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SISTEMAS INTEGRADOS DE PRODUGAO AGROPECUARIA: O PAPEL DA
PASTAGEM NA SOLUGAO DO DILEMA PRODUGAO VERSUS
CONSERVACAO*!

Autora: Taise Robinson Kunrath
Orientador: Paulo César de Faccio Carvalho
Co-orientador: Gilles Lemaire

Resumo — Além dos fins produtivos, as pastagens desempenham importante
papel na preservacdo ambiental e na dinamica da atmosfera e hidrosfera. Esta
tese apresenta dois trabalhos, que demonstram as duas faces da pastagem
nos sistemas produtivos. O primeiro trabalho, se refere a producdo aliada a
conservacdo e teve por objetivos (i) verificar se existe padrdo no
comportamento das variaveis de producdo animal de pastos manejados em
diferentes alturas e (ii) identificar metas de manejo que aliem producédo e
conservagao. Este trabalho foi desenvolvido em um sistema integrado de
producdo agropecuaria (SIPA) de longo prazo (2001-2011), localizado na
regido sul do Brasil. Os tratamentos consistiram de quatro alturas de manejo do
pasto: 10, 20, 30 e 40 cm, delineados em blocos ao acaso, com trés repeticoes.
Foram utilizados novilhos com idade inicial média de 12 meses, sob pastoreio
continuo com taxa de lotacdo variavel. As variaveis de producdo animal e de
pasto estudadas mostraram-se afetadas pelos anos experimentais. No entanto,
existe padrdo nas relacdes entre producédo animal e de pasto ao longo dos 10
anos de experimento. A altura de manejo do pasto de 30 cm permite o acimulo
de residuo sobre o solo, que beneficia o SIPA, e que proporciona ganho animal
satisfatério e estavel ao longo dos anos. O segundo trabalho, de cunho
conservacionista, objetivou avaliar (i) o efeito de diferentes periodos de
duracdo da pastagem em sistemas de rotacdo de cultura na drenagem e
lixiviacdo de nitrogénio; (i) o impacto do nivel de intensificacdo, mais
precisamente do uso da adubacgao nitrogenada durante a fase de pastagens; e
(i) analisar se ocorre um pico de lixiviacdo apos a saida da pastagem e retorno
das culturas de gréos, como consequéncia de uma maior mineralizacdo N. Foi
realizado na Regido centro-oeste da Franga, com uma base de dados de 9
anos, comparando sistemas de rotac&o de cultura de milho, trigo e cevada com
diferentes periodos de participacdo de pastagem mista de Festuca
arundinacea, Lolium perenne e Dactylis glomerata (0, 3, 6 e 20 anos).
Concluiu-se que a introducéo de pastagem na rotacdo de culturas reduz a
concentracdo de nitrato na agua drenada. Quanto maior o tempo de
participacdo da pastagem, maior € a reducdo na concentragdo de nitrato e,
consequentemente, menor a lixiviagdo de nitrogénio, independentemente da
adubacdao nitrogenada durante a fase pastagem.

Palavras-chave — Drenagem; Lixiviacao; Nitrato; Pastejo; Producéo animal.
! Tese de doutorado em Zootecnia — Plantas Forrageiras, Faculdade de
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INTEGRATED CROP-LIVESTOCK SYSTEMS: THE ROLE OF GRASSLAND
IN SOLVING THE DILEMMA PRODUCTION VERSUS CONSERVATION?

Author: Taise Robinson Kunrath
Advisor: Paulo César de Faccio Carvalho
Co-advisor: Gilles Lemaire

Abstract — Further to productive targets, grasslands present an important role
in environmental preservation and the atmospheric and hydrospheric dynamics.
This thesis presents both issues, demonstrating the two roles of pastures in
productive systems. The first work, refers to production with to conservation,
and the objective was (i) verifying the pattern in animal and pasture production
under different swards heights and (ii) identifying management targets that
combine production and conservation. This work was carried out in a long term
integrated crop-livestock system (ICLS) (2001-2011) in Southern Brazil.
Treatments consisted of four swards heights: 10, 20, 30 and 40 cm, in a
randomized block design with three replicates. Steers 12 months old were used,
under continuous grazing with variable stocking rates. Animal and sward
production were affected by the years effect, however, there are pattern on
animal-sward relationship throughout ten years of experiment. 30 cm sward
height allows soil residue accumulation that enables satisfactory livestock
weight gain along the years on ICLS. The second work, which had more
conservation nature, had the objectives: (i) the quantification of the grassland
effect on drainage water quality at the level of a whole crop rotation according to
the duration of the “grassland” phase and then on the relative importance of
grassland area vs arable cropping area in the land use system; (ii) the impact of
the level of intensification and more precisely of the N fertilization use during the
grassland phase; and (iii) the analysis of the risk for peak of nitrate leaching
after grassland re-cultivation as a consequence of a higher N mineralization.
This experiment was carried out in France middle-west with a 9 year data base,
comparing maize, wheat and barley crop rotation systems with different mixture
pastures (Festuca arundinacea, Lolium perenne and Dactylis glomerata) cycle
participation (0, 3, 6 and 20 years). We concluded that the introduction of
mowed grassland sequences with this arable crop rotation leads to a strong
reduction of the nitrate concentration of the ground water, the more proportion
of grassland within the rotation the more NOj; concentration is reduced,
whatever the level of N fertilization during the grassland sequence.

Keywords — drainage; leaching; nitrate; grazing; animal production.

! Doctoral thesis in Animal Science, Faculdade de Agronomia, Universidade
Federal do Rio Grande do Sul, Universidade Federal do Rio Grande do Sul,
Porto Alegre, RS, Brazil. 130p. August, 2014
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1.1 INTRODUCAO GERAL

As pastagens desempenham papel fundamental na dinamica da
atmosfera e da hidrosfera, que por sua vez conduzem a impactos globais, bem
como contribuem para a preservacdo da biodiversidade e para a producao de
alimentos seguros (Lemaire et al., 2011). Dentre os beneficios das pastagens,
segundo Mohamed Sallen & Fisher (1993) e Humphreys (1994), destacam-se:
a manutencdo das caracteristicas fisicas, quimicas e bioldgicas do solo, 0 uso
mais eficiente dos recursos ambientais e controle da poluicdo e a producdo
animal e vegetal. Quando manejadas corretamente, permitem maior
rentabilidade e estabilidade, além do incremento no controle de plantas
daninhas e a quebra de ciclos de pragas e doencas quando em rotagcdo com
cultivos. As pastagens também sdo fundamentais para a manutencdo dos
reservatérios de agua em superfice e em profundidade (Steiner &
Franzluebbers, 2009), a ciclagem de nutrientes (Steiner & Franzluebbers, 2009)
e 0 sequestro de carbono (Hopkins & Holz, 2006).

Segundo Anghinoni et al. (2011), o sistema integrado de producao
agropecuério (SIPA) é um raro sistema de producdo onde o dilema
produtividade versus conservacdo tem uma solu¢cdo compativel com as atuais
demandas da sociedade e do mercado consumidor. Utilizando as plantas de
cobertura na alimentacdo animal, além da protecdo do solo e do
aproveitamento mais eficiente dos recursos ambientais, ha aumento,
equilibrado, nos niveis de producdo animal e vegetal, consequentemente
melhorando a renda do produtor e gerando um sistema de producao
sustentavel.

A agricultura é o maior contribuinte para a poluicdo nos reservatorios
d’agua (Addiscott et al., 1991; Guillemin & Roux, 1992; Datta et al., 1997;
Townsend et al.,, 2003). Nos sistemas agricolas, grande quantidade de
nitrogénio (N) que permanece no solo € mineralizada ap0s a colheita ou é
lixiviada antes do estabelecimento da préxima cultura (Sapkota et al., 2012).
Sobretudo, onde as precipitacdes excedem a capacidade de retencéo do solo,
lixiviando quantidades significativas de N (Pedersen et al., 2009). Vérios
trabalhos mostram que a utilizacdo de plantas de cobertura reduz a lixiviagdo
de nitrogénio em rotagdo com culturas de soja e milho (Tonitto et al, 2006;
Kaspar et al, 2007; Dabney et al., 2011; Kaspar & Singer, 2011).

Este trabalho apresenta, a seguir, consideracdes sobre a producéo
animal e de soja em um SIPA. Apds, sdo apresentadas algumas consideragdes
sobre drenagem e lixiviagdo de nitrogénio. Esses dois trabalhos tém como
ponto de ligagcdo a pastagem, como fator diferencial nos sistemas de cultivos.
No primeiro, visando o papel produtivo e conservacionista. No segundo,
principalmente, a conservacdo ambiental. Em sequéncia, a hipotese e os
objetivos dos dois estudos sao apresentados. Nos capitulos posteriores (Il e 111)
sdo abordadas a relacdo entre a producgéo vegetal (pasto e soja) e producéo
animal num SIPA de longa duracdo na regiao sul do Brasil; e a influéncia da
introducéo de pastagens na rotacdo de culturas e o tempo de permanéncia
destas na rotagcdo, no tocante a drenagem e lixiviagdo de nitrogénio.
Finalmente, no capitulo 1V, sdo apresentadas as conclusdes gerais da tese.
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1.2 Sistema integrado de producédo agropecuaria

Os sistemas integrados de producdo agropecuaria (SIPAS)
oportunizam interagfes ecoldgicas entre os diferentes usos da terra tornando
0S ecossistemas agricolas mais eficientes na ciclagem de nutrientes,
preservando 0s recursos naturais e o meio ambiente, melhorando a qualidade
do solo e aumentando a biodiversidade (Lemaire et al, 2014). Segundo
Franzluebbers (2007), os SIPAs podem melhorar a robustez e produtividade
dos sistemas agricolas, reduzir a necessidade de insumos externos, aumentar
a estabilidade econdmica e a diversidade, além de reduzir a poluicdo ambiental
vinda da agricultura.

As pastagens desempenham importante papel nos SIPAs nao sé
como forragem para a producdo animal sustentavel, mas também como
prestadora de servicos ecossistémicos essenciais, como a absor¢cdo dos
impactos ambientais negativos resultantes da intensificacdo da agricultura
(Lemaire et al., 2005). Moraes et al. (2014) apresentam um levantamento de
diversos trabalhos realizados em SIPAs na regido sul do Brasil, que em sua
grande maioria, obtiveram rendimentos das culturas anuais aumentados apos a
utilizacao de animais em pastejo.

Os SIPAs possuem potencial Unico para a intensificacdo da
producdo de alimentos de forma sustentavel, mas esse potencial depende do
manejo adequado dos animais no sistema (Moraes et al, 2014). O ponto chave
no manejo dessas pastagens € definir quanto a intensidade de pastejo pode
ser aumentada sem prejudicar os demais servicos ecossistémicos prestados
por ela. Neste sentido, a principal ferramenta de manejo da pastagem é a altura
do pasto, que define, indiretamente, a produtividade animal (individual e por
area), a produtividade do pasto e o residuo remanescente apds a saida dos
animais.

O sucesso do SIPA esta ligado a intensidade de pastejo empregada,
pois ela é responséavel pela variagdo na estrutura do pasto (altura e densidade,
por exemplo) que, por sua vez, € a caracteristica central e determinante na
produtividade animal, eficiéncia e sustentabilidade do sistema de producéo.
Segundo Anghinoni et al. (2011), o efeito benéfico do SIPA, com pastejo em
intensidades adequadas, decorre da melhor relagcdo entre massa de raizes e
parte aérea acumuladas, pois h4 minimo revolvimento do solo e, portanto,
pouca incorporacdo mecanica dos residuos vegetais, diminuindo a oxidacao.
Além disso, segundo 0s mesmos autores, 0 que contribui para o acamulo de
matéria organica do solo (MOS) em profundidade é o transporte de residuos
vegetais da superficie do solo, pela macro e mesofauna, que € bastante
superior em SIPA em relagéo aos puros.
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1.3 Influencia das pastagens na drenagem e lixiviacdo de
nitrogénio

A 4gua subterranea é uma das principais fontes de agua potavel em
muitos paises, e € frequentemente utilizada sem tratamento, particularmente
em pocos particulares (Jégo et al., 2008). Quantificar sua taxa atual de recarga
€ pré-requisito para a gestao eficiente e sustentavel dos recursos hidricos
subterrdneos. E segundo Vries et al. (2002), € chave para o desenvolvimento
econdmico de regides que delas dependem para seu desenvolvimento.

Lerner et al. (1990) apresentam trés principais processos de recarga
das aguas subterraneas (Figura 1): 1) Recarga direta — 4gua adicionada pelo
excesso de umidade do solo por percolagdo vertical através da zona néao
saturada; 2) Recarga indireta: percolagao através de cursos d’agua superficiais;
e 3) Recarga localizada: forma intermediaria de recarga de 4gua, resultante da
concentracdo horizontal na superficie com auséncia de canais bem definidos.

E = evapo(trans)piragao

E E Precipitagdo
fT l ) 4 ™\ T
Cursos Depressoes
y s , Escoamento
d’agua € e agua . E
S .. superficial
superficiais acumulada
. / - J/
| ! !
e N ~\
Infiltracao Infiltra¢ao Infiltragao
(. v . S
l\ E b E E
Recarga Recarga Recarga
indireta localizada direta

Figura 1. Mecanismos de recarga de agua subterranea. (Adaptado
de Lerner, 1997).

Diversos fatores, e suas interagdes, influenciam na quantidade e na
qualidade da &gua drenada para as reservas subterrdneas: condi¢cfes
climaticas, composicdo geoldgica, morfologia e condicdo do solo, aléem da
vegetacéao (Vries et al., 2002; Premrov et al., 2012). Segundo esses autores, a
percolagdo profunda em éareas umidas é controlada principalmente pelo
excedente da precipitacao efetiva (chuva menos evapotranspiragcdo potencial),
a capacidade de infiltracdo do solo e a capacidade de armazenamento e
transporte de sub-superficie.

A agricultura € a maior causadora da poluicdo por nitrogénio nas
aguas subterrdneas (Gustafson, 1983; Strebel et al., 1989; Addiscott et al.,
1991, Datta et al., 1997; Townsend et al., 2003; Kvitek et al, 2009). Em funcéo
disto, a Unido Européia criou uma normatizagdo (Nitrate Directive -—
91/676/EEC) que controla e limita o teor de nitratos em 50 mg L™ nos recursos
hidricos superficial e subterraneo. Na Europa, a lixiviagdo excessiva de nitratos
para as reservas subterraneas esta associada com a agricultura intensiva,
especialmente em sistemas onde 0 solo € deixado em pousio durante o inverno
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(Neill, 1989). As menores precipitacbes que ocorrem no verdo, associadas a
elevada evapotranspiracdo, geralmente, sdo suficientes para restringir 0s
periodos de drenagem nesta época do ano, permitindo o acimulo de nitratos
no solo, que poderé ser lixiviado com os eventos de drenagem que ocorrem no
periodo de outono/inverno (Cuttle & Scholenfield, 1995).

Além dos fatores que interferem na drenagem da agua, a lixiviagdo
de nitrogénio € ligada ao sistema de cultura e as fertilizacbes utilizadas, ao
manejo e caracteristicas do solo, teor de matéria organica e a presenca ou nao
de escoamento superficial (Shepherd et al., 2001; Oenema et al., 2005; Jégo et
al., 2008; Kopacek et al., 2013).

As comparacfes dos niveis de nitrato lixiviado observados em
diferentes sistemas de cultivo demonstram a relacéo entre o uso da terra e as
concentracfes médias de nitrogénio em fluxo de agua (Kvitek et al., 2009).
Uma das maneiras de diminuir a lixiviagdo de nitratos é a utilizacao de culturas
de cobertura durante o periodo entre-culturas (Dabney et al., 2011; Kaspar &
Singer, 2011; Kaspar et al., 2012). O levantamento realizado por Tonitto et al.
(2006), com 69 trabalhos realizados nos USA, mostrou que plantas de
cobertura (ndo leguminosas) reduziram em média 70% das perdas por
lixiviacdo de nitratos e essa reducdo foi diretamente relacionada com o
crescimento das culturas. As pastagens sao capazes de absorver e utilizar
maiores quantidades de nitrogénio que as culturas anuais, diminuindo as
perdas por lixiviagdo (Whitehead, 1995). Estudos demonstram que houve
aumento na area cultivada com pastagens em detrimento das culturas anuais
com redugbes significativas nos teores de nitrogénio lixiviado (Kvitek et al.,
2009).
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1.4 Histérico das areas experimentais

1.4.1 Sistema integrado de producéo agropecuaria na Regiado sul do
Brasil — Tupanciretd/RS

Este experimento vem sendo conduzido, desde 2001, em area
pertencente a Fazenda do Espinilho, localizada no municipio de Sado Miguel
das MissOes - RS, regido do Planalto Médio do RS. O solo é classificado como
Latossolo Vermelho Distroférrico, que é caracterizado como profundo, bem
drenado, com coloragédo vermelho-escura e textura argilosa (54% de argila). A
area é cultivada no sistema plantio direto desde 1990, com uma mistura de
aveia preta + azevém (Avena strigosa + Lollium multiflorum) no periodo de
outono-inverno e soja (Glycine max), na primavera-verdo. No outono de 2001,
apos a colheita da soja, foi efetuada amostragem do solo para sua
caracterizacdo fisica e quimica. O experimento teve inicio em maio desse
mesmo ano, com a implantacdo das espécies de inverno: aveia preta (100 kg
sementes ha™) e azevém (ressemeadura natural). A area total do experimento
(Figura 2) é de aproximadamente 22 hectares, a qual foi dividida em 12
piquetes, cujos tamanhos variam de 0,8 a 3,6 hectares adicionadas de duas
areas de referéncia (sem pastejo) com, aproximadamente, 0,1 hectare cada,
situadas entre os blocos.

. ‘SeTo’;::fte]o

Figura 2. Croqui da area experimental na Fazenda do Espinilho.

Os tratamentos sao diferentes alturas de manejo do pasto (10, 20, 30 e
40 cm) dispostos num delineamento experimental de blocos ao acaso, com trés
repeticdes, sendo a altura do pasto medida a cada 15 dias, pelo uso do método
Sward stick (Barthram, 1986). As alturas de manejo do pasto sdo obtidas
variando-se a carga animal, retirando-se ou colocando-se bovinos de corte em
funcdo da altura medida, estando esta abaixo ou acima, respectivamente, das
alturas pretendidas. Como testemunhas sem pastejo, utilizam-se areas entre 0s
blocos, onde o pastejo ndo é permitido. Utilizam-se bovinos jovens, com idade
ao redor de 12 meses, sem padrdo racial definido, com peso vivo inicial de
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aproximadamente 200 kg. O método de pastoreio adotado € o continuo, com
inicio de pastejo na é&rea quando o pasto atinge 20 cm de altura
(aproximadamente, 2000 kg de MS ha™). Geralmente, o ciclo de pastejo é
iniciado na primeira quinzena de julho, estendendo-se até a primeira quinzena
de novembro.

Apbés o primeiro ciclo de pastejo e antecedendo a implantagdo do
primeiro ciclo da soja (novembro de 2001), foram aplicadas, na superficie do
solo de toda a &area experimental, 4,5 Mg ha™ de calcéario (PRNT 62%), que
corresponde a dose recomendada (CQFS RS/SC, 2004) para elevar o pH do
solo até 55 na camada de 0 — 10 cm, na condicdo de plantio direto
consolidado. Na area sem pastejo, algumas parcelas receberam calcario na
dose equivalente ao restante do experimento (SP-4,5), enguanto outras
permaneceram sem calcario (SP-0). A soja foi colhida em maio de 2002.

A partir do outono desse ano e até o presente momento, repetiu-se o
mesmo procedimento de implantacdo da pastagem e pastejo com 0s animais,
seguidos da implantacdo e conducao da cultura da soja (Tabela 1). No outono
de 2010, antecedendo ao pastejo, o calcario foi reaplicado na superficie do
solo, em parte da area (600 m? dentro de cada parcela), na dose de 3,6 Mg ha’
! novamente com o objetivo de elevar o pH do solo a 5,5 na camada de 0 — 10
cm, conforme CQFS RS/SC (2004).

No periodo experimental tém sido efetuadas avaliacdes periddicas do
crescimento e da qualidade do pasto, do residuo apés pastejo, da carga animal
utilizada para manter os tratamentos, do ganho individual e por area dos
animais. Na soja, além do rendimento de grédos, tem sido determinada a
qguantidade dos residuos remanescentes e determinados os componentes de
rendimento de grdo. Amostras de solo sédo retiradas para a avaliacdo de
atributos fisicos (densidade, porosidade, umidade e estado de agregacao), em
trés camadas; mecéanicos (resisténcia a penetracdo e compressibilidade),
também em trés camadas; e quimicos (pH em agua, matéria organica, fésforo
e potassio disponiveis e célcio, magnésio e aluminio trocaveis e capacidade de
troca de cétions), em nove camadas. No terceiro € no nono anos foi também
avaliada a qualidade de carcaca dos bovinos ao final do periodo de pastejo e
no quarto ano foi avaliado o comportamento ingestivo dos animais. No quarto
ano iniciou-se o trabalho na area de Mecanizacdo Agricola (Relacdo Solo-
Maquina), para avaliar a eficiéncia de sulcadores de semeadoras de plantio
direto nas diferentes condi¢cdes de compactacdo do solo, e no sétimo ano, o
estudo da variabilidade espacial de atributos quimicos (indicadores de
fertilidade do solo), fisico (resisténcia a penetracdo) e mecanico (esforco de
tracdo em hastes sulcadoras) e seu efeito no rendimento da soja. A partir do
guarto ano, passou-se a estudar a ciclagem de nutrientes, especialmente a do
carbono e do fésforo em suas respectivas formas, fracdes e disponibilidades e,
ainda, o estado de agregacao do solo em funcdo dos diferentes aportes de
residuo da pastagem, da soja e dos animais e da adubacéo utilizada. Nos anos
de 2009 a 2011 foi efetuado um estudo da decomposi¢céao dos residuos (pasto,
esterco e soja) e a cinética de liberacdo de nitrogénio, fosforo, potassio, calcio
e magnesio, visando a sua ciclagem no sistema.

A partir de 2011 comecgou-se a estudar as emissdes de gases de
efeito estufa pelo solo e pelos animais. Atualmente (2014), iniciaram-se
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estudos com bioacustica e com o deslocamento e utilizacdo da pastagem pelos
animais.

Tabela 1. Datas de semeadura e colheita da soja, proveniéncia do azevém,
data de semeadura do pasto, datas de entrada e de saida dos animais e
adubacdes aplicadas nos diferentes anos experimentais

Ano Soja Ageyemi  Semeadura Data N2 p3 K*
Semeadura Colheita do pasto Entrada Saida (kg ha™)

2001 10/12/01 06/05/02 S 18/05 24/07 05/11 45 60 -

2002 17/12/02 01/05/03 SeRN 13/05 16/07 13/11 45 60 90
2003 12/12/03 07/05/04 SeRN 19/05 21/07 07/11 90 60 60
2004 05/12/03 30/04/05 SeRN 10/05 12/07 14/11 45 60 90
2005 05/12/04 05/05/06 SeRN 04/05 05/07 13/11 45 60 90
2006 02/12/05 12/05/07 SeRN 11/05 29/06 08/11 45 60 90
2007 15/12/06 17/05/08 S eRN 12/05 14/07 09/11 45 60 60
2008 18/12/07 24/04/09 RN 17/05 17/07 15/11 45 60 60
2009 26/12/08 17/04/10 RN 17/04 17/07 30/10 90 60 60
2010 27/11/10 26/03/11 RN 30/04 06/07 02/21 45 60 60
2011 16/11/11 16/04/12 RN 19/04 10/06 07/11 90 60 60

1S=semeado, RN=Ressemeadura natural; 2Aplicado no pasto em forma de uréia; 3 e * Aplicado
na soja em forma de P,Os e K,0, respectivamente.

1.4.2 Systeme d'Observation et d'Experimentation sur le long terme
pour la Recherche en Environnement (SOERE)

O dispositivo experimental: Agro-ecossistemas, ciclos
biogeoquimicos e biodiversidade (ACBB) foi implementado em 2003 por
equipes do Institut National de Recherche Agronomique (INRA), com 0 apoio
do Institut National des Sciences de I'Univers (INSU). Em 2011, passou a
chamar-se Systeme d'Observation et d'Experimentation sur le long terme pour
la Recherche en Environnement (SOERE — ACBB).

O SOERE-ACBB consiste hum conjunto de trés locais de teste
dedicados ao estudo a longo prazo da dinamica e evolugdo dos ecossistemas
campestres sob a acdo do homem e suas consequéncias sobre o0 meio
ambiente. As alteracdo nas praticas de manejo dos ambiente produtivos
(padrbes de uso da terra e/ou praticas agricolas) produzem efeitos sobre o
ambiente. Esses efeitos sdo detectados em médio e longo prazo. Por outro
lado, qualquer intervencdo humana, para restaurar o meio ambiente, somente
pode ser avaliada, apos longo periodos de tempo.

O SOERE tem como objetivos analisar 0s processos para
compreensao das trajetorias evolutivas no médio e longo prazo, mantendo
esses dados disponiveis para toda a comunidade cientifica. Os assuntos
principais avaliados pelo dispositivo sdo a agua e a preservagao do solo, o
combate ao aquecimento global e a intensificacdo ecoldgica. Especificamente,
o SOERE tem como objetivos quantificar o acumulo de carbono e o sequestro
no solo em diferentes sistemas de pastagem, analisar o processamento, a
translocacdo e o tempo de residéncia dos elementos nos varios componentes
da MOS, quantificar os fluxos internos de carbono e nitrogénio entre 0s
diferentes compartimentos do sistema, MOS, plantas, microbita, fauna do solo,
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quantificar e modelar os fluxos externos de C e N para a atmosfera e a

hidrosfera.
O SOERE-ACBB € composto por trés locais de experimentacao:

e Pastagens temporarias, localizado em Lusignan/Poitou-
Charentes, onde se avalia a dinamica dos sistemas de
rotacao cultura/pastagem,;

e Pastagens permanentes, em Theix e Laqueuille/Auverne,
onde se aborda a dinAmica em pastagens naturais;

e Grandes culturas, situado em Mons/Picardie, onde se estuda
a evolucao dos sistemas de grandes culturas em diferentes
niveis de perturbacéo do solo.

O dispositivo experimental de Lusignan, regido de Poitou-Charentes,
trabalha com sistemas de pastagens temporarias em rotacdo com culturas
cerealistas (Figura 4). Os tratamentos sdo cinco periodos de duracdo da
pastagem na rotacdo de culturas: zero, trés, seis e vinte anos, com alta ou
baixa adicdo de nitrogénio, com ou sem pastejo (Figura 5). As culturas em
rotacdo sao milho, trigo e cevada, e a pastagem € composta por uma mistura
de festuca (Festuca arundinacea cv Soni), azevém perene (Lolium perenne cv
Milca) e dactylis (Dactylis glomerata cv Ludac).
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Figura 3. Dispositivo experimental SOERE-ACBB de Lusignan.
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Figura 4. Sequéncia de culturas em cada tratamento.

Tabela 2. Variedades, datas de semeadura e colheita, fertilizacao nitrogenada

(kg N ha®) e rendimento das culturas (milho, trigo e cevada: kg grdos
ha; pastagem: kg MS ha™) nos diferentes anos e tratamentos

Ano Cultura Variedade Semeadura  Colheita Fert. N Rendimento
2005 Milho Texxud 21/04 22/09/2005 117 2524
2006 Trigo Caphorn 24/10/2005  19/07/2006 85 6864
2007  Cevada Vanessa 26/10/2006  28/06/2007 120 4559
2008 Milho Anjou 387 07/05 17/10/2008 80 11638
Cultura 2009 Trigo Caphorn 29/10/2008  16/07/2009 150 5898
2010 Cevada Vanessa 22/10/2009  06/07/2010 83 4235
2011 Milho PR38V12 PIONER 18/04 27/09/2011 72 7644
2012 Trigo Caphorn 16/11/2011  24/07/2012 160 5627
2013  Cevada Limpid 16/10/2012  16/07/2013 90 4638
2005 Milho Texxud 21/04/2005  22/09/2005 117 2577
2006 Trigo Caphorn 24/10/2005  19/07/2006 175 6825
2007 Cevada Vanessa 26/10/2006  28/06/2007 120 4443
2008 Dactyles + 330 14204
3 anos 2009 Pastagem Festuca + 17/09/2007 - 230 10563
2010 Azevém 210 5690
2011 Milho PR38V12 PIONER 18/04/2011  27/09/2011 36 7704
2012 Trigo Caphorn 16/11/2011  24/07/2012 160 5443
2013  Cevada Limpid 16/10/2012  16/07/2013 90 4960
2005 0 0
2006 170 10673
2007 Dactyles + 380 15873
2008 Pastagem FAe;s;l\Jg:ln + 20/04/2005 - 330 12087
6 anos 2009 230 9592
2010 210 5495
2011 Milho PR38Vv12 PIONER 18/04/2011 27/09/2011 36 8455
2012 Trigo Caphorn 16/11/2011  24/07/2012 160 5714
2013  Cevada Limpid 16/10/2012  16/07/2013 90 5170
6anos N° 2005 Pastagem 20/04/2005 - 0 0
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2006 Dactyles + 30 5834
Festuca +
2007 Azevém 30 5929
2008 30 4864
2009 30 2543
2010 30 1687
2011 Milho PR38V12 PIONER 18/04/2011  27/09/2011 36 7042
2012 Trigo Caphorn 16/11/2011  24/07/2012 160 5904
2013 Cevada Limpid 16/10/2012  16/07/2013 90 5677
2005 0 0
2006 170 11035
2007 380 15531
2008 Dactyles + 330 12609
Pastagem 2009 Pastagem Festuca + 20/04/2005 - 230 9173
2010 Azevém 210 5303
2011 120 4436
2012 210 5767
2013 220 10690
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1.5 HIPOTESES DO TRABALHO

1. Diferentes alturas de manejo de pastos mistos de aveia e azevém,
independentemente das caracteristicas de ano, proporcionam um padrdo de
resposta na producéo do pasto e na producdo animal em um sistema integrado
de producdo agropecuaria.

2. A presenca de pastagem em rotacdo com culturas cerealistas
reduz contaminacdo da agua por nitrato devido a lixiviacdo de nitrogénio.
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1.6 OBJETIVOS

Este trabalho teve por objetivo avaliar se existe padrdo no
comportamento das varidveis de producdo animal e de pasto manejado sob
diferentes alturas em SIPA, bem como definir metas de manejo de pastos
mistos de aveia + azevém que beneficiem o desempenho animal e a
conservacao do sistema de producdo. Um segundo objetivo foi avaliar o efeito
de diferentes periodos de duracdo da pastagem em sistemas de rotacdo de
cultura na drenagem e lixiviacdo de nitrogénio.



2. CAPITULO I

Sistema integrado de producédo agropecuaria: buscando padrdes de
resposta na producao de pasto e do animal em experimento de longo
1
prazo

1 ) . "
Elaborado de acordo com as normas da Agriculture, Ecosystems and Environment (Apéndice 1).
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Resumo - Sistemas integrados de producdo agropecuaria (SIPAS)
promovem diversos beneficios ao sistema de cultivo e para o ambiente. No entanto, para
que esses beneficios ocorram, é necessario assegurar praticas de manejo que permitam
rendimento e conservacdo. Apesar de existirem resultados que indiquem quais sao as
intensidades de pastejo (alturas de manejo do pasto) que assegurem desempenho e
conservacao, estes resultados sdo pontuais e variaveis em decorréncia dos efeitos de
ano. Em funcéo disto, utilizando uma base de 10 anos de dados (2001-2011), propomos
neste trabalho analisar e investigar a existéncia de padrbes no comportamento das
varidveis de producdo animal e de pasto manejado sob diferentes alturas em SIPA.
Também propde-se definir metas de manejo de pastos mistos de aveia + azevém que
beneficiem o desempenho animal e a conservacdo do sistema de producdo. O SIPA ¢é
composto de pastagem mista de aveia preta x azevém durante o periodo hibernal com
pastoreio continuo e soja durante o periodo estival. Os tratamentos sdo quatro alturas do
pasto (10, 20, 30 e 40 cm), que definem diferentes intensidades de pastejo. A variacdo
na altura real do pasto aumentou com o aumento na altura pretendida. As variaveis de
producdo animal e de pasto estudadas sdo afetadas pelas condicGes climéticas anuais, no
entanto, existe padrdo nas relagdes entre producdo animal e de pasto ao longo dos 10
anos de experimento. A altura de manejo do pasto de 30 cm permite o acumulo de
residuo sobre o solo, que beneficia o SIPA, e que proporciona crescimento do pasto e

ganho animal satisfatério e estavel ao longo dos anos.

Palavras-chave: altura do dossel, conservacao, experimento de longo prazo,

plantio direto, sustentabilidade.
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1. Introducéo

Sistemas integrados de producdo agropecuaria (SIPAsS) promovem
interacdes ecoldgicas entre os diferentes componentes do ecossistema produtivo,
tornando-os mais eficientes na ciclagem de nutrientes, preservando 0s recursos naturais
e 0 meio ambiente, melhorando a qualidade do solo e aumentando a biodiversidade
(Lemaire et al., 2014). Para que isso ocorra, € necessario assegurar praticas de manejo
conservacionistas, como o plantio direto. Os beneficios da presenca de residuos sobre o
solo ja foram amplamente discutidos internacionalmente (Franzluebbers, 2007;
Franzluebbers and Stuedemann, 2007, 2008, 2014; Fernandéz et al, 2010).

No caso do sul do Brasil, um dos arranjos de SIPA mais utilizados é o
cultivo de soja durante o verao e producdo de bovinos de corte em pastagens de aveia e
azevém no periodo de inverno (Anghinoni et al., 2013). Este sistema tem apresentado
maior retorno econdmico quando comparado ao cultivo exclusivo da soja (Oliveira et
al., 2013). No entanto, para o0 sucesso do sistema, € necessario adequar a intensidade de
pastejo de forma que concilie bons rendimentos de producdo animal e da producdo de
soja, e que permita quantidade de residuo suficiente para o sistema plantio direto.

Alguns trabalhos demonstram que a altura de manejo que maximiza a
producdo animal em pastos mistos de aveia e azevem ou azevém solteiro esta entre 20 e
30 cm (Aguinaga et al., 2006; Lopes et al., 2008; Amaral et al., 2012; Kunrath et al.,
2014). Apesar de existirem resultados que indiquem que essas alturas promovem
melhor desempenho animal, estes resultados sdo pontuais e variaveis em decorréncia
dos efeitos de ano pelas condigdes climéticas.

Dessa forma, para este trabalho, utilizamos uma base de dados de dez anos,

uma vez que experimentos de longa duracdo aumentam a confiabilidade na
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interpretacdo dos resultados (Rasmussen et al, 1998), objetivando i) analisar e investigar
se existe padrdo no comportamento das varidveis de producdo animal e de pasto
manejado sob diferentes alturas em SIPA e ii) definir metas de manejo de pastos mistos

de aveia + azevem que beneficiem o desempenho animal em SIPAs.

2. Material e Métodos

2.1 Localizacgao, caracterizacao e histérico da area experimental

A éarea experimental vem sendo conduzida sob sistema integrado de
producdo agropecudria (SIPA) desde 2001 em parceria publico-privada entre o0s
departamentos de Solos e de Plantas Forrageiras e Agrometeorologia da Universidade
Federal do Rio Grande do Sul (UFRGS) com a Cabanha Cerro Coroado. A area esta
localizada na Fazenda do Espinilho, no municipio de Sdo Miguel das Missbes (28°56' S
54°20' O). O clima caracteriza-se como subtropical imido e quente (Cfa) segundo a
classificacdo de Koppen (Kottek et al., 2006), com temperatura média anual de 19°C e
precipitacdo média anual de 1850 mm (Matzenauer et al., 2011). O relevo ¢é ondulado a
suavemente ondulado com altitude meédia de 465 m. A temperatura média e a
precipitacdo ocorrida no periodo invernal (maio & outubro) foram coletadas da Estacdo
Meteoroldgica do Municipio de Sdo Luiz Gonzaga, mantida pelo Instituto Nacional de
Meteorologia (Figura 1), situada a 70 km da area experimental.

O solo é classificado como Latossolo Vermelho distroférrico (EMBRAPA,
2006) da unidade de mapeamento Santo Angelo (Streck et al., 2008), profundo, bem
drenado, com coloracdo vermelho-escura e textura muito argilosa (0,54, 0,17 e 0,29 kg
kg, de argila, silte e areia, respectivamente). A éarea era cultivada em sistema plantio

direto desde 1993 com aveia preta (Avena strigosa Schreb) no outono-inverno (maio a
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novembro) e soja (Glycine max) na primavera-verdo (novembro a maio). Em novembro
de 2000, foi realizada a caracterizagdo quimica inicial do solo: 10,5 mg dm™ de fésforo,
94 mg dm™ de potassio, 3,2 cmol, dm™ de Al™3, 34 g kg™ de matéria organica e pH de
4,3 (Cassol, 2003). Em abril de 2001, a area foi semeada com pasto misto de aveia preta
x azevém (Lolium multiflorum) e utilizada para o pastejo de animais pela primeira vez,

dando inicio ao sistema integrado de producéo agropecuaria.

2.2 Tratamentos e delineamento experimental

A érea total experimental € de 22 ha, dividida em piquetes que variam de
0,8 a 3,6 ha. O SIPA é composto de pastagem mista de aveia preta X azevém durante o
periodo hibernal com pastejo continuo e soja durante o periodo estival. Os tratamentos
sdo quatro alturas de manejo do pasto (10, 20, 30 e 40 cm), que definem diferentes
intensidades de pastejo. O delineamento experimental é de blocos casualizados com trés

repeticdes, totalizando 12 piquetes (unidades experimentais — UE).

2.3 Periodo experimental e manejo do SIPA

Foi utilizada uma base de dados de 10 anos do periodo hibernal (2001 —
2011) de um SIPA tipico da regido Sul do Brasil. O manejo experimental foi o0 mesmo
entre 0s anos. A data média de semeadura do pasto foi 08 de maio, de entrada dos
animais nas UEs foi 09 de julho e de saida dos animais em 08 de novembro (para
maiores detalhes, vide Oliveira et al., 2013). Foram aplicados no pasto 45 kg N ha™, na
forma de ureia, anualmente, em dose Unica aos 40 dias ap06s a semeadura. Nos anos de
2003, 2009 e 2011, foram aplicados 90 kg N ha™ em duas doses, sendo a 12 dose 30 dias

apos a semeadura e 22 dose 15 dias antes do inicio do pastejo.
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Em todos os anos a aveia-preta foi semeada em linha e o0 azevem, além da
ressemeadura natural, foi semeado a lanco, excetuando-se os anos de 2008 a 2010 em
que o azevém foi proveniente exclusivamente de ressemeadura natural. O
monitoramento dos tratamentos foi realizado quinzenalmente, medindo-se 100 pontos
de altura do pasto por unidade experimental com o método do bastdo graduado (sward
stick), proposto por Barthram (1985). Para manter as alturas pretendidas foram
realizados ajustes na taxa de lotacdo animal com intervalos de 15 dias, com entradas ou
saidas de animais conforme a metodologia de pastoreio continuo com taxa de lotagédo
varidvel proposta por Mott and Lucas (1952). Trés animais-teste por piquete eram
mantidos, com numero variavel de animais reguladores. Por ocasido do inicio do
pastejo, a altura média do pasto e a massa de forragem nos anos avaliados foi 23,2 + 3,9
cm e 1595,4 + 709,5 kg MS ha™, respectivamente. O peso inicial médio dos animais

para os 10 anos foi 203,0 £+ 13,2 kg.

2.4 Avaliacdes no pasto

Nos pastos foram avaliadas: massa de forragem (kg de matéria seca (MS)
ha), taxa de crescimento diario do pasto (kg de MS ha™) e producéo total de pasto (kg
de MS ha). A estimativa da massa de forragem foi realizada a cada 28 dias, utilizando-
se a técnica de dupla amostragem (Wilm et al., 1944). Foram realizados cinco cortes
aleatdrios de forragem por UE. Nesses mesmos locais foram medidos cinco pontos de
altura do pasto com o “sward stick”, para posterior ajuste da massa de forragem em

fungéo da altura real do pasto, por meio da equacdo de regressdo: § =h, +bx. A taxa

de crescimento diario foi monitorada a cada 28 dias utilizando-se trés gaiolas de

exclusdo ao pastejo por piquete, empregando a técnica descrita por Klingman et al.
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(1943). A massa de forragem dentro e fora da gaiola foi obtida pela média dos cortes
avaliados, em cada piquete. Todos os cortes foram realizados acima do mantilho, em
area de 0,25m?. As amostras foram secas em estufa de circulacio forcada de ar a 60°C,
até peso constante. A producdo total de pasto foi estimada pelo somatério da massa de
forragem inicial com as produc6es dos sub-periodos (taxa de acimulo x nimero de dias
do sub-periodo). No ultimo periodo de amostragem, ap6s a saida dos animais, realizou-
se avaliacdo para quantificar o residuo (kg de MS ha™) nos diferentes tratamentos. Foi
recolhido todo o material existente sobre o solo nos mesmos pontos utilizados para 0s
cortes de massa de forragem. O residuo foi determinado pelo somatério da massa de

forragem final (saida dos animais) com o material que permaneceu sobre o solo.

2.5 Avaliagdes animais

Foram avaliados o ganho médio diario individual (kg de peso vivo (PV) dia’
1) e 0 ganho por area (kg PV ha™). O ganho por area foi calculado pela média do ganho
individual dos trés animais teste multiplicada pelo nimero de animais-dia e pela area
total do piquete. A carga animal do periodo de pastejo, também expressa em kg de PV
ha, foi calculada pela adicdo do peso médio dos animais-teste com o peso médio de
cada animal regulador, multiplicado pelo nimero de dias que estes permaneceram na
pastagem, dividido pelo nimero total de dias de pastejo. Para todas as estimativas, 0s

animais foram pesados com jejum de solidos e liquidos de 12 horas.

2.6 Analises estatisticas
Os dados foram analisados mediante analise de variancia e de contrastes,

seguindo o modelo que integra os efeitos simples do ano e dos tratamentos e sua
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interacdo. Para tanto, os anos foram considerados aleatorios no modelo.

Assim, a normalidade dos dados foi testada pelo teste de Kolmogorov-
Smirnov (P>0,05). Apés esta analise, os resultados foram submetidos a analise de
homogeneidade de variancias (Levene’s Test) em nivel de 5% de significancia, para que
se pudesse determinar se os diferentes anos deveriam ser avaliados de forma conjunta
ou independentes.

Para as variaveis em que a andlise de homogeneidade de variancias
apresentou interacdo dos efeitos de ano e tratamento (P<0,05), sinalizando que as
analises deveriam ser realizadas independentemente a cada ano, foram realizadas
analises de comparagdo entre os tratamentos nos anos avaliados e sua interacdo
(ano*tratamento), modelando a heterocedasticidade. Para isso foi realizada uma analise
de variancia com 5% de significancia para comparacdo das alturas de pastejo
(tratamentos). As variaveis que apresentaram diferencas significativas tiveram suas
médias comparadas pelo Teste de Tukey com o mesmo nivel de significancia.

Com a intencdo de analisar e investigar a existéncia de padrdo no
comportamento das variaveis resposta, foram realizadas analises de correlacdo de
Pearson e regressdo até segunda ordem para as variaveis-resposta segundo valores de
altura real do pasto. Para as analises de regressao, o ano foi considerado como variavel
aleatoria. Sempre que a funcdo-resposta foi significativa (P<0,05), optou-se por
apresentar os resultados pela equacdo de regressdo de maior coeficiente de

determinacgéo (R?). Os dados foram analisados pelo aplicativo SAS (2002).

3. Resultados

As alturas médias reais (Figura 2) se mantiveram préximas as alturas



35

propostas como tratamentos. A variagdo na altura real do pasto aumentou com o
aumento na altura proposta. As médias foram de 12,1+1,89 cm; 20,9+3,02 cm;
30,1+3,81 cm e 37,8+4,92 cm, respectivamente para os tratamentos 10, 20, 30 e 40 cm

de altura do pasto.

3.1 Producao do pasto

A massa de forragem inicial, na média de todos os anos analisados,
apresentou diferenca (P=0,0375) entre as alturas de manejo de 10 e 40 cm (1502 e 1667
kg MS ha®, respectivamente). Porém, ndo houve diferenca na interacdo entre
tratamento*ano (P=0,1186), sendo a massa de forragem inicial semelhante entre as
diferentes alturas de pastejo em cada ano.

Houve interacdo (P<0,0001) entre as alturas de manejo e 0s anos avaliados
para a massa de forragem (Tabela 1). A massa de forragem é incrementada em 87 kg
MS ha™ para cada centimetro na altura, segundo ajuste linear observado com a altura
real do pasto (Figura 3).

A taxa de crescimento do pasto (Tabela 1) sofreu influéncia do ano de
avaliacdo (P<0,0001), variando de 30,8 kg MS ha™dia® em 2010 até 61,2 kg MS ha’
dia’ em 2003 e, também, dos tratamentos (P=0,0427). A producéo total de matéria
seca (Tabela 1) apresentou diferenca entre as alturas de manejo (P=0,0006) e entre os
anos avaliados (P<0,0001), mas ndo houve interacdo entre os dois fatores (P=0,0797).

Houve interacdo (P=0,0073) entre anos e alturas de manejo do pasto (Tabela
1)para o residuo final de matéria seca. Quando plotados todos os anos e avaliados
conjuntamente (Figura 4), o residuo apresentou comportamento linear em funcgdo das

alturas de manejo do pasto (Y=166,2x; P<0,0001; R?=0,9004; RMSE=654,2; n=84),
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aumentando em 166 kg MS ha™* para cada centimetro aumentado na altura do pasto.

3.2 Producao animal

A carga animal utilizada para manter as alturas de manejo desejadas
respondeu de forma linear as alturas de manejo (Figuras 4 e 5), decrescendo com o
aumento da altura. Houve interacdo entre ano e alturas de manejo (P<0,0001; Tabela 2).

O ganho individual diario dos animais seguiu uma regressao gquadratica em
funcdo das alturas de manejo do pasto (P<0,0001), tendo como ponto maximo 33 cm de
altura (Figura 5). O ganho por area ajustou-se a uma regressdo linear (P<0,0001),
diminuindo 11 kg PV ha™ a cada centimetro aumentado na altura de manejo do pasto

(Figura 5).

4. Discusséo

A variacdo observada nas alturas reais de manejo pode causar imprecises
nas respostas aos tratamentos, uma vez que as alturas de dois tratamentos se
transpassam (Figura 2). 1sso ocorre, principalmente, nas maiores alturas (30 e 40 cm).
Essas variagdes na altura real também podem ser observadas no grafico que demonstra a
relacdo com o ganho por &rea (Figura 5), onde observamos que as alturas reais dos
tratamentos 30 e 40 cm variam de 25 a 40 cm e de 30 a 50 cm, respectivamente.

A diferenca na massa de forragem inicial entre a altura de manejo 10 cme a
altura de manejo de 40 cm pode ser explicada pela menor densidade de plantas de
azevém. Como essas plantas sdo provenientes de ressemeadura natural, com o aumento
da intensidade de pastejo (diminuigdo da altura do pasto) h& diminuicdo do banco de

sementes do solo (Barth Neto et al., 2014). A densidade de plantas também corrobora
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para as diferencas ocorridas na massa de forragem (Figura 3). A relacdo apresentada
entre a massa de forragem e a altura de manejo é semelhante a outros trabalhos
(Carvalho et al., 2010, Kunrath et al, 2014). Essas duas variaveis apresentam relacao
consistente (P<0,0001 r=0,86). Um modelo confidvel pode ser gerado por essa relagcdo
entre altura e massa de forragem. Isso se faz importante na medida que as avaliacGes de
massa de forragem sdo destrutivas e ocorrem frequentemente. Esse modelo poderia
auxiliar na predicdo da massa de forragem diminuindo a quantidade e frequéncia destas
avaliacOes. Apesar das diferencas climaticas entre os anos, a massa de forragem
aparenta sofrer menor influéncia que a produtividade animal.

A taxa de crescimento do pasto variou entre os anos em funcdo das
diferencas climéticas (precipitacdo, temperatura e radiacdo) ocorridas. As diferencas
anuais sdo mais dificeis de serem explicadas, pois além das diferencas climaticas
existem, ainda, as diferencas no comportamento das alturas ao longo do ciclo, as
diferencas na adubacdo nitrogenada e a interacdo entre esses fatores. As diferentes
alturas de manejo possibilitam diferentes quantidades de areas foliares, responsaveis
pela captacdo da energia solar (Taiz and Zeiger, 2009), influenciando a taxa de
crescimento do pasto. Porém, essas diferencas ndo séo limitantes mesmo para a menor
altura de manejo (10 cm), uma vez que a taxa de crescimento é semelhante as alturas de
20 e 30 cm.

A producdo total de pasto obteve o0 mesmo comportamento da taxa de
crescimento, uma vez que é calculada a partir dessa variavel. No entanto, as diferencas
entre os tratamentos sdao melhor evidenciadas (Tabela 1). A producéo de pasto & menor
nas alturas de manejo de 10 e 20 cm em consequéncia das menores taxas de crescimento

e da menor massa de forragem inicial, enquanto que nos tratamentos 30 e 40 cm as
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producdes sdo maiores em funcdo dos mesmos fatores serem superiores para essas
alturas de manejo.

O residuo é uma das variaveis mais importantes de um SIPA. Ele é que faz a
ligacdo entre o ciclo de inverno e a cultura de verdo, pois possui papel fundamental na
protecdo do impacto fisico do casco do animal minimizando o adensamento e a
compactacdo do solo (Flores et al., 2007; Franzluebbers and Stuedemann, 2008) e na
diminuicdo da erosdo do solo (Franzluebbers et al., 2012). Os principais fatores que
afetam a quantidade de residuo sdo, principalmente, a altura de manejo (r=0,82,
P<0,0001), massa de forragem (r=0,93, P<0,0001) e a carga animal (r=-0,84, P<0,0001)
utilizada para a manutencdo dessa altura.

Oliveira et al. (2013), trabalhando com a mesma base de dados deste
trabalho, ndo observaram diferenca no rendimento da cultura de soja entre as areas
pastejadas e a testemunha sem pastejo. Esse resultado indica que a presenca de animais
em pastejo no inverno ndo prejudica o desenvolvimento da cultura de soja no veréo,
como ja havia sido demonstrado por trabalhos anteriores (Cassol, 2003; Flores et al.,
2007). Em levantamento realizado por Moraes et al. (2014), analisando diversos
trabalhos em SIPA, demonstrou que a presenca do animal em pastejo melhora
significativamente as producdes da diversas culturas em sequéncia ao pastejo. Além
disso, a presenca de animais em SIPAs proporciona aumento no retorno financeiro para
0s produtores (Franzluebbers and Stuedemann, 2007, Oliveira et al., 2013).

O ganho individual sofre influéncia da altura de manejo do pasto (P<0,0001
r=0,47) e da carga animal utilizada para a manutencdo destas alturas (P<0,0001 r=-
0,61). As alturas de manejo de 30 e 40 cm sdo semelhantes entre si e entre todos 0s anos

avaliados. As diferencas sdo percebidas, geralmente, entre a maior intensidade de
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pastejo (10 cm) e as demais alturas. O ganho por area sofre as mesmas influéncias que o
ganho individual pela altura de manejo e pela carga animal (P<0,0001 r=-0,84 e r=0,89,
respectivamente), e também da massa de forragem (P<0,0001 r=-0,78). No entanto, 0
ganho por area aumenta com a diminui¢do na altura de manejo do pasto. Tendo em vista
que o ganho individual apresenta comportamento quadratico e o ganho por area linear
negativo deve-se, portanto, buscar uma altura de manejo que otimize o ganho individual
(em torno de 30 cm, como demonstrado pela Figura 5) sem penalizar o ganho por area.
A altura de manejo é a chave central na produtividade do sistema. Em
funcdo da altura que definimos como meta, seremos responsaveis pela carga animal
utilizada (P<0,0001 r=-0,86) e pela massa de forragem disponivel para esses animais,
pela produtividade animal do sistema e, ainda, pela manutencdo dos residuos sobre o
solo e todos os beneficios que isso acarreta ao sistema de producéo (fisicos, quimicos,

biolégicos e ambientais).

5. Concluséao
As variaveis de producdo animal e de pasto estudadas sdo afetadas pelos
anos experimentais, no entanto, existe um padrdo nas relacGes entre producdo animal e
de pasto ao longo dos 10 anos de experimento sob sistema integrado de produgéo
agropecuaria.
A altura de manejo do pasto de 30 cm permite o acumulo de residuo sobre o

solo e proporciona ganho animal satisfatério e estavel ao longo dos anos.
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Tabela 1. Massa de forragem, taxa de crescimento, producdo total e residuo de pasto

misto de aveia + azevém em funcdo das alturas de manejo e dos anos avaliados sob

sistema integrado de producao agropecuaria

Altura do pasto

.

10 cm 20 cm 30cm 40cm Média

Massa de forragem (kg MS ha™)
2001 1644 C abc 2632 B abc 3729 Aab 4015 A a 3005
2002 1328 C abcd 2159 B abcd 3104 A bc 3551 A abc 2535
2003 1901 Cab 2868 B a 4137 Aa 4123 A a 3257
2004 1508 B abcd 1893 B de 2750 A cd 3254 A bc 2352
2005 1940C a 2740 B ab 3417 AB abc 3974 Aab 3018
2006 1244 C abcd 1912Ccd 2972Bc 3921 Aab 2512
2008 1130Ccd 1931Bcd 2798 A cd 2917 Ac 2194
2009 1193 C bed 1983 B cd 2707 AB cd 3283 Abc 2291
2010 919Cd 1173Ce 2090 B de 3007 Ac 1797
2011 949Ccd 1917 B bcd 2132Be 2975 Ac 1993
Média* 1376 2142 2962 3502
Taxa de crescimento do pasto (kg MS ha™ dia™)
2001 46,2 47,5 52,6 49,3 48,9 ab
2002 35,3 43,7 46,7 32,6 39,6 bc
2003 56,0 60,8 62,6 65,4 61,2 a
2004 41,4 51,7 47,8 49,7 47,7 ab
2005 64,1 32,2 44,0 46,2 46,6 b
2006 35,9 36,2 35,2 50,3 39,4 bc
2008 50,7 43,1 41,7 48,9 46,1 b
2009 33,6 43,2 56,5 64,1 49,4 ab
2010 18,3 23,5 334 47,6 30,8 ¢
2011 334 42,1 33,4 40,8 37,4 bc
Média* 415B 42,4 B 45,4 AB 49,5 A
Produc3o total de pasto (kg MS ha™)
2001 6616 6644 7330 6711 6825 bed
2002 6062 6718 7542 6441 6691 cd
2003 9144 10174 10428 10002 9937 a
2004 8877 8144 7869 7756 8161 bc
2005 9213 7269 8601 7758 8210 b
2006 5835 6039 5945 7897 6429 de
2008 2442 3316 3810 4517 3521 f
2009 4762 5949 7511 8505 6681 cd
2010 3376 4170 5558 7514 5155e
2011 5003 7016 5365 6913 6074 de
Média* 6133 C 6544 BC 6996 AB 7401 A
Residuo (kg MS ha™)

2001 1501 Ca 3544 B ab 6320 Aa 6565 A a 4486
2002 1727Ca 3820 B ab 4917 AB abc 5527 A ab 3998
2005 2363Ba 4306 A a 5774 A ab 6167 A ab 4652
2008 1239Ca 2410 BC bc 3779 AB cd 4765 Ab 3048
2009 1330Ca 3245 B ab 4636 AB bcd 6545 A ab 3864
2010 812B a 1551 B¢ 3387 Acd 4951 A ab 2675
2011 980 Ca 3115 B abc 3151 Bd 4855 Ab 3025
Média* 1422 3147 4561 5582

*Letras maiUsculas diferentes demonstram diferenga estatistica na coluna (alturas de manejo) pelo

teste de Tukey (P<0,05), enquanto que letras mintsculas demonstram diferencas na linha (ano).
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Tabela 2. Carga animal, ganho individual médio diario dos animais e
ganho por area em pastos mistos de aveia + azevém em funcdo das
alturas de manejo e dos anos avaliados sob sistema integrado de

producdo agropecuéria

Altura do pasto

-
10 cm 20 cm 30 cm 40 cm Media
Carga animal (kg PV ha™)
2001 1359 A abcd 833 B bc 548Ca 292Ca 758
2002 1194 A cd 935 A abc 513Ba 304Ba 736
2003 1563 A a 1173Ba 661Ca  333Da 932
2004 1280 A abcd 955 B abc 607Ca 397Ca 810
2005 1084 A de 792 B be 477Ca  315Ca 667
2006 1431 A abc 933 B abc 608Ca 300Da 818
2007 1210 A bed 1051 A ab 746Ba  345Ca 838
2008 1387 A abc 914 B abc 678 B a 389Ca 841
2009 1492 A ab 893 B abc 696Ba 364Ca 861
2010 1182 A cde 917 AB abc 643 B a 348 Ca 773
2011 902 Ae 752 AB ¢ 579BCa 357Ca 647
Média* 1280 923 614 340
Ganho individual (kg PV dia™)
2001 0,89 A ab 1,03 Aab 1,11Aa 1,09Aa 1,03
2002 0,92 A ab 121 Aa 1,19Aa 107Aa 1,10
2003 0,86Bb 1,01 AB ab 1,14Aa 1,12Aa 1,03
2004 0,85Bb 1,14 Aab 124Aa 121Aa 111
2005 0,76 A ab 1,24 Aa 1,13Aa 1,10Aa 111
2006 0,76 B ab 1,05ABab  108ABa 115Aa 101
2007 0,69 Ab 1,02 A ab 095Aa 100Aa 0,96
2008 0,74 Ab 0,94 A ab 097Aa 092Aa 089
2009 0,83 Aab 0,89 Ab 096Aa 110Aa 094
2010 0,66 B b 1,01 AB ab 1,17Aa 115Aa 1,02
2011 0,96 AB a 0,82Bb 1,21ABa 1,23Aa 1,05
Média* 0,85 1,03 1,10 1,11
Ganho por area (kg PV ha™)
2001 480 A abc 311Bd 273BCa 121Ca 296
2002 541 A ab 537 Aa 301Ba 154Ba 383
2003 540 A ab 440 A abcd 268 B a 153Ba 350
2004 530 A ab 490 A abc 321Ba  202ba 386
2005 515 A abc 385ABbcd  288BCa 167Ca 339
2006 612 Aa 496 A ab 328Ba 175Ca 403
2007 428 A bc 501 A ab 356 Aa 185Ba 368
2008 495 A abc 419 ABabcd 282BCa 156Ca 338
2009 529 A ab 390 AB abcd 337Ba  178Ca 359
2010 356 Ac 375 A bed 318ABa 175Ba 306
2011 459 A bc 343 AB bc 324ABa 230Ba 339
Média* 499 426 309 172

*Letras maiulsculas diferentes demonstram diferenca estatistica na coluna (alturas de
manejo) pelo teste de Tukey (P<0,05), enquanto que letras mindsculas demonstram

diferencas na linha (ano).
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Abstract - Nitrogen is essential for the improvement of agricultural production
systems, and also why the contamination of groundwater by this nutrient is common.
The aim of this paper is to provide data over 9 years for estimating leaching by using a
simple computation procedure and measurements of soil humidity and water balance,
nitrate concentration in drainage water and meteorological data and to assess the impact
of the duration of the grassland phase and of the level of nitrogen fertilization on
grassland on the drainage water quality. The study was conducted at the site Systems of
Observation and Experimentation in Environmental Research- Agro-ecosystem,
Biogeochemical Cycles and Biodiversity in Lusignan. The experimental treatments are
sequences of maize, wheat and barley with different grassland rotational periods (a pure
arable crop rotation; three or six years of grassland receiving a high nitrogen
application; six years of grassland with a low N application rate and long term grassland
with nitrogen application). The experimental period of this study lasted from April 2005
through June 2012. In all 9 years a large part of the drainage occurred in autumn and
early winter. Treatments with the longest duration of grassland exhibited a lower
drainage than treatments having a greater proportion of arable crops. In average nitrate
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concentration was 52.7 + 38.63 mgNOsL™ under pure crop rotation treatment as
compared to 14.9 + 14.76 NOsL™ under permanent grassland treatment. There were
significant differences (P <0.0001) in cumulative nitrogen leaching between the
different cropping systems, between 9 and 37 kgNhayear™. Introduction of mowed
grassland sequences with this arable crop rotation leads to a strong reduction of the
nitrate concentration of the ground water, the more proportion of grassland within the
rotation the more NO3™ concentration is reduced, whatever the level of N fertilization

during the grassland sequence.

1. Introduction

Nitrogen is central to the current agriculture production systems. On historic time
scale improving nitrogen availability has been the main driver of improvement of crop
yield (Sinclair and Rufy, 2012), and data aggregated at worldwide level and on several
decades show a strong link between agriculture production and fertilizer use (Tilman et
al., 2002). Nevertheless, the use of large amount of N in intensive agricultural systems
has led, through nitrogen cascades (Galloway and Cowling, 2002), to important
environmental contaminations (Robertson and Vitousek, 2009; Datta et al., 1997;
Guillemin and Roux, 1992; Addiscott et al., 1991). Nitrate contamination of surface
water and groundwater is common in watersheds dominated by agricultural activities
(Jégo et al., 2012; Townsend et al., 2003). Nitrate leaching is a serious issue in a large
area of cultivated land. The European Union has implemented a procedure aiming at
recovering a good quality of water resources in 2015 (Directive 2000/60/EC) and
Nitrate Directive (91/676/EC) has implemented is a law which aims to control nitrogen
pollution limiting the nitrate concentration <50 mg/L in water. Land use is a key factor
of nitrate pollution (Kopacek et al., 2013a; Kvitek et al., 2009). Indeed, several studies
show that leaching is reduced in grasslands (Kopacek et al., 2013a; Kvitek et al., 2009).
The reason for that is due to the strong coupling between C and N cycles associated
with plant autotrophy and intense microbial biomass turnover under permanent
vegetation (Soussana and Lemaire, 2014). Then even with large N fertilization rates
nitrate leaching under grasslands managed by cutting remains very limited while under
grazing N leaching is more directly related to stocking density whatever the origin of N

inputs, N mineral fertilization or N fixation (Ledgard et al., 2009). So introduction of
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grasslands into arable cropping systems as sod-based rotations or ley farming within
integrated crop-livestock systems could be considered as an option for reducing local
emissions of N into hydrosystems (Lemaire et al., 2014; Franzluebbers, 2007; Attard et
al. 2011). However, several questions have to be answered concerning the
environmental benefit of these systems: (i) the quantification of the grassland effect on
drainage water quality at the level of a whole crop rotation according to the duration of
the “grassland” phase and then on the relative importance of grassland area vs arable
cropping area in the land use system; (ii) the impact of the level of intensification and
more precisely of the N fertilization use during the grassland phase; and (iii) the
analysis of the risk for peak of nitrate leaching after grassland re-cultivation as a
consequence of a higher N mineralization associated to an increased soil organic matter
(Bot and Benites, 2005), especially in cases where cereals are cropped with tillage.
Long term experiments are therefore required to assess the amount of nitrogen
that is leached under different systems under the same soil and climate conditions
(Kopécek et al., 2013b). The aim of this paper is to provide data over 9 years for
estimating leaching by using a simple computation procedure and measurements of soil
humidity and water balance, nitrate concentration in drainage water and meteorological
data and to assess the impact of the duration of the grassland phase and of the level of

nitrogen fertilization on grassland on the drainage water quality.

2. Material and methods

2.1 Study site and experimental design

The INRA Lusignan site (46°25'12.91N";0°07"29.35"E) as part of the SOERE
ACBB (Systems of Observation and Experimentation in Environmental Research-
Agro-ecosystem, Biogeochemical Cycles and Biodiversity http://www.soere-acbb.com/)
is a long-term field experiment initiated in 2004. The Lusignan site has been designed
by INRA to increase our understanding of the effects of temporary grassland
management on the environmental outputs of mixing arable cropping/grasslands
systems.

The experimental treatments are sequences of maize, wheat and barley with

different grassland rotational periods (Figure 1). The treatment 1 (C) is a pure arable
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crop rotation of maize/wheat/barley and N fertilization rates adjusted for the potential
yield achievable for each of these crops on this region. The treatments 2 (C3G3) and 3
(G6C3) are rotations of maize/wheat/barley alternating with three or six years of
grassland receiving a high nitrogen application adjusted to achieve near maximum
forage production. The treatment 4 (G6C3N") is similar to treatments 3 but with a low N
application rate during the grassland phase. Treatment 5 (G) is a long term grassland
with nitrogen application as for treatments 2 and 3. Grassland is composed of a mixture
of Festuca arundinacea (Cv Soni), Lolium perenne (Cv Milca) and Dactylis glomerata
(Cv Ludac). Management of the crop sequence was performed according agricultural
practices to achieve a yield close to the potential determined in the region by soil and
climate. N fertilization application rate and timing for all crop sequences were adjusted
every year by using the software PC-AZOTE. For grasslands sequence regular
estimations of the Nitrogen Nutrition Index (NNI) were performed according to the
method described by Farruggia et al (2004). The timing and rate of fertilizer
applications were regulated for maintaining NNI between 0.9 and 1.0, which i.e. close
to a non-limiting N nutrition allowing for potential herbage production (Lemaire et al.,
2008).

The experimental period of this study lasted from April 2005 through June 2012.
The varieties seeded as well as the planting and harvesting dates and applications of
nitrogen are shown in Table A1 (Appendix A). The five treatments were designed on a

four block experimental system with individual plots of 4000 m? each.

2.2 Soil and meteorological data.

The soil is a Cambisol with silty-loamy texture in the surface and clay in the
subsoil horizons (Chabbi et al., 2009). The percentage of clay at the study site ranged
from 17% in the topsoil to 48% in depth soil horizon (Moni et al. 2010). The soil
structural organization presented a large spatial variability and the distribution of
vertical tongues characterizing the soil varied greatly amongst profiles (Chabbi et al.
2009; Moni et al. 2010).

Clay, silt and sand of 20 soil profiles data set were used for determination of field
capacity (Hs.) for each soil horizon (Angevin, 1999) according to equation from
Campbell using the software SoilPar 2.00 (Acutis and Datelli, 2003) after comparison
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with other approaches and measured humidity in the field (data not shown).

Volumetric soil humidity was measured with TDR sensors for each treatment only
on blocks 1 and 2. The measures were made every 30 minutes. There were 8 sensors in
each replicate plot, one sensor at -10, -20, -30 and -80 cm and two sensors at -60 and -
100 cm. Minimum humidity (Hmin) registered during the period of each crop was used
for the calculation of soil maximum soil available water, designated as water reserve in
the following.

The local daily data of rainfall (Figure 2), maximum and minimum air
temperatures and relative humidity at 2 m height, irradiance and wind speed (2m) were
measured on the site of the experiment and obtained from the Climatik database
maintained by AgroClim INRA.

2.3 Water collects and nitrate concentrations

In order to measure the nitrate concentration of the drained waters, gravitational
soil solutions were collected by using zero-tension plate lysimeters (ZTL) according to
methodology described in Ranger et al (2001). Two ZTL were inserted in soil at -105
cm depth in each plot of blocs 1 and 2 before the start of the experiment in 2004. Water
drained from each plate in each period was cumulated in collecting glass bottles located
in pits built near the plots and under the plate level. Samples were taken during each
drainage event lasting less than 15 days or every 15 days during drain periods longer
than 15 days. A 500 mL Aliquots of the weekly-pooled material were then analyzed for
nitrate N concentrations (NO3'N) by ion chromatography at the certified IANESCO
laboratory in Poitiers. Although the ZTL system did not allow any quantitative
evaluation of the water drainage flow to be made, due to the error associated to such an
open system it allowed a reliable sampling method for qualitative approach (Ranger et
al., 2001). So for quantification of nitrate flow to groundwater table it is necessary to

have an independent estimation of soil water balance and drainage.

2.4 Calculation of evapotranspiration, soil water reserve and drainage.

Evapotranspiration (ETR) was calculated as a function of reference
evapotranspiration (ET®) multiplied by crop coefficients (K.). The ET® was calculated

as a function of global radiation, temperature, humidity and wind speed. These values
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are routinely computed and downloaded from the Climatik data base. Crop coefficients
were found in the FAO document for wheat, maize, barley and grassland for each stage
of crop development (Allen et al., 2006). The actual evapotranspiration was further
reduced depending on the relative soil water content.

To take the impact of the soil water content on ETR into account, the soil was
divided into three layers (Figure 3): one surface layer 0-20 cm; one layer explored by
roots (for each crop) which increased in depth from 0 at sowing to a maximum depth at
flowering; and a deep layer which was the maximum depth reached by roots during the
whole period studied (2006-2013). The maximum depth was estimated using the
humidity profiles measured throughout the experiment.

K. was actualized every day following the crop development, and assuming it was
0.3 at sowing and maximum at flowering. Flowering date was derived from the value
growing degree days provided for maize, wheat or barley (Table A1 — Appendix A). In
each case, the maximum value of K. was taken from the FAO (Allen et al., 2006). The
root depth was proportional to Kc, growing from zero at sowing to maximum root depth
on day of flowering. The maximum root depth was computed for each crop and plot
using the profile of minimum soil water content observed over 100 cm, extrapolating
the depth value at which soil humidity would be equal to field capacity (eg, Figure 4).
Further details of the computation of ETR and drainage, depending on development

stage of the crops, are given in appendix B.

2.5 Statistical methods.

Data were subjected to analysis of variance and contrasts with significance level
of 5%. Drainage data were also analyzed for each period (crop). For these analyzes, the
GLM and Mixed of SAS software (SAS, 2002) package was used.

3. Results.

3.1 Estimate of drainage
Maximum soil water reserve (Table 1) was similar between treatments (P=
0.0957), allowing the evaluation of treatment effects on water draining from the soil and

leaching of nitrogen.
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The dryness of soil profiles varied between years and treatment. The driest year
(intensity and duration) was 2006 followed by 2009. The soil relative water content
remained relatively high during the other years, 2007 and 2013 exhibiting the wettest
conditions (Figure 5). As expected, with grassland, soil dried out more rapidly and to
drier situations than with crops. However, the deepest root activity measured,
approximately 155 cm, was observed under continuous cropping with cereals.

Figure 6 shows a good correspondence between the determination of the drainage
events observed directly on ZTL and the period of drainage calculated through the
model that demonstrates the reliability of measurement methodology for sampling
gravitational soil water contributing to drainage. In all 9 years a large part of the
drainage occurred in autumn and early winter (Figure 6). However, we also observed
drainage during the period of spring 2013 due to the large rainfall (Figure 2). The
cumulative drainage during the 9 years (Figure 7) was different among cropping
systems (P <0.0001). Treatments with the longest duration of grassland (G and G6C3)
exhibited a lower drainage than treatments having a greater proportion of arable crops:
1991 and 1943 mm, respectively for G and G6C3 against 2658 and 2357 mm
respectively for C and C3G3, while G6C3N" remained intermediary (2147mm). The two
periods during which the largest difference between treatments occurred were the winter
2007-2008, and 2010-2011, i.e. under the long bare soil between the barley harvest in

early summer and maize sowing in next spring.

3.2 Nitrate concentration of gravitational soil water

A large variation with time can be observed in the nitrate concentration of
gravitational soil water collected from ZTL (Figure 6) for all drainage periods under
grassland (G) or under pure arable crop system (C), in each situation. Under pure crop
rotation nitrate concentration varied from 5 up to 145 mg NOsL™ while under grassland
this variation is of less amplitude, from 0 up to 64 mg NOsL™. In average nitrate
concentration was 52.7 + 38.63 mgNOsL™ under C treatment as compared to 14.9 +
14.76 NOsL™ under G treatment. As expected land occupation with grassland managed
by cutting lead to an important reduction of nitrate concentration of drained water as
compared with pure arable crop rotation. On average treatments with a high proportion
of grassland (G, G6C3, G6C3N-) provide water with approximately 15 mg NOsL™ in
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comparison to the pure crop rotation (C): 53 mgNOsL™ while the treatment C3G3 gave
intermediary result 31 mg NOsL™ (P = 0,0003).

Although this comparison obtained through the average of gravitational water
sampling is only an approximation of the overall nitrate concentration of drained water.
A more relevant estimate of the quality of drained water needed to weigh each sampling
value by its contribution to the volume of drained water. This was assessed using the

drainage on the one hand and the total nitrate lixiviated over a period on the other hand.

3.3 Nitrate lixiviation

For each drainage period, the nitrate concentration of water sample was multiplied
by the quantity of water drained for calculating a quantity of nitrate leached. The
cumulated quantities during the 9 years of the experiments are represented in Figure 8.
There were significant differences (P <0.0001) in cumulative nitrogen leaching between
the different cropping systems (Figure 8). In the pure arable crop system (C) 340 kg N
ha™ leached over the 9 years, i.e. a loss of 37 kgNha*year™ while under long term
grassland (G) and systems including period of 6 years of grassland, (G6C3 and G6C3N"
), an average of only 70 kgNha™ over the 9 years was recorded, i.e. a loss of 8 kgNha™.
Over the whole 9 year studied, lowering N fertilization did not result in any further
significant decrease in N leaching. The C3G3 system showed an intermediate value of
165 kg Nha™, corresponding to a loss of 18 kgNha*year™.

A more detailed analysis was made for the period following the 6 year or 3 year
grassland, i.e., April 2011 — July 2013 when a common arable crop sequence started
following 6 years of different land occupation (Table 2). For all treatments N leaching
occurred in two steps: Winter-Spring 2012 and Winter-Spring 2013. No additional N
leaching due to the grassland ploughing and re-cultivation was detected during these
two periods for C3G3 or G6C3. Although limited, the effect of N fertilizer application
on grassland N leaching after its re-cultivation was significant (34 vs 17 kgNha™ for
G6C3 and G6C3N'" respectively following the wheat crop) and did not persist thereafter.
Under continuous grassland treatment (G), N leaching was relatively important during
the second period as compared with the very low N leaching during the previous years.
This could be associated with the intense drought in summer and autumn 2012 (Figure
5).
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The overall nitrate concentration of drainage water can then be calculated for each
treatment as the ratio between the cumulated loss of nitrogen per hectare (Figure 8) and
the cumulated volume of drainage water (Figure 7) that should give the best estimate of
the contribution of each treatment to the water quality of the ground water. The ratio of
cumulated NO; leached over the quantity of water drained during the whole period
showed that the water from the crop rotation had a concentration of approximately 56
mg NOsL™, while treatments with continuous or 9, 6 or 3 year grasslands had 14, 19
and 31 mg NOsL™, respectively (Figure 8). The 6 year grassland rotation with low N
application (G6C3N-) had the same average concentration as the continuous grassland
with high N application (G): 12 mg NO;L™.

4. Discussion.

4.1 Effect of land use and management system on drainage

In the present study the drainage periods were usually observed between October
and April since the evaporative demand in summer is generally sufficient to restrict
drainage to infrequent events of very intense rainfall at this time of year (Cuttle and
Scholefield, 1995). So drainage under land use systems favoring periods of bare soil is
higher because of a lower evapotranspiration than under permanent vegetation. The
difference in drainage between land use systems differing in the proportion of grassland
occurs more specifically during these period of bare soil (Figure 6 and Table 2). In
consequence, introduction of grassland within cereal rotation leads to a reduction of the
quantity of leaching water. To quantify the current rate of aquifer recharge is thus a
prerequisite for efficient and sustainable groundwater resource management in dry
areas, where such resources are often the key to economic development (Vries and
Simmers, 2002). The balance between land areas covered by grasslands and cropping

areas at catchment level should be obtained for sustainable water resource management.

4.2 Effect of land use on nitrate leaching and gravitational water quality

Leaching of nitrates into groundwater and their presence in surface runoff depends
on mineral nitrogen excess, hydrological regime, land use, soil type and climatic
conditions (Shepherd et al., 2001; Oenema et al., 2005). Several studies pointed out the
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relationship between land use and leaching of nitrogen (Kvitek et al., 2009). Nitrate
concentrations in drainage from grassland or forest are usually small (Addiscot, 2005).
For the same author, systems with rotating annual crops leave the soil bare for part of
the year, and while the soil is bare, soil nitrogen is vulnerable to leaching because there
are no live plants to capture it. Also important is the fact that the grasses spread their
roots in soil depths enabling the plants to capture nitrate before it can leach and
contaminate water or be leached (Franzluebbers et al., 2014). Moreover, the
permanency of carbon flow through perennial vegetation to soil under grassland allows
arapid N immobilization-mineralization turnover by soil microbes that avoid the
accumulation of N as nitrate in soil and then reduce the risk of leaching (Premrov et al.,
2012; Tlustos et al. 1998).

The first events of each period of drainage are those with the highest levels of
nitrogen concentration in gravitational water (Figure 6). At the end of summer high soil
temperatures and the restoration of soil humidity, N mineralization is favored, leading
to accumulation of mineral N in soil and increasing concentration of nitrate within
gravitational water (Engstrom et al., 2011; Torstensson and Aronsson, 2000; Stenberg et
al., 1999). According to the model of Burns (1974) the nitrate concentration of drainage
water is high at the start of the drainage period near the end of autumn and due to the
leaching effect tends to decrease as the volume of water drained increases. So, as the
volume of drainage water increases bringing about a dilution process, according to this
model, the average NOj3™ concentration of drainage water should decrease. As a
consequence, any reduction in the volume of water drainage should automatically
increase the average NOjs™ concentration of the water drainage. But analysis of the
relationship between volume of water drainage and corresponding average NO3
concentration show a positive correlation across treatments or across years (r=0.93
P<0.0001) that is in contradiction with what it was expected from the model of Burns.
In fact for each drainage period as it was expected a tendency to a “dilution” of nitrate
concentration as the volume of water drainage increase was observed as expected. But
because the soil N mineralization remains active through all the winter and increases in
early spring this “dilution” process is largely attenuated or erased when analyzed at a
whole year level. Therefore any reduction of the drainage water volume, due to either a

reduction of the annual rainfall or an increase of evapotranspiration through a better soil
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cover by vegetation would have contributed to an increase in the average nitrate
concentration of drainage water. So the high capacity of grasslands to intrinsically
decrease the accumulation of nitrate in soil is not impaired by its higher capacity to
reduce the volume of water through a lower “dilution” effect.

Even with higher N fertilization application rates than in maize, wheat and barley
(Table A1 — Appendix A) grassland always shows both a lower quantity of nitrate
leaching and a lower nitrate concentration of drainage water. This can be explained by
the absence of soil disturbance and of the periods of bare soil during the “grassland
phase”. In arable cropping systems, large amounts of nitrogen that remain in soil or are
mineralized after harvest may be leached before the next crop is established (Sapkota et
al, 2012). It is interesting to note here that the high increase in fertilizer N application
rate on grassland in G6C3 treatment as compared to G6C3N" treatment did not lead to
any substantial increase in nitrate leaching risk. That underlined the high capacity of
mown grasslands for restoration of ground water quality even under a relatively
intensive management system allowing the near potential herbage production (Table Al
— Appendix A). So as shown in Figure 9, an increasing proportion of grassland within
cereal rotations would lead to a strong exhaustion of the nitrate concentration of

drainage water according to an exponential function.

4.3 Effect of grassland destruction and re-cultivation.

Some authors have stressed that the advantage of introduction of temporary
grasslands within arable cropping rotations for reducing the nitrate concentration of
groundwater could be lost during the 2 year periods following the conversion of land
from grassland to annual crops (Kaspar et al., 2012; Verteés et al., 2007; Cuttle and
Scholefield, 1995), because the high mineralization rate of the soil organic matter
incorporated in soil after grassland destruction and re-cultivation. In our situation we
did not observed any lasting effect of the preceding land use system (continuous arable
cropping, alternation 3 years crops and 3 years grassland, or 6 years grassland with high
or low N fertilization) during the 3 subsequent years of maize, wheat, and barley
rotation. As shown in Table 2, the maize crop sown in April 2011 just after the
grassland destruction and receiving a relatively low N fertilization rate according to
indication of the PC-AZOTE software (Angevin, 1999) avoided nitrate leaching until
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November 2011. Only two periods of N leaching were observed under wheat (2012)
and Barley (2013) and the quantity of nitrate losses by leaching after grassland never
excess the quantity lost under continuous cropping system. This absence of excess of N
leaching after grassland conversion into arable crop has been obtained through a
moderate N fertilizer rate on maize allowing this crop to uptake most of the
supplemental N mineralized after grassland ploughing. The agronomic analysis of N
balance across treatments is not the objective of this paper, but it is interesting to note
that variations in maize grain yield across treatments (Table Al: 7.6; 7.7; 8.4; and 7.0
tha™* respectively for C, C3G3, G6C3 and G6C3N") reflects probably only small
differences in plant N nutrition. So if the grassland destruction is followed immediately
by a crop with a high N uptake capacity as maize with a moderate N fertilization
application rate then the risk for supplement N leaching risk should be low. It was
interesting to note that in this experiment grasslands were only used under mowing,
while most of the work that indicated increased risk of nitrate leaching after grassland

destruction was carried out under grazing management.

4.4 System comparison

The experimental design used was an attempt for analyzing the effect of some
forcing variables such as land use system (crop vs grassland), level of N fertilization
application on grassland on the quantity and quality of drainage water. This system
allows the answer to question such as “What if..?”, but it cannot answer to “What is
necessary for...?”. In other terms it allows the analysis of the consequence of some
agriculture system decisions, but it cannot directly help in providing the best
management decision for a given set of production and/or environment objectives in a
particular situation. It is clear that the pure cropping system could have been managed
with the introduction of catch crops during the periods of bare soils. It has been
demonstrated that catch crop incorporation should reduce a part of the risk of nitrate
leaching under arable cropping system (Kaspar et al., 2012; Vertés et al., 2007; Cuttle
and Scholefield, 1995). But incorporation of a supplemental treatment within a long
term experiment using intensive measurements of different variables is not so easy, and
the best solution is to limit the number of land use and management system for
calibrating models and then to use models for investigating other variations and
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combinations of management systems. Furthermore, as maize is harvested in late
October or even later in some region, and given the short period of time available for
sowing and crop setting it is very difficult to expect any significant nitrate uptake during
winter using catch crops. In this cereal system the use of catch crops would be only
possible between the harvest of barley in July and the sowing of maize on April of the
following year that represents the period of the highest risk for Nitrate leaching. Ter
Steege et al. (2001) showed that, based on experimental data and modeling simulation,
introduction of catch crops within annual cropping systems could remove until 50% of
the nitrate leaching that corresponds to the abatement obtained with the treatment
C3G3.

These first analyses of the experimental data of the SOERE-ACBB of INRA-
Lusignan over the first 9 years allows the drawing of first conclusions:

(1) In the soil and climate condition of Central West France the use of a pure
cereal cropping system managed with just enough N fertilization as require for regional
potential grain yield achievement leads to an average nitrate concentration of the
drainage water higher than the limit of 50 mgNOs L™ admissible for drinking water.

(i) Introduction of mowed grassland sequences with this arable crop rotation
leads to a strong reduction of the nitrate concentration of the ground water, the more
proportion of grassland within the rotation the more NO3™ concentration is reduced,
whatever the level of N fertilization during the grassland sequence.

(iii) Destruction of grasslands by ploughing and re-cultivation did not lead to
over N leaching, so the advantage gained during the grassland phase on water quality is
conserved over the whole sod-based rotation.

(iv) Nevertheless in regions where water availability strongly depends on
recharge of aquifers in winter, a trade-off between the advantage of grassland
introduction within arable cropping system in terms of ground water quality and the
possible disadvantage linked to a reduction of the volume of drainage water. Such a
trade-off should be given attention for catchment management.

Several questions remains open for future analysis, by using either other
measurements made as co-variables on water quality (pesticides, phosphate, sulfate and
cations) or by using model simulations for testing different crop system scenarios such
as use of catch crops, tillage vs non-tillage and cutting-grazing equilibrium.
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6. Appendix
6.1 Appendix A.

6.2 Appendix B.
The soil is split in three layers: the 20 top cm, the layer explored by the current

crop’s roots and the deepest root layer over the whole 8 year period studied. When the
soil was bare the top 20 layer contribution to ETR of the day j (ETR/,) was computed

using equation (B.1):

) i
ETRJ, = K,, *ET°* Min[l; %J (B.1)
' 20

Where, K,y was set constant equal to 0.3 (Allen et al., 2006), R/, is the daily soil
water reserve of the 20 cm layer of the day j and RUxg is the maximum available water
of the 20 cm layer. RJ, and RU,, were determined using equations (B.2) and (B.3):

R! = Min(RU,;RE! +P1 ~ETRY,) (B.2)

RUyo = {[(H]s — H}™) = 10] + [(HL$ — HY™) » 10 + (H3Hm — HY™) « 5 +

(Hjs — H]5) * 5]} (B.3)

Where Ry’ is the available water of the top layer of the day j-1, P! is the rainfalls

of the day j, H™ is the minimum humidity and H'™ is the field capacity humidity in
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each depth. H™ was calculated using the software Soilpar 2.00 (Acutis & Donatelli,
2003).

When Root depth was deeper than 20cm, ETR was computed using equation
(B.4).

ETR’ = {KC *ETo* Min(]; R; ]— ETR;O} (B.4)
0.4RU,

Where RF{ and RUg are the soil available water content of the day j-1 and the

maximum available water content in the root zone below 20 cm, respectively. RF{ was
determined using equation. (B.5)

Drainage between top layer and root zone and under the root zone was computed
making the balance on each layer and neglecting the capillary rise because the water
table is 30 m under the ground, approximately (equations B.5, B.7 and B.9).

R} = Min(RU;RI* — (ETR! —ETR},) + Dj}) (B.5)

Where D&l is the drainage under the root zone and was determined using
equation (B.6).

DLt = (RU,, — (RL* + P! —ETRY)) (B.6)
R/ =Min(RU;R'* - (ETR’ —ETR},) + D}%) (B.7)
Dt =(RU, — (R + P! —ETRY)) (B.8)

RUg = {[(H]5 — HI™) « 10] + [(Hf5 — HIE™) « 10 + (H™ — HIE™) « 5 +
(HIS — HLE) 5] + [(HIS — H3™) * 10 + (HE™ — HY) « 5 + (HS — HIS) + 5] +
[(H35 = HEE™) 30 + (HEE™ — H3G™) 15 + (Hgg — Hig) + 15] + [(Hgg — Heg™) »
20 + (HM™ — HYM™) 10 + (HJs — HG) + 10] + [(HYs — HIE) « 20 +
(HIG8" — H36™) + 10 + (H{go — Hgg) = 10] +

(%

_ gMin
Max depth HlOO *

(Max depth—lOO)]}
2

(B.9)
Where max depth is the maximum root depth for each crop in each plot. For each

plot, the values RU,, maximum root depth and maximum RU are given in Table 1.
The drainage under the maximum root depth of the day j (D') is determined

according to equation (B.10).
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D! =(RU —(RI*+P/-ETR')) (B.10)
Were RU is the maximum available water for 9 years.
For calculating the amount of nitrate leached, the Nitrate concentration

(%Nitrate’) of drained water was linearly interpolated between two samples values.

Nitrogen leaching was calculated according to equation (B.11).

N = D! *%Nitrate ! *0.226 (B.11)

leaching
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Table 1. Soil water reserve in 20 cm depth and maximum and maximum depth roots

Soil water reserve (mm) Rpax depth

20 cm Maximum (cm)
Cl 34 155 155
C2 38 163 143
C3G31 41 148 168
C3G32 48 179 139
G6C31 46 181 138
G6C3 2 51 194 143
G6C3N" 1 43 153 125
G6C3N" 2 39 148 130
Gl 42 168 137

G2 41 171 136
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Table 2. Nitrogen leaching and rainfall between treatments over the three years

following the destruction and the ploughing of the grass

Nitrogen leaching (kg N/ha) Rainfall
C C3G3 G6C3 G6C3N G (mm)
Apr — Sep/11 (Maize) 5 0 0 0 0 280
Sep — Nov/11 (Bare soil) 0 0 0 0 0 68.5
Nov/11 —Jul/12 (Wheat) 39a  2lbc 34ab 17 ¢ 15¢ 618
Jul — Nov/12 (Bare soil) 0 0 0 0 0 163.5
Nov/12 — Jul/13 (Barley) 22a 33a 36 a 34a 26 a 893.5
Total leaching 66a 54ab 70 a 51 ab 41b 20235

*Different letters mean differences between treatments in the period

(P=0.0004) or total leaching (P=0.0096).
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Figure 1. Sequence of soil occupation for the different treatments. The period
between the end of each crop sequence (harvest) and the beginning of the following

crop (sowing) correspond to bare soil.
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Figure 2. Rainfall and temperature measured on the site of the experiment.
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Figure 3. Evolution of the three soil water reserve modeled for the estimation of soil
water and nitrogen leaching. The ground surface (R20) is divided into a tank of at least
20 cm deep, a reservoir between 20 cm and root depth (where they are deeper than 20
cm — Rroot) and a reservoir between the root depth and the maximum depth observed
during the 9 years of the trial (Rmax). Root depth zero at the time of implantation, is
proportional to the coefficient of the crop (K¢) and hence increases as a function of the
sum of temperature. Water flows are expected only vertical and rising damp considered
negligible in Lusignan. Drainage is calculated as the difference between the water

balance of each tank and its useful reserve when higher.
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Figure 4. Illustration of the methodology for calculating the soil water reserve
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humidity in each depth and Hj is the day humidity.
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Table Al. Varieties, sowing and harvesting dates of crops, crop coefficient maximum,

total amount of nitrogen applied (kg N ha™) and crop yield (culture: kg grain

ha* grassland: kg DM ha™) in the different treatments

. : : K. Nitrogen Yield
Year  Crop Varieties Sowing  Harvesting w Applied (kg/ha)
2005 Maize Texxud 21/04 22/09/2005 1.20 117 2524
2006 Wheat Caphorn  24/10/2005 19/07/2006 1.15 85 6864
2007 Barley Vanessa  26/10/2006 28/06/2007 1.15 120 4559
2008 Maize  Anjou 387 07/05  17/10/2008 1.20 80 11638
c 2009 Wheat Caphorn  29/10/2008 16/07/2009 1.15 150 5898
2010 Barley Vanessa  22/10/2009 06/07/2010 1.15 83 4235
. PR38V12 1.20 7644

2011 Maize PIONER 18/04  27/09/2011 72
2012 Wheat Caphorn  16/11/2011 24/07/2012 1,15 160 5627
2013  Barley Limpid  16/10/2012 16/07/2013 1,15 90 4638
2005 Maize Texxud  21/04/2005 22/09/2005 1.20 117 2577
2006 Wheat Caphorn  24/10/2005 19/07/2006 1.15 175 6825
2007 Barley Vanessa  26/10/2006 28/06/2007 1.15 120 4443
2008 Dactyle 330 14204
2009 Ludac + 230 10563

Grassland ' CWAUe 4210012007 i 1.00

C3G3 Soni + 5690

2010 Ray-grass 210

Milca

. PR38V12 1.20 7704

2011  Maize PIONER  18/04/2011 27/09/2011 36
2012 Wheat Caphorn  16/11/2011 24/07/2012 1.15 160 5443
2013  Barley Limpid  16/10/2012 16/07/2013 1,15 90 4960

2005 Dactyle 0 0
2006 Ludac + 170 10673
G6C3 Grassland Fset“‘?‘f 20/04/2005 ] 1.00
2007 oni 380 15873
Ray-grass

2008 Milca 330 12087
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2009 230 9592
2010 210 5495
. PR38V12 1.20 8455
2011  Maize lONER  18/04/2011 27/09/2011 36
2012  Wheat Caphorn  16/11/2011 24/07/2012 1.15 160 5714
2013  Barley Limpid  16/10/2012 16/07/2013 1.15 90 5170
2005 0 0
2006 Dactyle 30 5834
2007 Ludac + 30 5929
Grassland Fsewq‘f 20/04/2005 i 1.00
2008 oni 30 4864
Ray-grass
Gecan: 2009 Milca 30 2543
2010 30 1687
. PR38V12 1.20 7042
2011  Maize PlONER  18/04/2011 27/09/2011 36
2012  Wheat Caphorn  16/11/2011 24/07/2012 1.15 160 5904
2013  Barley Limpid  16/10/2012 16/07/2013 1.15 90 5677
2005 0 0
2006 170 11035
2007 380 15531
Dactyle
2008 Ludac + 330 12609
G 2009 Grassland FSe;‘;?‘f 20/04/2005 ; 100 230 9173
2010 Ray-grass 210 5303
Milca
2011 120 4436
2012 210 5767
2013 220 10690
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4.1 CONCLUSOES GERAIS

Utilizando-se 10 anos de dados de um sistema integrado de
producdo agropecuaria foi possivel detectar padrées de comportamento nas
relagBes entre as variaveis de pasto e animal, mesmo existindo influencia dos
anos avaliados. Para se atingir ganhos satisfatorios na producédo animal, sem
afetar negativamente outros parametros do sistema, sugerimos que o manejo
seja feito mantendo-se o pasto com 30 cm de altura.

Na condicdo de solo e clima do Centro-Oeste da Franga, a
introducdo de pastagem na rotacdo de culturas diminui a concentracdo de
nitrato na agua drenada. A reducdo nas perdas de nitrogénio é proporcional ao
tempo de permanéncia da pastagem na rotacdo. A destruicdo de pastagens por
aracdo e o cultivo com culturas de grdos ndao aumentam a lixiviagdo de
nitrogénio. Porém, em regides onde a disponibilidade de agua depende
fortemente de recarga de aquiferos no inverno, deve-se fazer um balanco entre
a vantagem da introducédo de pastagens no sistema de cultivo, que melhora a
qualidade da agua drenada e da possivel desvantagem associada a uma
reducdo no volume da agua drenada.



90

4.2 REFERENCIAS BIBLIOGRAFICAS

ADDISCOTT, T. M.; WHITMORE, A. P.; POWLSON, D. S. Farming, Fertilizers
and the Nitrate Problem. Wallingford: CAB International, 1991. 170 p.

ANGHINONI, I. et al. Beneficios da integracao lavoura-pecuaria sobre a
fertilidade do solo em sistema plantio-direto. In: FONSECA, A.; CAIRES, E. F,;
BARTZ, G. (Eds.). Fertilidade do solo e nutricdo de plantas no sistema
plantio direto. Ponta Grossa: Fundacdo ABC, 2011. p.272-3009.

BARTHRAM, G. T. Experimental techniques: the HFRO sward stick. In: Hill
farming research. Edinburgh: HFRO, 1985. p.29-30. (Organisation Biennial
Report 1984-85)

CQFS-RS/SC — COMISSAO DE QUIMICA E FERTILIDADE DO SOLO -
RS/SC. Manual de adubacé&o e calagem para os Estados do Rio Grande do
Sul e Santa Catarina. Porto Alegre: SBCS-NRS/EMBRAPA-CNPT, 2004. 400

p.

CUTTLE, S. P.; SCHOLEFIELD, D. Management options to limit nitrate
leaching from grassland. Journal of Contaminant Hydrology, Amsterdam, v.
20, n. 3-4, p. 299-312, 1995.

DABNEY, S. M. et al. Using cover crops and cropping systems for nitrogen
management. In: DELGADO, J.A., FOLLETT, R.F. (Ed.). Advances in
Nitrogen Management for Water Quality. Ankeny: Soil and Water
Conservation Society, 2011. p. 230-281.

DATTA, P. S., DEB, D. L., TYAGI, S. K. Assessment of groundwater
contamination from fertilizers in the Delhi area based on 180, NO3 and K+
composition. Journal of Contaminant Hydrology, Amsterdam, v. 27, n. 3-4, p.
249-262, 1997.

FRANZLUEBBERS, A. J. Integrated crop—livestock systems in the southeastern
USA. Agronomy Journal, Madison, v. 99, n. 2, p. 361-372, 2007.

GUILLEMIN, C.; ROUX, J. C. Pollution des eaux souterraines en France.
Paris: Editions du BRGM, 1992. 175 p.

GUSTAFSON, A. Leaching of nitrate from arable land into groundwater in
Sweden. Environmental Geology, Uppsala, v. 5, n. 2, p.65-71, 1983.

HOPKINS, A.; HOLZ, B. Grassland for agriculture and nature conservation :
production, quality and multi-functionality. Agronomy Research, Saku, Estonia,
v.4,n. 1, p.3-20, 2006.

HUMPHREYS, L. R. Tropical forages: their role in sustainable agriculture.
Harlow: Longman Scientific & Technical, 1994. 414p.



91

JEGO, G.; SANCHEZ-PEREZ, J. M.; JUSTES, E. Predicting soil water and
mineral nitrogen contents with the STICS model for estimating nitrate leaching
under agricultural fields. Agricultural Water Management, Amsterdam, v. 107,
p. 54-65, 2012.

KASPAR, T. C. et al. Rye cover crop and gamagrass strip effects on NO3
concentration and load in tile drainage. Journal of Environmental Quality,
Madison, v. 36, n. 5, p. 1503-1511, 2007.

KASPAR, T. C. et al. Effectiveness of oat and rye cover crops in reducing
nitrate losses in drainage water. Agricultural Water Management, Amsterdam,
v. 110, p. 25-33, 2012.

KASPAR, T. C.; SINGER, J. W. The use of cover crops to manage soil. In:
HATFIELD, J.L., SAUER, T.J. (Ed.), Soil Management: building a stable base
for agriculture. Madison: Am. Soc. Agron. Soil Sci. Soc. Am., 2011. p. 321-337.

KOPACEK, J.; HEJZLAR, J.; POSCH, M. Factors controlling the export of
nitrogen from agricultural land in a large central European catchment during
1900-2010. Environmental Science & Technology, Washington DC, v. 47, n.
12, p. 6400-6407, 2013.

KVITEK, T. et al. Changes of nitrate concentrations in surface waters influenced
by land use in the crystalline complex of the Czech Republic. Physics and
Chemistry of the Earth, Oxford, v. 34, n. 8, p. 541-551, 20089.

LEMAIRE, G. et al. Integrated crop—livestock systems: Strategies to achieve
synergy between agricultural production and environmental quality.
Agriculture, Ecosystems & Environment, Amsterdam, v. 190, p. 4-8, 2014.

LEMAIRE, G.; HODGSON, J.; CHABBI, A. Food security and environmental
impacts—challenge for grassland sciences. In: LEMAIRE, G., HODGSON, J.,
CHABBI, A. (Ed.). Grassland Productivity and Ecosystem Services.
Wallingford: CAB International, 2011. p. Xii- xvii.

LEMAIRE, G.; WILKINS, R.; HODGSON, J. Challenge for grassland science:
Managing research priorities. Agriculture, Ecosystems & Environment,
Amsterdam, v. 108, p. 99-108, 2005.

LERNER D. N. Groundwater recharge. In: Saether OM, de Caritat P. (eds)
Geochemical processes, weathering and groundwater recharge in catchments.
AA Balkema, Rotterdam, 1997. pp 109-150.

LERNER, D. N.; ISSAR, A. S.; SIMMERS, |. Groundwater recharge. A guide
to understanding and estimating natural recharge. Hannover: Int. Contrib.
Hydrogeol., 1990. 345 p.

MOHAMED SALLEN, M. A.; FISHER, M.J. Role of ley farming in crop rotations
in the tropics. In: INTERNATIONAL GRASSLAND CONGRESS, 17., 1993,
Rockhampton. Proceedings. Rockhampton, 1993. p. 2179-2187.



92

MORAES, A. et al. Integrated crop — livestock systems in the Brazilian
subtropics. European Journal of Agronomy, Amsterdam, v. 57, p. 4-9, 2014.

NEILL, M. Nitrate concentrations in river waters in the south-east of Ireland and
their relationship with agricultural practice. Water Research, Oxford, v. 23, n.
11, p. 1339-1355, 1989.

OENEMA, O.; VAN LIERE, L.; SCHOUMANS, O. Effects of lowering nitrogen
and phosphorus surpluses in agriculture on the quality of groundwater and
surface water in the Netherlands. Journal of Hydrology, Amsterdam, v. 304, n.
3, p. 289-301, 2005.

PEDERSEN, A.; THORUP-KRISTENSEN, K.; JENSEN, L. S. Simulating nitrate
retention in soils and the effect of catch crop use and rooting pattern under the
climatic conditions of Northern Europe. Soil Use and Management, Oxford, v.
25, p. 243-254, 2009.

PREMROV, A. et al. Effects of cover on groundwater nitrate and dissolved
organic carbon concentrations beneath tillage land. Science of the Total
Environment, Amsterdam, v. 438, p. 144-153, 2012.

SAPKOTA, T. B. et al. Effects of catch crop type and root depth on nitrogen
leaching and yield of spring barley. Field Crops Research., Amsterdam, v.
125, p. 129-138, 2012.

SHEPHERD, T. G. et al. L. Tillage —induced changes to soil structure and
organic carbon fractions in New Zealand soils. Australian Journal of the Soil
Research, Lismore, v. 39, n. 3, p. 465-489, 2001.

STEINER, J. L.; FRANZLUEBBERS, A. J. Farming with grass—for people, for
profit, for production, for protection. Journal of Soil and Water Conservation,
Ankeny, v. 64, n. 2, p. 75A-80A, 2009.

STREBEL, O.; DUYNISVELD, W. H. M.; BOTTCHER, J. Nitrate pollution of
ground water in western Europe. Agriculture, Ecosystems & Environment,
Amsterdam, v. 26, n. 3-4, p. 189-214, 1989.

TONITTO, C.; DAVID, M. B.; DRINKWATER, L. E. Replacing bare fallows with
cover crops in fertilizer-intensive cropping systems: ameta-analysis of crop yield
and N dynamics. Agriculture, Ecosystems & Environment, Amsterdam, v.
112, n. 1, p. 58-72, 2006.

TOWNSEND, A. R. et al. Human health effects of a changing global nitrogen
cycle. Frontiers in Ecology and the Environment, Washington DC, v. 1, n. 5,
p. 240-246, 2003.

VRIES, J. J; SIMMERS, |. Groundwater recharge: an overview of processes
and challenges. Hydrogeology, Hannover, v. 10, n. 1, p. 5-17, 2002.

WHITEHEAD, D. C. Grassland Nitrogen. Wallingford: CABI Publishing, 1995.



93

368p.

ZHU, C. J. et al. Runoff, soil, and dissolved nutrient losses from no-till soybean
with winter cover crops. Soil Science Society of America Journal, Madison,
v. 53, p. 1210-1214, 1989.



5. APENDICES



Apéndice 1. Normas utilizadas para escrever o Capitulo Il.

AGRICULTURE, ECOSYSTEMS &
ENVIRONMENT

An International Journal for Sdentific Research on the Interaction Between
Agroecosystems and the Envinonment

I  AUTHOR INFORMATION PACK

TABLE OF CONTENTS

TSN 01E7-BE00

L] Description p.1
. Audience p.1
. Impact Factor p.2
. Abstracting and Indexing p.2
* Editorial Board p.2
* Guide for Authors p.3
DESCRIPTION

AGRICULTURE,ECOSYSTEMS AND ENVIRONMENT

An International Journal for Scientific Research on the Inberaction Betwean
Agroacosystems and the Environment

Agricilture, Ecosysfens and Environment publishes sdentific articles dealing with the interface
bebwesn agroscosystems and the natural environment, specfically how agriculture infleences
the environment and how changes in that environment impad agroecosystems. Preference is given
o papers from exparimental and ebservational research &t the feld, system or landscape leval, from
studies that enhance our understanding of processes using data-based biophysical modelling, and
papers that bridge scientific disdplines and integrate knowledge. All papers should be placed in an
international or wide comparative oombext.

The Focus i on the Following areas:

= Blological and physical characteristics and dynamics of agroecosysbems.

= Ecology, diversity and sustainability of agricultural systems.

= Aglationships betwesn agroecosystems and the natural envircnment, induding land, air, and waber.
= Agroecosystem and global emvironmental changes including climate change, gresnhowse gases and
air podlution.

+* Emlogical conseguences of intensification, soil degradation, waste application, irrigation, and
mitigation options.

= Environmental Implk:aﬂms of EQHIZ‘I.IH:LII‘N land use and land use IEHBI'IQE.

Ml manuscripts are initially screened on their toplc sultability and linguistic guality. The Tollowing
topics are discouraged unless they provide new information regarding processes opersting at
the agroecosystem-environment Interface: Inventory and survey analysis and impact assessrment,
including life oycle and emengy analysis; greenhouse or laboratory-based studies: development af
models or methodologies and pure model application; studies that are purely agronomic, soca-
econamic, or palitical.

AUDIENCE

Selentists in Agriculture, Forestry, Ecology and the Environment, Administrators and Policy-Makers
i Ehese fields.

AUTHOR INFORMATION PACK B Jun 2014 vewve. elSevier.oom/ locate ages 1

97



Apéndice 1 (cont.). Normas utilizadas para escrever o Capitulo Il.

IMPACT FACTOR

2012: 2.859 & Thomson Reuters Journal Cltation Reports 2013

ABSTRACTING AND INDEXING

AGRICOLA

BIOSIS

Biologlcal and Agricultural Tndex
Elsevier BIDBASE

Current Conbents/Agriculture, Biolagy & Ernviranmental Sclences
Ecological Abstracts

Environrmental Abstracts
Environmental Periodicals Bibliography
GEOBASE

Science Citation Indes
TROPAG/RURAL Database

Soopus

EMBiology

EDITORIAL BOARD

Editor-in-Chief:

). Fuhrer, Agroscope, [nstitute for Sestainability Scences, Climatefiir Pollution Research Group, Zuwnich,
Switreriand

Assodate Editors

1.P. Aeschlimann

C. Boutin, Envircnment Canada, Crtasa, O8N, Canada

M. Carter, Agriculture and &gri-Food Canada (RAFC), Charottetown, Pr. Edward Island, Canada
A.C. Edwards, Crop & Zall Systems, SRUC, Aberdeen, UK

5. Saggar, Mansaki Whenua Landcare Research, Palmersbon Morth, New Zealand

G. Seneviratne, Insttute of Fundamental Studies, Kandy, Sri Lanks

T.A: Veldiamp, University of Teente, Enschede, Nethedands

Editorial Advisory BEoard

B. Amon, Universitat fisr Bodenkulter Wien (BOKU), Wien, Austria

A. Arunachalam, Korth Eastern Reglonal Inst. of S0 & Technology, Mifuli, Arunachal Pradesh, India
P. Audet, University of Ottawa, Ottawa, Ontaria, Canada

E. Baggs, University of Aberdesn, Aberdesn, Sootland, UK

K.L Bailey, Aﬂrclnllmr: and Agri-Food Canada (AAFC), Saskatoon, Saskatchewan, Canada
N. Batjes, 1SA1C - World Soil Information, Wageningen, Metherands

F. Burel, Université de Bennes 1, Bennes, France

1. Cardoso, Federal Uinkversity of Vicosa, Vieoss, Brazil

M. Centritte, National Research Coundl of 1taly {CHR), Monterotonde Scalo RM, [taly
K.¥. Chan, University of New South Wales, Wagga Wagga, New South Wales, Australia

X. Chen, Thejlang University, Zhejiang, China

F. Conen, Universitit Basel, Basel, Switzerland

A. de Rouw

C. Drury, Agriculture and Agri-Food Canada (&AFC), Harrow, Ontaro, Canada

F. Ewert, Rheiniche Friedrich-Wilhelms-Unfeersitit Bonn, Bonn, Germany

L.G Firbank, Institute of Grasslands and Environmental Research, Okehamgpton, UK

A, Franzlvebbers, U.5. Department of &griculbure (LSDA], A.l;rl:ultural Resparch Service (AR5), Watkirsville,
Georgia, USA

M. Fred, Japan Intemational Ressarch Center for Agricultural, Tsulwba, Tharaki, Japan

1. Hedenlus, Unhersity of Helsinkl, University of Helsinki, Finland

W.B. Hoogmoed, Wageningen Universiteit, Wageningen, Netherands

¥. Huang, Chinese Acsdemy of Sclences (CAS), Baijing, China

M. Jones

M.B. Kirkham, Kansa< State University, Manhattan, Kansas, USa

). Lebfeld, Reseanch Station Agroscope Redeenholz, Zlnch, Switrerdand

F-M. LI, Larzhou University, Lanshou, Gansu Prowvinee, China

¥. LI, Chinese Acaderny of Agricultural Scences, Beijing, China

AUTHOR INFORMATION PACK B Jun 2014 wanw.elsevier.com/flocabe ages 2

98



Apéndice 1 (cont.). Normas utilizadas para escrever o Capitulo II.

N.Z. Lupwayl, Agriculture and Agri-Food Canada (A8FC), Lethbridge, Alberta, Canada

A. Légére, Agriculture and Agri-Food Canada [8A8FC), Saskatoon, Sasloatchewan, Canada
E.1.P. Marshall, Marshall %rnamh-;\r Limited, Winscombe, UK

W.1. McConnel, Michigan University, East Lansing, Hn:hlgﬂn. uss

G. Moreno Marcos, Universidad de Extremnadura, Plasencis, Spain

K. Mupeller, AgeResearch Lid., Hamillton, Mew Zealand

1N . Int. Crops Ressarch Institute for the Sami And Troplcs (ECRISAT), Bula Zimbabwes
0. J:m-;aﬂlrw Universibeit, Wageningen, Netherdands R : =
D.M.

A. Quin, IMPF EMNCAT, Castaret-Tolcesan, Franos

). Pant, The WorldFish Center, Bayan Lepes, Penang, Malaysia

D. Pimentel, Cormell University, [thacs, New York, USA

H. Plefjel, Goteborngs Unhversitet, Gotebong, Sweden

5.L: Poggio, Universidad de Buencs Alres, Buenas Alres, Argentina

D.D. Poudel, University of Lousiana at Lafayette, Lafayette, Louisiana, USA

&. Reenberg, unlhﬁ'nr.-:ff.npu'hagm Copenhagen K, Denmari

M. Shiyomi, 1baraki L.Inl'-E:'t'r Mito n

P. Smilth, University of Aberdeen, ﬁbcrr; Scotland, UK

L. Sparrow, Tasmanian [nstitute of Agricuttural Ressarch, Kings Meadows, Tasmania, Australa
M. Sperow, West Virginia Unheersity, Margantown, West Virginia, USA

F. Van der Pol, Foyal Tropical [nstitute, Amsterdam, Methedands

B. Vanlauwe, Tﬂmﬂi‘r Mairobi, Eerya

E.F. Wiglizzo, INTA Centro Aegional La Pampa, Santa Rosa, La Pamipa, Argentina

C. Wellstein, Universitit Bayreuth, Bayreuth, Germany

H. Xiubin, Chinese Academy of Sciences (CAS), Yangling Shaanx, China

H. Yao, Zhejlang University, HMangzhouw, China T

AUTHOR INFORMATION PACK B Jun 2014 v el sevier.com flocate ages



100

Apéndice 1 (cont.). Normas utilizadas para escrever o Capitulo Il.

GUIDE FOR AUTHORS

INTRODUCTION

Agriculture, Ecosystems and Environment deale with the interface bebween agriculbure and the
environment. Preference ks given 1o papers that develop and apply interdisciplinarity, bridge sclentific
disciplines, integrate scentific analyses derved from different perspectives of agroecosystern
sustainability, and are put in as wide an international or comparathee context as possible. T is
addressed bo scientists in agriculture, food production, agroforestry, ecology, environment, earth and
resource management, and administrators and policy-makers in these Aelds.

The journal regularly covers topics such as: ecology of agricultural production methods; influence
of agricultural production methods on the environment, including soll, water and air quality, and
use of energy and non-renswable resources; agroecosystem management, functioning, health, and
complexity, including agro-biodiversity and response of multi-spedes ecosystems Lo environmental
stress; the effect of polliants on agriculture; agro-landscape wvalues and changes, landscape
indicators and sustainable land wse: farming system changes and dynamics: integraled pest
management and crop protecton: and problems of agroecosystems from a biological, physical,
econamic, and socio-cultural standpoint.

Types of papers

Types of papers 1. Original papers (Regular Papers) should report the resulls of ariginal ressarch,
The materlal should not have been published previously elsewhers, except in & preliminary form.

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

3. A Short Communication is a concise, but complete, description of a limited investigation, which will
fiot be included in & laber paper. Short Communications should be B2 completely documented, both
by reference bo the literature and description of the experimental procedures employed, as a regular
paper. They should not occupy more than & printed pages (about 12 manuscripl pages, including
figures, etc.).

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

5. The saction 'News and Views' offers a forurm for discussion of emerging or controversial ideas, or
new approaches and concepts, In all areas covered by the journal. Contribubiens to this section sheuld
Aok ocelpy more than 2 printed peges (aboul 4 manuscript pages).

BEFORE ¥OU BEGIMN

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication see
hittp s/ Fwww. elsevier.com/publishingethics and http:/fwwe. slsevier.oomy journal-authors fethics.

Conflict of interest

Ml authors are reguested to discloss any actual or potential conflict of interest including any financial,
persanal or ather relationships with other people or organizations within three years of beginning the
submitted work that could Inappropriately Influence, or be perceived to Influence, thelr work. See
also http:/fwaw.elsevier.comfconficksofinterest. Further information and an example of a Conflick of
Interest form can be found at: hitp:/ help,elsevier.com/app/ answers/detallia_id/ 266/ p/ 7923,

Submission declaration and verification

Subrission of an articde Implies that the work described has not been published previously (exoept
i the form of an abstract or as part of a published lecture or academic Hhesis ar a5 an electronic
preprink, see it/ fwew. ssevier com/ postingpolicy ), that it 1s nok under consideration for publication
alsewhere, that its publication is approved by all authors and tacithy or explicitly by the respansibile
authorities where the work was carried out, and that, i aocepbed, it will not be published elsewhens
i the same form, In English or in any other langusge, Including alectronically without the written
eonsent of the oopyright-holder. To verify originality, your article may be checked by the ariginality
detection service CrossCheck hip:/fwww. elsevier comyeditors/ plagdeted.

Changes to authorship
This policy concems the addiion, deletion, or rearrangement of auther names in the authorship of

accepted manuscriphs:
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Before the sccepled manuscript is published in an online sswe: Requests bo add or remove &n author,
af bo rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepbed manuscript and must include: (&) the reasan the name should be added or removed,
ar the suthor names rearranged and (b written confirmation {e-mal, Tax, letter) from all authors that
they agres with the sddition, remaoval or rearrangement. In the case of addition or removal of authars,
this includes confirmation fram the author being added or removed. Requests that are nol sent by
the eorresponding suthor will be forwarded by the Journal Manager ta the corresponding author, who
must follow the procedure &8 described above. Nobe that: (1) Journal Managers will inform the Jourmal
Editers of any such requests and (2) publication of the socepbed manuscript in an onling issue IS
suspended until Butharship has been agreed,

After the accepted manuscript is published in an anline issue: Any requests to add, delete, or rearrange
author names In an articde published in &n online kssue will fallow the same policies as nobed above
and result in & corrigendurm.

Articie Transfer Sarvice

Thiz journal is part of cur Artide Transfer Service. This means that If the Editor fesls your artice
s more sultable for another journal, you may be asked bo consider bransferring your article to
the alternative journal of your choice. IF you agree, your article will be transferred automatically
an your Behall with no nesd o reformal. More information sbout this can be found hera:
hetp:/ ferww. elsavier.com/ authors/ artice-transfer-service,

Copyright
This journal offers authors a choice in publishing their research: Open Access and Subscription.

For Subscription articies

Upan acoeptance of &n articke, authors will be asked to complete a dowrmal Publishing Agreemant” | for
maore information on this and copyright, see htp:/fwwe eleevier com/copyright). An e-mail will be
sant bo the corresponding avthor confirming receipt of the manuscript together with & "Journal
Publishing Agresment’ form or a link to the onling version of this agresment.

Subscribars may reproduce tables of contents or prapane lists of artides including abstracts for intermal
circulation within thelr institutions. Permission of the Publisher (s required for resale or distribution
autside the institvtion and for all obher derivative works, induding compilations and translations
{please consulk hbtp:/ fwww.elsevier.com/ permissions). IF excerpts from other copyrighted works ane
induded, the suthor(s) must obtain written permission from the copyright owners and credit the
source(s) in the articke. Elsevier has preprinted forms for use by authors in these cases: please consult
Rt/ Fwww. elsevier.oom/ permissions.

For Ojpen Access articies
Upﬂn an:epl.'.ame of an article, authors will e asked bo ﬂ:II'I'IFllE'E an "Exclusive License
hgreement’ (for more information see hip:/fewww. elseviencom/OAauthoragreement ], Permitted
reuse of opEn  acoesg articles i determined b‘,' the author's choioe of user license {BEE
hittp:/ fwww.elsevier.com/ openaccessiicenses ).

Retainad author rights

As gn author you (or your employer or institution) retain certain rights. For more information on
author rights for:

Subscription articles please LEE
Rt/ e, gl sevier.oom/ jourmnal-authors/author-rights-and-responsibilities.

Open access articles please see htbp:/ fwww_elsevieroom/OAsuthoragresment.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the artice and to briefly describe the role of the sponsor(s), If any, in study design; in
the eollection, analysis and interpretation of datas in the writing of the repart: and in the decision to
sulbmit the article for publication. IF the funding source{s) had no Such involvement then this shoulkd
b stated.

Funding body agreements and policies

Elsevier has established agreements and developed policies bo allow suthors whose articles appear in
journals published by Elsevier, bo comply with patential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agresments and polides please visit
Rttps/ faww, el sevier.com/ fundingbodies.
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Open access
This journal offers authors a choice in publishing their research:

Open Access

= Articles are freely avallable to both subscribers and the wider public with permitted rewse

+ An Open Access publication fee & payable by authors or thelr research funder

Subseription

+ Articles are made available to subseribers as well as developing countries and patient growps throwgh
our access programs (http:/fwww_elsevier com/ aocess)

+ Mo Open Access publication fee

Ml articdes published Open Access will be immediately Bnd permanently free for everyone lo resd
and download. Permitted revse is defined by your chadoe of one of the following Creative Commaans
user licenses:

Creative Commaons Attribution (CC BY): lets others distribute and copy the article, to oreate
extracts, abstracts, and other revised versions, adaplations or derivative works of or from an artice
{such 2= & transiation], to include in 2 collective work (such as an anthology), to bext or data mine
the article, even for commercial purpeses, as long as they credit the author(s), do nok represent the
author as endorsing their adaptation of the artide, and do not modify the article in such & way as
o damage the author's honor or reputation.

Creative Commons Attribution-NMonCommercial-Shareflike [(CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, ko create extracts, abstracts and
ather revised versions, adaptations or dertvative works of or from an article (such as a translation),
b include in & collective work (such 22 an anthology), to kext and data mine the article, s long as
they credit the suthor(s), do nolt represent the suthor as endersing their adaptation of the article, da
nat modify the artice in such & way as o damage the suthor's honor o réputation, and license thair
new adaptations or creations under identical terms (OO BY-MC-5A).

Creative Commons Attribution-MonCommercial-NoDerive (CC BY-NC-ND): for non-
commencial purposes, lets others distribube and copy the article, and to indude in 2 colledive work
{such as an anthology), as long as they credit the author(s) and provided they do not alter or modify
the article.

To provide Dpen Access, this journal has a publication fes which nesds to be met by the authars or
their ressarch funders for each article publishad Opan Aooess,

Your publication cholce will have no effect on the peer review process or acceptance of submitted
artiches.

The publication fee for this journal is $3300, excleding taxes. Learn more about Elsevier's pricing
policy: http:/fwww.elseviercomfopenaccesspricing.

Language [usage and editing services)

Please write your bext in good English [American or British usage is accepted, but not &
mixture of Mhese). Authors who fesl their English language manuseript may reguire editing
to eliminate possible grammatical or speling errors and to conform to correct sclentific
English may wish bo use the English Language Editing service available from Elseviers
WebShap  (hitp://webshop elsevier.com/languagesditing’) or visit our customer support site
[ http: f/Support.elsevier.com) for more information.

Submission

Submilssion to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your fles. The system automatically converts source fles to & single PDF file of the
article, which s used in the peer-review process. Mease nobe that even though manuseript source
files are converted to FOF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for & paper trall,

R ey e

Please submit, with the manuscript, the names, addresses and e-mail addresses of fve pobential
refereas, The suggected referess should not be part of your or your co-authors institutions, nor
should you or your co-authors have collaborated with Bhem in the past three years, Potential referees
should be experts in your research field and from several countries,

Mote that the editor retains the sole right Lo decide whether or not the suggested reviewears are used.
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PREPARATION

Use of word processing software

It is important that the fike be saved in the native format of the word processor esed, The bext
should be in single-column fermat. Keep the layout of the text as simple &3 possible. Most formatting
codes will be removed and replaced on processing the artice. In particular, do not use the ward
processors options o justify bext or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts ete. When preparing tables, i you are wsing a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is vsed, use tabs, not spaces, bo align columns.
The electronic text should be prepared in & way very similar bo that of conventional manuscripks
{see also the Guide to Publishing with Blsevier: http:/ fwww, elsavier.oom/guidepublication]. Nobe that
snurce files of figures, tables and text graphics will be required whether or not pou embed your igures
i bhe bexct. See also the section on Electronic artwork.

To avold 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
manugcript, including the title page, references, tables, ete, should be numberad. Howeayver,
i b bt no reference should be made bo page numbers; If necessary, one may refer bo sactions.

Article structure

Subdivision - numbarad sections

Divide your article intas dearly defined and numbersd sections. Subsections should e murmbsened
1.1 (then 1.1.1, 1.1.3, ...}, 1.2, ete. (the abstract 15 not incleded in section neombering). Use this
numbering &lso for internal cross-referencing: do not just refer to 'the text’. Any subsection may be
given & brief heading. Esch heading should appear on its own separste line.

Introdeuchion
Stabe the objectives of the work and provide an adequate background, avelding & detailed literature
SUMVEY oF 8 summary of the results,

Resuits
Regults should be clear and conclse.

DN CuSsion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion secton is often approprigbe. Avold extensive citations and discussion of published
literature.

Condusions
The main conclusions of the study may be présented In a short Conclusions section, which may stand
alone or form & subsection of & Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified &s A, B, elc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Bg. (A_2), ete.: in & subsequent appendb:,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1: Flg. A1, eke,

Essential title page information

+ Thie. Concise and informative. Titles are oftéen used in information-retrieval systems. Avoid
abbreviations and formulse where posgible,

* Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this dearly. Present the authors' affiliation addresses (where the actual work was
dane) below the names. Indicate all affiliations with a lower-case superscript letber immediately after
the authors name and in front of the appropriste address, Provide the full postal address of each
affliation, including e country name and, If available, the e-mail address of each author.

» Corresponding author. Clearly indicate who will hendle correspondence 3t &ll stages of relereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.
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+ Present/ permanent address. Il an author has moved since the work described in the article was
done, or was visiting at the ime, a 'Present address’ (or "Permanent address’) may be indicated as
a footnote ko that author's name. The address ab which the asthor actually did the work must be
retained as the main, affillation address. Superscript Arabic numerals are used for such footnotes.

Abstract

A condse and Factual abstract s required. The abstract should state briefly the purpose of the
research, the principal results and majer conclusions. An abstract s often presented separately from
Ehe articke, 2o b mest be able o stand alone, For this reason, Peferences should be avoided, bub il
essential, then cite the author(s) and year(s). Also, non-standard or uncomman abbreviations should
be svaided, but if essantial they must be defined at their Arst mention in the abstract kel

Optional graghical sbefract

A Graphical abstract is optional and should summarize the contents of the paper in a condse, pictorial
form dEE-lﬂl"lEﬂ (1] I'.'HHIJI‘E the attention of a wide I"EBﬂEI‘EMP online. Authors must pru'.-lﬂe |ﬁm
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 & brief itle (not on the graphical abstract teell}, Graphical abstracts should be submitted
as a separabe file in the onling submission system. Maximem image size: 400 x 600 pleels (h = w,
recommended size 200 = 500 pivels). Preferred file types: TIFF, EPS, PDF or MS Office files. Ses
http:/ fwww.elsevier.com/graphicalabstracts for examples.

Highlights

Highlights are mandatary For Bis journal. They consist of a short collection of bullet polnks that convey
the core findings of the artice and should be submitted in a Separate file in the online Submission
gysterm. Please use ‘Highlights' In the file name and indude 3 bo 5 bullet points (maximum BS
characters, Including spaces, per bullet point). See http:/fwww.elseviercomdhighlights for examples.

ke
Immediately after the abstract, please provide 4-6 keywords, using American spelling and avoiding
general and plural terms and multiple concepts {aveid, 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.

Admowledgements

Collate acknowledgements in & separate section at the end of the article befere the references and do
not, therefore, indude them on the btle page, as a foobnote bo the e or otherwise. List here those
individuals who provided help during the réssarch (2., providing language help, writing assistance
or proof reading the article, ete.).

Math formulae

Present simple formulae in the line of normal bext where possible and use the salidus () instead of
a horizontal line for small fractional terms, e.g., XY, In principle, variables are to be préesented in
italics. Powers of & are often maore conveniently dencbed 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, using
superscript Arabic numbers. Many wordprocessors build foatnobes inbo the bext, and this feature may
be used. Should this not be the case, Indicate the position of footnotes in the bext and presant the
footnobes themsalves saparately at the end of the artide. Do not include footnotes in the Reference
list.

Tabie foolnoles

Indicabe each foobnote in & table with & Superscript lowercase hetber.

Artwork

Eleclranic arfwark

GEneral points

* Make sure you use uniform letbering and sizing of your ariginal artwork.

+ Enibed the used Fonts if the application provides that option.

= fim bo use the ollowing fonts in your ilustrations: Arial, Courier, Times New Roman, Symbaol, or
use fonks that look similarn

+ Nomber the illustrations according to their seguence in the et

+ Use a logleal naming convention for your artwork files,
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= Provide captions to illustrations separately.

= Size the lustrations close to the desired dimensions of the printed version.

= Submit each illustration as a separate fle.

A detailed guide on electronic artwork S available on our website:

REtp: fwew. elsavier com/ artworkinstructions

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

IF your electronic arbwork 15 created in & Microsoft Offce application (Word, PowerPoint, Excel) then
please supply 'as i’ in the native document format.

Regardless of the application used other than Microsoft Office, when your elecdtronic artwork is
finalized, please Save ag’ or convert the images to one of the following formats (note the resolutisn
I‘qul|rE'I'|"|H'IH For [ine :Ira-n-lngs. halftones, and linefhalftone combinations ghl'El"l bElﬂh']!

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

TIFF {or IPEG): Color or grayscale photographs (halfones), kesp to a minimoem 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 (oolor or grayscale), keep to a mindrmom of
SO0 .

Please do not:

= Supply files that are optimized for soreen use (e.g., GIF, BMP, PICT, WPE); these typically have a
v number of plveds and limited set of oolors;

= Supply fles that are too low in resolution;

= Submit graphics that are disproporticnately large for the oontent.

Color artwark
Please make sure that Brtwork fles are in Bn acceptable format (TIFF (or JPEG), EPS (er PDF), or
M5 Office files) and with the eorrect resalution. I, bogether with your accepbed article, you submit
usable color Agures then Elsevier will ensure, 8t no additional charge, that these fgures will appear in
coler en the Web (e.q., ScenceDirect and other sites) regardiess of whether or not these illustrations
are reproducad in color In the printed version. For ealor reproduction in print, you will receive
information regarding the costs from Elsevier afber receipt of your accepted article. Plesse
indicate your preference for color: in prink oF on the Web only. For further information on the
preparatlnn of electronic artwork, please See h'lm:.-'.-'wnw.el Sevier comy/artworkinstrections.

Phaase noba: Bacause of technical complications which can arige by converting color figures o ‘gray

scale’ (for the printed version should you not apt for color in print) please submit in addition wsable
black and white versions af all the color ilustrationg.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not atached to the fgure. A
caption should comprise a brief tithe (not on the Agure itsell) and a deseription of the iNustration. Keep
Bext 0 the illestrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Number tables consecutively in acoordance with their appearance in the text. Place footnobes o tables
below the table body and indicate them with supersoript lowercase letters. Avold vertical rules. Be
sparing in the use of tables and ensure that the data presented In tables do not duplicate results
degoribed elsewhera in the artice,

References

Citalion in bexd

Please ensure that every reference cited in the text is also present in the reference list (and vice
wersa). Any references cited in the abstract must be given In full. Unpublished results and personal
communications are nok recormmended in the reference fist, but may be mentioned in Hbe text. TF these
references are indueded in the reference [t they should Follow the standard reference style of the
journal and should incude a substitution of the publication date with either 'Unpublished results’ or
"Persenal commmsnication’. Cation of a reference as 'in press’ implies that the (kem has been accepted
for publication.

Reference Mnks

Increased discoverability of research and high quality peer review are ensured by online links to
the sourcas cited. In order to allow us o create links b sbetracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in Ehe references are cormect. Plaase
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nobe that incorrect surnames, journalfbook titles, publication year and pagination may prevent link
creation. When copying references, plesse be careful as they may already contain errors, Use of the
DOT is encouraged.

Web references

s a rrinimum, the full UBL should be given and the date when bhe reference was last aceessed. Afy
further infarmatien, If known (DOI, auther names, dates, reference o 3 source publication, elc.),
should alsn be ghen. Web references can be listed separately (e.g., after the reference list) under &
different heading if desived, o can be included in the reference [ist.

References in a spedal Ssie
Please ensure that the words "this issee” are added to any references in the list (and any dtations in
the text) to other artides in the same Special Issue.

Refersnce management soflware

This journasl has standerd templates  svaillable  In key  reference  management
packages EndMote  [hitp:/fwww.endnote.com/support/enslyles zsp) and  Reference  Manager
{ hittp: ffrefman. com/ support/ rmstyles_asp). Using plug-ins to wordprocessing packages, authors only
need lo seled the appropriate jowernal template when preparing thelr arice and the list of references
and citations to these will be formatted acoording b the journal style which is descrilsed below.

Reference sfyle

Text: All citations in the text should refer bo:

1. Single author: the author's name [without initials, unless there & ambbiguity) and the year of
publication ;

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

3. Three ar mare authars: 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 frst
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 20000, 1999; Allan and Jones, 1999). Kramer e al.
{2010) have recently shown ....'

Ligt: Peferences should be arranged first alphabstically and then further sorted chronolagically ir
necessary. More than one reference from the same author{s) in the same year must be identified by
the letters 'a', 'b', ', etc., placed afber the yaar of publication.

Exarmpies:

Reference o a journal publication:

Van der Geer, 1., Hanraads, 1A, Lupton, RLA, 2010, The art of writing a scentific articke. J. Sci.
Commun. 163, 51-59.

Reference to a book:

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

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009, How Lo prepare an electronic wersion of your articke, in: Jones, B.5.,
Smith , R.Z. (Eds. ), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. ZB1-304.

Journa! ablveviations source
Journal names should be abbreviated according to the List of Tibde Word Abbreviations:
hittp =/ P S noong) servioes online-services facoess -to-the-twaf .

Video data

Elsevier accepks vides materlal and animation seguences bo support and enhance your sclentific
resgarch. Authors who have video or animation files that they wish bo submit with their article are
strongly encouraged bo indude links to thess within the body of the article. This can be done in the
same way as & figure or table by referring bo the viden or animation content and noting in the body
text where it should be placed. All submitted Ales should be properly labeled so that they directly
relate ko Hhe video fle's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended fle formats with a preferred maximum
size of 50 MB. Video and animation files supplied will be published online in the elactronic wersion
of your artide in Elsevier Web products;, including SdenceDirect: htp://wwe.sclencedirectcom.
Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separabe image. These will be used Instead of standard oons and will personalize the
link to your viden data. For more detailed instructions please visit our video instruction pages at
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hittp:/ fvreve. elsaviercom/artworkinstructions. Nobe: since vides and animation cannot be embedded
in the print version of the journal, please provide text far bath the eledronic and the print version
for the partions of the article that refer to this content.

Auvdioslides

The jowrmnal encourages suthors bo create an AudioSlides presentation with their published article.
ApdioSlides are brief, webinar-style presentations that are shown next o the online article on
SclenceDirect. This gives authors the opportunity to summarize thelr research in thelr own words and
ko help readers understand what the paper 5 about. Mere information and examples are available at
http:/ Ferww. elsevier.com/ audioslides. Authors of this journal will automatically recebse an invitation
e-mail to create an AudioSlides presentation after acceptance of Hheir paper.

Supplementary data

Elssvier accepts electronic supplermentary materlal ko support and enhance your sclentific ressarch.
Supplermnentary fles offer the author additional possibilities to publish supporting applications, High-
resplution images, background datasete, sound clips and more, Supplementary files supplisd will be
published anline alongside the electronic version of your article in Elsevier Web produects, including
SelenceDirect: http/fwww. stiencedirect.com. In order o ensure that your submitbesd material is
directly usable, please provide the data in one of our recommendsd file formats. Authors shoulkd
sui st thé miaterial in electronic format tagether with Ehe article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http:/ Fwww. elsevier.oom/ artworkinstructions.

Google Maps and KML files

KML (Keyhole Markup Language) files (optional): You can enrich your online articles by providing
EML or KMZ files which will be visualized using Google maps. The KML or KMZ Ales can be uploaded
in our online submission system. KML ks an XML schema for expressing geographic annotation and
wisualization within Inbernet-based Earth browsers. Elsevier will generate Google Maps from the
submitted KML files and include these in the articde when published online. Submitted KML Ales will
also be available for downloading from your onling article on SdenceDiredt. For more information see
http:/ Parww. elsevier.oom/ googlemaps.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any berm.

Ensure that the fellowing ibems are present:

One author has been designated as the corresponding author with contact details:

= E-mail address

= Full postal address

+ Phone numbers

Al necessary files have been uploaded, and contain:

* Keywords

« All figure captions

« All tEables {incleding title, description, foatnobes )

Further considerations

+ Manuscrip has been 'spell-checked” and 'grammar-checked'

= References are in the correct format for this journal

= Al references menticned in the Relerance list are cited in the bexk, and vice versh

« Parmission has been obtained for use of copyrighted material from other sources (incdluding the Web)
« Color figures are clearly marked as being Intended far color reproduction on the Web (free of charge )
and in print, or to be reprodeced in clor on e Web (fres of charge) and in black-and-white in print
o IF only color on the Web is required, black-and-white versions of the figures are alse supplied for
printing purposes

For any further Information please visit our customer support site ab http://support. sevier com.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOT
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefare, It is an ideal
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frediurm for cting 2 decument, particularly “rticles in press’ because they have not yel recaived their
full bitliagraphic information. Example of a correctly given DOT (in URL format; here an artice in the
journal Physics Letters B):

hitp:/ fdx ol org/ 10. 1016/, physleth. 2010.09.059

When You use & D00 o create links o documents on the web, the DOIs &are MIMEEI:' never to
change,

Online proof correction

Corresponding authors will receive an e-mail with & link ko cur online proofing system, allowing
annotation and correction af proafs enline. The envirenment is similar b MS Werd: in addition to
editing text, vou can alse comment on figueres/tables and answer questions from the Copy Editor
Web-based proofing provides a faster and less error-prone process by allowing you to directly bype
your corrections, eliminating the potential introduction of errors.

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

We will do everything possible to get your artide published quickly and accurately - please uplosd
all of your corrections within 48 hours. It is Important ko ensure that all cormections are sant back
b us in one communication. Please check carefully before replying, as Indusion of any subsegueent
corrections cannob be guarantesd, Proolreading & solely your responsibility. Note that Elsevier may
proceed with the publication of your article if no response is neceived.

Offprints

The corresponding author, at no cost, will be provided with a personalized link providing 50
days free socess to the final published version of the article on SdenteDirect. This link can
also be used for sharing via email and social networks. For an extra charge, paper offprints
can be ordered wia the offprint order Fform which 15 sent once the artide s acoepbed fTor
publication. Both corresponding and co-authors may order offprints at any time via Elsevier's
WebShap (http -/ webshop. elsevier com/ myarticleservicesoffprints). Authors requiring printed copies
of multiple artides may use Elkevier WebShop's 'Create Your Own Book' service o collate multiple
articles within a single cover (http-/fwebshop.elsevier.com/ myarticeservices/boaklets).

AUTHOR INQUIRIES

For inguiries relating be the submission of srticles (including electronic submission) please wisit
this journal's homepage. For detalled instructions on the preparation of electronic arbwark,
pleage visik Ritp: ) fwww elseviercom/artworkinstrudtions. Contack details for questions arising afer
scceptance of an article, especially those relaling be proofs, will be provided by the publisher
Wou can track Bocepled articles ab hiip:/fwww elseviercomftrackarticde. You can alsa eheck
ouF Auther FAQS at hbtp://www.elseviercom/authorFAD andfor comteck Customer Support via
hitp:/fsuppart. elsevier.com,

& Copyright 2014 Elsevier | http:/fwww. elsevier.com
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AGRICULTURAL WATER MANAGEMENT

An International Journal

I  AUTHOR INFORMATION PACK

TABLE OF CONTENTS

ISSM: 03 rE-37 5
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. Guide for Authors p.4
DESCRIPTIOMN

The journal publishes papers of international significance relating to the science, economics, and
policy of agricultural water managemaent. In &l cases, manuscripts must address implications
and provide insight regarding agricultural water management.

The primary topics that we consider are the following:

» Farm-level and regional water management

= Crop water relations, crop yields and water productivity

= Irrigation, drainage, and salinity in cultivated aress

+ Salinity managemeant and strategies for improving the use of saling waber in sgriculture

= Rainwater harvesting and crop water manasgement in rainfed areas

# e of wasbewater and other low guality waters in agricolture

= Groundwater management in agriculbure and conjundive use of groundwater and surface water
» Implications of groundwater and surface waler management on nutrient cyding

+ Exploitation and protection of agricultural waler resooroes.,

Additional topics of interest include interactions bebween agricultural water management and the
environment (fooding, ol erosien, nutrient loss and depletion, non-point source pollution, waber
quality, desertification, and the pobertial implications of global climate change for agriculbural waber
management), and the institutional and regulatory Espects of agricultural water managerment
(waber pricing, allocetion and competition).

Papers in Bhese categories must draw direct and practical linkages to agricultural water management.
Manuseripts drawing generalised conclusions, such as thal competition for water will incréass in
future, or that less water will be available for agriculture, are unlikely to be considersd.

Alsa, manuseripts describing basic soil-water-plant relationships, basic engineering and hydrology, of

methods of estimating evapotranspiration will be considerad anly If the discussion 15 relevant to the
active manasgement of water in agriculture and the information enhances intemational literature.

AUDIENCE

hgricultural Engineers, Agricultural Hydralogists, Agronomists.,
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IMPACT FACTOR

2013: 2,203 & Thomson Reuters Journal Citation Reports 2013

ABSTRACTING AND INDEXING

BIOSIS

Current ContentsfAgriculture, Biology & Environmental Sciences
International Development Index

Irrigation and Drainage Abstracts

Meteorological and Gedastrophysical Abstracts

Environrmental Periodicals Bibliography

GEOBASE

Geographical Abstracts

Hydro-Abstracts

Hydro-Tndes

Physical Geography

Referativiyil Zhurmal VINTI-RAN (Russian Academy of Sciences)
Soils and Fertilizers

TROPAG/RURAL Database

SCOpUs

EDITORIAL BOARD

Editors

B. Clothier, The Mew Jealand [nstitute for Plant & Food Ressarch Lid., Awckland, Mew Zesland
P. Droogers, Future Water, Wageningen, Nethedands

1.E. Fermandez, [rstituto de Recursos Naturales, Sevilla, Spain

N. Jovanowic, Natural Resources and Ervironment (NRE), Stellenbosch, South Africa

C.J. Perry
1. Tolk, U.5. Department of Agriculture (LS0A), Agricultural Reseanch Service (ARS), Bushland, Texas, USA
D. Wichelns

Assodate Editors

P. Searles, CRILAR-OONICET, Anillaco, La Rioja, Angentina

L. Sebastiani, Sant’&nna University, P, Italy

R. Singh, Maszey University, Palmerston North, Mew Zealand

M. Todorowic, CTHEAM — Meditemanean Agronomic Institute of Bar, Valenzano (Bari), Ttaly

Book Review Editor
T-A. Howell, U.5. Department of Agricultune [LSDR), Agricultural Research Serdce (AAS), Bushiland, Texas, USA

Editorial Advisory Board:

M.N. Asghar, Chares Sturt Unhversity, Wagga Wagga, New South 'Wales, fustralia

W. Bastiaanssen, Waterwatch-Remote Sensing Senvices, Wageningen, Methedands

E. Bautista, U.5. Department of Agriculture (USDA), Agricultural rch Service (ARE), Maricopa, Arzona,
.=

M_H. Behbouwdian, Masmey University, Palmerston North, SNew Zealand

1. Ban-Asher, Ben Gurion University of the Negey, Beer Sheva, lsrael

A. Ben-Gal, Agricultural Research Organization (ARD], Negew, lsmael

H: Bjornlund, University of South fwstralia, Adelaide, Sowth Australia, Australia

B.5. Das, [IT Kharagpur, Kharagpur, India

B. Dawvidson, University of Melbourne, Parkville, Victora, Australia

W. Dawes, CSIR0 (The Commarreealth Sdentific and Industral Reseanch Organization), Wembley, Western
fustralia, Australia

W. Dilerickx, Ministry of the Flemish Community, Memelbeke, Belgium

C. Duwlg, Laboratoire d'Etude des Transferts, Grenoble, France

S.R. Ewelt, U.5. Department of Agriculture (USDA), Agricultural Research Service (ARS), Bushland, TH, Texas,
[

R. Faulkner, University of Mew England, Armidale, New South Wales, Australia

D. Isldoro, Unidad de Suelos y Rlegas, Zaragoza, Spain

M.B. Kirkham, Kansa=< State University, Manhattan, Kansas, USa

5. Lowelll, Universth della Badlicata, Potenza, taly
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L. Mateos, Instituto de Agricultura Sostendble [ [AS), Chrdoba, Spain

P.5. Minhas, [CAR, New Delhi, India

F. Moreno, Instituto de Recursos Naturales, Sevilla, Spain

).D. Oster, University of California at Rhverside, Riverside, CA, California, USA

L. Perelra, Instituto Supeniar de Agronomia, Alcintara, Liskaoa, Portugal

M. Qadir, United Nations University, Hamillton, Ontaro, Canada

P. Raat=

G. Rana, CRA - Research Unit for Agricultune in Dry Envinonments, Bar, [taly

M. Romano, University of Naples Federioo L, Napoll, Ttaby

Y. Rouphael, Lebanese University, Beirut, Lebanon

D. Savwas, Agricultural University of Athens, Athens, Gresce

K. Shaozhong, China Agricultural University, Beijing, China

P. Slavich, University of New South ‘Wales, Wollongbar, Mew South Wales, Australia
5. Speelman, Universiteit Gent, Ghent, Belgium

J.M. Tarjuelo Martin-Benito, Universidad de Castilla La Mancha, Albacete, Spain
R: Tognett], Universtd degli Studi del Molss, Pesche (I5), Italy

M. Yandooster, Liniversité Cathaligue de Louvvain, Louvain-la-Neuve, Belgium

1. Wesstriim, Sveriges Lantbruks Uiniversitet [SLU), Uppsala, Sweden

P. Widmoser

Th. Wihling, Eberhard-Ears-Unversitst Tlbingen, TObingen, Germmarry

A. Yazar, Cukurowa Uni , Adana, Turkey

J.A: Zeghe-Dominguez, [N] - Campo Experimental Zacatecas, Zacatecas, Mexic

Xiying Zhang, Chinese Academy of Sdences (CAS), Shijlazhwang Oty, Hebei, China
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GUIDE FOR AUTHORS

INTRODUCTION

Agricwltural Water Management publishes papers of international significance relating to the science,
economics, and policy of agricultural water management. In &l cases, manuscripts must
address implications and provide insight regarding agricultural waber manzgemsant,

The primary topics that we consider are the following:

+ Farm-level and regional water management

» Crop water relations, crop vields and waber productivity

+ Irrigation, drainage, and salinity in cultivated areas

+ Salinity managernent and strategies for Improving the use of saline waber In agriculture

+ Rainwater harvesting and crop water manasgement in rainfed areas

» Lge of wastewater and other low quality wabsrs in agriculture

+ Groundwater management in agriculture and conjunclive use of groundwater and surface water
+ Implications of groundwater and swrface water management on nutrient cyding

+ Exploitation and protection of agricultuml water resoureas.,

Additional topics aof inkerest include Interactions bebween agricultural waler management and the
environment (Aooding, soil erasion, nutrient loss and depletion, mon-paint source pollution, water
quality, desertification, Bnd the potential implications of glebal climate change For agricultural water
management], and the institutional and regulatory sepects of agricultural waler managerment
(waker pricing, allecation and competition).

Papers in these categories must draw direct and practical linkages to agricultural water management.
Manuscripts drawing generalised conclusions, such 25 that competition for waber will increass in
future, or that less waber will be available for agriculture, are unlikely o be considered.

Also, manuscoripts describing basic soll-water-plant relationships, basic engineering and hydrology, or
methods of estimating evapolranspiration will be considered only If the discussion s relevant o the
active management of waker in agriculture and the information enhances international literature.

Types of paper

Types of papers 1. Original papers (Fegular Papers) should report the results of origingl ressand.
The material should not have besn published previously elsewhers, except in a preliminary Form.

2. Reviews should cover & part of the subject of sctive current interest, They may be submitted or
rvwitesd.

3. A Short Communication is a concise, bul complete, description of a limited Investgation, which will
nok be incleded in & later paper. Short Communications should be Bs complebely documented, both
by reference to the Mersture and description of the experimental procedures employed, 35 8 regular
paper. They should not oocupy more than & printed pages (about 12 manuscript pages, induding
fgures, ete.).

4. In the section 'Comments’, short commentaies on material published in the journal are induded,
together with replies Fram authors).

5. The section ‘Mews and Views' offers a forum for discussion of emerging or controversial ideas, or
new Bpproaches and concapls, in all Breas coverad by the jowernal. Contributions o this section should
nak accupy more than 2 printed pages [about 4 manuseript pages).

BEFORE YOU BEGIN

Ethics in publishing
For information on Ethics in publishing and Ethical guidelines for journal publication see
hittp:f fwaw. elsevier.com publishingethics and http://wwes. ssevier.comy journal-authors fethics.

Conflict of interest

Ml authors are reguested to discose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influencs, or be percelved to Influence, their work. See
alse hitp:/ fwww.elsevier.com/confictsofinterest. Further information and an example of a Conflict of
Interest form can be found at: hitps/help. elsevien com/app, answers/detail/a_id/ZB6/ 7923,
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Submission declaration

Subrrission of an artice Implies that the work described has not been published previousky (except
in Hhe form of an abstract or 2 part of 4 publighed lecture or ACA0emIc Ehesis or a5 an electronic
preprink, see hittp:/ www. elsevier, com/ posting policy ), that it s not under consideration for publication
elsewhere, that its publication is approved by &l authors and tacitly or explictly by the responsitie
authorities where the work was carries oul, and that, iF aocepbed, it will not be published elsewhens
indluding eledrenically in the zame ferm, in English or In any other language, without the written
consent of the copyright-holder

Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the autharship of
accepbed manuscripbs:

Before the accepted manuscript is published in an oniing issue: Requests to add or remove an author,
o bo rearrange the author names, must be sent to the Joumal Manager from the corresponding author
of the accepted manuscript and must include: [a) the reason the name should be added or remeved,
ar the Buthar names rearrandged and (b) written confirmation (e-mail, T2, letter) from all 2uthors that
they agres with the addition, removal or rearrangement. In the case of addition or remeval of Buthors,
this includes confirmation from the author being added or removed. Reguests that are not sent by
the correspanding author will be forearded by the Journal Manager to the corresponding author, who
must follow the procedune &5 described above. Nobe that: (1) Journal Managers will inform the Jourmal
Editers of any such requests and (2) publication of the accepted manuscript in an onling lssee s
suspended untll authorship has besn sgreed,

Alter the secapted manuscrpt is published fa an onfne issue: Ay requests to add, delete, or rearrange
author names in an artide published in an online ssue will follow the same policies as nobed above
and result in & corrigandurn.

Copyright
This journal cffers authers & choiee in publishing their ressarch: Open access and Subseription.

For subscriplion articies
Upon acceptance of &n articke, authors will be asked Lo complebe & Jowmal Publishing Agreement” (for

more information on this and copyright, see Mip:/fwwe elseviercomycopyright). An e-mail will be
sant bo the cormesponding author confirming receipt of Bhe manuscript together with & "Journal
Fublishing Agreement’ form or a link to the online vergion of this sgreament.

Subsgcribers may reproduce tables of contents or prepane lists of artices including abstracts for inbarnal
circulation within their institutions. Permisgion of the Publisher £ reguired for resale or distribution
outside the institution and for all other derivative works, incuding compilations and branskations
{plemse conault hitp:/ fwww.elsevier.com/ parmissiona). IF excerpts from other copyrighted woerks are
induded, the suthor(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: plesse consult
hittp s/ fwww. gl savier oom/ permissions.

For open sofess ariicies

Upﬂl‘l Eml’.’.‘ﬂ of an article, authors will e asked o IIIII'I'IFIFEE an "Exclusive License
hgreement' (for more information ses bitp:/fwww elseviercomyOAautharagreement ). Permitted
reuse of open acoass artickes is  debermined El'p' the author's choice of user license l'lE-EE
bt/ fwave. gl savier, oom/ o penacceslicentes ),

Retained author rights
As an author you (o your employer or institution) retain certain rights. For more information on
authaor rights for:

Subarcription articles please ges

Rt fwww. elsavier. oom)/ joumal-authors/ author-rights-and-res ponsibilities.
Open access articles please ses htbp:/fwww elseviercom DAauthoragresament.

Role of the funding source

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 sporsor(s), il 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 mo such involvement then this should
be skabad.
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Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles appear in
Journals published by Elsevier, bo comply with potential manuseript archiving requirements 35 sped fisd
as conditions of thelr grant awards, To kearn more about existing agresments and polices please visit
hittp:/ fwew. elsevier. oom Funding bodies.

Open access
This journal offers authors a chaice in publishing their ressanch:

OpEn AcCRss

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

= An open access publication fes 15 payable by authors or their research funder

Subsecription

= Articlas are made available to subscribers 35 wall 28 devaloping countries and patient growps through
OuF actess programs {hbtp:/fwww_elsevier com/aocess)

+ Mo open access publication Fes

All erticles published open access will be immediately and permanently free for everyone to resd
and downlaoad. Permitbed reece is defined by your chodoe of ane of the fallowing Creative Cormmians
uger licanses:

Creative Commons Attribution (CC BY): lets others distribute and copy the article, to oreate
extracts, abstracts, and other revised versions, adaptations or derlvative works of or from an artice
(such s & translation), to indude in a collective work (such s &n Bnthology], to text or data mine
the article, even for commercial purposes, a5 long 25 they credil the author(s), do not represent the
author as endorsing their adaptation of the artide, and do not modify the article in such & way as
ko damage the author's honor or reputation.

Creative Commons Abtribution-MonCommercial-Shareflike [CC BY-MNC-SA): for non-
ommercial purposes, lets others distribute and copy the article, o create extracts, abstracts and
ather revised versions, adaptations or derivative warks of or from an article (such as a translation),
b include in & collective work (such &s &n anthology), to bext and data mine the article, as long 25
they credit the author(s), do not represent the author as endorsing their adaptation of the article, do
nakt modify the article In such & way as o damage the suthor's honor or reputation, and license their
new adaptations or creations under identical terms (OO BY-NC-SA ).

Creative Commonsg Attribution-MonCommercial-NoDerive (OC BY-MNC-ND): for non-
mmmercial purposes, lets others distribute and copy the article, and 1o indude in a olledive wark
(such as an anthology), as long &s they credit the author(s) and provided they do not alter or modity
the article.

To provide open sccess, this journal has a publication fee which nesds to be met by the authors or
their research funders for each article published open access.

Your publication choice will have no effect on the peer review process or soceptance of submitted
articles.

The publication fee for this jewrnal is $2500, excleding taxes. Learn more aboul Elsevier's pricing
palicy: http:/ fwww.elsevier.comfopenaccesspricing.

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 fesl their English language manuseript may require editing
ko eliminate possible grammatical or spelling errers and to conform to correct  sclentific
English may wish bo use the English Language Editing service available from Elseviers
WebShap (hittp://webshop.elsevier com/languageediting) o visit our customer suppert site
(kg /f Support.elseviencom ) for more infermation.

Full Owiline Subimission

Submilssion to this journal proceeds totally online and you will be guided stepwise throwgh the creation
and uploading of your files. The system automatically converts sowrce files to & single POF file of the
artiche, which s used in the pear-review procsds. Plaase nobe that even though manuscripl source
files &re converted to POF files at submission for the review process, these source files are needed for
further processing after scceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail remaving e need for & paper trail.
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Al subrissions must be accompanied by a cover letter detailing what you are submitting. Please
Tirnchi b :

+ The author to whom we should address our correspondence (in the event of multiple authors, &
single "Correspanding Author’ must be named)

= A contact address, tedephone/fax numbers and e-mail address

+ Details of any previous or concurrent submissions. Mease ses our Authors’ Rights section for mone
enpyright information.

= It is also useful to provide the Editor-in-Chied with any information that will support your submission
{e.g. original or confirmatory data, relevance, topicality).

B el

Authors are required bo identily four persons who are gualified to serve as reviewsrs. Authors are
reguested nol 1o Suggest reviewsrs with whom they heve & personal or professionsl relationship,
especially If that relationship would prevent the reviewer from having an unbiased opinion of the work
of the suthors. A working e-mail address for each reviewer 15 essential for rapid review in the event
that reviewer is selected from those that are identified by the authors, You mey also select reviewars
you do not want to review your manuscript, but please state your reason for doing so.

PREPARATION

Use of word processing software

It is important that the fle be saved in the native format of the wond processor wsed. 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 artide. In particulas, do not wse the word
processor's options ko justify kext or to hyphenate words. However, do use bald face, talics, subscripts,
superscripts ete. When preparing tables, If you are using a table grid, use only one grid for each
individual tabie and not a grid for each row. If no grid is wsed, use tabs, not spaces, to align columns.
The electronic text should be prepared in & way very similar bo that of conventional manuscripts
{see also the Guide to Publishing with Elsevier: hitp://www.elsevier.com/guidepublication). Note that
source flles of figures, tables and text graphics will be required whether or not you embed your figures
in the bext. See also the section on Electronic artwork.

To avold UNMECESSEry errors you are strongly advised b use the ‘spell-check’ and “‘grammar-check’
functions of your word processor,

Article structure

Subdivigion - numbearad sections

Divide your article inta dearly defined and numbered sedtions. Subsections should be mnombsened
1.1 (then 1.1.1, L.1.2, ...}, 1.2, etc. (the abstract 15 not included in section numbering). Use this
numbering also for inbernal cross-referencing: do not just refer to “the text”. Any subsection may be
given & brief heading. Each heading should appear on ks own separate line.

Introduction
State the abjectives of the work and provide an adequate background, Bvelding & detailed literature
SUMAEY OF a8 SUmimary of the results,

Materal and methods
Prowide sufficient detail to allow the work o be reproduced. Methods already published should be
indficated by a reference: only relevant modifications shaould be described.

Results
Results should be clear and concise.

D cuSsion
Thiz should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion Section i often appropriate. Avoeid extensive citations and discussion of published
literature,

Conciiions
The main conclusions of bhe ﬁ‘.l.lﬂ"' may [ FII'EEI"II‘.E‘] in & short Conclusions section, which may shamnd
alone ar form a subsection of a Discussion or Results and Discussion section. Do not use non-standard
or cage-specific abbreviations in the Conclusions. This section should be able bo "stand slone’ without
requiring readers to refer to the text of the manuserlpt for explanstions or definftions.
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Appendices
If there = more than ene appendix, they should be identified as A, B, etc. Formulae snd equations in
appendices should be given separate numberlng: Eq. (A.1), Bg. (A.2), ete.; in a subseguent appendix,
Eq. (B.1) &nd S0 on. Similarly Tor tables and Ngures: Table A.1: Fig. A1, ete,

Essential title page information

= Tithe. Concise and informative. Titles are often used in information-retrieval systems. Awvoid
abbreviations and formulse wheare possible.

» Author names and affiliations. Where the family name may be ambiguoes (e.g., a double name),
please indicate this dearly. Present the authors' afiliation addresses (where the actual work was
dane) balow the names. Indicate all afiliations with a lower-case superscript etter immediately after
the author's name and in fronk of the appropriste address. Provide the Tull postal address of each
affiliation, including the country name and, i available, the e-mail address of each author.

» Corresponding suthor. Clearly indicate who will handle correspondence 31 sl stages of referseing
and publication, alse pest-publication. Ensure that phone numbers [with country and area
code) are provided in addition to the e-mail address and the complete postal address,
Contact details must be kept up to date by the corresponding authar.

s Present/permanent address. TF an avthor has moved since the work described in the artide was
done, or was visiting at the time, & 'Present address’ {or "Permanent address') may be Indicated as
a foobnote to that author's name. The address at which the author actually did the work must be
retained a5 the main, affillation address. Superscript Arabic numerals are used for such footnotes,

Abstract
R eoncise and factual abstract is required. The abstraet should state briefly (not exceeding 300
Wﬁ'ﬂ.!} the purpose of the research, the pr‘ll'lﬂpuﬂ results and I'I'I.le!lr concdusions. An abstract s often
prﬁl’.'l'ltEd ﬁ:parately froam Ehe artiche, s it must be able to stand alone. For this reason, Relersnoes
should be avolded, but if essential, then cite the author(s) and year(s). Also, non-standard or
untommen sbbreviations should be avoided, but if essential they must be defined at thair
first mention in the abstract itself.

Graphical Abstract

A Graphical abstract i€ optional and should summarize the contents of the article in a concise, pictorial
form designed to capture the attention of a wide readership online. Authors must provide images
that dearly represent the work described in the article. Graphical abstracts should be submitted as &
separate file in the online submission system. Image size: Please provide an image with & minsimurm
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readabie at a size of 5
13 em using & regular screen nesolubion of 96 dpi. Preferred file types: TIFF, EPS, POF or MS Office
files. See hittp:/fweww.elsevier.oomfgraphicalabstracts for examples.

Authors can make use of Eleviers Dustration and Enhancement service bo ensure the best
presentation of their images also in accordance with all bechnical requirerneants: [ustration Service.
Do not use non-standard or case-specific abbreviatons in the Graphical Abstract,

Highlights

Highlights are mandatery for this journal. Thiey consist of a short collection of bullet paints that coney
the core findings of the articde and showld be submitted in a separate file in the onling Submission
syshem. Please use "Highlights' in the file name and incude 3 to 5 bullet points (maximum BS
characters, including spaces, per bullet polnt). See hitp:/ fwww.elsevier com/highlights for examples.
D nok use non-standard or case-specific abbreviations in the Highlights.

Keywords

Immediately after the abstract, provide a maximum of & keywords, using American spelling and
aveiding general and plural berms and multiple concepls (avoid, for example, "and’, ‘o). Be sparing
with abbreviations: only abbreviations firmly establiched in the Reld may be eligible. These keywords
will be used for indexing purposes. Do not choose words that appear already in Bhe Bitle of your
manuscripl. Choose additional words to enhance the visibility of your work.

Adtmowledgements

Collate acknowledgements in & separabe section at the end of the article before the references and do
nat, therefore, indude them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the ressarch (e.q., providing language help, writing assistance
oF proof reading the artick, ete, ).
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Apéndice 2 (cont.). Normas utilizadas para escrever o Capitulo Ill.

Math formulze

Present simple formulae in the line of normal text where possible and use the solidus () instaad of
a horizontal line for small fractional terms, e.g. XY In principle, variables are to be préesented in
italics. Powers of & are often more convenlently denobed by exp, Number consecutively any equations
that have to be displayed separately from the text [if referred to explicitly in the bext),

List of Symbaols
In manuscripts with & large number of mathematical symbols, & list of the symbaols and their definitions
fray be provided in a box within the manuscriph. Generally, the box should be placed just before
the frst appesrance of the mathematical symbols. All symbols and wnits must conform with SI
recommendations.

Abbreviations

Generally, the use of non-standard or case-specific abbreviabions, such as CA for conservation
agriculture, PRD Tor partial rootzone drying or CP for center pivots should be aveided. Authors shoulkd
spall out such terms, rather than wsing abbreviations. Standard abbreviations, such &< ET and GDP
are aereptable. In some cases, sbbrevistions are helpful in denoting treatments and replications. Yet
even then, authors should minimize the use of abbreviatiens in the discussion of analysis and results.

Footnotes

Footnotes should be used sparingly. Number them consecubively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnobes inko the bext, and this feabure may
be used. Should this not be the case, Indicate the position of footnotes in the bext and presant the
footnotes themselves separately at the end of the artide. Do not include footnotes in the Reference
list.

Table fosbroles

Indicate each foobmote in & table with a superscript lowercase kether.

Artwork

Eleciranic arfwork

General poinis

» Make sure you use uniform lettering and sizing of your erlginal artwerk,

= Embed the used fonts if the application provides that aption.

= Alm o use the following fonts in your Musbrations: Aral, Courier, Times New Roman, Symbol, or
use fonlks hat look gimilar

= Numiber the illustrations according to their segueence in the text.

= lUse g Inglr:.nl I"IBr'I"Ih"Iﬂ convention for your artwork files,

= Provide captions to illustrations separately.

= Sima the jllustrations close to the desired dimensions of the printed version.

« Submit each llustration as a separate file.

i detailed guide on electronic artwork s available on our website:

http:/ Parww. elsevier.oom/ arbworkinstructions

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

If your electronic artwork (£ crested in a Microsoft Office application (\Word, PowerPoint, Excel) then
pleage supply 'as i in the native document farmat.

Regardiess of the application vsed other than Microsoft Office, when yowr electronic artwork =
finalized, please "Save as" or convert the images o ane of the following formats (noke the resolution
I"Elr.il'El'l'ItEﬂE Far lime ﬂl‘ﬁ'ﬂ'll"lﬂ.‘i_. hallones, and line/Phallone combinations ﬂ"rEl"l hE{ﬂ'A']!

EPS [or PDF): Vector drawings, embed all used fonks.

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

TIFF {or JPEG): Bitmapped [pure black B 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 minimom of
500 dipi.

Pleasa do nok:

= Supply files that are optimized for soreen use {e.g., GIF, BMP, PICT, WPGE); these typically have &
v murmber of plkels and limited et of colors;

= Supply files that are boo low in resolution;

= Submit graphics that are disproportionately large for the content.
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Apéndice 2 (cont.). Normas utilizadas para escrever o Capitulo IlI.

Color arfwork

Please make sure that artwork files are in Bn scceptable format (TIFF (or JPEG), EPS (or PDF), of
M5 Oifice files) and with the cerrect resalution. If, bogether with your accepbed article, you sulmit
usable color Agures then Elsevier will ensure, &t no additional charge, that these figures will appeaar in
coler on the Web (e.g., ScenceDirect and other sites) regardless of whether or not these ilustrations
are reproduced in color in the printed version. For ealer repreduction 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 on the Web only. For further information on the
preparation of electronic artwork, please see hitp://www elsevier.com/artworkinstrections.

Plaase note: Because of bachnical complications which can arige by converting color Agures to ‘gray
scale’ (for the printed version should you not opt for color In print) please submit in additien usable
Black and white versions of all the color llustrations.

Figure captions
Ensure that esch lustration has a caption. Supply captions separately, not sttached ta the fgure. A

eaption should comprise a briefl title (not en the Agure ksall) and a description of the (lustration, Keep
text in the iHestrations themselves to a minimum but explain all symbals and abbreviations used. In
general, do not use abbreviations in the titles of figures or in the legends or in descriptive markings.
If abbreviations are unavoidable in some cases, they must be defined in notes directly beneath each
figure. IL is essential that all Rgures can "stand alone’ without requiring & reader to refer to the bext
of the manuwscript for explanation or definitions.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnobes b ables
below the table body and indicate them with supersoript lowercase letters. Avold vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described al<ewhers in the article. In general, do not use abbreviations in the tites of tables or in the
rew and colurmn hesdings. If abbrevistions are unevoidable in some cases, they must be defined in
notes directly beneath each table. Tt is essential that all tables can “stand alone” without requiring a
reader b refer to the text of the manuscript for explanations or definitions.

References

Citabion b Dexl

Please ensure that every reference cited in the kext is also present in the reference list (and vice
wersa). Ay references cited in the abstract must be given in full, Unpublished results and personal
eammunications are nok recommended in the reference list, but may be mentioned In the text, IFthese
references are incuded In the reference list they should follow the standard reference style of the
Jjournal and should indude a substitution of the publication date with either 'Unpublished resulls’ or
"Pareonal communication’. Citation of a reférance Bs 'in prese’ implies that the ibem has been aocepted
for publication.

Web references

s a minimum, the full URL should be given and the dabe when bhe reference was last accessed. Any
further infarmatien, If known (DOI, auther names, dates, reference o a source publication, elc.),
should alsn be ghwen. Web references can be listed separately (e.g., after the reference list) under &
different heading if desived, o can be included in the reference list.

References in 8 spadal s
Please ensure that the words "this issee” are added to any references in the list (and any dtations in
the kext) to obher articles in the same Special Issue,

Referance siyle
Text: All citations in the kext should refer te:

1. Single auther: the suthor's name [witheut initials, unless there is ambiguity) and the year of
publication ;

2. Two authors: both avthors’ names and thea year of publiu:.ntlnn:

3. Three or more authors: first authars name followed b]l ‘&b al.” and the year of Dl.lblil'.'ﬂuﬂl'l-
Cltations may be made directly (or parenthetically). Groups of references should be lisked Frst
alphabetically, then chrenclogically.

Examples: 'as demonstrated (Allan, 2000a, 20006, 1999; Allen and Jones, 1999). Kramer e &l
{2010) have recently shown ...

AUTHOR INFORMATION PACK 1B Jun 2014 wwrw_elsevieroomocate agwat L]



Apéndice 2 (cont.). Normas utilizadas para escrever o Capitulo .

Ligk: 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 '2', ', 'c', etec., placed after the year of publication,

Exampies:

Reference o a journal publication:

Wan der Geer, 1., Hanraads, 1A, Lupton, RLA., 2010, The art of writing & scentific article, 1, Sei.
Commun, 163, 51-59.

Reference to & book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed, Longman, New Yark.
Reference ko & chapler in an edibed book:

Mettam, G.R., Adams, LB, 2009, How be prepare an electronic version of your artick, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction te bhe Electranic Age. E-Publishing Inc., New York, pp. 2B1-304,

Video data

Elsevier Beeepts video material and animation sequences to support and enhance pour sclentific
research. Authors who have video or animation files that they wish bo submit with their article ane
strongly encouraged to indude links to these within the body of the article. This can be done in the
same way as & fgure or table by referring bo the vides or animation content and noting in the body
kext where it should be placed. All submitted fles should be properly labeled so that they directly
relate bo Bhe video fle's content. In order to ensure that your video or animation material is directly
ugable, please provide the files In one of our recommended file Tormats with & preferred maxirmum
sire of 50 MB. Video and animation files supplied will be published online in the slectronic version
of your article in Elsevier Web products, including SdenceDirect: htp://www.sciencedirect.com.
Please supply 'stille' with yeur fles: yeu can choose any frame from the vides or animation or
frake @ separate image. These will be used instead of standard lcons and will personalize the
link to your vides data. For more detailed instructions please visit our vides instruction pages at
nEtp:/ Feww. elsavier.com/ artworkinstructions. Note: since video and animation cannot be embeadded
i the print version of the journal, please provide text for both the eledronic and the print version
for the portions of the artice that refer to this content.

AuvdioSlides

The journal encourages suthors bo create an AudinSlides presentation with their published aricle.
ApdioSlides are brief, webinar-style presentations that are shown next to the online article on
SclenceDirect. This gives authors the apportunity to summarize thelr research in thelr own words and
ko help readers understand what the paper 15 about. More infermation and examples are available at
http:/ Ferww. elsevier.com/ audioslides. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of thelr paper.

Supplementary data

Elsevier accepts electronic supplementary material bo support and enhance your scientific resaarch.
Supplementary fles offer the author additional possibilities to publish supporting applications, Kgh-
resolution images, background datasets, sound dips and more, Supplementary files supplied will be
published online alongside the elecronic version of your article In Elsevier Web prodects, induding
SclenceDirect: http:/fwww sciencedirect.com. In order o ensure that your submitbed material is
directly usable, please provide the data in one of our recommendsd file formats. Authors should
sulbmit the material in electronic format together with the article and supply & concise and descriptive
caption for esch file. For more detailed instructions plesse wisit our artwork instruction pages at
http:/ Fwww.elsevier.oom/ artworkinstructions.

Data at PANGAEA

Electronic archiving of supplementary data enables readers to replicate, verify and build upon the
eonclugions published in your paper. We recommend that data should be deposited in the data library
PANGAEA (Inttp:/www . pangaea.de). Dats are quality contrelled and archived by an editor in standard
machine-readable formats and are available via Dpen Access. After processing, the author receives
an identifier (DOI) linking to the supplements for checking. As your data sebs will be citable you
might want o refer o them in your artide. In any case, data supplements and the artide will be
automatically linked &g in the following example: doi:10.1016/0016-7037(95)00105-9, Mease use
PANGAEA's web interface to submil your data [hitp:/fwww.pangass defsubmit/).

Submission checklist
The following list will be useful during the final checking of an article prior ko sending it to the journal
for réviews. Mlease consult this Guide for Authors for further details of any ibem.
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Apéndice 2 (cont.). Normas utilizadas para escrever o Capitulo IlI.

Ensure that Hlﬁfﬂlﬂﬂhﬂ iterms are Fl'ﬂﬂ'l‘t:

O FUbor has ean ﬂﬁmtﬂﬂ a5 bhe m-'rapnnﬂlm author with contact details:

» E-mall address

» Full postal address

= Phoneé numbers

Al Necassary files hawve bean upl-l:ﬂﬂ&ﬂ, and contain:

* Keywords

= All figure captions

= All tables (including title, description, footnobes)

Further considerationg

+ Manuscript has been ‘spell-checked' and 'grammar-checked'

» References are in the correct Tormat Tor this journal

» All references mentioned in the Reference list are cited in the bext, and vice versa

= Permission has been abtained for use of copyrighted material from other sources (including the Web)
» Color figures are chearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print
» If anly color on the Web is required, black-and-white versions of the figures are also supplied for

printing purposes
For any further Information please visit owr customer support site at http:/fsupport.slseviercom.

AFTER ACCEPTAMNCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOT) may be used to cite and link to electronic documents. The DOI
ronsists of a unigue alpha-numeric character string which i< assigned to a document by the publisher
upon the inltial electronic publication. The assigned DOI never changes. Therefare, It is an ideal
medium for dting a docurment, particularty ‘Articles in press’ because they have not yet recaived their
full bitsliographic information. Example of a correctly given DOI (in URL format: here an article in the
journal Physics Latters B):

hittp 2/ dod.arg/ 10, 1016/]. physleth. 2010.09.059

When you use a DOI o create links to documents on the web, the DOIs are guaranteed never to
change.

Online proof correction

Corresponding authors will receive an e-mail with & link o cur online proafing system, allowing
annotation and cormection of proofs online. The envirenment s similar by M5 Ward: in addition to
aditing text, you can also comment on figueres/tEbles and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly bype
your corrections, eliminating the potential introduction of errors,

If preferred, you can still choose bo annotate and upload your edits on the PDF version. All instructions
fior proofing will be given in the e-mail we sead te authors, incleding altermative methods to the oaling
wersion and PDF.

We will do everything possible to get your artice published quickly and accurstely - please upload
all of your corrections within 48 hours. Tt s important to ensure that all corrections are sent back
b us in one communication. Please check carefully befare replying, as Indusion of any subseqguent
corrections cannob e guarantesd. Proofreading & solely your responsibility. Note that Elsevier may
procesd with the publication of your article if no response is necelved,

Offprints

The corresponding author, at no cost, will be provided with a personalized link providing 50
days free aocess to the final published version of the article on Sdenceliredt. This link can
ales be used for sharing wia email and sodal nebworks. For an extra charge, paper ofprints
can be ordered wia the offprint order form which s sent once the arbide is accepbed for
publication. Both corresponding Bnd co-authors may order offprints ab any time via Elsaviers
WebShap {hittp:/ fwebshop.elseviencam/ myarticleservices/offprints). Authors requiring prinbed copies
of multiple artides may use Elkevier WebShop's "Create Your Own Book' service to collate multiple
artiches within a single cover {hitp://webshop.elseviercom/myartideservices/boaklets).

AUTHOR INQUIRIES

For inquiries relating to the submission of articles (induding electronic submission) please visit
this journal's homepage. For detailed Instructions on the preparation of electronic arbwork,
please vigit hitp:/fwww.elsevien comyartworkinstrudions. Contaet details for questions arising afber
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Apéndice 2 (cont.). Normas utilizadas para escrever o Capitulo .

acceptance of Bn article, especially those relating bo proofs, will be provided by the publisher
You can track sccepted articles at hitp:/fwww elseviercom/trackarticle, You an alsa check
our Author FAQs at hitp://www.elseviercom/authorFAQ andfor contact Customer Support via
hittp:/ fsupport. elsevier.com.

£ Copyright 2014 Elsesier | http://www.eloevien com
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Apéndice 3. Entrada de dados de massa de forragem (MF), massa de
forragem inicial (MFI), taxa de acumulo diério (TxAc), residuo vegetal, producao
total de matéria seca (PTMS) altura média real (Alt) para a altura de manejo de
10 cm — Capitulo 11

Tratamento Bloco Potreiro Ano MF MFI TxAc Residuo PTMS Alt

10 1 2 2001 1222 48,8 1272 6947 10,0
10 2 8 2001 1827 44,2 1480 6219 12,1
10 3 10 2001 1883 45,6 1750 6683 14,2
10 1 2 2002 1508 33,9 2030 5847 10,5
10 2 8 2002 1153 40,8 1580 6680 8,4
10 3 10 2002 1322 311 1570 5658 7,3
10 1 2 2003 1826 64,2 9247 15,6
10 2 8 2003 1911 46,5 8746 11,2
10 3 10 2003 1967 57,2 9438 15,2
10 1 2 2004 1491 23,2 13,1
10 2 8 2004 1336 57,6 8877 11,4
10 3 10 2004 1698 43,4 12,4
10 1 2 2005 1971 70,3 2520 10050 12,1
10 2 8 2005 2021 71,5 10211 12,4
10 3 10 2005 1828 50,6 2205 7377 11,7
10 1 2 2006 1128 37,6 5907,5 13,3
10 2 8 2006 1162 33,6 5511,8 11,8
10 3 10 2006 1443 36,4 6084,8 14,5
10 1 2 2007 12,4
10 2 8 2007 11,4
10 3 10 2007 10,8
10 1 2 2008 1305 48,4 1406 2707,476 15,7
10 2 8 2008 1086 54,6 1132 2364,743 13,6
10 3 10 2008 999 49,2 1178 2252,169 129
10 1 2 2009 1215 34,4 1386 4843,654 12,9
10 2 8 2009 1223 36,3 1264 5111,046 13,0
10 3 10 2009 1140 30,2 1341 4331,845 114
10 1 2 2010 1040 9,0 606 2332,804 10,7
10 2 8 2010 823 29,1 896 4629,999 9,5
10 3 10 2010 893 13,7 935 3164,292 12,2
10 1 2 2011 1082 35,6 1134 5083 12,6
10 2 8 2011 725 28,3 783 4193 10,0
10 3 10 2011 1040 36,4 1023 5733 13,1




123

Apéndice 4. Entrada de dados de ganho médio diario individual (GMD), ganho
por area (Gha) e carga animal (CA) para a altura de manejo de 10 cm —
Capitulo II.

Tratamento Bloco Potreiro Ano GMD Gha CA

10 1 2 2001 0,849 481 1382
10 2 8 2001 0,840 488 1467
10 3 10 2001 0,994 472 1229
10 1 2 2002 0,848 513 1168
10 2 8 2002 0,981 619 1254
10 3 10 2002 0,921 491 1159
10 1 2 2003 0,810 539 1422
10 2 8 2003 463

10 3 10 2003 0,900 618 1703
10 1 2 2004 0,865 554 1296
10 2 8 2004 446 1276
10 3 10 2004 0,835 590 1268
10 1 2 2005 0,996 501 988
10 2 8 2005 0,868 572 1090
10 3 10 2005 1,018 471 1173
10 1 2 2006 0,880 616 1392
10 2 8 2006 0,700 566 1647
10 3 10 2006 0,710 654 1255
10 1 2 2007 0,822 470 1171
10 2 8 2007 344 1361
10 3 10 2007 0,743 471 1099
10 1 2 2008 0,760 469 1269
10 2 8 2008 0,689 490 1484
10 3 10 2008 0,770 525 1407
10 1 2 2009 0,848 483 1370
10 2 8 2009 0,730 491 1525
10 3 10 2009 0,908 614 1580
10 1 2 2010 0,768 324 1079
10 2 8 2010 1159
10 3 10 2010 0,734 388 1309
10 1 2 2011 479 818
10 2 8 2011 0,944 414 970
10 3 10 2011 0,980 484 917
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Apéndice 5. Entrada de dados de massa de forragem (MF), massa de
forragem inicial (MFI), taxa de acumulo diério (TxAc), residuo vegetal, producao
total de matéria seca (PTMS) altura média real (Alt) para a altura de manejo de
20 cm — Capitulo II.

Tratamento Bloco Potreiro  Ano MF MFI  TxAc Residuo PTMS Alt

20 1 4 2001 2527 39,7 4400 5668 19,6
20 2 7 2001 2922 56,2 4304 7783 21,4
20 3 9 2001 2447 46,6 1928 6480 243
20 1 4 2002 2162 32,5 4080 5819 16,5
20 2 7 2002 2019 40,9 3370 5565 14,6
20 3 9 2002 2296 57,8 4010 8769 18,2
20 1 4 2003 2754 74,4 11531 24,8
20 2 7 2003 2802 62,5 10458 23,5
20 3 9 2003 3048 45,6 8533 23,9
20 1 4 2004 1900 38,5 6694 18,3
20 2 7 2004 1942 62,1 9558 17,5
20 3 9 2004 1838 54,6 8179 20,5
20 1 4 2005 2744 51,7 3728 8428 20,7
20 2 7 2005 2740 15,0 5147 7337 21,2
20 3 9 2005 2737 29,8 4043 6041 20,7
20 1 4 2006 2249 27,3 5027,4 213
20 2 7 2006 1659 43,0 6962,5 20,2
20 3 9 2006 1827 38,4 6127,4 19,8
20 1 4 2007 21,6
20 2 7 2007 21,2
20 3 9 2007 26,6
20 1 4 2008 2295 39,9 2867 3632,814 26,3
20 2 7 2008 1733 44,6 2348 3192,068 21,3
20 3 9 2008 1765 44.8 2016 3122,741 20,1
20 1 4 2009 2022 59,5 3282 7698,791 22,0
20 2 7 2009 1850 30,0 2729 4646,443 20,6
20 3 9 2009 2076 40,1 3724 5494,497 21,5
20 1 4 2010 884 28,1 930 4847,655 15,1
20 2 7 2010 1517 22,9 1621 4313,137 18,3
20 3 9 2010 1117 15,6 2101 3350,649 17,5
20 1 4 2011 2547 50,9 2860 8841 26,7
20 2 7 2011 2103 27,7 4146 4699 24,1
20 3 9 2011 1745 47,8 2447 7509 21,3
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Apéndice 6. Entrada de dados de ganho médio diario individual (GMD), ganho
por area (Gha) e carga animal (CA) para a altura de manejo de 20 cm —
Capitulo II.

Tratamento Bloco Potreiro Ano GMD Gha CA

20 1 4 2001 1,077 309 786
20 2 7 2001 1,054 276 752
20 3 9 2001 0,958 347 961
20 1 4 2002 1,328 573 933
20 2 7 2002 1,103 483 956
20 3 9 2002 1,222 555 916
20 1 4 2003 1,150 514 1136
20 2 7 2003 0,920 315 1210
20 3 9 2003 0,960 491

20 1 4 2004 1,119 466 952
20 2 7 2004 1,000 517 1071
20 3 9 2004 1,199 486 841
20 1 4 2005 1,308 385 675
20 2 7 2005 1,239 395 864
20 3 9 2005 1,170 376 836
20 1 4 2006 1,060 428 804
20 2 7 2006 0,980 483 948
20 3 9 2006 1,120 576 1047
20 1 4 2007 1,141 520 998
20 2 7 2007 1,023 533 1168
20 3 9 2007 0,884 450 987
20 1 4 2008 0,930 375 890
20 2 7 2008 0,943 375 845
20 3 9 2008 507 1006
20 1 4 2009 0,746 348 801
20 2 7 2009 0,968 434 1004
20 3 9 2009 0,962 387 875
20 1 4 2010 417 918
20 2 7 2010 1,004 373 916
20 3 9 2010 1,008 335 918
20 1 4 2011 358 709
20 2 7 2011 0,767 385 894
20 3 9 2011 0,843 285 652
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Apéndice 7. Entrada de dados de massa de forragem (MF), massa de
forragem inicial (MFI), taxa de acumulo diério (TxAc), residuo vegetal, producao
total de matéria seca (PTMS) altura média real (Alt) para a altura de manejo de
30 cm — Capitulo II.

Tratamento Bloco Potreiro  Ano MF MFI  TxAc Residuo PTMS Alt

30 1 3 2001 3604 60,3 6155 8283 26,6
30 2 5 2001 3710 43,3 6262 6466 24,9
30 3 11 2001 3874 54,1 6544 7240 31,4
30 1 3 2002 3040 48,4 4770 7774 27,1
30 2 5 2002 3095 50,4 5110 7719 27,0
30 3 11 2002 3177 41,3 4870 7133 27,0
30 1 3 2003 4305 38,8
30 2 5 2003 4058 56,5 9655

30 3 11 2003 4049 68,6 11200 37,8
30 1 3 2004 2745 56,0 8930 26,8
30 2 5 2004 3090 39,4 6806 29,0
30 3 11 2004 2416 48,0 7871 28,7
30 1 3 2005 3306 45,8 5555 8422 28,2
30 2 5 2005 3499 38,7 5027 8155 29,8
30 3 11 2005 3446 47,4 6740 9227 30,0
30 1 3 2006 2850 33,8 6319,2 29,8
30 2 5 2006 3021 40,6 6111,6 31,4
30 3 11 2006 3046 31,2 5403,9 30,2
30 1 3 2007 36,2
30 2 5 2007 36,4
30 3 11 2007 34,5
30 1 3 2008 2571 33,3 4584 4055,941 30,4
30 2 5 2008 3335 47,2 3497 35,0
30 3 11 2008 2487 44,6 3257 3564,528 30,8
30 1 3 2009 2716 45,5 4320 6183,535 29,7
30 2 5 2009 2741 61,9 4761 8318,922 311
30 3 11 2009 2663 62,0 4826 8030,188 29,1
30 1 3 2010 2130 29,6 3397 5247,186 30,6
30 2 5 2010 2509 43,7 3592 7205,18 33,2
30 3 11 2010 1632 20,7 3171 4220,685 25,7
30 1 3 2011 1911 10,0 3047 1958 25,6
30 2 5 2011 2194 59,3 3918 8661 27,5
30 3 11 2011 1647 30,9 2381 5476 23,2
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Apéndice 8. Entrada de dados de ganho médio diario individual (GMD), ganho
por area (Gha) e carga animal (CA) para a altura de manejo de 30 cm —
Capitulo II.

Tratamento Bloco Potreiro Ano GMD Gha CA

30 1 3 2001 1,253 292 632
30 2 5 2001 1,096 254 637
30 3 11 2001 0,994 374
30 1 3 2002 1,152 311 539
30 2 5 2002 1,266 301 498
30 3 11 2002 1,157 290 501
30 1 3 2003 1,160 206 670
30 2 5 2003 1,110 260 540
30 3 11 2003 1,140 338 772
30 1 3 2004 1,363 360 626
30 2 5 2004 1,134 278 604
30 3 11 2004 1,229 324 590
30 1 3 2005 1,092 263 425
30 2 5 2005 1,178 270 497
30 3 11 2005 1,122 330 510
30 1 3 2006 1,020 263 506
30 2 5 2006 1,160 377 706
30 3 11 2006 1,050 343 613
30 1 3 2007 1,059 383 743
30 2 5 2007 0,994 348 662
30 3 11 2007 338 833
30 1 3 2008 1,030 279 592
30 2 5 2008 0,943 284 705
30 3 11 2008 0,930 736
30 1 3 2009 0,905 334 700
30 2 5 2009 0,879 299 624
30 3 11 2009 1,083 379 765
30 1 3 2010 1,076 277 642
30 2 5 2010 1,280 318 585
30 3 11 2010 358 702
30 1 3 2011 1,360 360 597
30 2 5 2011 1,138 295 549
30 3 11 2011 1,122 316 590
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Apéndice 9. Entrada de dados de massa de forragem (MF), massa de
forragem inicial (MFI), taxa de acimulo diério (TxAc), residuo vegetal, producao
total de matéria seca (PTMS) altura média real (Alt) para a altura de manejo de
40 cm — Capitulo II.

Tratamento Bloco Potreiro  Ano MF MFI  TxAc Residuo PTMS Alt

40 1 1 2001 4268 53,2 6464 7354 35,6
40 2 6 2001 3838 48,3 6296 6384 32,8
40 3 12 2001 3938 46,5 6936 6395 34,1
40 1 1 2002 3662 37,8 5930 6333 35,8
40 2 2002 3601 32,9 5540 5866 31,6
40 3 12 2002 3389 27,0 5110 7125 31,6
40 1 1 2003 80,1 11190 49,5
40 2 6 2003 3940 46,9
40 3 12 2003 4305 50,6 8814 43,5
40 1 1 2004 3388 67,3 10008 31,2
40 2 2004 3008 37,4 6357 31,6
40 3 12 2004 3366 44,5 6903 33,2
40 1 1 2005 4084 61,4 9207 36,5
40 2 6 2005 3895 35,5 6277 6498 34,8
40 3 12 2005 3942 41,6 6056 7570 36,9
40 1 1 2006 4072 41,1 7131,1 40,0
40 2 2006 3887 47,7 7452,8 38,5
40 3 12 2006 3803 62,1 9107 38,1
40 1 1 2007 45,4
40 2 6 2007 43,7
40 3 12 2007 40,9
40 1 1 2008 3159 47,7 5735 4910,181 45,7
40 2 2008 2760 43,0 4560 4385,317 40,1
40 3 12 2008 2831 56,0 4001 4255,538 37,4
40 1 1 2009 3283 54,1 6269 7536,534 36,9
40 2 6 2009 3380 80,1 6630 10337,14 37,3
40 3 12 2009 3187 58,1 5837 7641,991 34,7
40 1 1 2010 3377 54,2 4268 8597,496 43,3
40 2 2010 3177 46,8 5188 7797,884 40,9
40 3 12 2010 2467 34,9 5397 6146,864 36,3
40 1 1 2011 3117 49,8 5150 8780 35,1
40 2 6 2011 3237 32,8 5207 5643 33,8
40 3 12 2011 2572 39,8 4207 6316 32,2
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Apéndice 10. Entrada de dados de ganho médio diario individual (GMD),
ganho por area (Gha) e carga animal (CA) para a altura de manejo de 40 cm —
Capitulo II.

Tratamento Bloco Potreiro Ano GMD Gha CA

40 1 1 2001 1,077 101 246
40 2 6 2001 1,154 115 276
40 3 12 2001 1,085 147 353
40 1 1 2002 1,018 128 271
40 2 6 2002 1,095 155 294
40 3 12 2002 1,024 178 346
40 1 1 2003 1,150 138 281
40 2 6 2003 1,070 154 338
40 3 12 2003 1,140 168 380
40 1 1 2004 1,120 197 375
40 2 6 2004 1,338 207 396
40 3 12 2004 1,169 201 420
40 1 1 2005 1,055 141 292
40 2 6 2005 1,135 165 286
40 3 12 2005 1,106 196 366
40 1 1 2006 0,990 139 279
40 2 6 2006 1,300 176 260
40 3 12 2006 1,160 211 360
40 1 1 2007 0,921 139 303
40 2 6 2007 0,997 179 351
40 3 12 2007 1,0/9 236 380
40 1 1 2008 0,888 160 394
40 2 6 2008 140 392
40 3 12 2008 0,926 168 374
40 1 1 2009 1,225 165 296
40 2 6 2009 1,000 169 371
40 3 12 2009 1,060 199 424
40 1 1 2010 1,171 155 271
40 2 6 2010 1,182 180 374
40 3 12 2010 1,081 189 399
40 1 1 2011 1,137 184 236
40 2 6 2011 1,251 238 393
40 3 12 2011 1,304 267 442
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