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RESUMO

A intensificacdo sustentavel da producdo atual e futura de alimentos demanda
estratégias condizentes com os principios e conceitos ecolodgicos na promogao da
producao, eficiéncia e resiliéncia agricola. Aliado a isso, a agricultura deve ser
orientada a favorecer a redugcdo das condigcdes socioecondmicas indesejaveis,
impactos econdmicos e ambientais externos negativos promovidos pelas mudangas
climaticas. A hipotese da tese esta orientada em responder a quatro principais
questdes: |) Existe uma estrutura de dossel de Schedonorus arundinaceus que
maximize a taxa de ingestao instantanea de ovinos?; Il) Se a hipdtese anterior for
confirmada, existe um ponto convergente 6timo entre a taxa de ingestao instantanea
de ovelhas e a taxa instantdnea de acumulo de forragem de Schedonorus
arundinaceus?; lll) Os sistemas integrados de produgcdo agropecuaria podem
contribuir para a promogao da resiliéncia no contexto econdmico e de fluxo de
nutrientes?; IV) Se confirmado, a intensidade de pastejo € um fator importante para o
aumento da resiliéncia? A tese esta organizada em trés capitulos no formato de artigos
cientificos. Cada capitulo inclui um estudo de diferentes processos ecolégicos e/ou
econdmicos em diferentes escalas espaciais e temporais, conduzidos em
experimentos separados. O objetivo foi identificar estratégias de manejo de pastagens
baseadas no aumento da eficiéncia dos processos ecologicos da interface planta-
animal e avaliar de que forma elas podem contribuir para a promogdo da
sustentabilidade em sistemas agricolas por meio da resiliéncia global. No primeiro
estudo foi possivel entender a dindmica do processo de ingestao de forragem no nivel
de bocado, na perspectiva da otimizagdo da colheita de forragem pelos animais.
Verificou-se que a altura do dossel de 22,30 cm de S. arundinaceus maximiza a taxa
de ingestao instantanea de ovinos. No segundo estudo, verificou-se que nos periodos
do outono e primavera ha taxas elevadas de acumulo de forragem, com a
maximizac¢do da taxa de acumulo instantédneo de forragem na altura do dossel entre
19 e 25 cm. No terceiro capitulo, foi observado que os sistemas agricolas que adotam
a diversificagcdo com animais em pastejo sdo importantes promotores de resiliéncia
agricola sob o contexto econémico e de fluxo de nutrientes. As intensidades de pastejo
nao tiveram efeito no aumento da resiliéncia.

Palavras chave: Comportamento ingestivo de ruminantes, Schedonorus
arundinaceus, Festuca, Manejo de pastagens, Sistemas integrados de produgao

agropecuaria, Resiliéncia, Sustentabilidade.



ABSTRACT

Sustainable intensification of current and future food production demands
strategies consistent with ecological principles and concepts in promoting agricultural
production, efficiency and resilience. Allied to this, agriculture must be oriented to favor
the reduction of undesirable socioeconomic conditions, negative external economic
and environmental impacts promoted by climate change. The hypothesis of the thesis
are oriented to answer four main questions: 1) Is there a sward structure of
Schedonorus arundinaceus that maximizes the short-term intake rate of sheep?; Il) If
the previous hypothesis is confirmed, is there an optimum convergent point between
short-term intake rate and instantaneous herbage accumulation rate of Schedonorus
arundinaceus?; Ill) Can integrated crop-livestock systems contribute to the promotion
of resilience in the economic and nutrient flow context?; and IV) If confirmed, can
grazing intensities contribute to increased resilience? The thesis is organized in three
chapters in scientific articles format. Each chapter includes a study of different
ecological and/or economic processes at different spatial and temporal scales,
performed in separate experiments. The objective was to identify pasture management
strategies based on increasing the efficiency of the ecological processes of the plant-
animal interface and to evaluate if they can contribute to the promotion of sustainability
in agricultural systems through global resilience. In the first study, the dynamics in the
herbage intake process at the bite level were described, from the perspective of
optimization of animal herbage harvest. The results demonstrated that the sward
surface height of 22.30 cm of S. arundinaceus maximizes the short-term intake rate of
sheep. In the second study, it was shown that there are high herbage accumulation
rates in the autumn and spring periods, with the instantaneous herbage accumulation
rate being maximized at sward surface heights between 19 and 25 cm. The third
chapter describes how agricultural systems that adopt diversification with grazing
animals are important promoters of agricultural resilience under the nutrient flow and
economic context. The grazing intensity had no effect on increasing resilience in the
crop-livestock systems described.

Key words: Ingestive behaviour of ruminants, Schedonorus arundinaceus, Tall Fescue;

Pasture Management, Integrated crop-livestock system, Resilience, Sustainability.
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1. INTRODUCTION

According to FAO (2014) the current and future production safe food must be in
accordance with the principles of sustainable agriculture in a manner that is
environmentally, economically and socially responsible over time. This requires proper
management of agricultural systems in food and other products production, in relation
to the available ecological resources, while improving or maintaining ecosystem
services measured in a specified area and over a given period of time (GUTON et al.,
2016; STRUIK and KUYPER, 2017).

The integrated crop-livestock systems (ICLS) are an alternative aligned with the
aspirations of sustainable agriculture (BONAUDO et al. 2014; LEMAIRE et al., 2014;
FRANZLUEBBERS et al., 2014; GARRET et al., 2017). The ICLS are planned systems
involving temporal and spatial interactions at different scales with animal and crop
exploitation within the same area, simultaneously or disjointedly and in rotation or
succession. ICLS aim to achieve synergism and emergent properties as a result of
soil-plant—animal-atmosphere interactions (MORAES et al., 2014).

Thus, the design and management of ICLS should be concentrated in the
application ecological concepts and principles (GLIESSMAN, 1998; TITTONELL,
2014; LEVAIN et al., 2015) to act on the functions of ecosystems (BONAUDO et al.,
2014), thereby increasing efficiency (KEATING et al., 2010; ALTIERI et al., 2012),
resilience (ALTIERI et al., 2015; BRISKE et al., 2017), and productivity (TILMAN et al.,
1996; CARVALHO et al., 2013) into agriculture.

This can be achieved by practices that promote biodiversity (TSCHARNTKE et al.,
2012; DURU et al., 2015; FAUCON et al., 2017), soil carbon and nitrogen stock, soil
conservation, mitigation of greenhouse gas emissions (MARTINS et al., 2017; SA et
al., 2017; STAHL et al., 2017; SAVIAN et al., 2018), water conservation (TANG et al.,
2014; KUNRATH et al., 2015), landscape heterogeneity (SABATIER et al., 2013),
integrated pest and disease management (BARZMAN et al., 2015), and stocking rate
of livestock (BRISKE, 1993; VON WEHEDEN et al., 2012, MUTHONI et al., 2014;
MEZZALIRA et al., 2017), etc.

Therefore, it is fundamental to understand the functioning of processes such as
nutrient cycling, predator/prey interactions, competition, symbiosis, successional

changes and social systems involved in agroecosystems, for the determination of
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management targets to promote sustainable ecologically-based intensification of
agriculture (ALTIERI AND NICHOLLS, 2005; TOMICH et al., 2011).

This thesis is organized in three chapters in the form of scientific articles. Each
chapter includes a study of different ecological and/or economic processes at different
spatial and temporal scales, performed in separate experiments. The processes
involved in each chapter are summarized in a single conceptual model proposed for
the thesis.

The main objective of the conceptual model was to facilitate the understanding of
the studied processes and identify the importance of each variable between chapters.

The first chapter consists of understanding of the interactions between the sward
structure and the processes of herbage harvesting of sheep. In addition, the short-term
intake rate of sheep was assessed for the formulation of pasture management targets
were interpreted in this chapter.

The second chapter is composed of herbage mass accumulation modeling for the
estimation of the instantaneous herbage accumulation rate as a function of the
herbage mass. This study links the results of the first chapter, under the perspective
of optimizing the efficiency of the process of herbage growth and the herbage intake
by the animals.

The third chapter consists of the understanding of ecological and social processes
involved in the interactions between soil, livestock, crop components and external
environment, under the context of integrated systems. The objective of this study was
to interpret the effect of different grazing intensities in the economic and flow of nitrogen
and phosphorus dynamics, to promote resilience'. The grazing intensities in this study
represent the level of interaction between the pasture and the animals studied in the
first two chapters.

The first and second chapters are studies that evaluate plant, animal, and climate
interactions in small spatial-temporal scales. In the third, the study evaluates the

productive system within the context of large scales of space and time.

Hypotheses
- Is there a sward structure of Schedonorus arundinaceus that maximizes the

short-term intake rate of sheep?

' Resilience is understood in this thesis as the ability of a system to absorb an amount of disturbance,
in nutrient flow and economic context and under time effect, without changing to a different state.
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If the previous hypothesis is confirmed, is there an optimal convergent point
between short-term intake rate and instantaneous herbage accumulation rate
of Schedonorus arundinaceus?

Can integrated agricultural production systems contribute to the promotion of
resilience in the economic and nutrient flow context?

If confirmed, can grazing intensities contribute to increased resilience?

Objectives

The thesis aims to identify pasture management strategies based on a more

efficient use ecological processes of the plant-animal interface and to evaluate if they

can contribute to the promotion of sustainability in agricultural systems through

resilience.

Specific objectives

To evaluate short-term intake rate of sheep as a function of different structures
of Schedonorus arundinaceus;

To model the herbage mass accumulation of Schedonorus arundinaceus
throughout the seasons, based on the Gompertz curve model;

To estimate the instantaneous herbage accumulation rate of Schedonorus
arundinaceus as a function of the herbage mass throughout the seasons;

To develop a model of nutrient flow in an integrated crop-livestock system under
different grazing intensities;

To calculate resilience of nitrogen and phosphorus flow using Ecological
Network Analysis in an integrated crop-livestock system under different grazing
intensities;

To develop and calculate the economic resilience index of an integrated crop-
livestock system under different grazing intensities;

To evaluate the correspondence between flow and economic resilience an

integrated crop-livestock system under different grazing intensities.
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3. CHAPTER 1

How can Schedonorus arundinaceus [Schreb.] Dumort sward structure affect the

grazing process of sheep??

2 Prepared in accordance with the standards of the Applied Animal Behaviour Science
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How can Schedonorus arundinaceus [Schreb.] Dumort sward structure affect the grazing process of

sheep?

Key words: Festuca arundinacea Schreb., tall fescue, intake rate, pasture management, sward surface

height.

ABSTRACT

The study of factors influencing animal intake can provide a better understanding of the dynamics of
the pasture ecosystem and provide a basis for the management of livestock in a more efficient way.
This study aimed to evaluate different sward surface heights (SSH) of Tall Fescue (Schedonorus
arundinaceus) (14, 17, 20, 23 and 26 cm) in the process of short-term intake rate (STIR) of sheep. The
experiment was carried out at the experimental farm of the Federal University of Parana, located in
Pinhais, Parand, Brazil. Twenty grazing tests were performed between June 24 and July 12, 2016
(morning and afternoon). The STIR was measured by weighing the sheep a pre- and post-grazing for
each tests, corrected for insensible weight losses. The bite rate, total jaw movement rate and effective
eating time were measured with behavior recorders. The sward measurements included the SSH pre-
and post-grazing, herbage mass and the pre- grazing vertical distribution of morphological
components. There was a significant difference for the structural variables (total and stratified) of the
pasture between the treatments, which affected the ingestive behaviour of sheep. The SSH of Tall
Fescue corresponding to the maximum short-term herbage intake rate was 22.3 c¢m, being influenced
by the bite mass and the effective eating time. I conclude that the animals prefer a specific sward

structure, which thus optimizes herbage intake.
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1. Introduction

In recent years alternative management of agriculture systems have been sought that support
the principles of eco-efficiency (Keating et al., 2013; Herrero et al., 2015; Rouquette, 2015). Carvalho
et al. (2009) and Laca et al. (2009) presented a perspective on precision livestock management, which
is based on productive efficiency with environmental responsibility. A way to achieve these goals is
the understanding and mimicry of natural ecological processes (Bonaudo et al., 2014).

For millions of years the herbivores and forage plants have been in a co-evolutionary battle.
Among several foraging strategies, the animals developed a "mouth" that optimizes the herbage intake,
in order to meet the requirements in quantity and daily quality of food in less time, to perform other
daily activities. On the other hand, forage plants have developed morphological structures that restrict
grazing, favoring the development, growth and perpetuation of the species (Massey and Hartley, 2006;
Shipley, 2007; Mendoza and Palmqvist, 2008; Stromberg, 2011).

The intake rate represents the consumption of forage per unit of time and is considered as a
component of the ingestive behaviour of grazing animals. In this way being a variable determined by
the bite mass, the bite rate and the grazing time. In this context, the bite can be considered as the first
scale of the grazing process (Allden and Whittaker, 1970; Laca et al., 1992; Laca and Ortega, 1996;
Prache and Delegarde, 2011) and therefore, under direct influence of the sward structure.

Structural characteristics of the forage sward can stimulate, inhibit or limit the ingestive
behaviour of the animals (Gross et al., 1993; Decruyenaere et al., 2009; Amaral et al., 2012). These
structural variables include leaf size and shape, cuticle thickness, stem physical properties, proportion
of senescent material, proportion and quantity of leaf blades, which are dependent on the species,
growth habit, height, morphogenic characteristics, life cycle and longevity of the forage plant
(Hodgson, 1990; Amaral et al., 2012; Fonseca et al., 2012, Mezzalira et al., 2013; 2014; Guzzati et al.,
2017). Thus, under a context of competition strategy at the plant-animal interface, the animals adapt to
the different changes found in the pasture at the time of grazing, promoting behavioral changes, such
as change in the pattern of displacement in the area, in food selection, alteration between the ratio of
mass acquired and rate of harvest by animals and mandibular and non-mandibular movement (Bailey

et al., 1996; Griffiths et al., 2003; Gongalves et al., 2009; Fonseca et al., 2013).
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The ingestive behavior of the animals has great relevance, because it determines the daily
nutrient intake and animal performance, as well as the location and the intensity of its impact on the
vegetation, providing a better understanding of the dynamics of the pasture ecosystem and giving the
basis for more efficient management of animals and forage plants (Hodgson, 1990; Prache and
Delegarde, 2011; Carvalho, 2013).

In this article we test the hypothesis that there is a balance between plants and animals, in that
there is an optimal structure for the grazing animals, expressed in sward surface height (SSH) and
components of the sward promote changes in short-term intake rate of sheep.

The objective of this study was to evaluate different sward structures of a temperate perennial
forage species (S. arundinaceus [Schreb.] Dumort cv. Aurora), represented by different SSH, in the
process of short-term intake rate (STIR) of sheep, from a perspective of optimization of pasture

management.

2. Materials and Methods
All procedures involving animals were approved by the Commission for Ethics in the Use of

Animals of the Sector of Agricultural Sciences of the Federal University of Parana (07/2016).

2.1 Experimental Site

The experiment was carried out on the Canguiri experimental farm of the Federal University
of Parana - UFPR located in Pinhais city, Parana state, Brazil (25°26'30"S and 49°7'30"W). The
experiment was established in a 3.000 m? experimental area of Schedonorus arundinaceus [Schreb.]
Dumort cv. INIA Aurora (nomenclature suggested by Soreng et al. (2001), previously named Festuca
arundinacea Schreb. and Tall Fescue as common name) sown in June 2015 by the conventional
method of soil preparation, with a seeding density of 55 kg ha™.

Nitrogen, phosphorus and potassium were applied uniformly in the experimental area. Before
the sowing, 540 kg ha! of P,Os was applied and after sowing (between 3 and 5 leaves) 200 kg ha! of
N and 60 kg ha! of K»O were applied. In March 2016, 180 kg of N ha™! and 40 kg ha! of K,O were

applied. All fertilizations were based on the soil chemical analysis done before the sowing of Tall
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Fescue (depth 0.00 — 0.20 m). The soil test results were as follows: 4.55% of organic matter ([C
organic x 1.74]/10), pH = 5.70 (CaCl,), exchangeable aluminum = 0.00 (cmol. dm), K =0.11 (cmolc
dm), Ca =5.00 (cmolc dm=), Mg = 3.10 (cmolc dm™), V(%) =71 ¢ P =2,90 (mg dm™).

The experimental area had been managed under continuous grazing since September 2015,

with sward height maintained between 10 and 15 cm.

2.2 Treatments and experimental design

Five pre-grazing SSH (14, 17, 20, 23, 26 cm) were evaluated, with a randomized complete
block design with four replicates. The heights were achieved by allowing regrowth and development
of the plants from an initial residue height of 7 cm. The time of the day (morning and afternoon) was
used as a blocking criterion. Twenty grazing tests of 45 £ 1 min were performed between June 24 and
July 12, 2016, with two tests in the morning (between 8:30 and 9:30) and two in the afternoon

(between 15:30 and 16:30).

2.3 Sward measurements

To determine the pre- and post-grazing SSH, a sward stick was used to make 150-point
evaluations (= 1 point m?) within each sample unit (Barthram, 1985). A total of three forage samples
of 0.25 m? each per experimental plot were harvested at pre- and post-grazing, to obtain the total
herbage mass (HM), leaf lamina mass (LLM), pseudo-stems + sheaths mass (PSM), senescent mass
(SM) and other species mass (OSM), through morphological and botanical separation.

The herbage mass was quantified in strata of the forage sward by collecting samples from 0.02
m? per experimental plot and stratifying them from the top of the plants to ground level in every
vertical 0.03 m strata. These samples were separated into leaf lamina and pseudo-stem + sheath and
subsequently the herbage bulk density was calculated by dividing the dry mass by the volume of the
sampled cube in each stratum (0.0006 m?). The number of green leaves in each strata were also
counted. All samples were dried in a forced air oven at 65 °C until reaching constant weight for mass

measurements.
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2.4 Animal measurements

Six ewes, 50% White Dorper and 50% Suffolk, were used with an average weight of 61.9 +
5.5 kg and two years of age. Three test animals were used to determine the rate of instantaneous
intake.

All animals were previously acclimated to the experimental procedure and maintained in an
area similar and adjacent to the experimental paddocks.

Before the grazing tests, the animals were equipped with diapers for collecting feces and urine
and with IGER (Institute of Grassland and Environmental Research - Ultra Sound advice, London,
UK) Behaviour Recorders (Rutter et al., 1997) which record mandibular movements (masticatory and
manipulative) used to determine the effective eating time [total time spent separating, manipulating
and chewing the pieces without lifting the head; (grazing = consumption + search)]. The data were
analyzed with the Graze software (Rutter et al., 2000) and used to calculate bite mass (BM), bite rate
(BR), time per bite (TB), total jaw movement rate (TJMR) and effective eating time (ET).

After the 45-minute test period of grazing, the animals were allocated to an adjacent area of 9
m? under open air condition, without access to water and food for 45 minutes, to estimate insensitive
weight losses (H20 evaporation and CO2 and CH4) (Gibb,1998).

STIR was estimated by the double-weighing technique (Penning and Hooper, 1985). A digital balance
(MGR-3000 Junior, Toledo, Canoas, Brazil) with a precision of 10 g was used to determine herbage

intake. Formula (1) was used for the calculation of STIR:

o = [« [} (52 o

where d is the proportion of dry mass in the herbage; W1 and W2 are pre- and post-grazing animal’s
weight respectively; ¢/ and ¢2 are pre- and post-grazing time; W3 and W4 are animal’s weight pre- and
post-insensible weight losses; ¢3 and #4 are pre- and post-insensible loss time and ET is effective eating
time.

Bite mass was calculated by dividing the STIR during the grazing test by the total number of
bites. Time per bite was calculated by dividing the total number of bites and ET. Total jaw movement

rate was calculated by dividing the total number of jaw movements by the ET during the grazing test.
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For the correction of the herbage mass intake during the grazing test, the proportion of herbage mass
consumed by the animals was determined by the continuous bite monitoring method (Agreil and
Meuret, 2004; Bonnet et al., 2011; Bonnet et al., 2015), after each grazing test. The green herbage
mass was weighed after the grazing simulation and then dried in a forced air oven at 55 ° C until

reaching constant weight.

2.5 Statistical analysis

The paddocks were considered as an experimental unit and the animals as sampling units of
each paddock. The data set were analyzed using the R software (R Development Core Team, 2016).
Data were submitted to analysis of variance (ANOVA) and when The F-test for treatment differences
was significant (p < 0.05), the treatment means were compared using the Tukey test, at a significance
level of 5%.

The grazing variables (STIR, BM, BT, TB, TIMR and ET) were analyzed using a quadratic
model (y; = a + bx + ¢x? + errory). The correlation coefficient (R) was used as a measure of

dependence between the variables.

3. Results

The observed SSH, pre- and post-grazing, increased linearly with expected SSH (treatments).
There was no significant difference (p < 0.01) between pre- and post-grazing SSH in each treatment
with each grazing test period, so the average values between pre- and post-grazing were used for
forage variables. The pre-grazing observed SSH were very similar to the expected SSH (Table 1).

There was a significant effect for HM (p <0.01), LLM (p <0.01) and OSM (p < 0.05) (Table
1). For HM, there was a difference (p < 0.01) between the SSH of 26 cm and the two lowest SSH (14
and 17 cm). The highest LLM was obtained at SSH of 26 cm, followed by SSH of 23 and 20 cm,
which differed from the SSH of 14 cm (Table 1). There was a linear relationship between the SSH and
the LLM and HM. There was no significant effect of the SSH on the PSM (p > 0.05) and SM (p >

0.05), so the increase of HM is related to the increase of LLM.
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A significant interaction was found between SSH and strata in the leaf lamina bulk density (p
< 0.01), herbage total bulk density (p < 0.05) and number of leaves (p < 0.01). For the pseudo-stem +
sheath bulk density, there was a significant effect only between strata (p < 0.01).

The highest leaf lamina bulk density was verified in strata 3-6 cm for SSH of 14, 6-9 cm for
SSH of 17, 20 and 23 cm and 9-18 cm for SSH of 26. As there was an increase in the SSH pre-
grazing, there was also a linear increase in the leaf lamina bulk density (Table 2).

The pseudo-stem + sheath bulk density was higher in the first strata, decreasing in the upper
strata (Table 2).

The highest herbage total bulk density was verified in the strata 0-6 cm for 14 and 20 SSH, 0-9
cm for 17 SSH, 0-3 for 23 SSH and 0-18 c¢cm in the SSH of 26 (Table 2). With the increase of the SSH
pre-grazing, there was also an increase in herbage total bulk density in the upper strata (Table 2).

The highest number of leaves was verified in the strata 3-9 cm to 14 SSH, 6-12 cm for 17 and
20 SSH, 6-18 cm for 23 SSH and 9-18 cm for the SSH of 26, consequently having a reduction of leaf
number in the upper and lower strata (Table 3). During the grazing tests, the presence of other species
was verified, with a larger mass of these at SSH of 26 and a smaller at SSH of 14 (p < 0.05). The
proportional mass of other species in all treatments was less than 2.85% (Table 1). The species found
were 7. repens (seedling stage), V. sativa (seedling stage), P. tomentosa (vegetative stage), O.
corniculata (vegetative stage), A. verlotorum (vegetative stage) e C. cardunculus (vegetative stage).

No effect was observed on the BR (p =0.27), TIMR (p =0.30) and TB (p =0.22) as a
function of SSH (Figure 1, A, B and C respectively). There was a significant effect (p < 0.01) between
ET and the different SSH of the Tall Fescue. There was a better adjustment of the quadratic model
between ET and SSH in relation to the linear model, with an increase of ET up to 22.2 cm (Figure 1,
D). There was a significant effect (»p < 0.01) of SSH of Tall Fescue on the STIR (p <0.001) and BM (p
< 0.01). There was a better adjustment of the quadratic model between the STIR and the SSH, thus
increasing up to 22.3 cm (y = 5.61 g MS min™!), with the STIR decreasing at greater SSH (Fig. 2 A).
The model that was best suited for MB as a function of SSH, was also quadratic, with increasing BM
up to 22.8 cm (Fig. 2 B). A high correlation of 0.97 (p < 0.01) was also observed between STIR and

BM variables (Fig. 3).
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4. Discussion

The reduction of pre-grazing SSH by the animals, for each paddock during the grazing test, as
measured by the post-grazing SSH, did not exceed 5% (Table 1). This indicated that similar structures
were available to the animals from the beginning to the end of the grazing tests.

According to Ungar et al. (1991), Laca et al (1994), and Hirata et al. (2010), the STIR in
homogeneous swards can be explained mainly by BM (Fig. 3). Similar results to the present study
were observed by Mezzalira et al., (2014) and Mezzalira et al., (2017) evaluating the STIR in Cynodon
sp. and Avena strigosa.

BM is dependent on the bite volume and herbage bulk density of the forage (Black and
Kenney, 1984; Laca et al., 1992; Hirata et al., 2010). Thus, in lesser SSH there is a restriction in the
formation of BM due to the low amount of leaves and in higher SSH the volume of the bite is
restricted by the presence of pseudo-stem + sheath in the grazing horizons. In other words, SSH affects
the bite depth (Black and Kenney, 1984; Burlinson et al., 1991; Benvenutti et al, 2008; Amaral et al.,
2012; Fonseca et al., 2013). According to Illius et al. (1995) these conditions are also dependent on the
animal motivation.

As the SSH increased in this study, there was probably an increase in the depth of the bite, as
the free horizon depth of the pseudo-stems + sheath (grazing horizon) was 5, 8, 11, 11, and 11 cm for
the SSH of 14, 17, 20, 23 and 26 cm, respectively (Table 3). There was an increase in the leaf lamina
bulk density in the grazing horizon, according to the SSH increase (Table 2), providing an increase in
the BM, with maximum values at 22.8 cm SSH (Fig. 2). This SSH was quite similar to the maximum
STIR (Fig. 2 and 3).

The decrease in STIR at heights above 22.3 cm may be associated with increased sward bulk
density (Table 2), which may seem counter-intuitive, but there are several possible explanations for
this response of decreasing STIR at SSH above 22.3 cm. In the case of sheep, the animals are less able
to increase the area of the bite (size of the jaw), moving their heads in the forage capture (Baumont et

al., 2004; Hirata et al., 2010).
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According to Illius et al. (1995), the high herbage bulk density (SSH of 26 cm), that is,
increase in leaf lamina bulk density and number of leaves in the swards (Tables 2 and 3), promote less
mass harvesting through the bites, since they require greater strength by the animal due to the greater
physical resistance of the material to be cut. According to the same authors, species Festuca ovina,
Anthoxanthumod oratum and Agrostis tenuis require greater forces in the process of forage capture,
compared with other species of lower leaf lamina bulk density, thus promoting the preference of the
animals for other species during the grazing process, in the case of mixed pastures.

In addition, at a SSH of 26 cm there may have been a greater need for interaction time with the
sward in the bite formation, such as the positioning of the head and the choice of the place of the bite,
causing the animals to search for smaller structures that optimize the consumption (Bremm et al.,
2012; Mezzalira et al., 2014). According to Black and Kenney (1984), sheep tend to seek pasture
structures that maximize the speed of ingestion. The additional time may be associated to three-
dimensional aspects of the sward, such as increases in angulation, positioning and larger number of
leaves (Table 3), and the height of the plant itself (Sonohat et al., 2002; Evers et al., 2007; Verdenal et
al., 2008; Vos et al., 2009; Barillot et al., 2011). According to Baumont et al. (2004), the strategy of
exploitation by the animals in horizons of the sward corresponds to a strategy of maximization of the
quality of the diet and the STIR.

The results obtained for ET indicate that the animals had a preference for a specific structure,
and that preferred structure consequently optimizes the intake rate, i.e., the ET maximum was 22.2 cm
(Fig. 1 D). According to Pearson et al. (1994), preference is a term that describes the individual's
herbage consumption in the absence of any restrictions on availability and accessibility. Utsumi et al.
(2009) cite the importance of the structure of Tall Fescue in affecting the continuity in the grazing and
permanence of the animals in the patch, thus verifying that the animals tend to prefer smaller and
dense sward structures that promote lower mass depletions in the horizon during grazing.

Therefore, structures between SSH 20 and 23 cm would be within the best distribution and
amount of mass in the canopy (Tables 2, 3), and the structures of SSH 14, 17 and 26 cm possibly
promoted an increasing of the displacement and the search, shorter time of feeding station by the

animals, resulting in lower ET and consequently lower STIR, results that are in agreement with the
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theory of optimal foraging (Schoener et al., 1971, Pyke et al., 1977). Different results regarding BR
and TIMR were verified by Fonseca et al. (2013) and Mezzalira et al. (2014). They found an increase
in the rate, which can be attributed mainly to the size of the animal, since those two studies were
carried out with cattle. According to Illuis et al. (1995) animals of larger size are less constrained by
the physical properties of the pasture structure. Black and Kenney (1984) did not observe changes in
the rate of jaw movements of sheep in different structures of Pennisetum clandestinum and Lolium
perenne. For the variable TB the results in the study were similar to the study of Mezzalira et al.
(2014) and Hirata et al. (2010).

It was verified that the SSH of the Tall Fescue corresponding to the maximum STIR of sheep
was 22.3 cm. That SSH can be adopted as a pre-grazing height for intermittent systems.

Chapman and Clark (1984), aiming to optimize animal consumption, suggest that the
management of L. perenne and Tall Fescue (Hume and Brock, 1997) should be maintained between

1000 and 2500 kg DM ha!, which brackets the mass of the optimal SSH obtained in this work.

Conclusion
The sward surface height of Tall Fescue corresponding to the maximum short-term herbage
intake rate was 22.3 cm, being affected by the bite mass and the effective eating time, suggesting that

the animals have a preference for a specific forage sward structure.
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Table 1. Observed sward surface heights pre- and post-grazing (SSH, cm), total herbage mass (HM,

kg DM ha'), leaf lamina mass (LLM, kg DM ha™'), pseudo-stems + sheaths mass (PSM, kg DM ha™!),

senescent mass (SM, kg DM ha') and others species mass (OSM, kg DM ha'!) as function of expected

swards surface heights (SSHe, cm) of Schedonorus arundinaceus [Schreb.] Dumort (Tall Fescue).

SSHe (cm)
14 17 20 23 26 b

SSH pre-! 14.19+0.19°A 17.3240.2094  19.72+0.27°A  22.78+0.28**  25.91+0.26**  0.000
SSH post-! 14.06+0.18°A 17.05+0.1994  19.62+0.28°A  22.75+0.25**  25.90+0.23**  0.000
HM 1825.42° 1955.99° 2175.88% 2157.80% 2510.982 0.000
LLM 1046.30¢ 1257.64%¢ 1387.29° 1333.13° 1659.182 0.000
PSM 454.19 419.97 441.89 443.53 510.00 0.785
SM 377.34 278.37 346.69 381.13 341.80 0.743
OSM 16.66° 48.05% 37.36% 31.30% 70.65° 0.020

"Means+ Standard error;

*Means within a row with different superscripts differ (P < 0.05) by the Tukey’s test.

AMeans within a column with different superscripts differ (P < 0.05) by the Tukey’s test.



Table 2 Leaf lamina bulk density (LBD), Pseudo-stems + sheaths bulk density (PSBD) and Total
herbage bulk density (THBD) by sward strata as function of swards surface heights (SSH) of

Schedonorus arundinaceus [Schreb.] Dumort (Tall Fescue).

Strata Swards surface heights (cm)

(cm) 14 17 20 23 26

LBD (g DM m?)!

33-36 0.08¢ 0.16%¢ 1.41P
30-33 0.87%¢ 1.60%¢ 3.493P
27-30 2.86%C 4.38abFG 14.543¢P
24-27 0.93VF 7.4556G 11.3220EFG 32.86%P
21-24 4.15¢F 17.275¢FG 36.70%°DEF 60.8138¢
18-21 14.17¢PF 37.13beEF 55.66°CP 91.45%48
15-18 7.724¢ 41.32¢DEF 58.85bDE 82.39bBC 113.06°4
12-15 20.61<C 73.35%BCD 86.41°CP 104.07204B 131.56%4
9-12 44.320¢ 104.742A8B¢ 116.272A8 105.202A8 121.35%A
6-9 95.82048B 156.432A 123,714 127.65%4 106.83AB
3-6 126.18%A 111.972A8 90.7420B¢ 58.35bD 39.37¢bE
0-3 84.9328 59.123bCDE 48.61°F 43.60°PE 29.630CD

PSBD (g DM m™)?

12-15 0.00¢ 0.274¢
9-12 0.633¢ 10.60°¢
6-9 0.688 23.87¢ 10.28¢ 24.03¢ 46.958
3-6 44.728 75.838 60.478 83.488 62.008
0-3 135.194 165.65% 127.05% 185.014 114.834

THBD (g DM m?)}

33-36 0.08H 0.16%F 1.412E
30-33 0.8731 1.60%F 3.493E
27-30 2.86%H 4 3QaPEF 14.542PE
24-27 0.93%¢ 7.45b¢H 11.3220EF 32.86°PF
21-24 4.15¢¢ 17.27°¢GH 36.707°DEF 60.81%¢P

18-21 14.17¢P 37.13beFG 55.66°CPe 91.45%B¢

40



15-18

12-15

9-12
6-9
3-6
0-3

7.7240
20.61¢P
44.325CD
96.51°B¢
170.9128
220.13%

41.32¢CP
73.3558¢
104.7428
180.30%A
187.812A
224,784

58.855¢EF
86.41°PE
116.27%¢P
133.9920B¢
151.22:0A8
175.67%4

82.3926CD
104.072BC¢
105.834BC
151.69%8
141.83%B
228.62°4

113.06%4B¢
131.842A8

131.96°A8

153,794

101.3854BC
144.46°A8

Ip significance level: SSH p < 0.001; Strata p < 0.001; SSH x Strata p <0.01.
2p significance level: SSH p = 0.46; Strata p < 0.001; SSH x Strata p < 0.44.

3p significance level: SSH p < 0.001; Strata p < 0.001; SSH x Strata p < 0.05.

»dMeans within a row with different superscripts differ (p < 0.05) by the Tukey’s test.

A-GMeans within a column with different superscripts differ (p <0.05) by the Tukey’s test.
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Table 3. Numbers of leaf lamina by sward strata as a function of sward surface heights (SSH) of

Schedonorus arundinaceus [Schreb.] Dumort (Tall Fescue).

Strata SSH (cm)!
(cm)! 14 17 20 23 26
33-36 0.25% 0.374P 1.75%
30-33 2.00°F6 2.50%D 5.50%E
27-30 5.00°FG 7.002D 17.25%
24-27 1.25%E 10.37°F6 14.62°P 31.75%PE
21-24 6.25¢ 22,1 5b¢EF 33.00°¢P 61.87%P
18-21 17.50¢PE 40.87°E 50.87°B¢ 83.25BC
15-18 9.62P 40.755P 64.25%D 81.123A8B 95.873ABC
12-15 25.50°CP 73.75%8 87.1208¢ 100.002°A 128.6234
9-12 51.37%BC 111.8734 108.00%48 107.0034 101.00348
6-9 100.75%4 127.50%4 115.50%4 112.8724 80.00PB¢
3-6 113,124 70.1208¢ 69.50°¢P 56.62°B¢ 36.62°PE
0-3 81.50348 41.62°CP 41.12% 34.255D 23.377DE

! p significance level: SSH p < 0.001; Strata p < 0.001; SSH x Strata p < 0.001.

~“Means within a row with different superscripts differ (p < 0.05) by the Tukey’s test

AfMeans within a column with different superscripts differ (» < 0.05) by the Tukey’s test
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Fig. 1. Bite rate (BR; A), total jaw movements rate (TIMR; B), time per bite (TB; C) and effective
grazing time (ET; D) of sheep as function of different Schedonorus arundinaceus [Schreb.] Dumort.

(Tall Fescue) sward surface heights (SSH).
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Fig. 2. Short-term herbage intake rate (STIR; A) and bite mass (BM; B) of sheep as function of
different Schedonorus arundinaceus [Schreb.] Dumort. (Tall Fescue) sward surface heights (SSH).

Maximum STIR =22.3 cm.
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Fig. 3. Relationship between short-term herbage intake rate (STIR) and bite mass (BM) of sheep as

function of different Schedonorus arundinaceus [Schreb.] Dumort. (Tall Fescue) swards surface

heights (SSH).
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Is there a “double entendre” in the efficient pasture management?3
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Is there a “double entendre” in the efficient pasture management?

ABSTRACT

The pasture management dilemma is oriented towards sustainable intensification and stability
of yield between the ideal compensation of the amount of leaves removed during grazing and
the amount left in the residual, in order to support soil-plant carbon balance and animal harvest
rates. This study aimed to evaluate the optimal point from both plant and animal perspectives,
through the adjustment of instantaneous herbage accumulation rate by the Gompertz curve and
short-term intake rate of sheep using as the species Schedonorus arundinaceus (Tall Fescue) as
an experimental model. Were measured the weekly herbage accumulation during seven growth
periods (October 2015, November 2015, December 2015, March 2016, April 2016, August
2016 and September 2016) with the initiation dates in a randomized complete block design with
four repetitions. Total herbage mass, leaf lamina mass, pseudo-stems + sheaths mass, senescent
mass and sward surface height were collected. The results demonstrated that the pre-grazing
sward surface height of 22.30 cm of Tall Fescue promotes the maximization of the short-term
intake rate of sheep and the instantaneous herbage accumulation rate in the spring and autumn
periods. Therefore, we find a convergent point in the plant-animal interface that provides

increases in productive efficiency in agricultural systems.

Keyword: Grazing management, efficiency of production, sustainability, Festuca arundinacea

Schreb, Tall Fescue.
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1. Introduction

The pasture management dilemma is oriented towards sustainable intensification
(Gunton et al., 2016) and stability of yield (Conway, 1987) between the ideal compensation of
the amount of leaves removed during grazing and the amount of residual, in order to support
soil-plant carbon balance and animal harvest rates (Hodgson and Da Silva, 2000; Pearson et al.,
2011).

Thus, the way in which pasture is managed has a direct influence on the maintenance of
productivity, profitability, biodiversity and mitigation of greenhouse gases in pastoral systems
(Zhang et al., 2015) and desertification (Feng et al., 2015).

Plant growth and development can be represented by a sigmoid curve (Yin et al., 2003;
Thornley and France, 2005). In pasture management, the curve can adequately illustrate
herbage production as a function of time, as a consequence of the management adopted (Barker
et al., 2010), where the dynamics of carbon (Brougham, 1955; Richards and Caldwell, 1985;
Pearson et al., 2011) and nitrogen (Lemaire et al., 2007), morphogenesis, tillering, height,
architecture (Birch et al., 2003; Evers et al., 2007a; Evers et al., 2007b; Verdenal et al., 2008;
Barillot et al., 2014) and nutritional value for animals (Nave et al., 2013) are implicit.

For a long time, many authors have been discussing the best criteria for pasture
management from a plant perspective. Pearson et al. (1988) indicate as a point of reference the
criterion 95% of light interception (LI) by the sward and critical leaf area index (LAI) as the
moment of interruption of regrowth for temperate species. Da Silva and Nascimento Jr (2007)
suggest the criterion of 95% LI for C4 grasses. Lemaire and Agnusdei (2000) add the
importance of considering the LAI criteria and morphogenic processes.

The plant variables mentioned above describe the processes of growth of the primary
component under the influence of grazing animals, which are very important in predicting

pasture efficiency and long-term sustainability under grazing (Lemaire et al., 2009).
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Carvalho (2013) presented a perspective for pasture management, where by the criterion
is based on the spatio-temporal scales of the plant-animal interface, represented by pasture
sward surface height. From this perspective, several studies have demonstrated that there is an
optimal forage structure for the maximization of the short-term intake rate (STIR) of grazing
ruminants (view Fonseca et al., 2012; Amaral et al., 2013; Mezzalira et al., 2014; Silva et al.,
2017). Therefore, this process can be understood as a way to promote greater harvest efficiency,
as a function of time, by the animal.

Defining management strategies consistent with increased efficiency in agriculture
processes is of paramount importance (Keating et al., 2010; Struik and Kuyper, 2017). Thus the
main question of the work is oriented if is there a common point in pasture management that
maximizes the efficiency for both the primary and secondary components of pasture-based
livestock production?

In this study we consider that the plant growth is under the effect of time as modulator
of growth and plant development processes; however, for the animal the maximum intake rate
can be considered as static in time.

The purpose of this study was to evaluate the optimal point for grazing management
from the plant and animal perspective, through the adjustment of instantaneous herbage
accumulation rate by the Gompertz curve, proposed by Barker et al. (2010), and the short-term
intake rate, proposed by Carvalho (2013), using the species Schedonorus arundinaceus

[Schreb.] Dumort (Tall Fescue) as the model system.

2. Material and Methods
2.1 Experimental Site

Two experiments were conducted at the Canguiri experimental farm of the Federal

University of Parand, located in Pinhais city, Parana, Brazil (25°26'30"S and 49°7'30"W).
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The experimental area of Schedonorus arundinaceus [Schreb.] Dumort cv. INIA Aurora
(nomenclature suggested by Soreng et al. (2001), previously named Festuca arundinacea
Schreb. and Tall Fescue as common name) was seeded at 55 kg ha™!' density in June 2015 using
the conventional tillage method to prepare the seedbed.

Nitrogen, phosphorus and potassium were applied to the experimental area. Phosphorus
was applied before sowing at 540 kg P>Os ha™!. When seedlings were at the 3 to 5 leaf stage,
200 kg ha! of N and 60 kg ha™! of K»O were applied. All fertilizations were carried out
according to the soil analysis. Soil chemical analysis results of the experimental area before
sowing of Tall Fescue (depth 0.00 — 0.20 m) were: 4.55% of organic matter ([C organic x
1.74]/10), pH = 5.70 (CaCly), exchangeable aluminum = 0.00 (cmol. dm™), K = 0.11 (cmolc
dm?), Ca =5.00 (cmolc dm™), Mg = 3.10 (cmolc dm™), V(%) = 71 e P = 2,90 (mg dm™).

The experimental area was managed under continuous stocking beginning in September

2015 with the sward surface height maintained between 10 and 15 cm.

2.2 Treatments, experimental design and measurements

Herbage accumulation was measured during seven growth periods, with initiation dates
in mid-October 2015, mid-November 2015, mid-December 2015, mid-March 2016, mid-April
2016, mid-August 2016 and a mid-September 2016. At the beginning of each growth period,
the forage was clipped to a 5-cm stubble height and allowed to grow unharvested for the
remainder of the growing season. The initiation dates were replicated four times in a
randomized complete block design. Individual plots (experimental units) were 1 m?.

Thirty days before the initiation date of each growth period, N was applied at 90 kg ha
! to avoid growth restriction due to lack of N (Nelson, 2000), and before the beginning of each

growth periods the area was isolated to prevent animal grazing.
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Sward surface height (SSH) was monitored each week using the sward stick, recording
6 points per experimental plot (Barthram, 1985). Herbage mass was randomly collected from a
0.25 m? area within each experimental unit on a weekly basis. The forage samples were
collected at the soil level and afterwards morphological separation was performed to obtain the
total herbage mass (HM), leaf lamina mass (LLM), pseudo-stems + sheaths mass (PSM) and
senescent mass (SM). All samples were dried in a forced air oven at 65 °C until reaching
constant weight.

For the calculation of thermal time (TT), expressed in cumulative degree-days (°Cd),
we used equation 1. The maximum daily air temperatures during the experiment did not exceed
35 degrees, so the coefficient for the upper threshold temperature was considered zero (Moreno
et al., 2014). In this study, 4°C was used as the T, (Errecart et al., 2012).

TT=3(T,~Tp) (1)
where 7, represents the mean daily air temperature (the average of minimum and maximum

temperatures).

2.3 Statistical analysis

HM, LLM, PSM and SM (means of the four experimental units sampled per initiation
date) were fitted to thermal-time accumulation using the Gompertz (equation 2, figure 2) with
software R (R Development Core Team, 2016). Four parameters of the model were estimated
(equation 4) through software R, according to Barker et al., (2010):

H = Hye®™ + Hopyn )

where H is the herbage mass, Ha is the maximum (asymptotic) herbage mass, Hyin is the lower
asymptote for herbage mass, ¢ is the time in thermal time accumulated and @ and b were

parameters that determined the shape and curvature of the Gompertz curve, respectively.
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The calculation of the instantaneous herbage accumulation rate (HAR;) was obtained by

the equation 3:

HAR; = <% = bH e In (=) 3)

eae
The logistic model of Gompertz is characterized by an asymmetric curve, property
increases the biological value to the forage accumulation model, because it is more sensitive to

changes in initial growth rates and suppression of growth (Barker et al., 2010)

3. Results

There was adjustment of the Gompertz model for HM, LLM, PSM and SM, in all
periods, except for those beginning in March and April for the last variable (Fig. 2 and Table
1).

The coefficients of curvature (b) of the Gompertz model for HM, LLM, PSM and SM
varied during the periods of growth. For HM, the highest values of the coefficient b occurred
in the periods beginning in October-2015 (0.0039), November-2015 (0.0036) and September-
2016 (0.0036) and the lowest were in the periods beginning in March-2016 (0.0025) and April-
2016 (0.0025) (Table 1).

For LLM, the highest values of coefficient b occurred in the periods beginning in
October-2015 (0.0060), November-2015 (0.0052) December-2016 (0.0063) and September-
2016 (0.0055) and the lowest in the periods beginning in March-2016 (0.0023) and April-2016
(0.0019) (Table 1).

For PSM, the highest values for coefficient b occur in the periods beginning in August-
2016 (0.0080) and September-2016 (0.0049) and lower beginning in December-2015 (0.0012)
and April-2015 (0.0026) (Table 1).

For SM, the highest values for the b coefficient were in the period beginning in

December-2015 (0.0062) and the lowest values beginning in October-2015 (0.0011) (Table 1).
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HAR; uax of HM varied between 4.76 and 1.60 kg DM ha™! °C™! and HAR; jur of LLM
varied between 4.05 and 1.20 kg DM ha! °C”!, in the periods beginning in October-2015 and
April-2016 respectively. For the HAR,.ax of PSM there was variation between 0.75 and 0.38
kg DM ha'! °C!, in the periods beginning in October-2015 and September-2016, respectively
(Table 1). For the HAR; e of SM the variation was 1.84 and 1.30 kg DM ha'! °C!, in the
periods beginning in September-2016 and August-2016, respectively (Table 1).

The highest optimum total herbage mass at HAR;uax for HM were in the periods
beginning in August-2016, September-2016, April-2016 and October-2015, with values of
2889, 2848, 2160 and 2068 kg DM ha’!, respectively. This HM corresponds to SSH of 23.93,
23.75,25.26 and 22.53 cm (Table 1).

For LLM the highest values of optimum total herbage mass at HAR;.nux Were in the
periods beginning in September-2016, August-2016 and April-2016 and October-2015, with
the values of 2523, 2445, 1323 and 1311 kg DM ha™!, respectively. Values that correspond to
SSH of 21.30, 20.70, 25.51 and 14.07 cm (Table 1).

For the PSM, the highest values of optimum total herbage mass at HAR,..ax were in the
periods beginning in September-2016 and April-2016, with 3689 and 3046 kg DM ha! and
SSH of 28.75 and 31.89 cm, respectively (Table 1).

The highest values of optimum total herbage mass at HAR ;..o for SM were observed in
the periods beginning in August-2016, September-2016 and October-2015, with SSH of 32.42,

30.28 and 40.99 cm, respectively (Table 1).

4. Discussion
4.1 Pasture growth
The HAR..«x Variation observed between growth periods may be related to differences

in mean temperatures (figure 1) during the conduct of the experiment. According to Sun et al.
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(2014) the optimal growth temperature of Tall Fescue is between 15 and 20 °C. Under these
conditions photosynthesis is maximized largely by the high activity of Rubisco, reflecting the
higher assimilation rate of CO> (Sage and Kubien, 2007). Thus, in the periods beginning in
October-2015, April-2016, August-2016 and September-2016, there were average temperatures
0f 20.56, 15.50, 16.99 and 18.50°C promoted increase of HAR;..«x and coefficient b values for
HM and LLM. During the periods of November-2015, December-2015 and March-2016 there
was an increase in the frequency of daily maximum temperatures above 30 °C.

Similar results were verified by Nave et al. (2013), evaluating growth and accumulation
of herbage in a pasture with mixture of Tall Fescue and Poa pratensis L. in Columbus, OH,
USA, were HAR;..ox varied with season, probably based on climatic differences (rainfall and
temperature varied with the season of the year in that study)

The coefficient b in the Gompertz model has the function of adjusting the slope of the
curve in the exponential phase, thus, higher coefficient values represent higher herbage
accumulation rate. In the case of the leaves the increase in coefficient b, provided by the
optimum temperature in relation to lower temperatures, is related to the increase in the rate of
leaf elongation, consequently decreasing the phyllochron (Pearson and Penning, 1988; Thomas
and Stoddart, 1995).

Data for the periods beginning in January-2016, February-2016, May-2016, June-2016
and July-2016 were not presented in this study, as it was not possible to estimate with
confidence the HAR..... We attribute this to the effect of temperature, since in the summer
months (January and February) maximum temperatures were frequently above 30 °C and in
winter (May to July) there were minimum temperatures below 5 °C (Figure 1), which affected
the growth and development of Tall Fescue (Bélanger, et al., 1994; Atkinson and Porter, 1996;

Yin and Struik, 2009).
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In the early stages of regrowth (after the cut), the accumulation of leaves occurs first,
representing a large part of the total accumulation of the pasture. With the increase in LAI, there
is an increase in the interception of light, and as a result, there is an increase in the pseudo-stem
accumulation rates, mainly in response to the effect caused by the alteration of the light quality
within the sward (Aphalo et al., 1999; Gommers et al., 2013) (Figure 2).

There was no adjustment of the Gompertz curve for SM in the periods beginning in
March-2016 and April-2016, since it is probably related to low senescence rates when the plants
grow under the effect of the lower temperature (Thomas and Stoddart, 1995). The effect of
higher temperatures on SM can also be seen in the period beginning in December-2015, with
higher values for coefficient b and optimum SM at HAR....x was lower than the other months
(Table 1).

The decrease of the growth rate is related to the advance of the development of the plants
(above the critical LAI), due to the increase of the senescent material rate, age of the leaves,
and shading of the lower leaves, thus reducing the photosynthetic efficiency (Gastal and
Lemaire, 2002; Li et al., 2013; Li et al., 2014; Pedreira et al., 2015).

The Huin values, in the periods beginning in October-2015, November-2015 and
December-2015, was probably lower than in 2016 because the tall fescue had just been
established in June 2015 as the stand established, the H,.i» increased (more tillers, bigger tillers,

etc), so the Hyin naturally increased.

4.2 Implications for pasture management

The results obtained in this work suggest that the SSH referring to the optimum total
herbage mass at HAR. e for HM and LLM are convergent with SSH at STIR_,..x of sheep
(Table 1, Fig. 2 and Chapter 1). For the periods beginning in October-2015, March-2016, April-

2016, August-2016 and September-2016, the SSH at HAR ;. of HM were 22.53, 19.97, 25.26,
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23.93, 23.75 cm, values close to those found at SSH at STIR ,iax, 1.€., 22.30 cm. The SSH at
HAR;max of LLM were close to SSH at STIR.,. in the periods beginning in April-2016,
August-2016 and September-2016, i.e., 25.51, 20.70 and 21.30 cm, respectively.

This means that the net accumulation rate of forage during regrowth (after cut) reaches
the maximum at a SSH very similar to the SSH that provides maximum harvest efficiency for
sheep.

This relationship in the plant-animal interface can be explained by the significant
increase of leaves in the sward (Fig. 2 and Table 1), promoting increases in plant growth
potential and harvesting by the animals, since in this SSH the animals tend to consume only
leaves.

Our results are contrary to the postulates by Briske and Heitschmidt (1991), where they
argued that the optimization processes of interception and light conversion to biomass
production and harvesting efficiency by animals cannot be maximized at the same time. The
authors denominated this process as the fundamental ecological dilemma.

Using pre-grazing SSH of 22.30 cm (Chapter 1) as a management criterion in
intermittent systems, there may be optimization of efficiency in use of light and nitrogen,
tillering rate, carbon balance, and leaf appearance rate. This also may promote less
instantaneous senescent material and an increase in the vegetative period of the forage in
relation to the higher SSH (Nelson, 2000; Gastal and Lemaire, 2002; Evers et al., 2007a,). For
animals in this pre-SSH, high intake of high quality and good digestibility forage occurs,
providing increases in feed conversion efficiency and reductions in methane enteric emissions
by average daily gain of sheep (Savian, 2017; Savian et al., 2018), all of which are criteria that
should be prioritized in pasture management strategies.

Our results demonstrated that the convergence between optimal SSH for plant growth

and harvesting by sheep occurs only under optimal growth conditions of Tall Fescue, i.e.,
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periods beginning in October-2015, March-2016, August-2016 and September-2016. In the
periods beginning in November-2015 and December-2015, HAR;.na occured at lower SSH,
which would probably reduce the efficiency of the herbage net production and increase the
amount of senescent material (figure 2), consequently decreasing herbage production.

For animals, the change in STIR. .4 over time is more related to a drastic change in
sward structure. Guzatti et al. (2017) demonstrated that the STIR .. of animals can be kept
constant throughout the vegetative stage of the forage, with a decrease in the STIR . in the
reproductive stage, caused mainly by the decreasing leaf/stem ratio.

Thus, in the non-optimal periods of plant growth, the production of the system probably
will be more affected by the lower stocking rate, due to lower herbage production, than due to
the individual performance of the animals.

However, an important issue to be considered in pasture management is the grazing
intensity adopted. Pearson et al. (1988) discuss growth processes, based on the growth curve,
under different intensities of sward depletion. The authors suggest that more lenient defoliation
provides a maximization of pasture productive potential, thus maintaining higher
photosynthetic rates.

According to Carvalho (2013) the depletion criterion in the “Rotatinuous stocking”,
occurs when there is a 40% decrease from the pre-SSH, thus promoting the maintenance of the
STIR.nax of the animals during grazing on the paddock (view Fonseca et al., 2012; Mezzalira et
al., 2014).

Savian (2017) applied this concept in an experiment, comparing “Rotatinuous stocking”
with traditional rotational stocking (greater sward depletion and less lenient) of sheep grazing
Lolium multiflorum. Greater herbage production and greater individual performance of the

animals were documented in “Rotatinuous stocking”.
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Management strategies that prioritize the lower intensity of sward depletion promote
less stress on plant regrowth, since there is greater leaf area remaining after grazing, which in
turn is extremely important in the carbon balance process of regrowth (Figure 2). Using this
strategy, the instantaneous growth rate will be maintained in the exponential phase of the curve,
thus promoting a higher frequency of grazing.

Our results suggest that the adoption of the criterion based on the intake behaviour of
the animals has great importance from the perspective of increasing the efficiency of the
ecological processes of the plant-animal interface. However, more studies will be needed to
understand the influence of the heterogeneity of the pasture caused by successive cycles of

grazing animals in the HAR..

5. Conclusion

The pre-grazing sward surface height of 22.30 cm in pastures of Tall Fescue promotes
the maximization of the short-term intake rate of sheep and the instantaneous herbage
accumulation rate during the spring and autumn periods. Therefore, this study suggests that
there is a convergent point in the plant-animal interface that provides increases in productive

efficiency in agricultural systems.
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Fig. 1. Rainfall (A) and temperature (B) during the experiments. Black lines at the two corners
of the graphs indicate the start and end date of experiment 1 and the gray range represents the
evaluation period of experiment 2. Blue, black and orange lines represent the minimum, average

and maximum daily temperatures, respectively.
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Fig. 2. Average above ground herbage mass (kg DM ha'), leaf lamina mass (kg DM ha™),
pseudo-stems + sheath mass (kg DM ha!) and senescent mass (kg DM ha™') of Schedonorus
arundinaceus, for seven initiation dates with fitted Gompertz curves. The bars represent the

standard error of the mean for each week. The equations for each curve are presented in table

1.
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5. CHAPTER 3

Resilience in an integrated crop—livestock system under different grazing intensities*

4 Prepared in accordance with the standards of the Agriculture Ecosystem & Environment
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General resilience in an integrated crop—livestock system under different grazing intensities

ABSTRACT

Sustainable intensification of current and future food production demands strategies consistent
with ecological principles and concepts in promoting agricultural production, efficiency and
resilience. Allied to this, agriculture should be oriented to favor the reduction of undesirable
socioeconomic conditions, negative external economic and environmental impacts promoted
by climate change. The objective of this study was to assess different agricultural systems based
on a traditional integrated crop-livestock system (ICLS) in the southern region of Brazil and a
specialized soybean system under the aspect of economic and ecological resilience over a five-
year period under the influence of different sources of environmental variation. The study was
based on a long-term ICLS trial that has been carried out since 2001, composed of soybean
production during summer and grazing in the winter of a mixed pasture of black oat and italian
ryegrass, maintained under no-tillage management. Treatments consisted of four sward heights
(grazing intensities) 10, 20, 30 and 40 cm (ICLS) plus a control (no-grazing/crop system —
NG/CS), in2009/2010, 2011/2012,2014/2015,2015/2016 and 2016/2017. The experiment was
carried out using a randomized complete block design with three replicates. The ecological
network analysis was applied to each treatment and year, for the assessment of the resilience of
nitrogen (N-Ryow) and phosphorus (P-Ry,) flows. In an input-output model, we compared the
economic resilience (Russ) of the systems facing the same climatic hazards, price volatility and
management options, through the 1 — coefficient of variation (CV) of the gross value added
(GVA) per hectare and of its components. We show that integrated systems are more
economically resilient than specialized cropping systems. If we show that grazing management

options could explain differences between ICLS (10 to 40 cm), globally, considering the GVA,
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there is no difference between ICLS. From the network flows, we find the same conclusion
(integrated system more resilient than specialized, no difference between ICLS). The
conclusions are the same, considering P or N flows. Ry, (N or P) is a good proxy to assess the

general resilience of an agroecosystem.

Keywords: Nitrogen flows, Phosphorus flows, Economic analysis, Sustainability, Ecological

network analysis

1. Introduction

According to FAO (2014) the production of current and future safe food must be in
accordance with the principles of sustainable agriculture in a manner that is environmentally,
economically and socially responsible over time. The development of an agriculture focused on
sustainable intensification is based on the application of ecological concepts and principles,
favoring the diversity and heterogeneity of the landscape, to be productive, efficient and
resilient, combined with the reduction of undesirable socioeconomic conditions, economic and
environmental impacts promoted by climate changes (Bonaudo et al., 2014; Altieri etal., 2015).
In this context, resilience in agriculture is an important factor regarding future prospects, such
as food supply for a growing population, instability and climate change, scarce raw materials
and economic instability (Altieri etal., 2015; Li, 2011; Fair et al., 2017; Chaudhary et al., 2018).

The concept and application of the term resilience has been widely discussed in the
literature. According to Mori (2011), ecological resilience is the most adequate concept and
presents better application in the aspect of ecosystem management. Angeler and Allen (2016)
discussed definitions and concepts related to resilience and suggested the definition of
ecological resilience proposed by Holling (1973) as “a measure of the amount of change needed

to change an ecosystem from one set of processes and structures to a different set of processes
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and structures”, i.e., the ability of a system to absorb an amount of disturbance without changing
to a different state. Increasing resilience means promoting ecological adaptation mechanisms
in terrestrial ecosystems, in other words, a relationship of interdependence with climatic and
management aspects of productive systems (Morecroft et al., 2012; Altieri et al., 2015; Seidl et
al., 2016; Briske et al., 2017). It is directly related to the increase of diversity and complexity,
coupled with the adoption of agroecological practices, thus promoting a greater participation of
compartments in the outflows and ecosystem services (Briske et al., 2008; Heller and Zavaleta,
2009; Duru et al., 2015; Stark et al., 2016). Integrated crop-livestock systems (ICLS) according
to Stark et al. (2018) appear as effective production systems to promote the improvement of
resilience. This is, in large part, due to the use of practices that improve physical, chemical and
biological quality of the soil, nutrient recycling, increased diversity of functional groups of
plants, diversity of the production system, regulation of pests and diseases, among others
(Morecroft et al., 2012; Altieri et al., 2015; Rapidel et al., 2015; Garrett et al., 2017; Migliorini
and Wezel, 2017). In this way, understanding the dynamics of resilience is fundamental to
achieving sustainable human interactions with their ecosystems of support (Mori, 2011;
Angeler and Allen, 2016,).

Stark et al. (2018) used Ecological Network Analysis (ENA) to assess the interest of
crop-livestock integration at the farm level. ENA is a methodology oriented to analyze the
ecological interactions within the ecosystems, used to identify holistic properties through the
network of flows (Fath et al., 2007). They assessed the resilience through the concept of
ascendancy proposed by Ulanowicz et al. (2009), modeling the nitrogen fluxes in
agroecosystems of humid tropics, from the annual operation of farms. They suggested that
resilience studies in agricultural systems should address, for a better understanding, the
interannual effect of environmental factors, peculiarly to test the theoretical indicator of

resilience calculated at a given time from the network analysis. Angeler and Allen (2016) and
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Seidl et al. (2016) argued about the importance of using multiple approaches to resilience
measures (within the ecological and socioeconomic context) in the studies, because it is thus
possible to have a broader understanding of the general resilience of ecosystems.

The first hypothesis of this study is that agricultural systems that seek to increase the
diversity of production, will promote greater general resilience over time compared with more
specialized systems. The second hypothesis is that, for a system combining a given range of
productions, the management practices have an impact on the resilience. The objective was to
assess different agricultural production systems based on the traditional ICLS of the southern
region of Brazil and soybean monoculture under the aspect of resilience in the economic and
agronomic context, in five years under the influence of different sources of environmental

variations.

2. Materials and methods
2.1 Area Study

This study used data from a long-term ICLS trial that has been carried out since 2001 in
Rio Grande do Sul state, Southern Brazil (28°56°14.00’S, 54°20°45.61”°W). The soil is a clayey
oxisol (Rhodic Hapludox, Soil Survey Staff, 1999), with 540, 270 and 190 g kg™ of clay, silt
and sand, respectively. The region has a subtropical humid climate (Cfa) according to Képpen’s
classification. From 2009 to 2018, the average maximum monthly temperatures were between
16 °C and 33 °C and the average minimum monthly temperatures were between 6 °C and 21
°C (Fig. 1). Average temperatures presented the same pattern over time. For the monthly
rainfall, there were more important variations between the years. In the summer/autumn of
2011/2012, there was a marked decrease in the amount of monthly rainfall compared to the

historical monthly average of the region. In the first half of 2011, 2015 and 2016 and in the
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second half of 2009, 2012, 2014 and 2015 there were periods in which the rainfall was above
normal.

For the economic conditions, there were large variations in the sale prices of the
products (soybean grains and live animals) and in the purchase prices of the inputs (fertilizers,
seeds, herbicide and live animals) for the period between 2009 and 2017 (Fig. 1).

The variables described above were considered as sources of variation of the external

environment, both climatic and economic, influencing the performance of the studied system.

2.2 Treatments and Experimental Design

The experimental area was managed under no-tillage soybean (Glycine max) production
in the summer and black oat (4vena strigosa) cover crop in the winter since 1993. From May
2001 on, the no-tillage ICLS was adopted, with soybean production during summer and grazing
of mixed black oat and italian ryegrass (Lolium multiflorum) pasture during winter.

The experiment was carried out using a randomized complete block design with three
replicates with experimental units ranging from 0.8 to 3.2 ha. Treatments consisted of four
sward heights (or grazing intensities) 10 (ICLS10), 20 (ICLS20), 30 (ICLS30) and 40 cm
(ICLS40); plus a control non-grazed treatment (no grazing/crop system — NG/CS) representing
the soybean monocropping — winter cover crop system.

In this study the production years of 2009/2010, 2011/2012, 2014/2015, 2015/2016 and
2016/2017, were evaluated. In the 2009/2010, 90 kg ha! of N were applied in winter pasture
phase and 60 kg ha of P,Os and KO in the soybean. In 2011/2012, 90 kg ha™ of N were
applied in winter pasture and 60 kg ha! of P,Os and K,O in the soybean, however, in the period
between November and June there was a drought that affected soybean production. In
2014/2015, 140, 60 and 90 kg ha'! of N, P,Os and K>O were applied, respectively, in the pasture

winter phase. In 2015/2016, only 90 kg of N were applied in the winter pasture phase. In
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2016/2017, 115.5, 60 and 90 kg ha™! of N, P,Os and K,O were applied, respectively, in winter
pasture phase (Fig. 1). The fertilizers used were in the form of urea, triple superphosphate and
potassium chloride, the first one applied in cover at two moments (30 and 60 days after sowing)
and the last two together with sowing of the soybean or black oat.

Basic experimental protocol was carried out uniformly every year. Black oat was seeded
in May at a 45 kg ha™! seeding rate, in rows spaced 17 cm apart, and Italian ryegrass was
established by natural reseeding. In November the area was desiccated (glyphosate +
chlorimuron-ethyl or saflufenacil) and between November and December soybean was seeded
in rows spaced 45 cm apart at a 45 seeds m™ density. Soybean seed inoculation with rhizobium
and agronomic management was performed according to the technical recommendations for
the crop, and the soybean harvest occurred in April.

The stocking period occurred between July and November of each year and grazing
began when herbage mass reached 1500 kg ha™! of DM. The experimetnal animals were cross-
bred Angus x Hereford x Nelore castrated steers with approximately 10 months of age and
average initial body weight of 210 kg. Each grazed paddock received three tester animals and
a variable number of ‘put-and-take’ animals (Mott and Lucas, 1952) in order to periodically

adjust the stocking rate and maintain the sward heights as close as possible to the target.

2.3 Measurements

The monitoring of sward heights was done every 15 days, evaluating 100 points per
paddock using a sward stick (Barthram, 1985). For the determination of the total herbage
accumulation, we performed the evaluation of the daily herbage accumulation rate and the
determination of the herbage mass at the beginning of the stocking period. The latter was
estimated in each paddock by the double sampling technique (Wilm et al., 1944). For this

purpose, five samples of 0.25 m? were determined by clipping above litter level at random
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locations and oven dried at 50 °C until reaching constant weight. For the correction of the
herbage mass at paddock level, a calibration equation was generated by the linear regression
between the herbage mass of the samples and the sward height measured at five points per
sample. This equation was then applied to the average paddock sward height to determine the
initial herbage mass. Herbage accumulation rates were determined every 28 days using three
exclosure cages per experimental unit (Klingman et al., 1943). Total herbage accumulation was
calculated by the product between the daily herbage accumulation rates of all the periods and
the number of days in the corresponding period, added to the initial herbage mass at the
beginning of the stocking period.

For the evaluation of animal performance, steers were weighed at the beginning and at
the end of the stocking period after 12-hour feed and water restriction. Average daily gain was
calculated by the division between the total live weight gain of the tester animals and the
number of days in the stocking period. To evaluate the productive outputs of the system, we
calculated the live animal production (LAP - kg ha™! year!) as the sum of the live weights of
the testers and the ‘put-and-take’ animals of each paddock at the end of the stocking period.

At the end of the stocking period, pasture litter was sampled using the same
methodology described for the herbage mass determination. All pasture assessments were also
performed to NG treatment. Soybean grain yield (SGY - kg ha! year!') was determined at R8
stage (harvest maturity), by sampling five random points of 4.5 m? per paddock. The samples

were threshed, cleaned, weighed and the grain moisture was determined and adjusted to 13%.

2.4 System conceptualization
A conceptual model of the systems was developed with the purpose of determining all
compartments and the biomass and mineral flows between them and with the external

environment (Fath et al., 2007; Rufino et al., 2009). For the ICLS, the model was composed of
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five compartments, Soil, Annual Winter Pasture, Summer Crop, Air and Animal. For NG,
model was composed of four compartments Soil, Winter Cover, Summer Crop and Air. The
Air compartment corresponds to the source for atmospheric N uptake by bacteria in the process
of symbiosis via biological N-fixation flow (Fig. 2).

The inflows (from the environment) correspond to the flows of mineral fertilizers and
seeds towards the soil compartment; and the flows of purchased live animals and mineral salt
towards the animal compartment. The productive outflows (for the environment) correspond to
animal products (live animal production) and crop products (soybean grain yield). The non-
productive outflows (for the environment) correspond to flows as potential sources of system
pollution and / or losses (emissions from animal wastes and mineral fertilizers such as leaching
and volatilization), soil nutrient unavailability and flows that participate in the processes of
organic accumulation and mineralization. In this study we did not distinguish the flow of losses
and the accumulation of nutrients in the soil, because we understand that this is a process of
complex nature, difficult to quantify and involves the dynamics of nutrients in the soil, under
biotic and abiotic effects (Jarvis et al., 1996, Oenema, 2006; Lemaire et al., 2014) and of each
production system tested.

The assessed models were not considered at steady state and therefore an inflow was
added to the system (from the environment) to characterize the supply of minerals “stored” in
the soil. In this way, the soil compartment within the system is composed of the elements readily
available for the uptake flow towards the compartments winter pasture and summer crop.

From this generic model, all network flows, corresponding to the five treatments, three
repetitions and five years, i.e. 75 networks, were quantified, using data from the experiment,
data from scientific literature and calculations performed in spreadsheets

The uptake flows of the Summer crop compartment were calculated by the difference

between estimated values of the biological nitrogen fixation (Hungria et al., 2005) and soybean
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total nutrient requirement (Malavolta et al., 1997; Hungria et al., 2005) as a function of soybean
grain yield. Residues and senescent flows from Summer crop compartment to the Soil
compartment were considered as the total amount of above ground soybean biomass, calculated
by harvest index (Spaeth et al., 1983; Assmann et al., 2014).

The senescence flow of winter pasture was calculated as the difference between herbage
mass, pasture residue and herbage intake by the animals (Souza Filho, 2017). The flow of
mineral salt was calculated as the difference between the outflow and inflows of animal,
herbage intake and animal excreta flows. The latter was calculated as the difference between
the amount of nutrient exported by the animals and the flow of herbage intake by the animals.

The non-productive outflows are the result of the sum of losses by volatilization when
applying fertilizers or depositing excreta and from leaching or storage of elements in the soil,
in soil organic matter. In 2015/2016 there was no inflow of phosphate fertilizer (Fig. 1), thus
resulting in the negative balance of the system. This means that the flow of phosphorus uptake
in the Winter pasture and Summer crop compartments is a result of the use of the stock of the

nutrient in the soil.

2.5 Data analysis
2.5.1 Resilience assessment through an input-output perspective

Two indicators are used for crop and livestock production: the soybean yield (SGY) for
crop system and the live animal production (LAP) for the livestock system.

In an input-output perspective, we compare the economic resilience (Ryss) of the
systems facing the same climatic hazards, price volatility and management options, through the
variability of the Gross Value Added (GVA) per hectare and of its components. GVA is the
difference between the Gross Production Value (GPV) and the Intermediate Consumption

Value (ICV). GPV was calculated by multiplying the quantity of product units (kg of soybean
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grain or kg of live steers) by the average price of one product unit. The price paid to the farmers
in Rio Grande do Sul state, in May for soybean (CONAB, 2018d) and in November for live
steers (CEPEA 2018a) are considered.

ICV was calculated as the sum of the costs of seeds (CONAB, 2018c), fertilizers
(CONAB, 2018a), herbicide (CONAB, 2018b), steers (CEPEA, 2018a), mineral salt and
veterinary products, for each year evaluated (Fig. 1).

The cost of each intermediate consumption component was the result of the
multiplication between the amount of that component used in the experiment and the average
value of the product paid by the farmers in the state of Rio Grande do Sul, Brazil. The mineral
salt costs were obtained by multiplying the P flow via mineral salt and the value of the average
price of the kg of nutrient of the triple superphosphate provided by CONAB (2018a). Costs
with veterinary products were calculated as the product between the number of animals and the
average cost per animal provided by CEPEA (2018b). No data are available to appreciate the
quantity of energy used to carry out the cropping operations. As they are the same for all
treatments for a given year, the comparison of the cost values was not biased; we systematically
made the same under-estimation of cost values, for a given year. Nevertheless, between years,
the energy cost could vary, due to the price volatility and the differences of operation between
years. In that way, the inter-annual variation of ICV was underestimated. All values were
obtained in Brazilian national currency (R$) referring to domestic market prices for each year
studied, and subsequently converted to constant R$ prices, using the General Price Index
(average of the cities of Brazil and all items, of the Getulio Vargas Foundation). To obtain the
dollar values (US$), the average long-term conversion was made using the current exchange
rates between R$ and US$ (BACEN, 2018).

Russ is calculated from Ryss=1 - CV, with CV, the coefficient of variation being the

ratio between the standard deviation and the average of the variable GVA for the five years of
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the treatments. Ryss can range from -oo to 1. Values close to 1 represent that the systems have

high capacity to absorb the impacts of external economic factors.

2.5.2 Resilience assessment through an ascendency perspective

The resilience of a system is its adaptive capacity to face hazards or disturbances
(Darnhofer et al., 2010). The ascendency should be a dimension of the resilience of a system.
It can be assimilated with the effective activity of a system and can be defined as the capacity
of a system to grow and develop depending on its capacity to exercise efficient activity uses,
while simultaneously keeping a reserve of flexible pathways to adapt uncertainties (Ulanowicz
et al., 2009). The ascendency is calculated as the ratio of the overhead and the development
capacity.

For the ascendency calculation, all flows were converted in terms of N and P per year,
expressed in kg ha! (Appendix A - Supplementary Data). The choice of the N and P flux
resilience for the study was due to the great importance of the cycle of these elements within
the context of sustainability in agricultural systems (Galloway et al., 2008; Bouwman et al.,
2013; Fowler et al., 2013; Cordell and White, 2014). According to Stark et al., (2018) (from
Ulanowicz et al., 2009), the resilience of nutrient flows (Rsow) in the system was calculated as
the ratio between overhead (@ — equation 1) and development capacity (C - equation 2).

@ represents the actual reserve capacity of the system formed by the network of flows
and C is the maximum potential capacity of the system for all flows that can be achieved. This
relationship demonstrates the ability of a system to absorb variations imposed by the external

environment of the system.
® =—3;;T;log(T5/T. T;) (1)

C= —%;;Tijlog(T;/T..) ()
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where, T:. is the total inflow for compartment #; 7., is the total outflow for compartment j; and
T} is the flux between the compartments i and ;.

For Ry calculations, values range from 0 to 1. Value close to 1 mean that the system
requires a substantial amount of energy for the transition to an alternative state, i.e., greater

ability to adapt to the effects of the environment.

2.5.3 Statistical analysis

To perform the ENA analysis for ascendency calculation, N and P flows matrices were
built from the 75 networks obtained by combining all treatments and years, using spreadsheets,
and the indicators @ and C were calculated using the software R (R Development Core Team,
2016). Input and output data were processed and calculated using spreadsheets. Data were
submitted to analysis of variance (ANOVA) according to the model R;;=p + B; + T; + €. The
R;; represents the average of flows and economic resilience of the five years, p the overall
experimental average, B; the blocks, T; the treatments effect and € the experimental error.

When significant (p < 0.05), the means were compared using the Tukey test, at a

significance level of 5%. The data set was analyzed using the software R.

3. Results and Discussion

Under production aspects, soybean production (SGY) was much more sensitive when
facing climatic hazards and management variations, with a 49 to 53% CV, regardless of the
treatment. Animal production (LAP) was more stable, with a CVs ranging from 8% (ICLS40)
to 23% (ICLS10) (Table 1). Indeed, the animal production carried on corresponded to a short
time of the process of beef cattle production, with only a period of a few months of the growth
of young animals, during winter. Compared with all the processes of production of soybean,

from germination to maturation of grains, during summer, this single animal growing process
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is less sensitive to climatic hazards. Growing animals presents some abilities, such as the classic
process of compensatory growth, to cope with forage shortage, so this animal production
exhibits some adaptive capacities to cope with a climatic hazards. Furthermore, the main
climatic hazard observed was a drought during summer (year 2011/2012), so the forage
production in winter, on which animal feeding depended entirely, was less exposed to the risk.
The production of the forage biomass was not as impacted as that of the soybean. The biomass
production of pasture was on average 6000 kg versus on average 600 kg for soybeans,
representing only 10% of soybean biomass in the year 2011/2012 compared with other years.
With a low animal density, the ICLS40 option is the system which presents the lowest CV and
seems to have the least sensitivity to management for animal growth. Indeed, as the grazing
density is the lowest, the animal — vegetation system exhibited here a buffering capacity, to
cope with hazards. The availability of biomass was higher for each animal in the paddock in
the ICLS40 management and enables animals to acquire an adequate daily diet. This effect of
lower animal density has already been shown by Lurette et al. (2013) for dairy farms.

When considering the system input (ICVs), under context of volatility of prices and
management variations, for ICLS10, ICLS20 and ICLS30 the CV (ICVs) was about 38%. They
are the management that are the most dependent on purchases. For NG/CS, CV (ICVys) is 33 %,
with only one activity, the system was less dependent, i.e., mean of ICVs of 470 US$ ha'!
against 1800 to 3000 for 30 to 10 cm. This effect is explained largely by the system input of
livestock (ICVy), associated with animal density, since the average system input for soybean
(ICVc) is the same in all treatments. For ICLS40, the ICVL was on average 799 US$ ha’!
(treatment with lower density of animals) compared with averages ranging from 1373 to 2512
US$ ha'! for systems with higher density of animals. The ICLS40 is the more stable

management, with a CV (ICVs) of 27% (Table 1). With a balance between animal and soybean
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(in term of ICVys), the integrated system is more stable, facing price volatility, than the crop
Soybean specialized system.

Considering the gross production value of system (GPV5s), facing climatic, management
and price variations represented by the several treatments, NG/CS (soybean specialized) is very
sensitive, with a CV (GPVs) of 47 %, having the same level of variation as yield. The ICLS20,
ICLS30 and ICLS40 managements are the most stable, with CV (GPVs) of 22, 25 and 23%,
respectively. The interest of mixing two activities (crop and livestock), one rather sensitive
(soybean), and the other more stable (livestock) is therefore highlighted. ICLS10 is
intermediate, with a CV (GPVs) of 30 %. When there are many animals in ICLS, the sensitivity
to context variation of the ICLS is higher. Thus, for 10 cm the CV of the gross production value
of livestock (GPVy) was 30%, compared with 26, 27 and 24% for 20, 30 and 40 cm, respectively
(Table 1).

For the gross value added of the system (GVAs), facing all hazards and variations,
NG/CS was most sensitive, with CV of 88%. For the ICLS, CV ranged from 39 to 45%. Finally,
if there are various behaviours of the four ICLS systems for the several components of the
GVA, they did not differ when considering the Russ, given by 1 — CV of GAVs. Combining
crop and livestock activities within a farming system allowed lower sensitivity than what was
observed in the specialised system. It results in more resilient ICLS (i.e. exhibiting higher
values of Ryss) compared with NG/CS (p < 0.01) (Fig. 3).

Russ is a very interesting indicator because it addresses very different environmental
factors, under complex and dynamic processes (local and global), which are within the scope
of social, economic, political, agricultural and climatic scales (Fair et al., 2017), thus allowing
for more consistent results for the understanding of agricultural resilience. Moreover, the

economic approach of the productive system is usually the main point of interest of the farmer.
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This analysis confirms the relevance of combining two productive activities in a farming
system to improve its global resilience. When an activity faces hazards, the other activity might
not be affected. Indeed, the second activity could be less exposed to the risk or less sensitive to
the risk than the first one. We saw here that the animal operation was less sensitive to climatic
hazards with more stable outputs over time than the soybean production. We could also consider
that the integration of livestock with cropping was a good way to improve resilience. For
instance, there was no purchase of feed for the animal, except for mineral salt. The animal
production was based on the biomass production of the system, produced on the same area of
land as soybean. This enabled decreasing the dependency of the animal operation on external
inputs, which was in consequence less exposed to price volatility. Nevertheless, the animal
production was highly dependent because of the purchase of animals to be raised; but, even
with that exposure to external price volatility, the ICLS systems were more resilient than the
soybean production. Those results show that there is not a direct link between the level of
dependency, evaluated through the economic value of the intermediate consumptions, and the
level of resilience.

In the resilience through ascendancy perspective (Rqow), facing climatic, management
and input variations, there was a significant difference between ICLS (whatever the animal
density) and NG/CS for N-Rpow (p < 0.001) and P-Rpow (p < 0.001). N-Rpoy and P-Ryon
presented similar results, i.e., N-Ryo, and P-Ry,y in the integrated systems was higher compared
with the specialized crop system (Fig. 4 and 5). The N-Ry,, in ICLS averaged 0.51 and in NG
it averaged 0.45 (Fig. 4). The P-Ryo, in ICLS averaged 0.56 against 0.49 for NG.

Stark et al. (2018) analyzing different productive systems, verified that the N-Ry. is
linked to the diversity of flows of the system, thus providing, adaptive capacity to the system

as alternative ways to the flows.
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Thus, in the ICLS, the animal compartment acts as a promoter of the nutrient cycling
through manure and urine, since small a amount of the nutrient intake during the grazing phase
is exported out of the system (Sneessens et al., 2016). In addition, under grazing, there is an
increase in availability as well as a gradual release of nutrients over time, and greater soil
exploration by pastures, contributing to a greater recycling of nutrients (Assmann et al., 2015;
Deiss et al., 2016; Assmann et al., 2017). This, in turn, promotes a more homogeneous
distribution of flows between all compartments within the system. Martins et al. (2016)
demonstrated that under ICLS soil acidification decreased in the long-term due to lower
amounts of non-productive losses of calcium (Ca) and magnesium (Mg) and nutrient recycling,
resulting in higher pH values and lower levels of aluminium (Al) saturation, suggesting that the
presence of grazing animals promotes chemical resilience in agricultural soils.

According to Ulanowicz et al. (2009) a resilient system must have sufficient effective
activity to maintain its integrity over time and have a pool of flexible actions that can be used
to meet the demands of new disturbances.

Probably the statistical equality between the grazing intensity treatments (Figures 3, 4
and 5) is due to the large amounts of inflows (purchase of animals, fertilizers and seeds) and
low density of "perennial" compartments in the system. Therefore, any effect of grazing
management was of relatively short duration in the whole production system. This promotes a
dissolution of the effects caused by grazing intensities.

Management strategies based on the improvement of ecological processes and
functional characteristics are an interesting way to promote resilience, because under changes
of disturbance regimes there is preservation of the functioning of the system, thus promoting
less impact on the response variables (Altieri et al., 2015; Seidl et al., 2016).

Even under very different sources of environmental variation over the years - as changes

in the quantities and moments of N and P applications, drought periods, rainfall above normal,
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natural oscillation of the region's climatic factors and variation in the prices of intermediate
consumption values and of gross production value components (Fig. 1) - the results were
consistent for the three calculated resilience indicators (Russ, N-Rpow, P-Rpow) tackled for
economic, technical and environmental aspects. Thus, this study addressed a more realistic
context of global agricultural resilience. The results suggest that regardless of the approach
(ecological or socioeconomic), the indicators when measured individually, express an adequate
analysis of general resilience. This can also be observed for the N-Ryo, and P-Ryow under the
temporal context (data not shown in the study). Similar responses are observed under the annual
and multiyear analysis, i.e., higher values of Rpow (N and P) for integrated system in relation to
specialised crop system in each year. Thus, the ascendency perspective, appraising Ryow (N and
P) at a given time, is a good way to compare the global resilience of various agroecosystems. It
could be used for instance in an ex ante evaluation of systems, to design more resilient
innovative farming systems. We could consider that the appreciation of resilience through the
analysis of the flow networks gives a good evaluation of the interest of diversity of activities
and of their integration, even in an economic dimension, in order to cope with price volatility.
Nevertheless, this statement is based only on the comparison of two systems, a specialized crop
system and an integrated crop-livestock system. To generalize those first results, it would be
relevant to compare a broader diversity of farming systems, with more complex animal
production operations, with reproductive females, and more diversified cropping systems.
According to Seidl (2014) under the scenario of high global uncertainties, the implementation
of resilience in agroecosystems is a more robust strategy than anticipating and mitigating risks,
because those risks are for the most part poorly understood and are unpredictable. Increasing
resilience means making systems more capable of absorbing disturbances (Heller and Zavaleta,

2009; Poiani et al., 2011), an important issue especially from the perspective of climate change.
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4. Conclusion

Based on results obtained from an input-output analysis (technical and economic
perspectives) and the inter-annual variations of GVA components as a way to assess economic
resilience: integrated systems are more resilient than specialized crop systems (first hypothesis).
If grazing management options could explain differences between ICLS (10 to 40 cm), globally,
considering the GAV, there is no difference between ICLS (the hypothesis that management

practices have an impact on resilience was only partially validated)

In an ascendancy perspective to assess the resilience, from the network flows, the same
conclusion emerges (integrated system more resilient than specialized, no difference between
ICLS). The conclusions are the same, considering P or N flows. Ry, (N or P) is a good proxy

to assess the general resilience of an agroecosystem.
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Fig 2. Conceptual model proposed for the ENA analysis applied in an integrated crop—livestock
system with different grazing intensities (10, 20, 30 and 40 cm) and in a no-grazing/crop system
(NG/CS). The variation factors of the systems (treatments) are represented by the blue and
green colorations, which represent the animal stocking (heights of pasture management) and
different fertilization strategies in the years, respectively. The larger rectangle represents the
boundary between the system and the external environment. The rectangles within the systems
represent the compartments air, soil, animals, summer crop (soybean) and winter pasture (oat
+ italian ryegrass).

Input represents the inflow from the external environment to the system. Qutput represents the
productive outflows from the system to external environment. Internal represents the flows
between the compartments within the system. s/nput represents the inflows of supply of
minerals “stored” in the soil (nutrients unavailable) to the soil of the system (nutrients
available). xQutput represents non-productive outflows from the system to the external

environment.
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Fig. 3. Economic resilience (Russ) in an integrated crop—livestock system with different grazing
intensities (10, 20, 30 and 40 cm) and in a no-grazing/crop system (NG/CS). Same lowercase
letters represents a no significant difference between the treatments (Tukey test, p <0.01). For
each treatment, horizontal bold lines indicate the median values, boxes include the central 50%

of the distribution, and vertical dashed lines the central 95% of the distribution. p-value =0.015.
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Fig. 4. Nitrogen resilience (N-Rpow) in an integrated crop—livestock system with different
grazing intensities (10, 20, 30 and 40 cm) and in a no-grazing/crop system (NG/CS). Same
lowercase letters represents a no significant difference between the treatments (Tukey test, p <
0.05). For each treatment, horizontal lines indicate the median values, boxes include the central
50% of the distribution, and vertical dashed lines the central 95% of the distribution. p-value =

0.0004.
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Fig. 5. Phosphorus resilience (P-Ryow) in an integrated crop—livestock system with different
grazing intensities (10, 20, 30 and 40 cm) and in a no-grazing/crop system (NG/CS). Same
lowercase letters represents a no significant difference between the treatments (Tukey test, p <
0.05). For each treatment, horizontal lines indicate the median values, boxes include the central
50% of the distribution, and vertical dashed lines the central 95% of the distribution. p-value =

0.0004.
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Table Al. Indices obtained by nitrogen and phosphorus estimation of variables used on

construction of conceptual model proposed for the ENA analysis applied in an integrated crop—

livestock system with different grazing intensities (10, 20, 30 and 40 cm) and in a no-

grazing/crop system (NG/CS).

Variable Indices References
Nitrogen
Soybean DM 0.08 kg kg™ Grain Hungria et al., 2005
Soybean Residue 0,0121 kg kg DM Salvagiotti et al., 2008
Soybean Fixed 83,17% of N input Hungria et al., 2005
Soybean Grain 0.0559 kg kg'! Assmann et al., 2014
Soybean Seed 0.06 kg kg! Sbardelotto and Leandro, 2008

Animal Intake
Animal Exportation
Pasture DM
Pasture Residue

0.0349*; 0.0339%; 0.0325%; 0.0293* kg kg! DM
2.8 kg 100 kg' LW
0.0272*; 0.0251%; 0.0255%; 0.0248*; 0.0269" kg kg DM
0.0193 kg kg DM

Souza Filho, 2017

NRC, 2001

Lemaire, 2008; Reyes et al., 2015
Assmann et al., 2014

Black Oat Seed 0.024 kg kg™! Pedo and Sgarbieri, 1997
Phosphorus

Soybean DM 0.0087 kg kg! Grain Malavolta et al., 1997
Soybean Residue 0.0009 kg kg DM Assmann et al., 2017
Soybean Grain 0.0064 kg kg™ Flanery, 1986; 1989
Soybean Seed 0.0061 kg kg™! Gibson and Mullen, 2001
Dung 0.0066 kg kg DM Assmann et al., 2017
Animal Exportation 0.73 kg 100 kg! LW Price and Schweigert, 1994
Pasture DM 0.0051*; 0.0034%; 0.0029%; 0.0021%; 0.0016" kg kg™! DM Mazza et al., 2012
Pasture Residue 0.0026 kg kg'' DM Assmann et al., 2017
Black Oat Seed 0.00335 kg kg'! Pedo and Sgarbieri, 1997

%10 cm

£20cm

***30 cm

$%40 cm

#No-grazing (NG)
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6. FINALS CONCLUSIONS

In the first study it was possible to understand the dynamics in the herbage
intake process at the bite level, from the perspective of optimization of animal herbage
harvest. It was verified that the sward surface height of 22.30 cm of S. arundinaceus
maximizes the short-term intake rate of sheep. Thus, as pasture management target
in a rotational grazing system, it is suggested the surface sward height pre- and post-
grazing of 22.30 and 13.38 cm (data not presented in the thesis), respectively, it should
be adopted in maintaining high amount of herbage intake by the animals.

In the second study, it was verified that there are high herbage accumulation
rate in the autumn and spring periods, with a maximization of the instantaneous
herbage accumulation rate in the sward surface height between 19 and 25 cm.

The results of the two chapters suggest that the adoption of the pre-grazing
criterion at the surface sward height of 22.30 cm increases the efficiency of the
ecological processes of the plant-animal interface.

According to Altieri and Nicholls (2005) agricultural management based on
understanding the relationships of ecological processes of ecosystems can be
manipulated to produce in a sustainable way.

In this way, in the third chapter, found that agricultural systems that adopt
diversification with grazing animals are important promoters of agricultural resilience
under the nutrient flow and economic context. The grazing intensity had no influence
on the promotion of resilience. The significant equality between the grazing intensities
tested may be related to the high dependence of the external factors and the low
perennially of the compartments belonging to the studied systems.

Future works, on the integrated system context, should focus on the impact of
different management strategies on "perennial" crop and livestock components to
promote efficiency, resilience, and productivity of agroecosystems. In addition, studies
should analyze the impact of management on the diversity of biological interactions in

the network flow.
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of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a "Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

After acceptance, open access papers will be published under a noncommercial license. For authors
requiring a commercial CC BY license, you can apply after your manuscript is accepted for publication.

This journal offers authors a choice in publishing their research:

Subscription
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» Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* No open access publication fee payable by authors.

* The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold open access

» Articles are freely available to both subscribers and the wider public with permitted reuse.

* A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 3100, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

In addition, the International Society for Applied Ethology can help members with the preparation
of manuscripts for publication in Applied Animal Behaviour Science (and other English-language
journals). Non-members of this Society will first need to join to gain access to this service: contact the
Membership Secretary, Dr. Priya Motupali, e-mail: isaemembership@hotmail.co.uk. Members should
send requests for assistance to Dr. Janice Siegford, E-mail: siegford@msu.edu. Include the paper title,
authors, contact address (including fax and e-mail if possible), key words and the journal to which
the paper will be submitted. Do not send the manuscript. You will be sent the details of someone who
will help you with the English of your paper. The helper should be acknowledged in your paper, but
will not expect to be included as an author.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.evise.com/profile/#/APPLAN/login
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PREPARATION

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

The use of English, punctuation and grammar should be of a sufficient high standard to allow the
article to be easily read and understood. Do not quote decimals with naked points (e.q. use 0.08,
not .08). Times of day should be in the format 10:00 h. Numbers less than 10 should be text, unless
they are followed by a unit of measurement or are used as designators e.g. seven pigs from Group
3 were each trained for 7 days, with three sessions each lasting 3 min. Numbers greater than nine
should be written as numerals.

Manuscripts in general should be organized in the following order:

sTitle (should be clear, descriptive and not too long)

sName(s) of author(s) - we would like to publish full first names rather than initials, and would
appreciate it if you would provide this information

sComplete postal address(es) of affiliations

Full telephone, Fax No. and e-mail address of the corresponding author

Present address(es) of author(s) if applicable

Complete correspondence address including e-mail address to which the proofs should be sent
eAbstract

sKeywords (indexing terms), maximum 6 items

sIntroduction

sMaterial studied, area descriptions, methods, techniques and ethical approval
eResults

sDiscussion

*Conclusion

sAcknowledgment and any additional information concerning research grants, etc.
sReferences

sTables

sFigure captions

sTables (separate file(s))

sFigures (separate file(s)).

Manuscripts should have numbered lines, with wide margins and double spacing throughout, i.e.
also for abstracts, footnotes and references. Every page of the manuscript, including the title page,
references, tables, etc., should be numbered. However, in the text no reference should be made to
page numbers; if necessary one may refer to sections. Avoid excessive usage of italics to emphasize
part of the text. Articles should not normally exceed 25 pages of text (11-point font, aligned left and
double spaced) and contain a maximum of six or seven Tables and Figures in total.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

The introduction "sets the scene" for your work. Do not over-reference statements; two or three key
references should suffice unless each adds something specific. The introduction should not normally
be more than 750 words (approximately three pages).
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Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

When locations are given, it should be remembered that this is an international journal and provide
the state/county and country, or longitude and longitude for lesser-known locations. Full details of
commercial products and technical equipment should be provided, as necessary, including name of the
model, manufacturer and location of manufacture, and any Trademarks. As appropriate, a statement
should be made that the work has received ethical approval or that the authors have read the policy
relating to animal ethics and confirm that their study complies. Data collection and collation: units
of all measures need to be specified; the experimental design should be explained together with an
explanation of the experimental unit; the ways in which data are derived must be specified (e.qg.
individual scores were summed for the four, 12-h periods and the mean used for the analysis);
the methods used for determining the normality of distribution of the residuals and homogeneity of
variances need to be specified; any transformations of data need to be described; statistical analyses
need to be reported in full.

This section should include only results that are relevant to the hypotheses outlined in the Introduction
and considered in the Discussion. Present results in tabular or graphical form (see following sections)
wherever possible. Text should explain why the experiment was carried out, and elaborate on the
tabular or graphical data. Sufficient data should be presented so that the reader can interpret the
results independently. If data require transformation to be suitable for parametric analyses, then
due consideration needs to be given as to which and how data are presented in the manuscript. For
example, putting error bars on graphs of the raw or back-transformed data is meaningless if analysis
was performed on transformed data. To assist with interpretation of biological meaning, however,
back-transformed means (but not errors) could be presented instead of/in addition to transformed
data. In particular, statistical analyses should be complete and appropriate, and full details should
be given either in the text, or in the Figures or Tables legends. Include the type of test, the precise
data to which it was applied, the value of the relevant statistic, the sample size and/or degrees of
freedom, and the probability level. Any assumptions that have been made should be stated. If in
doubt, a statistical expert should be consulted.

The discussion should interpret the results, and set them in the context of what is already known in
the appropriate field. This section should normally start with a brief summary of the main findings.
The discussion should be focused and limited to the actual results presented, and should normally
not exceed about 1500 words. All results presented in the Results section should be discussed (if
they do not warrant discussion, they do not warrant inclusion) and there should be no presentation
and discussion of results that have not been presented in the Results section (i.e. no new data
presented in the Discussion). Any necessary extensive discussion of the literature should be placed
in the Discussion, and not in the Introduction.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

It should provide a brief "take home" message and briefly outline the application/implications of the
study's findings.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all hames are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
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s Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

As this is the most-read part of a paper, it is useful to provide some data and significance levels in
the description of the main results. The Abstract should not be longer than 400 words.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of theirimages
and in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file name.

Highlights are three to five bullet points that provide readers with a quick overview of the article.
These provide the context, core results and highlight what is distinctive about the work.

- Include 3 to 5 highlights.
- There should be a maximum of 85 characters, including spaces, per highlight.
- The core results only should be covered.

See http://www.elsevier.com/highlights for examples.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant nhumber aaaal.

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:
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This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

1. Authors and Editors are, by general agreement, obliged to accept the rules governing biological
nomenclature, as laid down in the International Code of Botanical Nomenclature, the International
Code of Nomenclature of Bacteria, and the International Code of Zoological Nomenclature. 2.
All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their scientific
names when the English term is first used, with the exception of common domestic animals. 3.
All biocides and other organic compounds must be identified by their Geneva names when first
used in the text. Active ingredients of all formulations should be likewise identified. 4. For chemical
nomenclature, the conventions of the International Union of Pure and Applied Chemistry and the
official recommendations of the IUPAC-IUB Combined Commission on Biochemical Nomenclature
should be followed. Units and abbreviations should conform to the Systeme International d'Unites.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

In chemical formulae, valence of ions should be given as, e.g. Ca2+, not as Ca''. Isotope numbers

should precede the symbols e.g. 180, The repeated use of chemical formulae in the text is to be
avoided where reasonably possible; instead, the name of the compound should be given in full.
Exceptions may be made in the case of a very long name occurring very frequently or in the case
of a compound being described as the end product of a gravimetric determination (e.g. phosphate
as P205).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

¢ Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

¢ Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the published version.

¢ Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:
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* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

* Figures and Tables to be uploaded as separate files while submitting manuscript.
» Tables to be sent as editable source files (.doc or .xls) with heading on it.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Figure captions should be understandable without reference to the main text. Figures should not
duplicate results described elsewhere in the article.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Table captions should provide sufficient detail that the Table can be understood without reference to
the main text.

Authors should take notice of the limitations set by the size and lay-out of the journal. Large tables
should be avoided. Reversing columns and rows will often reduce the dimensions of a table.

* Figures and Tables to be uploaded as separate files while submitting manuscript.
* Tables to be sent as editable source files (.doc or .xIs) with heading on it.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
S0 you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
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(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of such
citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references
and citations as shown in this Guide. If you use reference management software, please ensure that
you remove all field codes before submitting the electronic manuscript. More information on how to
remove field codes.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/applied-animal-behaviour-science

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.
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Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese ocak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
Xxwj98nb39r.1.

References to books
If a book or monograph is cited as a source of specific information, then please give the relevant

page(s).

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.
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This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. Before submitting your article, you can deposit
the relevant datasets to Mendeley Data. Please include the DOI of the deposited dataset(s) in your
main manuscript file. The datasets will be listed and directly accessible to readers next to your
published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer guestions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
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stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will

be published.
© Copyright 2018 Elsevier | https://www.elsevier.com
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DESCRIPTION

The European Journal of Agronomy, the official journal of the European Society for Agronomy,
publishes original research papers reporting experimental and theoretical contributions to field-based
agronomy and crop science. The journal will consider research at the field level for agricultural,
horticultural and tree crops, that uses comprehensive and explanatory approaches. The EJA covers
the following topics:

crop physiology crop production and management including irrigation, fertilization and soil
management agroclimatology and modelling plant-soil relationships crop quality and post-harvest
physiology farming and cropping systems agroecosystems and the environment crop-weed
interactions and management organic farming horticultural crops papers from the European Society
for Agronomy bi-annual meetings In determining the suitability of submitted articles for publication,
particular scrutiny is placed on the degree of novelty and significance of the research and the extent to
which it adds to existing knowledge in agronomy. Confirmatory research and results routine cultivar or
agronomy trials in which there are no identified biological processes will not normally be considered for
publication. Modelling studies have to be informative and innovative and used to illustrate important
generic issues facing agronomy. Studies in which a model is only tested against observed data for
its goodness-of-fit are not generally welcome. Field experiments need to be either multi-locational
or multi-year and normally three at least and be accompanied by appropriate statistical analysis.
Glasshouse experiments are only accepted in exceptional circumstances. Review articles are normally
written on invitation from the Editor-in-Chief. Authors intending to prepare review papers for the
Journal are advised to consult the Editor-in-Chief before writing their reviews. Forthcoming special
issues are focusing on uncertainty analysis in models and the status of non-renewable resources in
agriculture.

AUDIENCE

Agronomists, crop/plant scientists, soil scientists

IMPACT FACTOR
2016: 3.757 © Thomson Reuters Journal Citation Reports 2017
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format’
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

The European Journal of Agronomy, the official journal of the European Society for Agronomy,
publishes original research papers reporting experimental and theoretical contributions to field-based
agronomy and crop science. The journal will consider research at the field level for agricultural,
horticultural and tree crops, that uses comprehensive and explanatory approaches. The EJA covers
the following topics:

crop physiology crop production and management including irrigation, fertilization and soil
management agroclimatology and modelling plant-soil relationships crop quality and post-harvest
physiology farming and cropping systems agroecosystems and the environment crop-weed
interactions and management organic farming horticultural crops papers from the European Society
for Agronomy bi-annual meetings In determining the suitability of submitted articles for publication,
particular scrutiny is placed on the degree of novelty and significance of the research and the extent to
which it adds to existing knowledge in agronomy. Confirmatory research and results routine cultivar or
agronomy trials in which there are no identified biological processes will not normally be considered for
publication. Modelling studies have to be informative and innovative and used to illustrate important
generic issues facing agronomy. Studies in which a model is only tested against observed data for
its goodness-of-fit are not generally welcome. Field experiments need to be either multi-locational
or multi-year and normally three at least and be accompanied by appropriate statistical analysis.
Glasshouse experiments are only accepted in exceptional circumstances. Review articles are normally
written on invitation from the Editor-in-Chief. Authors intending to prepare review papers for the
Journal are advised to consult the Editor-in-Chief before writing their reviews. Forthcoming special
issues are focusing on uncertainty analysis in models and the status of non-renewable resources in
agriculture.

1. Original research papers (regular papers). Original research papers should report the results of
original research. The material should not have been previously published elsewhere, except in a
preliminary form.

2. Review articles. Review articles should cover subjects falling within the scope of the journal
which are of active current interest. They are normally written upon invitation by the Editor-in-Chief.
Intending authors should first consult with the Editor-in-Chief.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
¢ E-mail address
¢ Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

¢ Ensure all figure and table citations in the text match the files provided
» Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)
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Further considerations

¢ Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

¢ Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

¢ A competing interests statement is provided, even if the authors have no competing interests to
declare

« Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. If there are no conflicts of interest then please state this:
'Conflicts of interest: none'. More information.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a "Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

This journal offers authors a choice in publishing their research:

Subscription

s Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* No open access publication fee payable by authors.

Open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse.

¢ An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 3300, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.
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Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 24 months.

Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering free
lectures, interactive training and professional advice to support you in publishing your research. The
College of Skills training offers modules on how to prepare, write and structure your article and
explains how editors will look at your paper when it is submitted for publication. Use these resources,
and more, to ensure that your submission will be the best that you can make it.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/euragr/

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough guality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.
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Please ensure the text of your paper is double-spaced and has consecutive line numbering - this is
an essential peer review requirement.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in @ way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section should be avoided. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

¢ Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid

abbreviations and formulae where possible.

s Author names and affiliations. Please clearly indicate the given name(s) and family name(s)

of each author and check that all names are accurately spelled. You can add your name between

parentheses in your own script behind the English transliteration, e.g. "Y. Wang (E¥3F)". Present
the authors' affiliation addresses (where the actual work was done) below the names. Indicate all
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affiliations with a lower-case superscript letter immediately after the author's name and in front of
the appropriate address. Provide the full postal address of each affiliation, including the country name
and, if available, the e-mail address of each author.

s Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

s Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.q., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When

funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.
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If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI. Abbreviate units of measure only when
used with numerals.

Authors and Editor(s) are, by general agreement, obliged to accept the rules governing biological
nomenclature, as laid down in the International Code of Botanical Nomenclature, the International
Code of Nomenclature of Bacteria, and the International Code of Zoological Nomenclature.

All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their scientific names
when the English term is first used, with the exception of common domestic animals.

All biocides and other organic compounds must be identified by their Geneva names when first used
in the text. Active ingredients of all formulations should be likewise identified.

For chemical nomenclature, the conventions of the International Union of Pure and Applied
Chemistry and the official recommendations of the IUPAC-IUB Combined Commission on Biochemical
Nomenclature should be followed.

Math formulae

Present simple formulae in the line of normal text where possible. In principle, variables are to be
presented in italics.

Number consecutively any equations that have to be displayed separate from the text (if referred
to explicitly in the text).

Subscripts and superscripts should be clear.

Greek letters and other non-Roman or handwritten symbols should be explained in the margin where
they are first used. Take special care to show clearly the difference between zero (0) and the letter
0, and between one (1) and the letter I.

Give the meaning of all symbols immediately after the equation in which they are first used. For
simple fractions use the solidus (/) instead of a horizontal line.

Equations should be numbered serially at the right-hand side in parentheses. In general only equations
explicitly referred to in the text need be numbered.

The use of fractional powers instead of root signs is recommended. Also powers of e are often more
conveniently denoted by exp.

Levels of statistical significance which can be mentioned without further explanation are: *P <0.05,
*¥P <0.01 and ***P <0.001.

In chemical formulae, valence of ions should be given as, e.g., Ca2+, not as Ca++. Isotope nhumbers
should precede the symbols, e.g., 180.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

¢ Make sure you use uniform lettering and sizing of your original artwork.

¢ Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

» Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
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Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics’'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
so you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of such
citations should be in the same style as all other references in the paper.
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Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/european-journal-of-agronomy

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr.,, W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
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Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
Xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 150 MB in total. Any single file should not exceed 50 MB. Video and animation files supplied
will be published online in the electronic version of your article in Elsevier Web products, including
ScienceDirect. Please supply 'stills' with your files: you can choose any frame from the video or
animation or make a separate image. These will be used instead of standard icons and will personalize
the link to your video data. For more detailed instructions please visit our video instruction pages.
Note: since video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article that refer to
this content.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.
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In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. Before submitting your article, you can deposit
the relevant datasets to Mendeley Data. Please include the DOI of the deposited dataset(s) in your
main manuscript file. The datasets will be listed and directly accessible to readers next to your
published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX
articles, a new kind of article that describes the details of customized research methods. Many
researchers spend a significant amount of time on developing methods to fit their specific needs or
setting, but often without getting credit for this part of their work. MethodsX, an open access journal,
now publishes this information in order to make it searchable, peer reviewed, citable and reproducible.
Authors are encouraged to submit their MethodsX article as an additional item directly alongside the
revised version of their manuscript. If your research article is accepted, your methods article will
automatically be transferred over to MethodsX where it will be editorially reviewed. Please note an
open access fee is payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

This journal enables you to show an Interactive Plot with your article by simply submitting a data
file. Full instructions.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.
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If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co-authors may order offprints at any
time via Elsevier's Webshop. Corresponding authors who have published their article open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2014 Elsevier | http://www.elsevier.com
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DESCRIPTION

AGRICULTURE,ECOSYSTEMS AND ENVIRONMENT

An International Journal for Scientific Research on the Interaction Between
Agroecosystems and the Environment

Agriculture, Ecosystems and Environment publishes scientific articles dealing with the interface
between agroecosystems and the natural environment, specifically how agriculture influences
the environment and how changes in that environment impact agroecosystems. Preference is given
to papers from experimental and observational research at the field, system or landscape level, from
studies that enhance our understanding of processes using data-based biophysical modelling, and
papers that bridge scientific disciplines and integrate knowledge. All papers should be placed in an
international or wide comparative context.

The focus is on the following areas:

« Biological and physical characteristics and dynamics of agroecosystems.

» Ecology, diversity and sustainability of agricultural systems.

» Relationships between agroecosystems and the natural environment, including land, air, and water.
¢ Agroecosystem and global environmental changes including climate change, greenhouse gases and
air pollution.

* Ecological consequences of intensification, soil degradation, waste application, irrigation, and
mitigation options.

* Environmental implications of agricultural land use and land use change.

All manuscripts are initially screened on their topic suitability and linguistic quality. The following
topics are discouraged unless they provide new information regarding processes operating at
the agroecosystem-environment interface: inventory and survey analysis and impact assessment,
including life cycle and emergy analysis; greenhouse or laboratory-based studies; development of
models or methodologies and pure model application; studies that are purely agronomic, socio-
economic, or political.

AUDIENCE

Scientists in Agriculture, Forestry, Ecology and the Environment, Administrators and Policy-Makers
in these fields.
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GUIDE FOR AUTHORS

INTRODUCTION

Agriculture, Ecosystems and Environment deals with the interface between agriculture and the
environment. Preference is given to papers that develop and apply interdisciplinarity, bridge scientific
disciplines, integrate scientific analyses derived from different perspectives of agroecosystem
sustainability, and are put in as wide an international or comparative context as possible. It is
addressed to scientists in agriculture, food production, agroforestry, ecology, environment, earth and
resource management, and administrators and policy-makers in these fields.

The journal regularly covers topics such as: ecology of agricultural production methods; influence
of agricultural production methods on the environment, including soil, water and air quality, and
use of energy and non-renewable resources; agroecosystem management, functioning, health, and
complexity, including agro-biodiversity and response of multi-species ecosystems to environmental
stress; the effect of pollutants on agriculture; agro-landscape values and changes, landscape
indicators and sustainable land use; farming system changes and dynamics; integrated pest
management and crop protection; and problems of agroecosystems from a biological, physical,
economic, and socio-cultural standpoint.

Types of papers 1. Original papers (Regular Papers) should report the results of original research.
The material should not have been published previously elsewhere, except in a preliminary form.

2. Reviews should cover a part of the subject of active current interest. They ay be submitted or
invited.

3. A Short Communication is a concise, but complete, description of a limited investigation, which will
not be included in a later paper. Short Communications should be as completely documented, both
by reference to the literature and description of the experimental procedures employed, as a regular
paper. They should not occupy more than 6 printed pages (about 12 manuscript pages, including
figures, etc.).

4. In the section 'Comments', short commentaries on material published in the journal are included,
together with replies from author(s).

5. The section 'Opinion Paper' offers a forum for discussion of emerging or controversial ideas, or new
approaches and concepts, in all areas covered by the journal. Contributions to this section should not
occupy more than 2 printed pages (about 4 manuscript pages).

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

¢ All figures (include relevant captions)

* All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

» Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa

¢ Permission has been obtained for use of copyrighted material from other sources (including the
Internet)
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s A competing interests statement is provided, even if the authors have no competing interests to
declare

* Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

Submission checklist - Revisions

While revising the manuscript please ensure that all the figures meet the following requirements:

i) Axes lines are approx. 0.25 mm and in black, and axes have a title.

ii) Axes are clearly marked with units in brackets after the axis title, and ticks/scale marks are inside
of graph.

iii) Title and units are in italics and always in black. Units format is g ha”-1 instead of g/ha.

iv) Plots should have no frames, and data lines are sufficiently thick.

v) Preferred symbols, in order, are open circles, closed (black filling) circles, open and closed squares,
and open and closed triangles. The same symbol should be used for the same entity in different
figures.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. Authors must disclose any interests in two places: 1. A
summary declaration of interest statement in the title page file (if double-blind) or the manuscript file
(if single-blind). If there are no interests to declare then please state this: 'Declarations of interest:
none'. This summary statement will be ultimately published if the article is accepted. 2. Detailed
disclosures as part of a separate Declaration of Interest form, which forms part of the journal's official
records. It is important for potential interests to be declared in both places and that the information
matches. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.
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Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Article Transfer Service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article
is more suitable for another journal, you may be asked to consider transferring your article to
the alternative journal of your choice. If you agree, your article will be transferred automatically
on your behalf with no need to reformat. More information about this can be found here:
http://www.elsevier.com/authors/article-transfer-service.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
‘Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

This journal offers authors a choice in publishing their research:

Subscription

« Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* No open access publication fee payable by authors.

+ The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold open access

» Articles are freely available to both subscribers and the wider public with permitted reuse.
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» A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 3850, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 24 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Qur online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Referees

Please submit, with the manuscript, the names, addresses and e-mail addresses of five potential
referees. The suggested referees should not be part of your or your co-authors' institutions, nor
should you or your co-authors have collaborated with them in the past three years. Potential referees
should be experts in your research field and from several countries.

Note that the editor retains the sole right to decide whether or not the suggested reviewers are used.

PREPARATION
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This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Manuscripts should be prepared with numbered lines, with wide margins and double line
spacing throughout, i.e. also for abstracts, footnotes and references. Every page of the
manuscript, including the title page, references, tables, etc. should be numbered. However,
in the text no reference should be made to page numbers; if necessary, one may refer to sections.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

+ Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
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« Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Optional graphical abstract

A Graphical abstract is optional and should summarize the contents of the paper in a concise, pictorial
form designed to capture the attention of a wide readership online. Authors must provide images
that clearly represent the work described in the paper. Graphical abstracts should be submitted
with a caption. Supply captions separately, not attached to the graphical abstract. A caption should
comprise a brief title (not on the graphical abstract itself). Graphical abstracts should be submitted
as a separate file in the online submission system. Maximum image size: 400 600 pixels (h w,
recommended size 200 500 pixels). Preferred file types: TIFF, EPS, PDF or MS Office files. See
http://www.elsevier.com/graphicalabstracts for examples.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Keywords

Immediately after the abstract, please provide 4-6 keywords, using American spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will
be used for indexing purposes.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.
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Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

» Embed the used fonts if the application provides that option.

¢ Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

» Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

» Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

« Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.
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Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
SO you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, https://doi.org/10.1029/2001]JB000884. Please note the format of such
citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/agriculture-ecosystems-and-environment

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.
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Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b’, 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, 1., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr.,, W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
Xwj98nb39r. 1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.
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Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. Before submitting your article, you can deposit
the relevant datasets to Mendeley Data. Please include the DOI of the deposited dataset(s) in your
main manuscript file. The datasets will be listed and directly accessible to readers next to your
published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.
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MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX
articles, a new kind of article that describes the details of customized research methods. Many
researchers spend a significant amount of time on developing methods to fit their specific needs or
setting, but often without getting credit for this part of their work. MethodsX, an open access journal,
now publishes this information in order to make it searchable, peer reviewed, citable and reproducible.
Authors are encouraged to submit their MethodsX article as an additional item directly alongside the
revised version of their manuscript. If your research article is accepted, your methods article will
automatically be transferred over to MethodsX where it will be editorially reviewed. Please note an
open access fee is payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2018 Elsevier | https://www.elsevier.com
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