2 were measured continuously before the grassland destruction 

(grass period), during the plowing (plow period) and during the crop rotation (crop period), 

since 11 October 2010 to 23 October 2012 and compared with the mowed grass for the same 

period of time.  During plowing the chambers were removed for 3 days. 

 Nitrous oxide and carbon dioxide flux were measured simultaneously from November 

2010 to November 2012 using 6 automatic chambers, which are described in detail by Laville 

et al. (2011). Each chamber occupied a surface of 0,49 m2 (0,7 x 0,7 m2), with the volume of 

0,098 m3. Each chamber was sampled in 10 seconds intervals, for 15 minutes, through the 

analyzers, and the outflow of the N2O and CO2 analyzers was fed back to the chamber. 

The N2O concentrations were measured by infrared absorption spectrometry (Thermo-

Environmental Instruments Inc. USA; model 46 C). 
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 For N2O fluxes were calculated from the variations over time in the slopes of the gas 

concentrations using the following equations: 

F = SHMP
RT

                                                                                                      (1) 

 Where F is the flux (in ng Nm-2s-1 for N2O), S is the slope of concentration variation 

(dC) over time variation (dT), H is chamber height, in meters, M is the gas molar mass in 

gram per mol, P is the atmospheric pressure in Pa, R is the ideal gas constant in J K-1 mol-1 

and T is the temperature in Kelvin.  

For calculation of cumulative period emissions, gaps originating from instrumental 

failure were filled by “look up table” methodology (Mishurov and Kiely, 2011; Falge et al, 

2001a; Falge et al, 2001b). Were gap filled 209 days of measurements over the mowed grass 

followed the crop rotations (29% of total data). The longest periods of missing data were 

24/09/2011 to 21/11/11 and 21/3/2012 to 20/06/2012. For the mowed grass plot were gap 

filled 262 days (36% of data), the long periods of gap filling were 4/01/2011 to 12/5/2011, 

23/06/2012 to 13/07/2012 and 9/10/12 to 12/11/2012. 

 The emission factor for N2O were estimated using: 

EF = Ne− Nw
Na

100                                                                                             (2) 

Where EF (%) is the emission factor, Ne is the nitrogen emission, Nw is the bare soil 

nitrogen emission (background emissions) and Na is the inorganic or organic nitrogen 

applied. For calculate the emission factor of the plowing period were taken account the 

pasture green leaf N content (Na). 

 

2.3 Statistics analysis 

 The normality of the distribution of the data was analyzed using the Komorov 

Smirnov test. Where the standards assumptions of normality were violated, the Kruscal Wallis 
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test was used to compare the daily flux averages. Differences were considered significant at 

the P less than 0,05 level. Linear regression analysis and Pearson Correlation were used to 

identify significant positive or negative relations between trace gas fluxes and environmental 

drivers. All the calculations, statistical analysis and graphical outputs were determined using 

software R.  

 

3. Results 

	  

3.1 Meteorology 

 The meteorological conditions are shown in figure 1. The rainfall between November 

2010 and November 2011 was 616 mm. In the second year between November 2011 and 

November 2012 higher rainfall of 793 mm was recorded. The summer months received more 

rain than the winter months. In 2011, we recorded three months of drought, between February 

and May (Figure 2).    

 The soil water content (SWC) exhibited large intra-annual variation following the 

temperature pattern. The SWC during the summer of 2011 was low, due to the drought in may 

2011. The soil water content average 18 (±7,4)% for the two years and the temperature 

average was 12 (±6,3) oC (Figure 1). 

  

Figure 1 . Mean daily meteorological data. SWC (soil water content), Rain (rainfall) and 
Temp (Temperature). 
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3.1 Extractable soil nitrogen content 

 For the crop grassland rotation, the NH4
 concentration was 2,97 mg kg-1 in winter 

2011. After the winter period, the amount of extractable NH4 increased to 14,45 mg kg-1 

(Figure 3), due to greater SWC. After the plowing the ammonium concentration decreased to 

similar levels than before. 

 Soil NO3 concentrations (Figure 3) showed similar concentrations as NH4 until 

grassland conversion. After the plowing, nitrate concentrations continuously increased to the 

level of 21,55 mg.kg-1, on the first 20 cm of soil. 

 

Figure 2. Soil ammonium and nitrate content under grassland crop rotation. 

 For the mowed grassland the variation in soil nitrate and ammonium content were high 

(Fig. 4), but the values in the soil under this treatment were always lower as compared to 

cropland (Fig. 3). Values of soil ammonium were higher in summer (8,83 mg kg-1) than the 

winter period (2,60 mg kg-1).   
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Figure 3. Soil ammonium and nitrate content under mowed grassland. 

 

3.2 Nitrous oxide flux spatial variability 

Nitrous oxide emissions presented considerable spatial variability in both grass crop 

rotation and continued mowed grass (Fig. 5). The variability of N2O flux measurements made 

at specific site using 6 chambers was quantified via the coefficient of variation (CV). The CV 

of flux estimates was 50-395% depending on time of the year and soil management. The 

spatial variation is similar in both treatments.  

 

Figure 4. Spatial variation emission of N2O under a grass crop rotation and mowed grassland, 
during the 2010.  

 

3.3 Nitrous oxide soil emissions 
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 Variations in N2O fluxes rates for both treatments throughout the study period are 

shown in Fig.6 N2O emissions were larger for the converted grassland to crop rotation than 

the mowed grassland (Fig.6). Mean fluxes over the 2 years measuring period were (inter 

quartile range) 1,37 (1,87) ng N.m-2.s-1, from the mowed grass and 1,52 (1,63) ng N.m-2.s-1 

from grass crop rotation. 

For the grassland converted to crop rotation we observed large N2O emissions after 

plowing, in Mars 2011. The maximum N2O emission were 12,22 ng N.m-2.s-1, on twenth 

nienth Mars 2011, and the minimum N2O flux was -10,23 ng N.m-2.s-1 before the plowing 

event on 5/10/2012. The N2O emission peaks were largest after plowing and high rainfall 

events, as in Mars 2011, January, April and September 2012 (Fig. 1 and 4a). 

The mowed grassland presented N2O emission peaks in July 2011, February and 

November 2012, with the maximum of 16,24 ng N.m-2.s-1, in 26/7/2011 and the minimum of -

9,15 ngN.m-2.s-1, in 27/12/2010. The highest N2O emission period coincided with rain and 

nitrogen fertilization after a long period of drought (Fig. 2 and 4b). 

 The N2O fluxes rates, after the plough, showed clear increase 34 days after the 

grassland destruction. The ploughed treatment showed 3 times more emission than the 

continued mowed grass, with a daily N2O flux mean of 5,43 (3,35) ng N.m-2.s-1 compared to 

1,79 (1,36) ng N.m-2.s-1 for the mowed grassland (Fig 7). 

 The soil N2O emissions under maize and wheat did not differ statistically of the N2O 

emission under the mowed grassland, with an emission average of 1,30 (1,13) ng N.m-2.s-1. 

The N2O flux peaks between the ploughed grass and the continued mowed grass are 

different, suggesting different N2O emissions drivers for the two types of management. 
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Figure 5.  Daily average N2O flux of a crop-grassland rotation (A) and pure grassland (B). 
Black arrows are nitrogen fertilizer application and green arrows are cuts. 

 

 

Figure 6.  Daily average N2O flux 34 day before and after the plowing of a crop-grassland 
rotation (A) in comparison with pure grassland (B). Black arrows are nitrogen fertilizer 
application and green arrows are cuts. 
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 The cumulated N2O emission were higher for converted grassland than for the mowed 

grassland, 936,63 and 834,48 g N ha-1 d-1, respectively (Fig. 8). The greatest difference during 

the 34 days after the grassland plowing, with 159,59 g N ha-1 d-1 and 45 g N ha-1 d-1 for grass 

crop rotation and mowed grassland, respectively. Thereafter, grassland seemed to emit less 

N2O than grass crop rotation. 

 Figure 7. Cumulated N2O emission for crop grassland rotation and grassland for two years.
  

 

3.4 N2O emission factor 

 The N2O emission factor ranged between, 0.13 and 0.27 %. The grassland crop rotaion 

emission factor was 0,24%, while for the permanent grass the emission factor was 0,19%. 

During the crop period the emission factor for the grass crop rotation was 0,31%. Indicatinng 

that the crop period was the major drive for the increase in the n2o soil emission. (Table 1). 

 The period of most N2O emission were 34 days after the plowing, but emission factor 

during this period were low, 0.029%, taking account a increment of 471 kg ha-1 of nitrogen 

from grassland green leafs.  
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Table 2 . N2O soil emission factor under mowed grassland and grass crop rotations, during 
maize and wheat. 

Grass Crop Rotation 

Culture Date 
Fertilization 

(kg N ha-1) 

N2O emission (kg 

N20-N/ha) 
EF (%) 

Maize 19/04/11 - 27/09/11 36 0,19 0,26 

Wheat 27/11/11 - 24/07/12 160 0,28 0,09 

Total 11/11/10 - 22/10/12 196 0,94 0,27 

Mowed Grassland 

Culture Date 
Fertilization 

(kg N ha-1) 

N2O emission (kg 

N20-N/ha) 
EF (%) 

Grass 10/02/11 - 15/03/11 60 0,05 0,05 

Grass 16/03/11 -18/04/11 60 0,04 0,03 

Grass 27/11/11 - 24/07/12 210 0,28 0,07 

Total 11/11/10 - 22/10/12 330 0,83 0,13 

 

3.5 N2O emissions vs environmental variables 

 There was a correlation between temperature and N2O flux, indicating higher N2O 

emission rates at low temperatures. The soil water contents influenced the N2O emission more 

than temperature (Table 3). The largest N2O fluxes were recorded after a big rainfall and high 

soil water content.     
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Table 3. N2O and CO2 soil emissions and environmental conditions Pearson’s correlations, 
under a grass crop rotation and mowed grass. 

 

Flux 

Rain SWC* T (oC) CO2 N2O 

Grass- Crop Rotation 

CO2 0,0412 0,283** 0,434**  0,1694** 

N2O 0,0044 0,152** -0,029* 0,1694**  

 Mowed Grass 

CO2 0,0071 -0,044 0,339**  0,394** 

N2O 0,0924* 0,090* -0,042* 0,394**  

*SWC = Soil Water Content

 

4. Discussion 

	  

Grassland plowing during land use change lead to significant N2O and CO2 emissions 

compared to continuously mowed grassland.  

 The soil N2O flux under continuously mowed grassland was lower compared to 

the cropland, most probably due to lower nitrogen fertilizer application, temperatures 

and water soil content (Laville et al. 2011). Microbial activity is affected by the 

environmental conditions, especially temperature. The larger emission period were 

different for grass crop rotation and mowed grass, indicated that different management 

systems cause different emissions. The mowed grass received more nitrogen 

fertilization, but emitted less N2O that the grass crop rotation, probably due to less soil 

disturbance. (Velinga et al., 2004; Attard et al., 2011). 

  The N2O emission peaks for the grass crop rotation coincided with a large 

rainfall and soil management (plowing and seeding). The plowing contributed, in 34 

days, for 16% of the N2O emission of the entire emission of the study period. This N2O 
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emission peak, 34 days after the grass plowing, added to the soil large amounts of plant 

material leading to a increasing of a microbial and fungal growth (Sanuallah et al. 

2011). Li et al (2013) demonstrated the increment of soil respiration with the addition 

of plant material, in controlled conditions. The plant residual mineralization, probably 

lead to a low C:N ratio and high NH4 soil content, enhancing the nitrifiers microbial 

activity, leading to greater N2O emissions, just for a period of high microbial activity.  

 It was likely that a significant portion of NH4 was still oxidized to NO3 by soil 

nitrifiers following the addition of plant materials and soil microbes assimilated NO3
− 

rather than NH4
+ for growth. This possibility seems to be well supported by the high 

NO3 soil content, after plowing. Approximately 30 days, after the soil disturbance, as 

O2 became more limiting, less N2O is produced as the byproduct from nitrification 

and/or as the intermediate product from denitrification (Myrold et al., 2007; Miller et 

al., 2008). 

 The pearson correlation analysis showed positive relations between soil water 

content and N2O soil emission, (Table 3). These results are consistent with those of Wu 

et al. (2013) who reported that drought turns soil from an N2O source to zero emission 

or sink of N2O, which indicated that N2O emission tended to increase with a increase 

in soil moisture content. 

  As soil water content increases, denitrification became the dominant process 

for N2O emission, due to restriction of O2 diffusion into the soil (Wolf & Russow 

2000; Jäger et al., 2011). The high soil NO3 concentration and soil water content 

favored the nitrification activity (Zhu et al., 2013). 

5. Conclusion 

	  

 The plowing increases soil N2O soil emissions, after grassland destruction the 

N2O flux increased in 3 times in a 34 period long, 34 days after the plowing the fluxes 
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remains low comparing to other flux studies. Among the factors controlling the large 

nitrogen oxide emission at Lusignan site, soil N mineral content and soil water content 

was the major factor. Crop Grasslands rotations emit more N2O soil than pure 

grasslands, due to more soil disturbance. 
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Nitrous gas emissions on mowed and grazed pasture under temperate climate 

conditions3 
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Abstract 
 
The N2O emitted from soils is considered as one of the major contributors to 

greenhouse gas emissions. The soil properties and processes including soil 

temperature, soil moisture and N soil content among others determine the ecological 

process that influences N2O emission. Pasture management practices such as 

grazing and mowing may influence the nutrients balance of the system, subsequently 

affecting the grassland N cycle, including soil N2O emission. In order to understand 

N2O soil emission and compare those practices, an experiment was carried out in 

West of France. Mean N2O emission rates varied from a range of -5,63 to 32,60 

ngNm-2s-1, with means of 2,96 (±0,21) and 2,17 (±0,15) ngNm-2s-1 for the mowed 

pasture and grazed pasture, respectively. The cumulated N2O emission were higher 

in the mowed grassland (p<0,001) - 1596,25 gNm-2 – compared to 1173,09 gNm-2 in 

the grazed pasture. Soil moisture and soil N content were the main N2O soil emission 

drivers. Grazed pasture releases less nitrous oxide to atmosphere than mowed 

pastures, although grazed pasture exhibits more N2O emissions per kg of nitrogen 

applied than mowing. 	  

 

1. Introduction 
 

 Pasture management practices may influence the nutrients balance of the 

system. Pasture mowing determines the removal of plant parts that may have 

negative effect on plant growth and carbon allocation (Ferraro and Oesterheld, 

2002). Root exudations and the rizosphere organisms that affect the nitrogen 

released from the plants roots mediate this process (Hamilton et al., 2008). 

Removing plants parts by mowing inevitably provokes the adjustment of root system 

size and thus causes plant tissue death leading to decomposition and nitrogen 

mineralization, nitrification and denitrification. Mowing also reduces the input of 

above ground litter into the soil (Valko et al., 2012), and consequently decreases the 

amount of coarse organic matter (Mikola et al., 2009) and related gas emissions from 

soil, including nitrous oxide emissions (N20).     

 The N2O emitted from soils is considered as one of the major contributors to 

the rise of greenhouse gas emissions (Laville, et al. 2011). The ecological process 

that influences the N2O emission from soils is determined by the soil properties and 
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processes including soil temperature, soil moisture and substrate viability (Zhang et 

al., 2012).  

 The grazing and mowing alter soil properties in grasslands, subsequently 

affecting the grassland N cycle, including soil N2O emission. Wolf et al. (2010) found 

that grazing decreased soil N2O. 

 Sorensen et al. (2008) reported that mowing altered N cycling by decreasing 

soil N mineralization. Random deposition of urine and faeces in grazed pastures was 

also reported to increase N2O emission (Zhang et al., 2012). Therefore, there is a 

need to quantify the changes in N2O emission caused by mowing and grazing to fully 

understand the regional budget of trace gases.  

 In order to accomplish this requirement, an experiment setup was carried out 

in West of France to measure the N2O soil emission on grazed and mowed 

grassland. We hypothesize that grazing will increase N2O emission due to the 

removal of a part of plants above the soil surface more intensively than mowing, also 

grazing can reduce root production reducing soil carbon and C/N ratios, which can 

result in continuous decreases in the availability of substrate and nutrient for N2O 

production. 

 

2. Material and methods 
 
2.1 Study Site 

 

 The experiment was carried out at the Experimental Site of SOERE-ACBB 

(Agro ecosystem Biogeochemical Cycles and Biodiversity) at Lusignan, Centre-West 

France (46o251’2,91” N; 0o07’29,35” E). The site soil is a Cambisol with loamy 

texture (Chabbi et al., 2009). 

 The study site is a completely flat permanent grassland witch has been 

cropping for more than 50 years. The mean annual temperature is 10.5oC and 

precipitation is around 600 mm. During the years of 2010, 2011 and 2012, the mean 

annual temperature was 11.1oC with the rainfall was 863 mm. 

 The SOERE-ACBB was established in 2005, when two plots were installed (70 

x 50m), one pasture grazed and another mowed. The grasslands consisted of a 

mixture of three grass species (Dactylis glomerata L., Lolium perenne and Festuca 

arundinaca). 
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 In the mowing system, grass biomass is harvested as hay and stores as off site 

animal feef for the off seasons particularly summer drought and winter. However, for 

better economical return, any off site animal excreta fraction typically is not returned 

in the mown grassland system and is instead applied to different cropping systems in 

the region. 

 In the grazing system, dairy cows grazed the plot frequently and all the excreta 

was directly added on site along with additional nitrogen fertilizer (Table 1). In order 

to maintain the two systemns (mowing and grazing) in similar plant nitrogen nutrition 

status, nitrogen fertilizer applications were adjusted taking into account plant nitrogen 

nutrition status (Lemaire and Meynard, 1997). 

 

Table 1. Number mowing events, amount of harvested hay, number of grazing 
events, annual animal stoking (mature milk cows with average body weight of 625 
kg) rate, number of applications and amout of nitrogen fertilizer applied during the 
study period 2008-2010 in the mowing and grazing management. 

mowing	  system	  

Year 
No. Mowing 

event (number 
year-1) 

Amout of harvested 
hay (g C m-2 year-1) 

No. fertilization 
(number year-1) 

Amount of 
fertilizer (kg N ha-

1 year-1) 
2008 3 483 4 330 
2009 3 377 3 230 
2010 3 212 3 210 

grazing system 

Year 
No. Grazing 

events (number 
year-1) 

SR (head ha-1 year-

1) 
No. fertilization 
(number year-1) 

Amount of 
fertilizer (kg N ha-

1 year-1) 
2008 9 1,6 4 170 
2009 7 1,58 2 110 
2010 8 1,09 2 110 

 

2.2 Flux Measurements 

  

 The N2O soil emissions were measured from 9/23/2008 to 3/15/2010 with six 

automatic chambers (0.49m2, 0.30 m high, depth of insertion 10 cm). During the 

closure period (15 min), the air was circulated through the chambers and passed 

sequentially through a N2O analyser (Thermo 46C: Thermo Electron, Saint Aubon, 

France) with sensivity levels of approximately 2 ppb. This system allows measuring 

fluxes 16 times per chamber day-1. The N2O flux was calculated by fitting the kinetics 

of gas concentration to a linear or exponential model (Laville et al., 2011). 
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The emission factor for N2O were estimated using: 

EF = Ne− Nw
Na

100                                                                                             (2) 

Where EF (%) is the emission factor, Ne is the nitrogen emission, Nw is the 

bare soil nitrogen emission and Na is the inorganic or organic nitrogen applied. In 

order to calculate the emission factor of bare soil (background emission) we used the 

accumulated N2O soil emission from 539 daily averages from 2009 and 2010. 

2.3 Statistical analysis 

 The normality of data distribution was analyzed using the Komorov Smirnov 

test. Where the standards assumptions of normality were not confirmed, the Kruskal 

Wallis test was used. Differences were considered significant at P less than 0.05 

level. Linear regression analysis and Pearson Correlation were used to identify 

positive or negative relations between trace gas fluxes and environmental drivers. All 

calculations, statistical analysis and graphical outputs were performed using R 

software. 

 

3. Results 

	  

 The climate condition during the evaluation period is shown in Figure 1. The 

precipitation between September 2008 and March 2010 was 1054 mm. The 

maximum precipitation was registered in November and December 2009 and was 

263 mm. 

 The soil water content (SWC) presented variation along the year, and was 

higher in autumn and lower during summer for the years evaluated. The maximum 

SWC was registered in January 2009 (34.04%), the average SWC during the 

experimental period was 23%, data show in Figure 1. The mean temperature was 

10oC, with a minimum of -7oC and maximum of 25oC. 
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Figure 1. Mean daily meteorological data. 

 

 Mean N2O emission rates from the both management system varied in a range 

of -5.63 to 32.60 ngNm-2s-1, with means of 2.96 (±0,21) and 2.17 (±0,15) ngNm-2s-1 

for the mowed pasture and grazed pasture, respectively. The variation of N2O fluxes 

was relatively low during autumn and winter, compared to spring and summer. The 

higher variation in N2O emission rate resulted in high variation of cumulative N2O 

flux. The cumulative flux indicates that grasslands would mainly function as a N2O 

source (positive value and slope), but it has also acted as N2O sink (negative flux 

values and negative slope). Grasslands acted as sink in July and September for the 

grazed pasture (Figure 2). 

 The mowed grassland N2O soil emission peak was in July 2009, with the 

maximum of 26.45 ngNm-2s-1, and minimum N2O soil emission was in August 2009, 

with -2.45 ngNm-2s-1 (Figure 2). The grazed grassland N2O soil emission peak was in 

August with 32.60 ngNm-2s-1, and minimum in December 2009 with -5.63 ngNm-2s-1. 

The flux variations were higher in the mowed grassland, with interquartile range of 26 

and 20 ngNm-2s-1 from grazed grassland. 

 The cumulated N2O emission were higher in the mowed grassland (p<0,001) 

with 1596.3 gNm-2 and 1173.1 gNm-2.in the grazed pasture (Figure 3). 

 The nitrous oxide emission factor was 0.78% and 0.55% in the grazed and 

mowing management system, respectively. The N2O emission factor indicates that 

although the mowed grassland has higher N2O emission, the grazed grassland emits 

more N2O per kg of nitrogen applied. The grazed system emits 0.78 gNm-2 for each 

gram of N applied. 
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Figure 2 . Daily average N2O flux of a mowing grassland (A) and a grazed grassland (B). 
Black lines are the grazing periods. Black arrows are nitrogen fertilizer and green arrows are 
cuts. 
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Figure 3.Cumulated N2O emission for grazed grassland and mowed grassland for 18 months. 

 
 
 

4. Discussion 
 

 In our study, most of the time the N2O fluxes measured was low, compared to 

other studies (Laville et al., 2011; Kammann et al., 1998). The metheorological 

conditions showed low level of precipitations and soil water content (<65%), 

indicating that nitrification was the main process producing N2O and that 

denitrification was restricted to anaerobic microsites due to O2 inibitory effect on this 

process (Linn and Doran, 1984; Meijide et al., 2009) 

 The N2O soil emission peaks were registered mainly after nitrogen fertilization 

and cutting events. Previous studies  (Laville et al., 2011; Klump et al., 2011) have 

reported that N2O emission linearly or exponentialy increases with N application, 

depending on the soil type, climate conditions and N fertilization rate. The increase in 

N2O soil emission with the N fertilization is due to increased in the soil NO3 and NH4 

content providing substrate for microbial nitrification and denitrification to produce 

N2O (Liu et al., 2014). Klumpp et al. (2011) observed that some small peaks of N2O 

emission occurred in response to cutting events, due to cutting-induced flushes in 

plant rhizodeposition and soil C availability. Cutting promotes short-term N2O 

production, supporting the idea that cutting regime plays an important role in annual 

N2O-N loss from grasslands (Kammann et al., 1998). Also the mowing system 

received more nitrogen fertilizer than the grazed system, showing that the mineral  

nitrogen was a major N2O emission driver (Attard et al., 2011). 

 The statistical analysis showed a decreased in N2O soil emission with grazed 

grassland compared to mowing, in disagree with the hypothesis. According to Gao et 
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al. (2008), grazers can return large amounts of N to the soil through urine and feces, 

increasing levels of available soil N. Herbivores also increase decomposition rates by 

reducing C/N ratios of plants (Holland et al., 1992). Furthermore, plants often 

respond to defoliation by decreasing root production (Miller and Rose, 1992) that can 

result in reduced soil C and C/N ratios.  

 There were several mechanisms that could explain the increases in N2O soil 

emission from mowing grassland. Zou et al. (2005) established a positive linear 

relationship between above-ground plant biomass and N2O emissions. Kammann et 

al. (1998) found that decreasing the numbers of defoliations reduced N2O emissions. 

 Other mechanisms that alter the N2O soil emission is the compaction and 

probably had a important hole in this study is the soil compaction is a consequence 

of intensive farming if crops and animals and it occur mainly due to use of heavy 

machinery (Hamza and Anderson, 2005). Compaction destroys the physical soil 

properties by modifying porosity and impeding gas, water and nutrient movement in 

soil profile (Bhandral et alt., 2007). The soil compaction may inpact in the N2O 

emission by affecting the soil aeration and indirect effect on N and C transformation 

(Bhandral et alt., 2007). Soil compaction reduces soil pore diameter, which in turn 

restricts oxygen diffusion within the soil and leads to increases the N2O production 

rates (van Groenigen et al., 2005). 

 Previous work on grasslands has shown that N2O loss due to fertilizer inputs is 

highly variable, ranging from 0.4% to 5.2% of N fertilizer added (Clayton et al. 1997; 

Rudaz et al. 1999; Abdalla et al. 2009). In our study, N2O emission factor 

corresponded to 0.78% to 0.55%, over a 18 months period, depending on being 

grazed or mowed. 

 
 
5. Conclusion 
  

 Nitrous oxide fluxes were found to be highly variable, with peaks of emission in 

response to N additions and cutting events. 

 Grazed pastures emits less nitrous oxide to atmosphere that mowed pastures, 

although grazing presented more N2O emission per kg/N applied than mowing. 

Indeed, N2O soil emission is dependent of soil moisture and nitrogen fertilization. 

      



60	  
	  

 
6. References 
 

Attard, E, Recous S, Chabbi A, De Berranger C, Guillaumaud N, Labreuche J, Le 
Roux X (2011). Soil environmental conditions rather than denitrifier abundance and 
diversity drive potential denitrification after changes in land uses. Global Change 
Biology, 17(5), 1975-1989. 
 

Bhandral, R., Saggar, S. Bolan, N.S., Hedley, M.J.: Transformation of nitrogen and 
nitrous oxide emission from grassland soils as affecte by compaction. Soil & Tillage 
Research, 94, 482 – 492, 2007. 

 

Chabbi, A., Kögel-Knabner, I., Rumpel, C. Stabilised carbon in subsoil horizons is 
located in spatially distinct parts of the soil profile. Soil Biology and Biochemistry, 41, 
256-261, 2009. 

 

Ferraro, D. O. and Oesterheld, M.: Effect of defoliation on grass growth. A 
quantitative review, Oikos, 98, 125–133, 2002. 

 

Gao, Y. H., Luo, P., Wu, N., Chen, H., and Wang, G. X.: Impacts of grazing intensity 
on nitrogen pools and nitrogen cycle in an alpine meadow on the eastern Tibetan 
Plateau, Appl. Ecol. Environ. Res., 6, 69–79, 2008. 

 

Hamilton, E. W. III, Frank, D. A., Hinchey, P. M., and Murray, T. R.: Defoliation 
induces root exudation and triggers positive rhizospheric feedbacks in a temperate 
grassland, Soil Biol. Biochem., 40, 2865–2873, 2008. 

 

Holland, E.A., Detling, J.K.: Plant response to herbivory and belowground nitrogen 
cycling. – Ecology, 71:1040-1049. 1990. 

 

Holland, E.A., Parton, W.J., Detling, J.K., Coppock, D.L.: Physiological responses of 
plant populations to herbivory and their consequences for ecosystem nutrient flow. – 
Am. Nat. 140: 685-706, 1992. 

 



61	  
	  

Kammann, C., Grunhage, L., Muller, C., Jacobi, S., and Jager, H. J.: Seasonal 
variability and mitigation options for N2O emissions from differently managed 
grasslands, Environ. Pollut., 102, 179–186, 1998. 

 

Klumpp, K., Bloor, J. M. G., Ambus, P., and Soussana, J. F.: Effects of clover density 
on N2O emissions and plant-soil N transfers in a fertilized upland pasture, Plant Soil, 
343, 97–107, 2011. 

 

Laville P, Lehuger S, Loubet B, Chaumartin F, Cellier P.: Effect of management, 
climate and soil conditions on N2O and NO emissions from an arable crop rotation 
using high temporal resolution measurements. Agriculture and Forest Meteorology. 
151. 228-240, 2011. 

Lemaire G, Meynard JM.: Use of the nitrogen nutrition index for the analysis of 
agronomical data. In: Diagnosis of the Nitrogen Status in Crops. Lemaire G (Ed.) 
Springer, Berlin, 45-55, 1997), 

Liu, J., et al.: Response of nitrous oxide emission to soil mulching and nitrogen 
fertilization in semi-arid farmland. Agriculture, Ecosystems & Environment, 188: 20-
28, 2014. 
 

Linn, D.M., Doran, J.W.: Effect of water-filled pore-space on carbon-dioxide and 
nitrous-oxide production in tilled and nontilled soils Soil Sci. Soc. Am. J., 48:1267 –
1272, 1984. 

 

Meijide, J.A., Diez, L., Sánchez-Martín, S., López-Fernández, A.: Nitrogen oxide 
emissions from an irrigated maize crop amended with treated pig slurries and 
composts in a Mediterranean climate Agric. Ecosyst. Environ., 121: 383 –394, 2007. 

 

Mikola, J., Setälä, H., Virkajärvi, P., Saarijärvi, K., and Ilmarinen, K.: Defoliation and 
patchy 30 nutrient return drive grazing effects on plant soil properties in a dairy cow 
pasture, Ecol. Monogr., 79, 221–224, 2009. 

 

Miller, R.F., Rose, J.A.: Growth and carbon allocation of Agropyron desertatum 
following autumn defoliation. – Oecologia, 89: 482-486, 1992.  

 

. Olofsson, J., Oksanen, L.: Role of litter decomposition for the increased primary 



62	  
	  

production in areas heavily grazed by reindeer: a litter bag experiment. – Oikos, 96: 
507- 515, 2002. 
 

Sørensen, L. I., Kytoviita, M. M., Olofsson, J., and Mikola, J.: Soil feedback on plant 
growth in a sub-arctic grassland as a result of repeated defoliation, Soil Biol. 
Biochem., 40, 2891–2897, 2008. 

 

Wolf, B., Zheng, X., Bruggermann, N., Chen, W., and Dannenmann, M.: Grazing-
induced reduction of natural nitrous oxide release from continental steppe, Nature, 
464, 881-884, 2010. 

 

Valko, O., Torok, P., Matus, G., and Tothmeresz, B.: Is regular mowing the most 
appropriate and cost-effective management maintaining diversity an biomass of 
target forbs in mountain hay meadows?, Flora, 207, 303– 309, 2012. 

 

Van Groenigen, J.W., Kuikman, P.J., de Groot, W.J.M., Velthof, G.L.: Nitrous oxide 
emission from urine-treated soil as influenced by urine composition and soil physical 
conditions. Soil Biol.Biochem. 37, 463–473, 2005 

 

Zhang, L. H., Guo, G. F., Niu, S. L., Wang, C. H., Shao, C. L., and Li, L. L.: Effects of 
mowing on methane uptake in a semiarid grassland in northern China, Plos ONE, 7, 
e35952, doi:10.1371, journal.pone.0035952, 2012. 

 

Zou, J., Huang, Y., Sun, W., Zheng, X., and Wang, Y.: Contribution of plants to N2O 
emissions in soil-winter wheat ecosystem: pot and field experiments, Plant Soil, 269, 
205–211, 2005. 

 
 
 
 
 
  
 
 
 
 



63	  
	  

5. FINAL CONCLUSIONS 

 
 The results observed in the first paper showed that exists differences in the 

species adaptation, production and quality to use in integrated crop livestock 

systems, especially under the trees shade. Despite the full sun yield is higher than in 

shaded areas some species showed good production and quality when growth in 

under the trees as Urochloa brizantha. 

 The cut intensity criterium a 50% reduction of the initial high provided a 

increase in leaf steam ratio, increasing the quality of the species as Panicum 

maximum cv. Aruana and Urochloa brizantha. Other species as Hemarthria altissima 

cv. Florida the intensity criteria needs mores studies, especially with grazing. In this 

experiment were used mechanical cuts. It is necessary ally the animal behavior in 

this kind of experiments, to understand in how the trees will affect the grazing 

behavior.  

 Also it is necessary to separate the different factors that affect the forage 

production in the system to better understand in how the different components 

(abiotic biotic factor) influence the system.  

 The nitrous oxide soil emissions had large variability in the systems studied, 

the nitrogen fertilization and the soil water content was the major drive of N2O soil 

emissions. The soil plowing emits large amounts of nitrogen to the atmosphere and 

also the N2O emission peaks is after a mechanical cut. A grazed pasture system emit 

less nitrous oxide to the atmosphere than a cutting pasture managing, although 

pastures managed with mechanical cuts use more nitrogen than grazed pasture. A 

grazed pasture use less nitrogen fertilization but emits more nitrous oxide per kg of 

nitrogen applied. 

 The system management knowledge is important to understand in how the 

production and quality of different species in different integrated production systems, 

as also the ecological services of this integrated crop livestock system.   

 A profound understanding of temporal and spatial variability of nitrous oxide 

fluxes between terrestrial ecosystems and the atmosphere is needed to reliably 

quantify these fluxes and to develop future mitigation strategies. 
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reviewers concentrate on the scientific content of your paper and thus smooth the peer review process. 

The following editing service provides language editing for scientific articles in all areas Springer 

publishes in: 

• Edanz English editing for scientists 
Use of an editing service is neither a requirement nor a guarantee of acceptance for publication. 

Please contact the editing service directly to make arrangements for editing and payment. 
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• Edanz English editing for scientists 

For Authors from China 
文章在投稿前����������������������。���������Springer推荐�����，�����������
���������。�����������������������，������������������，��������题导
�����。�������Springer���������，������。 

• ���� 

For Authors from Japan 
ジャーナルに論��������、�����・�����������������������、Edanz社���������。�
�����、�����������、����������������������������の������������。 

• ������������ 

For Authors from Korea 
영어 논문 투고에 앞서 원���� �� 교정을 받�� 하시는 분들께 Edanz 회사를 소개해 드립니다. ��� 내용, 가격 
및 

신청 방법 등� 대한 ��� ��� 저희 Edanz Editing Global 웹���� 참조� 주�� 감������. 

• Edanz Editing Global 

After acceptance 

Upon acceptance of your article you will receive a link to the special Author Query Application at Springer’s web page 
where you can sign the Copyright Transfer Statement online and indicate whether you wish to order OpenChoice, offprints, 
or printing of figures in color. 

Once the Author Query Application has been completed, your article will be processed and you will receive the proofs. 

Open Choice 
In addition to the normal publication process (whereby an article is submitted to the journal and access to that article is 
granted to customers who have purchased a subscription), Springer provides an alternative publishing option: Springer Open 
Choice. A Springer Open Choice article receives all the benefits of a regular subscription-based article, but in addition is 
made available publicly through Springer’s online platform SpringerLink. 

• Springer Open Choice 

Copyright transfer 
Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher exclusive publication and 
dissemination rights). This will ensure the widest possible protection and dissemination of information under copyright laws. 

Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for open access, 
the author(s) agree to publish the article under the Creative Commons Attribution License. 

Offprints 
Offprints can be ordered by the corresponding author. 

Color illustrations 
Online publication of color illustrations is free of charge. For color in the print version, authors will be expected to make a 
contribution towards the extra costs. 
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Proof reading 
The purpose of the proof is to check for typesetting or conversion errors and the completeness and accuracy of the text, tables 
and figures. Substantial changes in content, e.g., new results, corrected values, title and authorship, are not allowed without 
the approval of the Editor. 

After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked to the 
article. 

Online First 
The article will be published online after receipt of the corrected proofs. This is the official first publication citable with the 
DOI. After release of the printed version, the paper can also be cited by issue and page numbers. 

	  

 Globa Change Biology Author Guidelines 

Editorial Office contact details: 

 

Global Change Biology 

University of Illinois 

121F Institute for Genomic Biology 

1206 West Gregory Drive 

Urbana, IL 61801-3838 

USA 

Tel. +1-217-333-9651 or +217-300-9011 

Fax +1-217-244-3637 

E-mail: gcb@life.illinois.edu 

Online manuscript submission 

Submit your manuscript electronically to Global Change Biology through ScholarOne 

Manuscripts:http://mc.manuscriptcentral.com/gcb. 

Overview of the Editorial Process 

All submitted manuscripts will be processed through plagiarism detection software. In submitting your manuscript 

you accept that it may be screened against previously published literature. Plagiarized manuscripts will be 

rejected immediately. 

GCB is committed to rapid evaluation and publication of submitted papers. To this end, we strive to return 

the Editor's decision and reviewer comments within 60 days of submission and to publish papers online within 30 

days of receipt of the final version of the manuscript and all necessary files and forms. 

In order to achieve this, manuscript review is based on a two-stage process. 

• During the first stage, manuscripts are assigned to appropriate members of the Editorial Board who 
determine if the manuscript should be sent for peer-review. This decision is based on the submission 
questions and abstract.  In 2013, the average time for this stage was 5 days and 68% of manuscript 
progressed to the second stage.   

• During second stage, manuscripts are assessed by two or three independent reviewers. The final 
decision is made by the Subject Editor. In 2013, the average time for stage two was 34 days and 26% of 
submitted manuscripts were accepted for publication. 

• A decision letter will be emailed to the corresponding author once the Subject Editor has made his or her 
decision. 

• If at any time during the review process the corresponding author has a question regarding the status a 
manuscript or the nature of the peer review process, he or she should contact the Editorial Office. 
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Accepted articles will appear online with a DOI 2 weeks after the final version of the manuscript and all necessary 

files and forms are received by the Editorial Office. The typesetter will notify the corresponding author via e-mail 

to electronically retrieve page proofs 4-6 weeks after the final files are received by the Editorial Office. After the 

proofs are corrected, the article will appear on EarlyView until it is assigned to an issue. 

Types of papers 

Global Change Biology will consider the following manuscript types: 

Original Research 

Primary Research Articles present the results of a completed research project and are up to 8000 words in 

length. Word limits apply to the main body of the text (Introduction, Materials and Methods, Results, Discussion, 

and Acknowledgements). Formatting is standard (see Formatting Instructions, below). These are peer reviewed. 

Decisions are made by the Editors. 

Technical Advances present exciting new research tools, methods, and techniques, including new modeling 

approaches, and should include a detailed description of the methodological design and discussion of how this 

technique improves the study of global change biology. GCB has a wide readership; accordingly the technical 

advance must be broadly applicable. Papers describing methods that apply to one species or system are unlikely 

to meet our criteria unless authors are able to show that their methods can be generalized. The abstract must be 

less than 150 words and the main body word limit is 4000 words (Introduction, Materials and Methods, Results & 

Discussion, and Acknowledgements). Formatting is standard (see Formatting Instructions, below) except that 

Results and Discussion may be combined. These are peer reviewed. Decisions are made by the Editors. 

Comment and Review 

Research Reviews examine a defined specialist subject that is of topical interest. Reviews should begin with an 

introduction, followed by up to 10 headings following a logically developed plan, and end with a Conclusion, 

tables, figure legends and figures. Reviews should be no more than 8000 words (count includes Introduction, 

body, Conclusions and Acknowledgements). These are peer reviewed. Decisions are made by the Editors. 

Opinions are usually a review or re-analysis that challenges prevailing views on a topical issue. These may 

include emerging frameworks arising from a synthesis of recent research, alternative interpretations of a field of 

research, controversial perspectives on current areas of research of high interest, or reason the need for a new 

direction in research. This list is not exclusive and the Editors are interested to hear of other ideas. While this 

category of article is designed to allow expression of viewpoints that may run counter to established viewpoints, 

articles must be anchored in sound reasoning developed from the peer-reviewed literature. The article must be 

sufficiently complete to convince reviewers of the value of the contribution. Articles that are essentially reviewing a 

topic, a statement of opinion not reasoned from the peer-reviewed literature, arguing for redirection of government 

funding for research and those primarily discussing the authors’ own work will not be considered. Opinions 

articles should begin with an Introduction, followed by a body with up to 6 headings, and end with a Conclusion, 

tables, figure legends and figures. Opinion articles should be no more than 5000 words and have no more than 8 

tables and figures. These are peer reviewed. Decisions are made by the Editors. Authors interested in submitting 

an Opinion should first send a one-paragraph proposal (300 words) to the Editorial Office. 

Reports are expert scientific reports which outline the direction of a relevant research area, integrated 

experimental network, etc. Reports should begin with an abstract and introduction, followed by up to 20 headings, 

and end with a Conclusion and/or Recommendations, table, figure legends and figures. Reports should be no 

more than 8000 words (count includes Introduction, body, Conclusions and Acknowledgements). These are peer 

reviewed at the Editor’s discretion. Decisions are made by the Editors. Authors interested in submitting a Report 

should first send a one-paragraph proposal (300 words) to the Editorial Office. 
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Editorial and Front Material 

Editorials are a commentary from an Editor or Guest Editor on an important development in the Journal or 

background to a SI or VSI. They have the following sections: body, references, tables, figure legends and figures. 

They should include no more than 2 tables and figures, 10 references, and be no more than 500 words. These 

are not peer reviewed. Decisions are made by the Editors.Editorials may be submitted by invitation only. 

Editorial Commentaries are a discussion of recent exciting research or in-depth analysis of topic issues 

including meetings. Opinions are welcome as long as they are factually based. Commentaries only have the 

following sections: body, references, tables, figure legends and figures. They should include no more than 2 

tables and figures and 10 references, and be no more than 1000 words (count includes body and 

Acknowledgements). These are not peer reviewed. Decisions are made by the Editors. 

Letters to the Editor are a short discussion of articles recently published articles or topical issues presenting an 

alternative or well-reasoned challenge to an article of relevance to the journal. Opinions are welcome as long as 

they are factually based. Letters only have the following sections: body, reference, tables, figure legends and 

figures. They should include no more than 2 tables and figures and 10 references, and be no more than 800 

words (count includes body and Acknowledgements). If a letter is accepted for publication it will be provided to the 

authors of the original article (when appropriate) so that they may have an opportunity to provide a Response to 

the Editor. These are not peer reviewed. Decisions are made by the Editors. 

Response to the Editor is a response to a Letter to the Editor. Opinions are welcome as long as they are 

factually based. Responses only have the following sections: body, reference, tables, figure legends and figures. 

They should include no more than 2 tables and figures and 10 references, and be no more than 500 words (count 

includes body and Acknowledgements). These are not peer reviewed. Decisions are made by the Editors. 

Pre-submission English-language editing 

Authors for whom English is a second language may choose to have their manuscript professionally edited before 

submission to improve its grammar, spelling, punctuation, and clarity.Visit Wiley-Blackwell's site to learn about the 

options. All services are paid for and arranged by the author, and use of one of these services does not guarantee 

acceptance or preference for publication. 

Conflict of Interest 

Wiley-Blackwell requires that all authors disclose any potential sources of conflict of interest. Any interest or 

relationship, financial or otherwise, that might be perceived as influencing an author’s objectivity is considered a 

potential source of conflict of interest. These must be disclosed when directly relevant or indirectly related to the 

work that the authors describe in their manuscript. Potential sources of conflict of interest include but are not 

limited to patent or stock ownership, membership of a company board of directors, membership of an advisory 

board or committee for a company, and consultancy for or receipt of speaker’s fees from a company. The 

existence of a conflict of interest does not preclude publication in this journal. It is the responsibility of the 

corresponding author to review this policy with all authors and to collectively list in the manuscript (under the 

Acknowledgments section), and in the online submission system ALL pertinent commercial and other 

relationships. Corresponding authors will be asked to confirm whether or not a conflict of interest exists as part of 

the submission process. 

Ethics of Experimentation 

The Journal will only accept manuscripts in which there is evidence of the ethical use of animals or harmful 

substances. The care and use of experimental animals must comply with all relevant local animal welfare laws, 

guidelines and policies, and a statement of such compliance should be provided to the Journal Editor. Where 

possible, alternative procedures that replace the use of animals, either partially or completely, for example in vitro 

biological systems, should be used. Where this is not possible, the minimum number of animals should be used 
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and pain and suffering reduced, consistent with attaining the scientific objectives of the study. All reasonable 

steps must be taken to ensure the humane treatment of animals, so as to minimize discomfort, distress and pain. 

Animals in pain or moribund should be painlessly killed according to local euthanasia regulations. The journal 

encourages corresponding authors of manuscripts involving animal research to refer to the ARRIVE guidelines 

(www.nc3rs.org.uk/ARRIVE) before submission of a manuscript. 

Human Investigations 

Manuscripts reporting data obtained from research conducted in human subjects must include assurance that 

informed consent was obtained from each patient. In addition, the manuscript must include assurance that the 

study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in approval by 

the institution's human research review committee. A statement to this effect must be provided within the Methods 

section. 

 

Instructions for Authors 

1. Compile the electronic version of your manuscript according to the formatting instructions below. 

2. Gather the following information which will be necessary to complete your submission: 

 

Contact information for all authors 

• First name, middle initial and last name 
• Postal address 
• E-mail address 

Name and e-mail address of 3-5 suggested reviewers. While these selections may be taken into account, the final 

selection is subject to the Editor's discretion. These suggestions must be without a conflict of interest with the 

authors including former or current coauthors (within the past 4 years), students, mentors and members of the 

same academic institution. Authors may also indicate up to three non-preferred referees. 

Answers to the following questions (max 50 words per answer). Please take time to prepare your answers to 

these questions; this information may be used to determine if the manuscript should progress to stage two of the 

review process. 

• What is the scientific question you are addressing? 
• What is/are the key finding(s) that answers this question? 
• What are the three most recently published papers that are relevant to this question? 
• Why is this work important and timely? 
• Does your paper falls within the scope of GCB; what biological AND global change aspects does it 

address? 
• Provide information about suggested and non-preferred reviewers including their area of research and 

how it relates to your paper. Also provide justification for why you do not prefer certain reviewers. 
• Provide justification for any non-conformance to author guidelines and/or formatting 

3. Use the submission check list as a guide to ensure that files are correctly prepared for submission. 

 

4. Submit your manuscript electronically through the Global Change Biology ScholarOne Manuscripts site. Enter 

the Author Center and click 'Click here to submit a new manuscript'. The instructions at the top of the screens will 

guide you through the submission process. 

Formatting Instructions 
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Manuscripts may be submitted in the following file formats: Microsoft Word or Corel WordPerfect, Rich Text 

Format or Post Script (NOT a pdf). 

All pages should be numbered consecutively, starting with 1 for the title page and including those containing 

acknowledgements, references, tables and figure legends. Manuscripts must be page size letter (8.5 x 11 inch) or 

A4 (210 x 297 mm) with margins of at least 2.5 cm. Lines must be double-spaced and text must be in Times New 

Roman font, 12 point. English spelling should conform to The Concise Oxford Dictionary of Current English. Both 

American and British English are acceptable, but must be consistent. Do not include section numbers or 

suggestions for the placement of tables and figures in the text. 

Sections 

Primary Research Articles should be arranged as follows, with each section beginning on a separate page. 

Manuscripts in other categories should be modified appropriately. 

1. Title page 

      i. Title: this should be concise and informative             

      ii. Running head: a shortened title with no more than 45 characters, including spaces 

      iii. List of authors 

      iv. Institute or laboratory of origin: Where authors have different addresses, use numbered superscripts to 

refer to each address provided 

      v. Corresponding author: include their telephone, fax and email details 

      vi. Keywords: 6 – 10 key words or short phrases to enable retrieval and indexing by searching techniques. 

Authors are encouraged to include scientific names, common names, and pseudonyms that are not mentioned in 

the title. 

      vii. Type of Paper 

2. Abstract 

This should provide a concise statement of the motivation for the work done, the scope of the work and the 

principal findings. The abstract should be less than 300 words for Primary Research Articles and Reviews, and 

150 words for Technical Advances. Commentaries and Letters do not contain abstracts. 

3. Introduction 

This should argue the case for your study, outlining only essential background, but should not include either the 

findings or the conclusions. It should not be a review of the subject area, but should finish with a clear statement 

of the question being addressed. 

4. Materials and methods 

This should allow replication of all experiments described and demonstrate the validity of those experiments for 

the research being conducted. 

5. Results 

This should not include material appropriate to the Discussion section. Reviews, Commentaries and Letters do 

not have Results sections. 

6. Discussion 

This should highlight the significance of the results and place them in the context of other work. It should not 

introduce new material, be over-speculative, reiterate the results, or exceed 20% of the total length. The Results 

and Discussion sections may be combined for Technical Advances papers. A Conclusion replaces the Results 

and Discussion section for Reviews. 
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7. Conclusions 

Only Reviews may have conclusions sections. All other article types should incorporate any conclusions into the 

Discussion section, and should not include a “Conclusions” subheading. 

8. Acknowledgements 

9. References 

The reference list should be in alphabetical order and include the full title with the name of the journal given in full. 

The number of references is limited for Commentaries and Letters (max 10). When there are eight or more 

authors, only the first three should be listed, followed by "et al.". For example: 

 

Thackeray SJ, Sparks TH, Frederiksen M et al. (2010) Trophic level asynchrony in rates of phenological change 

for marine, freshwater and terrestrial environments. Global Change Biology,16, 3304–3313. 

George DG, Hewitt DP (1998) The influence of year-to-year changes in position of the Atlantic Gulf Stream on the 

biomass of zooplankton in Windermere North Basin, UK. In: Management of Lakes and Reservoirs During Global 

Climate Change (eds George DG, Jones JG, Puncochar P, Reynolds CS, Sutcliffe DW), pp. 223–244, Kluwer 

Academic Publishers, Dordrecht, The Netherlands. 

IPCC (2007) Summary for policymakers. In: Climate Change 2007: Impacts, Adaptation and Vulnerability. 

Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate 

Change (eds Parry ML, Canziani OF, Palutikof JP, Van der Linden PJ, Hanson CE), PP. 81–82. Cambridge 

University Press, Cambridge. 

Rotter RP (1993) Simulation of the biophysical limitations to maize production under rainfed conditions in Kenya: 

evaluation and application of the model WOFOST. PhD Thesis. University of Trier, Germany. 

 

When there are more than two authors, use the first author followed by "et al.". Use commas between the author 

and date of publication, and to separate different publications by the same author. Semicolons separate citations 

of different authors. Cite two or more publications by different authors in chronological sequence, from the earliest 

to latest. For example: 

(Cramer et al., 2012) 

(Shanley & Chalmers, 2012; Marchard, 2013) 

(Lindroth et al., 2012, 2013) 

(Duran et al., 2012; Robertson et al., 2013) 

We recommend to visit the following hyperlink http://endnote.com/ for reference management and formatting. 

10. Supporting Information legends 

Short legend for each supporting information file. 

 

11. Tables 

Each table should be on a separate page, numbered, and accompanied by an explanatory caption. Each table 

must be referred to in the text. Tables must be in editable Word or Excel format (NOT embedded in picture 

format). Data must not be presented in both tabular and graphical form. The number of tables and figures for 

Commentaries and Letters is limited to two. 

 

12. Figure legends 

Figure legends should be listed one after the other, as part of the text document, separate from the figure files. Do 

not include legends below the figures. Enough detail should be given so that the figure can be understood without 

reference to the text. In the full-text online edition of the journal, figure legends may be truncated in abbreviated 
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links to the full screen version. Therefore, the first 100 characters of any legend should inform the reader of key 

aspects of the figure. If you wish to publish figures in color online and grayscale in print, figure legends should be 

appropriate for both color and grayscale versions; do not refer to colors in the figure. 

13. Figures 

All figures should be uploaded as separate files, with the figure number incorporated in the file name. 

Graphics/figures of accepted manuscripts must be 300dpi or above and in pdf, tiff or eps format. Figures should 

be cropped or scaled to the size intended for publication. Most figures should fit within a single (80 mm) or double 

column width (169 mm). Figure panels should be labeled with lower case, bold letters in parentheses (e.g. (a), 

(b)) and referred to in the text in the form Fig. 1a, Fig. 1a,b. 

Figures may be published (1) in color both in the online journal and in the printed journal, (2) in color online and 

grayscale in print, or (3) in grayscale both in the online journal and in the printed journal. Online color is free; 

authors will be charged for color in print (currently £150 for the first figure, £50 thereafter). The Color Work 

Agreement Form should be completed in all instances where authors require color, whether in print or online. The 

form is not required for color figures that are part of online Supporting Information. If you wish to publish figures in 

color online and grayscale in print, you are responsible for ensuring that color figures are understandable when 

converted to grayscale and that text references and captions and figure legends are appropriate for both online 

and print versions. 

Diagrams and graphs should appear on a white background, with black axis lines 0.25 mm thick enclosing the 

graph. Axes should be clearly marked with units in parentheses after the axis title. Scale/tick marks on graphs 

should be inside the axes. Only 5-7 ticks should be labeled per axis. Font should be black, Times, Times New 

Roman, Arial or Helvetica type, and 8-11 pt when scaled to print size. 

The preferred symbols are open and closed circles, squares, triangles. Symbols should be 3 mm across. Data 

lines should be 0.5 mm thick. The same symbol and color should be used for the same entity in different figures. 

Legends may be used and should be overlayed on the graph when possible. The legend should have a white 

background and no outline. Please consult the submission checklist 

(http://blackwellpublishing.com/pdf/GCB_Submission_Checklist.pdf)or Wiley-Blackwell's Illustration Guidelines 

(http://authorservices.wiley.com/bauthor/illustration.asp) for more information. 

14. Supporting information 

Appendicies will not be published in print, but may be submitted as Supporting Information to be published in the 

online version of the article. These files are not included in the typeset manuscript, but are downloadable and fully 

searchable from the HTML version of the article. This material should be submitted with the original manuscript in 

order that it can be included in the review process. The conclusions of an Author's manuscripts should not depend 

on the material supplied in Supporting Information. Supporting information will be made available in exactly the 

same form as originally provided; it will not be copyedited or typeset. All supporting information must be referred 

to in the manuscript with a leading capital S (e.g., fig. S2 for the second supporting information figure). Authors 

should include a Supporting Information section after the references in the main article. This section consists of 

short captions for each supporting information file. Full captions should be included within the online supporting 

information file. Please see Wiley-Blackwell's Supporting Information Guidelines for more information. 

15. Candidate cover image 

Images suitable for the cover of the journal are particularly welcomed and should be accompanied by a suggested 

caption and photocredit (when appropriate). See Wiley-Blackwell's Graphics Resources for Authors for guidelines 

and tips. 

Offprints 
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Free access to the final PDF offprint of your article will be available via author services only. Please therefore sign 

up for author services if you would like to access your article PDF offprint and enjoy the many other benefits the 

service offers. 

Printed copies can be obtained at additional cost to the author. Please click on the following 

link,http://offprint.cosprinters.com/blackwell to order online. Fill in the necessary details and ensure that you type 

information in all of the required fields. If you have queries about offprints, please 

email offprint@cosprinters.com for details. 

Colour Work Agreement 

If you have submitted a manuscript that contains colour figures, it is the policy of the journal for authors to meet 

the full cost of colour reproduction (please see form for more details). Once completed, please return the form 

(hard copy with original signature) via regular mail to the address below: 

Customer Services (OPI) 

John Wiley & Sons Ltd, European Distribution Centre 

New Era Estate 

Oldlands Way 

Bognor Regis 

West Sussex 

PO22 9NQ 

Email: Opi-cs@wiley.com 

OnlineOpen 

OnlineOpen is available to authors of primary research articles who wish to make their article available to non-

subscribers on publication, or whose funding agency requires grantees to archive the final version of their article. 

With OnlineOpen the author, the author's funding agency, or the author's institution pays a fee to ensure that the 

article is made available to non-subscribers upon publication via Wiley Online Library, as well as deposited in the 

funding agency's preferred archive. For the full list of terms and conditions, 

seehttp://wileyonlinelibrary.com/onlineopen#OnlineOpen_Terms. 

“If your paper is accepted, the author identified as the formal corresponding author for the paper will receive an 

email prompting them to login into Author Services; where via the Wiley Author Licensing Service (WALS) they 

will be able to complete the license agreement on behalf of all authors on the paper. 

For authors signing the copyright transfer agreement 

If the OnlineOpen option is not selected the corresponding author will be presented with the copyright transfer 

agreement (CTA) to sign. The terms and conditions of the CTA can be previewed in the samples associated with 

the Copyright FAQs below: 

CTA Terms and Conditions http://authorservices.wiley.com/bauthor/faqs_copyright.asp 

For authors choosing OnlineOpen 

If the OnlineOpen option is selected the corresponding author will have a choice of the following Creative 

Commons License Open Access Agreements (OAA): 

Creative Commons Attribution License OAA 

Creative Commons Attribution Non-Commercial License OAA 
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Creative Commons Attribution Non-Commercial -NoDerivs License OAA 

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs hosted on 

Wiley Author Services http://authorservices.wiley.com/bauthor/faqs_copyright.aspand 

visit http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html. 

If you select the OnlineOpen option and your research is funded by The Wellcome Trust and members of the 

Research Councils UK (RCUK) you will be given the opportunity to publish your article under a CC-BY license 

supporting you in complying with Wellcome Trust and Research Councils UK requirements. For more information 

on this policy and the Journal’s compliant self-archiving policy 

pleasevisit: http://www.wiley.com/go/funderstatement.” 

Online production tracking is now available for your article through Wiley-Blackwell's Author Services 

at http://authorservices.wiley.com/bauthor/. Author services enables authors to track their article - once it has 

been accepted - through the production process to publication online and in print. Authors can check the status of 

their articles online and choose to receive automated e-mails at key stages of production. The author will receive 

an e-mail with a unique link that enables them to register and have their title automatically added to the system. 

Referrals to the Open Access Journal "Ecology and Evolution" 

This journal works together with Wiley’s Open Access Journal, Ecology and Evolution, to enable rapid publication 

of quality research that is unable to be accepted for publication by Global Change Biology. Authors will be offered 

the option of having the paper, along with any related reviews, automatically transferred for consideration by the 

Editor of Ecology and Evolution. Authors will not need to reformat or rewrite their manuscript at this stage, and 

publication decisions will be made a short time after the transfer takes place. The Editor of Ecology and 

Evolution will accept submissions that report well-conducted research which reaches the standard acceptance for 

publication. Accepted papers can be published rapidly, typically within 15 days of acceptance. Ecology and 

Evolution is a Wiley Open Access journal and article publication fees apply. More information can be found here. 

Special issues 

Our page budget does not allow for the publication of special issues. However, we will consider sponsored special 

issues with costs of publication covered by third party sponsors. All submissions to sponsored issues will undergo 

peer review and the final publication decision will be made by appropriate members of the editorial board. If you 

are interested in publishing a sponsored special issue please contact the Editorial Office. 

 

 

BIOGEOSCIENCES	  AUTHOR	  GUIDELINES	  

Manuscript Preparation Guidelines for Authors 

The following sections provide guidelines for authors on how to compose their manuscript. Please 
follow these standards to ensure a smooth peer-review and production process. 

Manuscript Composition  

For the review process a *.pdf file of the complete manuscript is required and the pages should be 
placed in the following order: title page, abstract, text, appendices, acknowledgements, references, 
tables and figures. All pages must be numbered consecutively and line numbers must be included. 
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• Title Page: Title (concise but informative), author initials and last names, full institutional 
addresses of all authors, correspondence email for proofs. 

• Abstract: The abstract should be intelligible to the general reader without reference to the 
text. After a brief introduction of the topic, the summary recapitulates the key points of the 
article and mentions possible directions for prospective research. Reference citations should 
not be included in this section, unless urgently required, and abbreviations should not be 
included without explanations. 

• Sections: The headings of all sections, including introduction, results, discussions or 
summary must be numbered. Three levels of sectioning are allowed, e.g. 3, 3.1 and 3.1.1. 

• Footnotes: These should be avoided, as they tend to disrupt the flow of the text. If 
absolutely necessary, they should be numbered consecutively. Footnotes to tables should 
be marked by lowercase letters. 

• Author contribution: Authors are encouraged to add a section "Author contribution" 
before the acknowledgements in which the contributions of all co-authors are briefly 
described. Example: A. A. and B. B. designed the experiments and C. C. carried them out. 
D. D. developed the model code and performed the simulations. A. A. prepared the 
manuscript with contributions from all co-authors. 

• Appendices: These should be labelled with capital letters: Appendix A, Appendix B etc. 
Equations, figures and tables should be numbered as (A1), Fig B5 or Table C6, 
respectively. 

• Figures: It is important for the production process that separate figures are submitted. 
Composite figures containing multiple panels should be collected into one file before 
submission. The figures should be labelled correctly with Arabic numerals (e.g. fig01, 
fig02). They can be submitted in *.pdf, *.ps, *.eps, *.jpg, *.png, or *.tif format and should 
have a resolution of at least 150-300 dpi. The width should not be less than 8 cm. A legend 
should clarify all symbols used and should appear in the figure itself, rather than verbal 
explanations in the captions (e.g. "dashed line" or "open green circles"). 
 
Tips for producing high-quality line graphics: 

1. The first choice should be vector graphics in *.eps or *.pdf format. 
2. If this is not possible, a bitmap image should be saved in a "non-lossy" format, e.g. 

*.png. A high resolution is recommended. It is always possible to reduce the size of 
the figure later. 

3. The *.jpg format should only be used for photos. It is not suitable for sharp edges. 
Note that it is not advisable to convert a *.jpg file back to *.png. 

• Figure captions: Each illustration should have a concise but descriptive caption. The 
abbreviations used in the figure must be defined, unless they are common abbreviations or 
have already been defined in the text. Figure captions should be included in the text file 
and not in the figure files. 

• Plot data: Authors are encouraged to put the data needed to create the plots, which are 
included in the manuscript, in a supplement to the published article (see below). Then, 
reviewers and readers are able to reproduce the plots. 

• Tables: Any tables should appear on separate sheets after the references and should be 
numbered sequentially with Arabic numerals. For the production of the accepted 
manuscript, they should be submitted as MS WORD or included in the LaTeX file. Tables 
submitted as a PDF or an image file cannot be processed. Tables should be self-explanatory 
and include a concise, yet sufficiently descriptive caption. Horizontal lines should normally 
only appear above and below the table, and as a separator between the head and the main 
body of the table. Vertical lines must be avoided. 

• Data sets: Authors are kindly asked to follow our Data Policy including the deposit of data 
that correspond to journal articles in reliable data repositories, the assignment of digital 
object identifiers, and the proper citation of a data set. 
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• Supplementary material: Authors have the opportunity to submit supplementary 
material with their manuscript, such as plot data, movies, animations, etc. These files will 
be published online along with the article as *.zip archive (or single *.pdf file). The overall 
file size of a supplement is limited to 50 MB. Authors of larger supplements are kindly 
asked to submit their files to a reliable data repository and to insert a link in the 
manuscript. Ideally, this linkage is realized through DOIs (digital object identifier). 

• File size: Authors are kindly asked to find the best balance between the quality of figures 
and submitted material on the one hand, and a manageable file size on the other hand. 
Individual figures should not exceed 5 MB, and the overall size of all submitted files, 
excluding supplements, should not exceed 30 MB. 

• Evaluation Criteria: While preparing their manuscript, authors are kindly requested to 
consider the manuscript evaluation criteria to meet the quality standards and to reduce the 
peer-review processing time. 

References  

Papers should make proper and sufficient reference to the relevant formal literature. Informal or 
so-called "grey" literature may only be referred to if there is no alternative from the formal 
literature. Works cited in a manuscript should be accepted for publication or published already. 
These references have to be listed alphabetically at the end of the manuscript under the first 
author's name. Works "submitted to", "in preparation", "in review", or only available as preprint 
should also be included in the reference list. Please do not use bold or italic writing for in-text 
citations or in the reference list. 

Please supply the full author list with last name followed by initials. After the list of authors, the 
complete reference title needs to be named. Journal names are abbreviated according to the ISI 
Journal Title Abbreviations Index , followed by the volume number, the complete page numbers 
(first and last page) and the publication year. If the abbreviation of a journal name is not known, 
please use the full title. In addition to journal articles, all reference types are summarized together 
with examples in the Copernicus Publications Reference Types  list. 

If there is more than one work by the same first author, his/her papers are listed in the following 
order: (1) single author papers (first author), followed by (2) co-author papers (first author and 
second author), and finally (3) team papers (first author et al.). Within these three categories the 
respective papers are then listed as follows: 

• Single author papers: chronologically, beginning with the oldest. If there is more than 
one paper in the same year, a letter (a, b, c) is added to the year, both in the in-text 
citation as well as in the reference list. 

• Co-author papers: first alphabetically according to the second author's last name, and 
then chronologically within each set of co-authors. If there is more than one paper in the 
same year per set of co-authors, a letter (a, b, c) is added to the year both in the in-text 
citation as well as in the reference list. 

• Team papers: first chronologically (beginning with the oldest), independent of the team 
author names, then alphabetically within each year according to the second (third, etc.) 
author. If there is more than one paper in the same year for a first author (independent of 
the team), a letter (a, b, c) is added to the year both in the in-text citation as well as in the 
reference list. 

In terms of in-text citations, the order can be based on relevance, as well as chronological or 
alphabetical listing, depending on the author's preference. 
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Examples for Reference Sorting 

In general, in-text citations can be displayed as "[…] Smith (2009) […]", or "[…] (Smith, 2009) 
[…]". 

Reference	  List Short	  Citation 

Single	  author:	  chronologically 

Smith,	  P.:	  …,	  2009. Smith,	  2009 

Smith,	  P.:	  …,	  2010a. Smith,	  2010a 

Smith,	  P.:	  …,	  2010b. Smith,	  2010b 

Co-‐authors:	  alphabetically	  before	  chronologically 

Smith,	  P.	  and	  Brown,	  P.:	  …,	  2010. Smith	  and	  Brown,	  2010 

Smith,	  P.	  and	  Carter,	  T.:	  …,	  2007. Smith	  and	  Carter,	  2007 

Smith,	  P.	  and	  Carter,	  T.:	  …,	  2010a. Smith	  and	  Carter,	  2010a 

Smith,	  P.	  and	  Carter,	  T.:	  …,	  2010b. Smith	  and	  Carter,	  2010b 

Smith,	  P.	  and	  Thomson,	  A.:	  …,	  2005. Smith	  and	  Thomson,	  2005 

Team:	  chronologically	  before	  alphabetically 

Smith,	  P.,	  Thomson,	  A.,	  and	  Carter,	  T.:	  …,	  2006. Smith	  et	  al.,	  2006 

Smith,	  P.,	  Carter,	  T.,	  and	  Hanson,	  M.	  B.:	  …,	  2008a. Smith	  et	  al.,	  2008a 

Smith,	  P.,	  Carter,	  T.,	  and	  Walter,	  N.:	  …,	  2008b. Smith	  et	  al.,	  2008b 

Smith,	  P.,	  Carter,	  T.,	  and	  Hanson,	  M.	  B.:	  …,	  2009. Smith	  et	  al.,	  2009 

Smith,	  P.,	  Brown,	  P.,	  and	  Walter,	  N.:	  …,	  2010. Smith	  et	  al.,	  2010 

 

Please do not use bold or italic writing in the reference list or for in-text citations. 

Downloads 

• Copernicus Publications Reference Types  
• EndNote® Output Style File  
• Bibtex Bibliographic Style File  
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Textual and Visual Conventions  

• Mathematical Symbols and Formulae: In general, mathematical symbols are typeset in 
italics. The most notable exceptions are function names (e.g. sin, cos), chemical formulas and 
physical units, which are all typeset with the normal (upright) font. Matrices are printed in bold 
face, and vectors in bold face italics. A range of numbers should be specified as "a to b" or "a...b". 
The expression "a–b" is only acceptable in cases where no confusion with "a minus b" is possible. 

• Equations: These should be numbered sequentially with Arabic numerals in parentheses 
on the right-hand side, i.e. (1), (2), etc. If too long, split them accordingly. If there are chemical 
formulae included, i.e. reactions, please number them (R1), (R2), etc. When using WORD, the 
equation editor and not the graphic mode should be used under all circumstances. 

• Units: The metric system is mandatory and, wherever possible, SI units should be used. 
Also units should be displayed using exponential rather then potential formatting. 

• Date and Time: 25 July 2007 (dd month yyyy), 15:17:02 (hh:mm:ss). Often it is 
necessary to specify the time if referring to local time or Universal Time Coordinated. This can be 
done by adding "LT" or "UTC", respectively. 

• Abbreviations and Acronyms: Equations should be referred to by the abbreviation "Eq." 
and the respective number in parentheses, e.g. "Eq. (14)". However, when the reference comes at 
the beginning of a sentence, the unabbreviated word "Equation" should be used, e.g.: "Equation 
(14) is very important for the results; however, Eq. (15) makes it clear that..." The abbreviations 
"Sect." and "Fig." should be used when they appear in running text and should be followed by a 
number unless they come at the beginning of a sentence, e.g.: "The results are depicted in Fig. 5. 
Figure 9 reveals that..." If acronyms or abbreviations are used throughout the article, they should 
be defined at first occurrence, e.g.: leaf area index (LAI), National Research Foundation (NRF). If 
these names or concepts are also mentioned in the abstract, they should be defined there as well. 

• Capitalization: In addition to proper nouns, capitalization of the first letter is applied for 
titles, section headings, figure and table captions but only for the first word. Abbreviations and 
expressions in the text such as Chap(s)., Fig(s)., Table(s), Eq(s)., Sect(s)., Paper, Theorem, etc. 
should always be capitalized when used with numbers, e.g., Fig. 3, Table 1, Paper III, Sect 2. The 
words figure(s), table(s), equation(s), theorem(s) in the text should not be capitalized when used 
without an accompanying number. 

• Non-English Words and Phrases: Foreign words that have not come into general use 
are italicized. Words, phrases and abbreviations referenced in the Webster's are not italicized. For 
example, et al., cf., e.g., a priori, in situ, bremsstrahlung, and eigenvalue should not be italicized 
or hyphenated. 


