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CAPITULO1I
I - Introducao Geral

A regido do trépico timido apresenta, predominantemente, solos derivados de
rochas sedimentares cldsticas. Estes solos possuem estrutura frigil e baixa fertilidade
natural; sdo susceptiveis a coesdo, portanto, ndo alcangam altas produtividades
agricolas. Além disso, o clima da regido apresenta altas temperaturas e chuvas
acentuadas nos seis primeiros meses do ano, caracteristicas estas que exigem condi¢des
particulares de manejo do solo. Aliada a essa problematica, o modelo de producio
agricola dominante na regido € a agricultura itinerante, que consiste no corte € queima
da vegetacdo, seguido do cultivo da lavoura e pousio (descanso) da area.

A regeneracdo da capoeira requer um longo periodo de descanso da area
cultivada. Porém, o aumento da densidade populacional encurta o periodo de pousio e
ameaca a estabilidade do sistema (VEGA et al., 2005). Nestas condicdes, existem
grandes desvantagens porque a biodiversidade é afetada e as espécies mais resistentes
dominam o ecossistema. Adicionalmente esse sistema contribui para o aumento da
producio de gases do efeito estufa (ARAUJO et al., 2008). Encontrar uma alternativa
para essa agricultura torna-se necessario por duas razdes: primeiro pela necessidade
urgente de aumentar a produtividade agricola e, segundo pela necessidade imediata de
reduzir os impactos ambientais das queimadas (AGUIAR et al., 2010a). Em muitos
casos, diversos produtores tentam substituir esse sistema pelo uso da gradagem e adubos
sintéticos, o que apenas agrava o quadro de degradacdo ambiental, sem aumentar a
produtividade agricola. Estas problematicas aliadas as condi¢des locais de solo e clima
afetam negativamente a producao de alimentos.

Para reverter esse cendrio, é de grande importancia a adocdo de praticas

agricolas sustentdveis que levem em consideragdo tanto a questdo da alta produtividade



quanto as questdes ambientais. Entre essas préticas podemos citar o plantio direto na

palha e o uso de sistemas agroflorestais (LAL, 2004).

O plantio direto na palha consiste no plantio sem o preparo do solo com grade ou
arado logo apds a colheita, ou seja, o plantio € realizado sobre a fitomassa da cultura
anterior. Esse sistema é caracterizado pela rotacdo de culturas e permanéncia da palha
na superficie do solo, que posteriormente € revolvida apenas na fileira de deposicdo das
sementes e fertilizantes (REIS et al., 2007). Essa forma de plantio é muito utilizada em
regides em que as chuvas sdo suficientes para producdo de duas colheitas (verdo e
inverno). No Estado do Maranhdo, esse sistema ndo seria totalmente adequado, uma vez
que o perddo de seis meses de chuva é seguido por um periodo de estiagem,

impossibilitando a produgdo suficiente de palha para a cobertura do solo.

O cultivo em aléias € um sistema agroflorestal, que envolve o plantio de arvores
ou arbustos, de preferéncia leguminosas (GILLESPIE et al., 2000). As arvores podem
ser periodicamente podadas e seus ramos adicionados as entrelinhas onde a cultura de
interesse econdmico € plantada. O cultivo em aléias pode possibilitar o aporte de
residuos vegetais ricos em nitrogénio, que podem ser utilizados na adubagdo verde,

além de oferecer os beneficios do efeito da cobertura morta no solo.

Levando em consideracdo as peculiaridades do tropico imido, pesquisadores de
Agroecologia da Universidade Estadual do Maranhdo recomendam um agrossistema
denominado de “plantio direto na palha de leguminosas cultivadas em aléias” (MOURA
et al., 2009). Esse sistema combina as vantagens do “plantio direto na palha” com os

beneficios do “cultivo em aléias”.

Caracteristicas desejdveis desse sistema incluem o aporte continuo de residuos

vegetais de alta e baixa qualidade pelas arvores do sistema, a manuten¢do ou aumento
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da matéria organica do solo, o aumento da capacidade de ciclagem de nutrientes
(FERRAZ JUNIOR, 2004), ereducio daincidéncia de plantas daninhas devido ao
efeito da cobertura do solo (ARAUJO et al., 2007). Além da supressdo de plantas
daninhas através da cobertura, observam-se também interagcdes entre as plantas através
de sinais quimicos, denominada alelopatia. Essa interferéncia pode ocorrer na inibi¢dao
da germinacdo da semente, diminuindo o crescimento, causando danos na planta ou
mesmo a morte desta na presenca de outra espécie (OYUN, 2006). Recentemente
muitos casos de diminui¢do do rendimento das culturas solteiras e em sistemas
agroflorestais tem sido atribuido a efeitos alopdticos (EL-KHAWAS e SHEHATA,
2005). Problemas associados a alelopatia sdo observados tanto em monoculturas como
em sistemas mais diversificados como constatado por OYUN, (2006) e AGUIAR et al.,

(2010b).

Nesse contexto, a utilizacdo de sistemas mais diversificados, exige atencdo na
escolha das leguminosas a serem implantadas na drea, pois, devem-se considerar as
interacOes tanto benéficas quanto maléficas entre as plantas dentro desse sistema. Além
das competi¢cbes por dgua, luz e nutrientes entre as culturas comerciais e as
leguminosas, deve-se levar em consideracao os efeitos alelopaticos que podem afetar o
crescimento das culturas implantadas, como o algoddao e o milho, além das plantas

daninhas.

O objetivo deste trabalho foi avaliar as interagdes biofisicas entre leguminosas
arboreas, plantas daninhas e as culturas do algodao e do milho em um sistema plantio

direto na palha de leguminosas cultivadas em aléias.
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II - Referencial teorico
1 Algodao colorido

O algoddo colorido  (Gossypium hirsutum L) é uma fibra pigmentada
naturalmente que cresce em tons de verde e marrom. Seu cultivo remonta a cerca de
2700 a.C., na India, Paquistao, Egito e Peru (VREELAND et al., 1999). Depois de ter
desaparecido por cerca de um século, o algoddo colorido reapareceu sendo chamado de
“eco-friendly - algoddo amigo do meio ambiente” no inicio dos anos 90 (KHAN et al.,
2010). O algodao colorido € inerentemente inferior ao algoddo branco em vérios
aspectos, como a baixa produtividade, possui fibras curtas, grossas e fracas,
impossibilitando-o de ser maquindvel, além ndo possuir cor uniforme (MURTHY,
2001). Porém, resiste melhor as pragas, portanto, reduz a aplica¢do de agrotéxico, o que
leva a diminui¢do da polui¢do (LEE, 1996). Além do uso destas variedades de algodao

eliminarem as etapas de branqueamento e o tingimento.

Apesar de suas caracteristicas serem inferiores ao branco, seu ressurgimento esta
associado principalmente as questdes ambientais. De todo o inseticida usado
mundialmente, aproximadamente 23% ¢é utilizado por produtores de algoddo para
combater pragas como o bicudo. Estes agrotéxicos prejudicam tanto os trabalhadores
quanto o meio ambiente, pois infiltram no solo, atingem &guas subterrineas, rios e
riachos, matam peixes, além de contaminar o gado (KHAN et al., 2010). Para dar cores
ao algoddo de fibra branca, durante o processo de branqueamento e tingimento, as
fabricas utilizam regularmente diversas substancias toxicas, incluindo metais pesados. A
dgua destas unidades € uma das principais fontes de poluicdo de alimentos e dgua para
consumo humano e meio ambiente. Muitos destes produtos quimicos sdo cancerigenos e

podem causar alergias, erupcdes cutdneas e outros problemas relacionados com a satude
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(DUTT et al., 2004). Por isso, atualmente muitas pessoas preferem usar roupas feitas a
partir do algodao colorido, que € livre de substancias téxicas. Essa procura por produtos
sem substincias quimicas tem incentivado muitos produtores e estd levando a

revitalizacdo da cultura do algodao colorido (DUTT et al., 2004).

2 Milho

O milho (Zea mays L.) ¢ uma planta da familia gramineae, com o centro de
origem mais provavel no México Meridional, situado na América Central. Essa cultura
se constitui em um dos mais importantes cereais cultivados e consumidos no mundo. E
uma cultura de grande importincia econdmica no Brasil, tanto na agricultura familiar,
quanto nos grandes latifindios. Trata-se de um alimento rico em carboidratos, de
considerdvel valor energético; é também fonte de Oleo, fibras, vitaminas E, B1, B2 e
acido pantoténico, além de alguns minerais, como o fésforo e o potdssio (FARINELLI
et al., 2003).

Por causa da sua grande diversidade de aplicacOes, tanto na alimentacdo humana
quanto na alimentagdo animal, assume relevante papel socioecondmico, além de
constituir-se em indispensdvel matéria-prima impulsionadora de diversificados
complexos agroindustriais (FANCELLI e DOURADO NETO, 2000).

Segundo ARCE et al. (2005), enquanto matéria-prima para a industria, o milho
possibilita a obteng@o de cerca de 600 subprodutos destinados a alimentagdo animal e
humana, além de ser componente de produtos gerados pela indudstria quimica, téxtil, de
mineragdo, mecanica e outras.

Essa graminea pertence ao grupo de plantas com metabolismo fotossintético do

tipo C4, que se caracteriza pelo elevado potencial produtivo. Entre as plantas C4, o

milho estd no grupo de espécies com maior eficiéncia de uso da radiacdo solar
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(BERGAMASCHI et al., 2004), e essa € uma das caracteristicas que torna a cultura

muito bem adaptada as condi¢des do tropico timido.

3 Plantas daninhas

No manejo das plantas daninhas, o principio da prevengdo deve ser privilegiado.
Devem-se priorizar plantas com alta producdo de palha e com ac¢do de efeito alelopatico.
Além dos efeitos quimicos, oriundos da palha, os efeitos fisicos, contribuem para o
controle das plantas daninhas (VAZ DE MELO et al., 2007).

De acordo com MACLEANA et al. (2003), o sistema em aléias favorece
algumas estratégias para o controle de plantas daninhas: a adubacdo verde, pois a
decomposicao dos residuos aplicados no solo melhora os indicadores fisico-quimicos do
solo, alterando a composicdo das plantas daninhas e a habilidade da cultura para
competir com elas; a cobertura morta, pois esta pode impedir a germinagdo de sementes
de plantas daninhas; o sombreamento, ja que diminui a incidéncia de luz na 4rea durante
a estacdo de crescimento das arvores, pode reduzir a abundancia das espécies sensiveis a
sombra. Ainda, pode-se citar o controle através da alelopatia, no qual ha producdo de
substancias quimicas e reducdo da quantidade de plantas daninhas da drea (SOUZA
FILHO e ALVES, 2000). Porém, é importante destacar que esses compostos quimicos
liberados na decomposicao das plantas sdo muitos especificos.

No cultivo do algodao o manejo correto de plantas daninhas é fundamental para
o sucesso na produ¢do. Quando nao manejadas de modo adequado, essas plantas podem
causar reducdo na produtividade, e algumas delas podem prejudicar a qualidade do
produto colhido, aumentando custos e reduzindo o valor da fibra (FREITAS et al.,

2002).
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No caso do milho, a redu¢do do rendimento da cultura devido a competicao
estabelecida com as plantas daninhas varia de 12 até 100%, em funcdo da espécie, do
grau de infestacdo, do tipo de solo, das condi¢des climadticas reinantes no periodo, além
do estadio fenoldgico da cultura (KOZLOWSKI, 2002).

Portanto, é de extrema importancia, adotar praticas que diminuam a densidade
populacional das plantas daninhas, tendo atencdo no momento da selecdo das espécies
que servirdo como cobertura para que se obtenha €xito no controle das ervas mais

agressivas e para que a cultura principal mostre seu desempenho potencial.

4 Plantio direto

O plantio direto constitui um sistema eficiente no controle de erosdo e tem sido
utilizado cada vez em maior escala, principalmente em areas com culturas anuais e
sujeitas a acdo dos processos erosivos. Essa forma de manejo do solo é considerada uma
alternativa para reduzir custos e quantidade de mdao de obra do campo em relacdo
ao plantio convencional. Esse sistema tenta assegurar a sustentabilidade do uso agricola
dos solos (SCHERER, 2007).

A adocdo e implementacdo bem sucedida do plantio direto é extremamente
dependente do conhecimento do agricultor e da tecnologia envolvida no sistema. Além
disso, o sucesso do plantio direto em uma determinada area depende das condigdes
climaticas locais (CAVALIERI et al., 2009).

Nesse sistema, adota-se o uso de mdaquinas préprias € o controle de plantas
daninhas, quando necessario, € realizado com a aplicagdo de herbicidas. Segundo
SILVA et al. (1999), algumas caracteristicas desejaveis devem ser observadas nas
espécies para que estas sejam cultivadas nesses sistema: produzir grande quantidade de

matéria seca, ser resistentes ao ataque de pragas e doencas, possuir sementes uniformes
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e de bom poder germinativo, ter exigéncia relativamente baixa quanto ao preparo e
fertilidade do solo, ser de rapido crescimento, facil manejo e possuir sistema radicular
profundo.

O solo sob plantio direto apresenta, principalmente na sua camada superficial,
melhor estrutura, maior taxa de infiltracdo de dgua, maiores teores de matéria organica e
maior atividade microbiana (SCHERER, 2007). Adicionalmente esse sistema pode ser
considerado uma atividade com potencial para seqiiestrar carbono (SIQUEIRA NETO

et al., 2009).

5 Cultivo em aléias

O cultivo em aléias € um dos mais simples sistemas agroflorestais que combina
em uma mesma drea espécies arboreas, preferencialmente leguminosas, em fileiras
simples ou duplas (GILLESPIE et al., 2000) e culturas anuais de interesse econdmico.
As leguminosas sio plantadas com espacamento de 2 a 6 metros entre limhas. Os ramos
das leguminosas podem ser periodicamente cortados a altura que variam de 0,1 a 0,5
metros, ¢ serem adicionados as entrelinhas das culturas de interesse econOmico,

servindo como cobertura morta e adubo verde (KANG et al., 1990).

O sistema em aléias promove efeitos benéficos tanto ambiental quanto
economicamente. Ambientalmente por aumentar o tempo que determinado volume de
dgua permanece no solo (MILLER e PALLARDY, 2001); aumentar a atividade dos
microorganismos, proteger a superficie do solo contra o impacto das gotas da chuva,
diminuir a temperatura na superficie do solo, diminuir a quantidade de plantas daninhas
(KANG, 1997) tanto por efeitos alelopdticos quanto pelo efeito supressivo da cobertura
(ALLEN et al., 2004). Além disso, o componente arbéreo do sistema agroflorestal pode,

também, atuar a longo prazo como um dreno de carbono (OELBERMANN et al., 2004),
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diminuindo a quantidade desse elemento na atmosfera. Economicamente por diminuir a
aplicacdo de insumos externos, pois as drvores sdo capazes de capturar e reciclar
nutrientes dos  horizontes mais profundos do soloe, portanto, pode ajudar na
melhoria da eficiéncia do uso de nutrientes (ALLEN et al., 2004), além da adubacao

verde advinda da fitomassa destas arvores.

Um dos mais difundidos problemas desse modelo € a competi¢do por luz, dgua
(GILLESPIE et al., 2000) e nutrientes entre culturas as anuais € as leguminosas do
sistema. Porém, essas leguminosas sdo capazes de afetar as culturas implantadas
também através da liberacdo de aleloquimicos (WESTON, 1996). Nesse contexto, o
conhecimento das interagdes entre as leguminosas arbéreas e as culturas anuais € de

grande importancia para o manejo dos sistemas agroflorestais (SANTOS et al., 2010).

As espécies de leguminosas recomendadas para o uso nesse sistema de cultivo
devem apresentar caracteristicas de rapido crescimento, adaptacdo as condicdes locais
(solo e clima); possuir sistema radicular profundo, com minimas raizes na superficie do
solo para minimizar a concorréncia com a cultura principal; ficil estabelecimento no
campo (HODGE et al., 1999); possuir alta capacidade de rebrota; alta produgdo de
biomassa; fazer fixacdo biologica de nitrogénio (N) e possuir altos teores de N nos

tecidos (KANG et al., 1990).

6 Plantio direto na palha de leguminosas cultivadas em aléias

Na tentativa de substituicdo do modelo de corte e queima por um modelo mais
sustentdvel que leva em consideragdao as condicdes especificas do tropico umido, o
plantio direto na palha de leguminosas cultivadas em aléias pode ser uma alternativa
vidvel, pois agrupa os beneficios do plantio direto na palha com as utilidades do sistema

de cultivo em aléias. Nesse sistema sdo plantadas arvores ou arbustos em linhas simples
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ou multiplas. A distincia entre as fileiras é determinada pela quantidade de biomassa

requerida para o manejo do solo (MOURA et al., 2009).

Nesta forma de cultivo, as leguminosas sdo, geralmente, selecionadas por
promoverem o crescimento de culturas estabelecidas (MOURA et al., 2009). Essas
leguminosas sdo periodicamente podadas e seus ramos aplicados entre as fileiras. Esse
sistema promove a cobertura do solo e a manuten¢cdo ou o aumento dos nutrientes na
zona da raiz de culturas implantadas (MOURA et al., 2010). Essas leguminosas estdao

adaptadas para crescer no periodo de seca e produzir residuos de alta qualidade.

O plantio direto na palha de leguminosas cultivadas em aléias oferece para os
pequenos agricultores a grande vantagem de reunir no mesmo espaco € tempo a
producdo de alimentos e a regeneracdo da fertilidade do solo (MOURA et al., 2010),

pois essa juncdo ndo € possivel no sistema de corte e queima.

7 Efeito alelopatico da cobertura de leguminosas

RICE, (1984) definiu alelopatia como o efeito de uma planta em outra planta por
meio da liberacdo de compostos quimicos para o ambiente. Esta definicdo inclui
tanto efeitos estimuladores quanto inibidores, dependendo da concentracdo dos
compostos. As culturas de cobertura cont€ém altos niveis de aleloquimicos
(KRUIDHOF et al., 2009), que podem influenciar tanto as plantas daninhas como as
culturas comerciais. Quando essas culturas de cobertura sdo aplicadas no solo, tanto por
exsudacdo quanto por decomposi¢do dos residuos, os aleloquimicos provenientes
destas coberturas t€ém o potencial de influenciar o ciclo de vida das plantas préximas,
dependendo da quantidade e persisténcia da substancia quimica (PUTNAM, 1983).
GOLDFARB et al. (2009) e ALMEIDA, (1991), mencionam que as substancias

alelopaticas provocam reducdo da germinacdo, falta de vigor vegetativo, morte das
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plantulas, clorose das folhas, reducdo do perfilhamento e atrofiamento ou deformacgao

das raizes.

Leguminosas arbdreas sao comumente utilizadas em sistemas agroflorestais para
a cobertura do solo e adubagdo verde. Essas plantas podem exercer efeitos alelopaticos
nas culturas implantadas. Entre essas leguminosas podemos citar a acdcia (Acacia
mangium), gliricidia (Gliricidia sepium), leucena (Leucaena leucocephala) e sombreiro

(Clitoria fairchildiana).

A Acacia mangium é uma leguminosa origindria da Austrdlia e da Malasia,
conhecida popularmente pelo nome de acécia australiana, que se adaptou muito bem as
condic¢des de solo e clima tropical brasileiro (LUZ et al., 2010). Algumas espécies do
género acdcia tem mostrado efeitos alelopaticos em feijdo, rabanete e alface
(CARBALLEIRA e REIGOSA, 1999). DIXON e SUMNER, (2003) afirmaram que
todas as classes conhecidas de terpendides foram notificadas nessa leguminosa e se
constituem no segundo maior grupo (depois dos fendlicos) de metabdlitos secundérios

implicados na alelopatia das plantas de acicia (INDERIJIT et al., 1999).

A gliricidia possui seu centro de origem na América Central (México) (NAZLI
et a.l, 2008). Os primeiros relatos da possibilidade do uso da gliricidia no controle das
plantas daninhas ocorreram na década de 1980 (LINHARES, 2008). De acordo com
RAMAMOORTHY e PALIWAL, (1993), foram identificadas pelo menos 15
substancias toxicas na parte aérea da gliricidia que podem atuar como substancias
alelopaticas. Segundo OBANO, (1987), a palhada de gliricidia nao tem efeito
alelopético sobre o milho ou feijao, mas diminui significativamente a populacdo de

algumas espécies de plantas daninhas.
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A leucena (Leucaena leucocephala) ¢ uma leguminosa exotica, origindria do
México e é encontrada em toda a regido tropical (SCHERER, 2005). Entre os inimeros
compostos existentes na leucena, a mimosina € considerada o principal agente
alelopatico. Segundo BUDELMAN (1988), a leucena promove o controle de plantas
daninhas e esse efeito ocorre devido a presenca de aleloquimicos na parte aérea da
planta. De acordo com PRATES et al., (2000) o extrato aquoso da leucena, obtido com
dgua a temperatura ambiente, quando aplicado ao solo ndo causa problema de
fitotoxicidade para as plantas de milho. Segundo VESTANA et al. (2001), diversas
partes da leucena acumulam quantidades significativas do composto mimosina que age
inibindo a germinagcdo e o crescimento de diversas plantas (JACOBI et al., 1991;
VESTENA et al., 2001).

O sombreiro € uma espécie nativa e estd amplamente distribuida em vérias
regides do Brasil (MAGISTRALI et al., 2009). Sao poucos os trabalhos ja realizados
sobre as potencialidades alelopaticas dessa planta e ainda ndo se sabe com exatidao qual
ou quais as substincias quimicas envolvidas na sua atividade alelopdtica. E possivel que
a presenca de grupos fendlicos minimize o efeito téxico de algum outro tipo de
substancia produzida pelo sombreiro (SOARES et al., 2002). Por ser uma espécie
nativa, seu cardter alelopatico é menos agressivo que as plantas exodticas (HIERRO e
CALLAWAY, 2003).

Virios trabalhos t€m sido realizados para avaliar os efeitos alelopdticos dessas
espécies de plantas leguminosas, porém a grande maioria € em nivel laboratorial e nao
leva em consideracdo as interagdes que acontecem no sistema. Trabalhos de campo sao
necessarios, pois simulam com maior precisdo as relacdes que ocorrem entre as plantas

por abrangerem os mecanismos de interferéncia que acontecem na natureza.
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Abstract Trees improve the soil quality and their rapid growth in the tropics make
agroforestry systems potentially effective for establishing low-input agricultural
systems in this region. This study assessed the effects of the biophysical interactions
among leguminous trees, weeds, cotton and maize in an alley cropping system. The
experiment comprised six treatments and four replicates in randomised blocks. This
design resulted in the following treatments, Clitoria + Gliricidia (C+G); Acacia +
Gliricidia (A+QG); Leucaena + Clitoria (L+C); Leucaena + Acacia (L+A), Leucaena +
Gliricidia (L+G) and Control (no residues). In January 2010, cotton and maize were
sown among the legumes in sub-plots of 10 x 4m. The comparison of the results for
cotton and maize confirmed that the effects of the trees on productivity can be very
different for different crops. The residues did not produce variations in the chemical
indicators that would account for the differences among the treatments with respect to
the performance of the cash crops or for the weeds. The sensitivity of some crops to the

allelopathic effects induced by the tree residues is evident mainly in root growth, in
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nutrient uptake and in the growth of the shoot. The results presented here support the
view that the criteria for the choice of tree species for agroforestry systems must go well
beyond the potential to enhance soil fertility to obtain the best results from agroforestry
systems.

Keywords Allelopathy " Cotton - Leguminous residue - Maize

Introduction

The rapid growth of trees in the tropics makes agroforestry systems potentially effective
for establishing low-input agricultural systems that are suitable for small holders. This
approach has the advantage of bringing together crop cultivation and soil fertility
regeneration in the same space and at the same time (Moura et al 2009a). Trees improve
the soil quality by providing organic matter, reducing weed populations, assisting in
nutrient recovery from the deeper soil layers, and adding nitrogen. However, trees have
a major influence on crops owing to their perennial nature, large size and better
adaptability. Trees also modify the biophysical environment to favour their own growth.
In addition, a number of negative or antagonistic interactions, both competitive and
allelopathic, may influence agroforestry systems. In view of this situation, the key to
success in agroforestry is to minimise the negative interactions and maximise the
positive interactions to obtain the best results (Thevathasan and Gordon 2004).

In the cohesive low-fertility soil of the humid tropics, no-till alley cropping can
be an efficient system to maintain maize productivity. However, to maximise the
positive interactions, it is necessary to ensure an adequate release rate of nutrients and to
maintain soil cover, thus improving the soil rootability, during the entire crop cycle
(Moura et al 2010). According to Aguiar et al. (2010), a good strategy is to use a

combination of tree species that provide a combination of low-and high-quality
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residues. However, multispecies systems represent serious challenge for current
agricultural research and, more specifically, for systemic agronomy because it is
difficult to understand the effects of the different factors that interact within these
systems (Malézieux et al. 2009). Therefore, although the mixture of residues offers
some advantages, it may also increase the difficulty in understanding the ecological
interactions between trees and crops in such intercropped systems. Such understanding
is fundamental to the design of efficient systems having the potential for broader
applicability. Furthermore, the occurrence of weeds is higher in this region, and a no-till
system may be undesirable for the farmer because this type of system increases the
aggressiveness of weedy species (Araujo et al. 2007).

Although several other authors have noted that alley cropping can meet the need
for rain-fed upland farming with low external chemical inputs, most of these authors
were concerned with the positive interactions between trees and staple foods (Kang
1997; Pandey et al. 2001; Moura et al. 2010). Conversely, tree-crop interactions have
been considered as a source of damage. These considerations are almost always
associated with the effect of trees on the growth of crops through competition for
moisture, light and nutrients (Ong 1995; Imo and Timmer 2000). Less attention has
been given to antagonistic interactions between trees, weeds and crops in diversified
systems, including systems that produce fibre or oil.

Some controversial experimental results and the coexistence of allelopathy and
resource competition in the natural environment make scientists sceptical about the
possibility of distinguishing allelopathy from resource competition under field
conditions (Bouchagier and Efthimiadis 2010; Albuquerque et al. 2011). Undoubtedly,
the potential positive or negative allelopathic effects of tree residues on crops under

field conditions still have not been properly addressed. Therefore, more information
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about the interactions among trees, crops and weeds is needed to move towards low-
input systems, diversified and sustainable over the long term that will be adequate for
smallholder agriculture in the humid tropics.

To contribute additional information about the correct use of trees in the
sustainable management of tropical diversified agrosystems, this study assessed the
effects of biophysical interactions among leguminous trees, weeds, cotton and maize in

an alley cropping system.

Methods
Experimental area

The experiment was conducted at Maranhdo State University, 2°30” S, 44°18" W. The

region has a hot and semi-humid equatorial climate with a mean precipitation of 2,100
mm year ' and two well-defined seasons: a rainy season that extends from January
through June and a dry season with a marked water deficit from July through December.
The soil was classified as Arenic Hapludult and contained 260 g kg™’ coarse sand, 560 g
kg fine sand, 80 g kg silt, and 100 g kg ' clay. The area was limed in January 2002
with a surface application of 1 Mg ha™' hydrated calcium, corresponding to 279 and 78
kg ha™' of Ca and Mg, respectively. The alley cropping system was initiated six months
after liming. The results of the chemical analysis of the soil before and one year after
the application of lime can be found in Moura et al. (2009b). Full details of the
experimental design are given in Aguiar et al. (2010) and Moura et al. (2009b).

The alley cropping system experiment comprised six treatments and four
replicates in randomised blocks. We tested four leguminous species. Two of these
species, Leucaena leucocephala (leucaena) and Gliricidia sepium (gliricidia), have

high-quality residues. The other two, Clitoria fairchildiana (clitoria) and Acacia
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mangium (acacia), have low-quality residues. It is noteworthy that of these legumes,
only the clitoria is a native species. The trees were planted with 0.5 m spacing in 21 x 4
m parcels and in mixed rows so that each parcel received both types of residue. This
design resulted in the following treatments, each consisting of a combination of two
legumes: Clitoria + Gliricidia (C+G); Acacia + Gliricidia (A+G); Leucaena + Clitoria
(L+C); Leucaena + Acacia (L+A), Leucaena + Gliricidia (L+G) and Control (no
residues). Maize was sown every January between 2002 and 2009, with a 90 cm inter-
row space and a 20 cm interplant space, and was treated with 250 kg ha ' of a fertiliser
whose composition was N-P-K 10-25-15+0.05% Zn.

In December 2009, the biomass resulting from the pruning of the legume trees
was distributed homogeneously throughout all of the plots representing the same
treatment. Table | shows the quantities of dry biomass produced by these treatments.
TABLE 1

In January 2010, cotton was sown among the legumes. The cultivar 7TMH brown
(Gossypium hirsutum L.) was sown in sub-plots of 10 x 4m using a 90 cm inter-row
space and a 20 cm interplant space. The basic fertilisation applied to the cotton was 22
kg ha'! urea, 180 kg ha’! P,Os and 70 kg ha’! K;0. A side dressing of 40 kg ha! urea
was applied 30 days after emergence. In the same plots, maize (cultivar AG 7088) was
sown with a 90 cm inter-row space and a 20 cm interplant space in sub-plots of 10 x 4m
and was fertilised with 250 kg ha' of N-P-K 10-25-15+0.05% Zn. In addition, 30 kg

ha' of N was applied in the form of urea when the fourth pair of leaves appeared.

Evaluation and statistical analysis

Three samples per plot were taken to a depth of 20 cm for soil chemical analysis.

We analysed Ca, Mg, K, P and H + Al, and we measured the pH using CaCl, (IAC
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2001). We also determined the cation exchange capacity (CEC) using the formula [SB +
(H + AD], where SB = Ca, Mg, K. We determined the base saturation using the formula
(SB / CEC) x 100).

Weeds were collected from within a square 0.5 m on a side in the cotton area.
The square was placed randomly at three points within the plot. The identification of
plants was performed according to Kissmann and Groth (1992; 1995) and Kissmann
(1997). After identification, the plants were counted and dried at 70°C to constant
weight. The population dynamics of the weeds was evaluated by calculating the
absolute and relative densities, richness, biomass, and species diversity. The species
diversity was obtained from the Shannon-Wiener index (Pinto-Coelho 2000), given by
=1 pi Zsi In pi, where s is the number of species, pi is the ratio of the density of species
i to the total density of all species, and In is the natural logarithm.

The cotton roots were sampled at the stage of the first appearance of the boll. An
auger with a volume of 475.2 cm® was used. Samples were taken from each row of
cotton. Three samples were taken from each plot at a depth of 0-20 cm. The samples
were prepared by passing them through sieves. A 2 mm sieve was used on top, and a 1

mm sieve was used at the bottom, as specified in Bohm (1976).The soil was separated
from the roots using water jets. The impurities were then separated from the roots. The

roots were counted using the Newman line intersection method as modified by Tennant
(1975). The roots obtained from each volume of soil were placed in ruled petri dishes.
The rulings system in the humid tropics system in the humid tropics formed a grid of
0.5 x 0.5 cm. Each root that intersected a row of the grid was tallied using a manual
counter. The cumulative total was converted into the root length density (RLD) using
the formula RLD = (11/14 * Number of intersections (N) * Unit squared) / 475.2 (cm

cm'3).
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Samples of cotton plants were collected at two stages of growth. Ten plants per
plot were removed at the flowering stage and at the stage of physiological maturity of
the whole plant. The samples were placed in paper bags, transferred to the laboratory,
and dried using forced air at 65°C. After drying, the samples of whole plants were
weighed on an analytical balance to estimate the dry mass accumulated in the shoot.
The materials were then ground. The total N, P, K, Ca and Mg concentrations in the
cotton plants were determined following H,SO4-H,0, digestion according to the
standard method described by Tedesco et al. (1995).

In cotton, the yield parameters evaluated were the number of bolls, the weight of
the seeds, the percentage of fibre and the weight of the bolls. The yield parameters for
maize were evaluated at the final harvest. The weight of the ears, the number of ears,
the 100 grain weight and the weight of grains were determined.

The data were statistically analysed using STATISTICA software. The analysis
of variance was applied to the results of the chemical analyses; to the data on root
density, dry weight, species diversity, plant density and biomass; and to the yield
parameters of cotton and maize. The comparison of means was performed using the
Tukey test at a significance level of 5%. The Sigma Plot 11.0 program (Systat Cabinet

Software Inc.) was used to produce the graphics.

Results

The application of the residues affected only the levels of Ca and Mg of the soil. These
effects were reflected in small increases in the Sum of Bases and Percent Base
Saturation in the cover soil compared with the control (Table 2). However, this
modification was not sufficiently large to affect the critical levels of the chemical

indicators (Ribeiro et al. 1999).
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TABLE 2

The residues did not produce any differences in the density and richness of the
weed species (Table 3). In all, 16 species were recorded in the total area examined in the
experiment. In addition, the diversity index values of approximately 0.5 found in all
treatments indicate that the diversity and abundance were not affected by the different
mixtures of residues used. However, the amount of weed biomass in (C+G) was more
than twice that found in (L+A). The weed biomass did not differ significantly among
the other treatments or between these treatments and the control.
TABLE 3

The 10 weeds observed most frequently in the experiment only appeared
together in the treatments with clitoria (Table 4). Of these species, Cleome affinis DC.,
Spigelia anthelmia L. and Croton lobatus L. did not appear in (L+G), and Mollugo
verticillata L. and Synedrellopsis grisebachii Hieron did not appear in (L+A).
Moreover, it is noteworthy that one of the most important weeds in tropical agriculture,
Commelina benghalensis L., did not appear in (A+G) and appeared at a much lower
density in (L+A), although it was the second most frequent weed in the treatments with
clitoria.
TABLE 4

For cotton, the greatest root length density (RLD) was found in the combination
of clitoria and gliricidia (C+G). In the combinations of gliricidia with acacia (A+G) and
leucaena (L+G), the root growth was lower. The treatments (L+C) and (L+A) showed
intermediate results. The accumulation of dry matter (DMA) was lower in the mixed
residues with acacia, (L+A) and (A+G), than in the other combinations of residues. No
differences in DMA were found among these other combinations, which were not

different between them. The difference between the (L+A) and (C+G) treatments was
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almost 100%. The lower RLD of (L+G) did not prevent this treatment from exhibiting a
DMA value equal to that of (C+G) and much higher than that of (L+A), even though
(L+A) and (L+G) had equal values of RLD. A higher DMA:RLD ratio was observed for
the treatments that included leucaena except that with acacia (Fig. 1).
FIGURE 1

In cotton, the levels of the main nutrients did not differ among the residue
treatments at the flowering stage (Table 5). In contrast, remarkable differences were
observed in the N, K and Ca uptake at maturity. (C+G) showed over 50% more nitrogen
than (A+G) and 33% more than (L+A). The differences in potassium uptake between
the same treatments were 75% and 40%, respectively. The calcium uptake also varied
significantly between these treatments, but the differences were smaller.
TABLE 5

The interactions of corn and cotton with the mixtures of residues differed
markedly. The greatest difference was found between (L+A) and (C+G) (Table 6). The
cotton was negatively affected by leucaena if leucaena was not combined with clitoria,
but the damage was very high if leucaena was combined with acacia. The yield of fibre
was almost three times smaller in (L+A) than in (C+G). Clitoria dampened the negative
effect of leucaena, but gliricidia did not do so. Thus, the cotton yields in (C + L) and (G
+ C) were much higher than that in (L + A). All of the parameters of productivity of the
cotton evaluated were negatively affected by the combination of leucaena plus acacia.

Conversely, for maize, the (L+A) treatment was superior, with a yield 26%
higher than that for (C+G). (C+L) was also superior to all of the other treatments. The
yield parameters of the maize did not differ significantly among the treatments.

TABLE 6
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Discussion
Even though large amounts of residues and fertilisers were applied during the seven
years following the establishment of the plantation, the analyses of the soil used in the
experiment showed that the levels of all of the chemical indicators analysed were less
than those established for fertile tropical soil (Ribeiro et al. 1999). In addition, the
application of different residues did not produce significant variations in the chemical
indicators that would account for the differences among the treatments observed with
respect to the performance of the cash crops or for the weeds. The design and
management of the experiment aimed to avoid above-ground competition between the
trees and the crops. Therefore, to explain the results of this experiment, the non-resource
interactions among the components of the alley cropping system must be considered.
The residues affected the growth of weedy species more than the occurrence of
these species in the community. The effect of residues was primarily observed in the
plots with acacia and leucaena. This finding may be important in light of the
observation that the weeds were much more aggressive in (C+G) than in (L+A)
treatment. According to Maclean et al. (2003), alley cropping offers three ways to
reduce the competition between crops and weeds. Green manuring can improve the
physico-chemical properties of the soil and alter the species composition of the weed
community, shade can reduce the growth of weed species that are sensitive to shading,
and mulching can prevent weed germination. In this experiment, only the mulching
effect could potentially serve to explain differences among the treatments. Furthermore,
the physical weeds suppression resulting from mulching was not important. The control
did not differ from some treatments (A+G and L+G) in which the plots were totally
covered. Hence, the variation in the impact of the mulching on the density and growth

of weeds may be associated more with the biological effects of the allelopathic products
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released by the decomposition of the residues (Putnam et al. 1983). In this context, the
opposite effects on weed occurrence and biomass exhibited by clitoria, a native legume,
and by acacia and leucaena, both exotic species, show that the tree species chosen for
the alley cropping system may modify the interactions between the components of the
system and increase or decrease the competitiveness of the weeds. The high weed
biomass for the (C+G) treatment indicates that the weeds in those plots benefitted from
nutrient release but were not affected by allelopathic substances.

The suppressive effect of leucaena on weeds is well known (John and Narval
2003; Yeung et al. 2002; Williams and Hoagland 2007) and is attributed to at the
release of mimosine, which is a non-protein amino acid that occurs in its leaves and
seeds. In acacia, Luz et al. (2010) have reported the presence of the substance lupenone,
which is a triterpenoid that has allelopathic effects on the germination of seeds of
several weed species. Conversely, it is important to note the antagonistic effect of the
residues of clitoria on the suppression of weeds by leucaena residues. Aguiar et al.
(2010) have reported that the composition of the weed community changed after four
years in an alley cropping system with clitoria. These changes resulted mainly from the
increase of such species as Commelina benghalensis L. In both cases, the weeds took
advantage of improvements in soil fertility produced by the residues of native plants in
the absence of overt antagonism. These antagonistic effects are more commonly caused
by exotic plants, as described by Hierro and Callaway (2003) and Bais et al. (2003).

The root growth of the cotton in this experiment was shown to depend on the
physical improvement of the rootability of the soil produced by the mulch and the
antagonistic effect of the residues on the growth of the roots. This finding is consistent
with the idea that the lower root length density (RLD) in the plots without residues

resulted from the hardening of the soil. Such soil hardening affects root growth after
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only four days without rain in uncovered plots (Becher et al. 1997 and Ley et al. 1995).
However, the RLD of the cotton was higher in the (C+G) treatment than in the (A+G),
which someone could not wait, from the data of Moura et al. (2009b). These authors
found major improvements in the soil rootability in plots with acacia in the same
experiment three years ago. Moreover, even under the same conditions, Oliveira (2011)
found that the RLD of maize was higher in (A+G) plots than in (C+G) plots. These
results confirm that the improvement in the soil properties caused by the residues from
trees cannot be generalised to all cash crops without considering the antagonistic effects
that may occur. Such antagonistic effects probably result from the release of allelopathic
substances during the decomposition of the residues.

The treatments involving leucaena, acacia and clitoria in combination with
gliricidia clearly indicated that both the acacia and leucaena were detrimental to the
growth of cotton roots. According to Luz et al. (2010), in several species, the effects of
lupenone, which is a substance produced by Acacia mangium, may result in decreases in
radicle growth of as much as 40%. Root growth inhibition caused by the mimosine
present in leucaena has been associated with reductions in the phenylalanine and
peroxidase activities and the lignin content, according to Andrade et al. (2008). The
inhibitory effect of leucaena on root growth, combined with the increased release of
nutrients, may have been the reason that the DMA: RLD ratio tended to be higher in the
(L + G) and (C+L) treatments.

The uptake of available nutrients by crops is closely related to the rootability of
the soil. The uptake of N, K, and Ca was therefore affected by the growth of the roots,
but the (L+C) and (L+G) treatments also benefitted from the higher nutrient liberation
rate of the leucaena residues. According to the results obtained by Moura et al. (2010) in

the same area, the (L+A) and (L+C) treatments produced better conditions and a higher
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uptake of N and K by the maize by providing a good balance of low- and high-quality
residues. This balance permitted an increase in the release time of N and K.
Furthermore, it allowed the soil to remain covered during the entire crop cycle and thus
improved the rootability of the soil.

In the cotton plants investigated in this experiment, other factors, beyond the
root growth and nutrient availability, must have contributed to the large differences in
the N, K and Ca contents between the (A+G) and (L+G) treatments. The RLDs of the
two treatments were similar, and the difference between the two treatments in the
amount of nutrients released was not important (Oliveira 2011). According to Zhang et
al. (2010), phenolic acids are present at very high concentrations in Acacia mangium,
which can alter the rate at which ions are absorbed by plants (Rice 1984). Reductions in
both macro-and micronutrients are generally encountered in the presence of phenolic
acids. According to Glass (1974), one mechanism by which plant growth is inhibited by
this class of allelochemicals may be an alteration in the membrane permeability.
However, Brum and Gerig (2005) have suggested that some species can modify the
concentration of active phenolic acids surrounding their roots and can influence the
magnitude of the primary and secondary effects of phenolic acids. This suggestion
indicates that phenolic acids may have different effects on maize and cotton roots.
Cotton is also more sensitive to K fertiliser than corn and soybean, probably because the
root system of cotton is less dense at depths of <0.3 m in the soil (Zhang et al. 2009). K
absorption is therefore highly dependent on root activity. Vigorous growth of root
systems is required to intercept and absorb available K (Sawyer and Mallarino 2002).

The comparison of the results for cotton and maize confirmed that the effects of
the trees on productivity can be very different for different crops. Unfortunately, this

effect can be independent of the capacity of the residues to release nutrients and of the
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levels of the indicators of enhanced soil quality. In this study, the maize was able to
benefit from the improvements in nutrient release and soil rootability furnished by the
beneficial combination of low- and high-quality residues in the (L+A) and (L+C)
treatments. In contrast, the cotton did best in the (C+G) treatment, probably because the
level of antagonistic substances was lower. This characteristic also promoted weed
growth.

Furthermore, the effects of the (L+A) treatment on the growth and productivity
of the cotton must have reflected the influence of antagonistic substances on the plant’s
metabolism because productivity was much lower, despite the higher potential for
nutrient release and enhanced soil rootability. According to Batish et al. (2007), crops
growth may suffer the effects of the residues of allelopathic plants. These effects
include decreases in the amounts of total chlorophyll and the contents of water-soluble
proteins and the total carbohydrates and area consequence of the degradation or reduced

synthesis of these compounds.

Conclusions

The results presented here support the view that the criteria for the choice of tree species
for agroforestry systems must go well beyond the demonstrated potential to enhance
soil fertility and prevent resource competition. Therefore, information on the complex
and specific interactions linking trees, cash crops and weeds is needed to take advantage
of the relationships between trees and crops and to obtain the best results from
agroforestry systems. Under field conditions, the sensitivity of some crops to the
allelopathic effects induced by the tree residues is evident mainly in root growth, in
nutrient uptake and in the growth of the shoot. Thus, the combined use of two

allelopathic species, such as leucaena and acacia, may decrease the yield of the sensitive
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cash crops and cancel the positive effects of the trees on nutrient availability and soil
rootability. Therefore, the inclusion of a non-allelopathic (perhaps a native) species
having additional desirable characteristics in the mixture of residues could be a good
potential strategy. This approach would help to mitigate the negative effect of species
such as leucaena on the cash crops and would furnish a high potential for the release of
nutrients throughout the crop cycle. The biological impact of residues on the occurrence
of weeds is very specific, for this reason its successfull use depend on sensitivity of the

principal weeds and of tolerance of the crop to allelopatic effect.
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Table 1 Quantities of dry biomass produced and applied by treatments in 2010.

C+G L+G A+G C+L L+A

Dry biomass (Mg ha™) 24 16 30 22 39

C+G= Clitoria+Gliricidia; L+G=Leucaena + Gliricidia; A+G=Acacia + Gliricidia;

C+L=Clitoria + Leucaena; L+A=Leucaena + Acacia
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Table 2 Chemical characteristics of soil after the experiment in 2010

C+G L+G A+G C+L L+A Control
Ca (cmol, kg’l) 7.2 a 73 a 74 a 8.1a 8.6a 41b
Mg (cmol, kg™ 1.6a 20a 1.8a 22a 24a 1.0b
K (cmol, kg'l) 0.4 a 0.5a 0.5a 05a 03a 0.7a
P (mgkg™) 13.6a 132 a 20.6 a 14.0a 81la 157 a
Sum of Bases (cmol, drn'3) 92a 98a 96a 10.8 a 113 a 58b
Potential acidity (cmol, dm’3) 355a 38.1a 32.7a 36.2a 39.0a 38.2a
CEC (cmol, kg’l) 44.7 a 479 a 385a 47.0 a 50.3 a 44.0 a
pH (CaCly) 4.1a 4.1a 38a 4.1a 40a 40a
Base saturation percentage % 20.1 a 193 a 16.6 ab 22.5a 21.8a 13.1b

Different letters in the same row indicate difference at the 5% level by Tukey test.

C+G= Clitoria+Gliricidia; L+G=Leucaena + Gliricidia; A+G=Acacia + Gliricidia; C+L=Clitoria +

Leucaena; L+A=Leucaena + Acacia
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Table 3 Effects of coverage on density, species richness, Shannon-Winer index and
biomass weed

C+G L+G A+G C+L L+A Control

Density, plants m” 61.0a 520a 60.0 a 510a 410a 630a
Richness, species m> 220a 18.0a 19.0a 19.0a 16.0 a 17.0a
Shannon-Winer Index 0.6a 05a 05a 0.6a 0.5a 0.5a

Biomass, g m’ 1100a 672ab 689ab 62.3ab 448b 88.6ab

Different letters in the same row indicate difference at the 5% level by Tukey test.
C+G= Clitoria+Gliricidia; L+G=Leucaena + Gliricidia; A+G=Acacia + Gliricidia;

C+L=Clitoria + Leucaena; L+A=Leucaena + Acacia
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Table 4 Relative (RD) and absolute (AD) densities of weeds.

Treatments

C+G L+G A+G C+L L+A Control

Species RD AD RD AD RD AD RD AD RD AD RD AD

C. punctatum Cass 42.6 104 455 100 650 156 314 64 56.1 92 492 124

C. benghalensis L. 180 44 273 60 - - 216 4 49 8 11.1 28
M. verticilata L. 49 12 73 16 50 12 11.8 24 - - 143 36
A. tenella Colla 49 12 36 8 83 20 118 24 73 12 32 8
C. affinis DC. 49 12 - - 50 12 59 12 146 24 32 8
S.anthelmia L. 82 20 - - 33 8 39 8 49 8 16 4
C. lobatus L. 33 8 - - 33 8 20 4 24 4 32 8

S. grisebachii Hieron 1.6 4 73 16 33 & 20 4 - - - -
P. phaseoloides 16 4 55 12 17 4 39 8 24 4 16 4

Cyperus esculentus L. 1.6 4 1.8 4 1.7 4 39 8 24 4 - -

C+G= Clitoria+Gliricidia; L+G=Leucaena + Gliricidia; A+G=Acacia + Gliricidia; C+L=Clitoria

+ Leucaena; L+A=Leucaena + Acacia
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Table 5 Nutrient content at flowering and maturity of the cotton plant.

Nutrient contents at flowering

C+G L+G A+G C+L L+A Control
N gkg' 39.0a 36.8a 34.5 ab 38.1a 34.6 ab 25.6b
P gkg' 24a 24a 22a 2.1a 22a 1.8a
Kg kg'1 10.3 a 93a 89a 8.8a 9.6 a 7.8 a
Cagkg’ 5.88a 5.63a 543 a 5.89a 521a 5.36a
Mg g kg'1 1.69 a 1.66 a 1.56 a 1.82a 1.67 a 1.26 a

Nutrient contents at maturity

C+G L+G A+G C+L L+A Control
N gkg” 69 a 63ab 45¢ 64 ab 54 be 14d
ngg'1 6a 7a 4 ab 7a Sab 2¢
K gkg' 14 a 12 ab 08 c 11b 10b 2d
Cagkg’' 13.90 a 13.99 a 1032 ¢ 13.62 a 11.59b 3.50d
Mg g kg 493 a 530a 332a 4.49 a 341 a 0.77b

Different letters in the same row indicate difference at the 5% level by Tukey test.
C+G= Clitoria+Gliricidia; L+G=Leucaena + Gliricidia; A+G=Acacia + Gliricidia; C+L=Clitoria

+ Leucaena; L+A=I eucaena + Acacia
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Figure 1. Accumulated dry weight of cotton, root length density (RLD) and ratio dry

matter/RLD in brackets.
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EUROPEAN JOURNAL OF AGRONOMY
INSTRUCOES AOS AUTORES

The European Journal of Agronomy, the official journal of the European Society for Agronomy,
publishes original research papers reporting experimental and theoretical contributions to crop
science in the following fields:

crop physiology

scrop production and management

sagroclimatology and modelling

eplant soil relationships

scrop quality and post-harvest physiology

*farming and cropping systems

sagroecosystems and the environment

Use of wordprocessing software

It is important that the file be saved in the native format of the wordprocessor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the wordprocessor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid, use
only one grid for each individual table and not a grid for each row. If no grid is used, use tabs,
not spaces, to align columns. The electronic text should be prepared in a way very similar to that
of conventional manuscripts (see also the Guide to Publishing with

Elsevier: http://www.elsevier.com/guidepublication). Note that source files of figures, tables
and text graphics will be required whether or not you embed your figures in the text. See also
the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-

check' functions of your wordprocessor.
Article structure

Subdivision - numbered sections

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

be given a brief heading. Each heading should appear on its own separate line.
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Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed

literature survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should

be indicated by a reference: only relevant modifications should be described.

Results

Results should be clear and concise.

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

published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may

stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

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

etc.

Essential title page information

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

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

address of each author.
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* Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that telephone and fax 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.

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

such footnotes.

Abstract

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

the abstract itself.

Graphical abstract

A Graphical abstract is 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 clearly represent the work described in the article. Graphical abstracts
should be submitted as a separate file in the online submission system. Image size: Please
provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The
image should be readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi.
Preferred file types: TIFF, EPS, PDF or MS Office files.

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

Highlights

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

submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points

(maximum 85 characters, including spaces, per bullet point).
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See http://www.elsevier.com/highlights for examples.

Keywords

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

These keywords will be used for indexing purposes.

Abbreviations

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

the article.

Acknowledgements

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

writing assistance or proof reading the article, etc.).

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

when used with numerals.

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

Nomenclature.

All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their scientific

names when the English term is first used, with the exception of common domestic animals.
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All biocides and other organic compounds must be identified by their Geneva names when first

used in the text. Active ingredients of all formulations should be likewise identified.

For chemical nomenclature, the conventions of the International Union of Pure and Applied
Chemistry and the official recommendations of the IUPAC-IUB Combined Commission on

Biochemical Nomenclature should be followed.

Math formulae

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

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

Subscripts and superscripts should be clear.

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

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

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

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

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

In chemical formulae, valence of ions should be given as, e.g., Ca**, not as Ca**. Isotope

numbers should precede the symbols, e.g.,'*O.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature
may be used. Should this not be the case, indicate the position of footnotes in the text and
present the footnotes themselves separately at the end of the article. Do not include footnotes in
the Reference list.

Table footnotes
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Indicate each footnote in a table with a superscript lowercase letter.

Electronic artwork

General points

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

* Save text in illustrations as 'graphics' or enclose the font.

* Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Produce images near to the desired size of the printed version.

* Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

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

Formats

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

EPS: Vector drawings. Embed the font or save the text as 'graphics'.

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

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

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

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

Please do not:

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

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.
Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files)

and with the correct resolution. If, together with your accepted article, you submit usable color
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figures then Elsevier will ensure, at no additional charge, that these figures will appear in color
on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will
receive information regarding the costs from Elsevier after receipt of your accepted
article. Please indicate your preference for color: in print or on the Web only. For further
information on the preparation of electronic artwork, please

see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to
‘gray scale' (for the printed version should you not opt for color in print) please submit in

addition usable black and white versions of all the color illustrations.

Figure captions

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

abbreviations used.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes to
tables below the table body and indicate them with superscript lowercase letters. Avoid vertical
rules. Be sparing in the use of tables and ensure that the data presented in tables do not duplicate

results described elsewhere in the article.

References

Citation in text

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

implies that the item has been accepted for publication.
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Web references

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

under a different heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations

in the text) to other articles in the same Special Issue.

Reference management software

This journal has standard templates available in key reference management packages EndNote
(=+http://www.endnote.com/support/enstyles.asp) and Reference Manager

(=+ http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages,
authors only need to select the appropriate journal template when preparing their article and the
list of references and citations to these will be formatted according to the journal style which is

described below.

Reference style

Text: All citations in the text should refer to:

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

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

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

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

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

Examples:

Reference to a journal publication:

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

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:

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

Journal abbreviations source

Journal names should be abbreviated according to

Index Medicus journal abbreviations: =+ http://www.nlm.nih.gov/tsd/serials/lji.html;
List of title word abbreviations: =+ http://www.issn.org/2-22661-LTW A-online.php;
CAS (Chemical Abstracts Service): =+ http://www.cas.org/sent.html.

Video data

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article
are strongly encouraged to include these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the
body text where it should be placed. All submitted files should be properly labeled so that they
directly relate to the video file's content. In order to ensure that your video or animation material
is directly usable, please provide the files in one of our recommended file formats with a
preferred maximum size of 50 MB. Video and animation files supplied will be published online
in the electronic version of your article in Elsevier Web products, including

ScienceDirect: =+ http://www.sciencedirect.com. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will be used
instead of standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages

at http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be
embedded in the print version of the journal, please provide text for both the electronic and the

print version for the portions of the article that refer to this content.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific

research. Supplementary files offer the author additional possibilities to publish supporting
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applications, high-resolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the electronic version of your
article in Elsevier Web products, including ScienceDirect: =+ http://www.sciencedirect.com. In
order to ensure that your submitted material is directly usable, please provide the data in one of
our recommended file formats. Authors should submit the material in electronic format together
with the article and supply a concise and descriptive caption for each file. For more detailed
instructions please visit our artwork instruction pages

athttp://www .elsevier.com/artworkinstructions.

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 item.
Ensure that the following items are present:

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

* E-mail address

* Full postal address

* Telephone and fax numbers

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

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

* References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa

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

* Color figures are clearly 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 only 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 our customer support site

at =+ http://support.elsevier.com.
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