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RESUMO

Os modelos climdticos consistentemente projetam aumentos na variabilidade da temperatura
nos paises tropicais nas préoximas décadas, com a Amazdnia como um ponto de preocupacao.
Os limites para os quais os sistemas agricolas podem se adaptar ao aquecimento global
dependem, em parte, das melhorias das propriedades fisicas do solo que favorecam o aumento
da absor¢do de dgua e nutrientes. Utilizamos gesso e biomassa de leguminosa para melhorar a
zona radicular do solo e nossa hipotese € que tais alteragdes podem melhorar as condi¢des
fisicas do solo tropical propenso a coesdo e aumentar as respostas ecofisiolégicas no milho. O
estudo teve quatro repeticdes dos seguintes tratamentos: controle (C), gesso (G), nitrogénio (N),
biomassa de leguminosa (L), nitrogénio + gesso (NG), biomassa de leguminosa + gesso (LG)
e biomassa de leguminosa + nitrogénio + gesso (LNG). Os tratamentos foram submetidas ao
regime sequeiro em 2018 e irriga¢do em regime de restri¢do hidrica em 2019. Os resultados das
melhorias nos atributos do solo tiveram efeitos positivos nas respostas ecofisiolégicas do milho,
com uma redugdo no estresse das plantas principalmente no indice de performance (Plivs) que
mostrou ser um indice sensivel as adi¢des de gesso e nitrogénio. Essas mudangas foram capazes
de produzir diferengas na absor¢do de N, producao de biomassa e rendimento de graos de milho,
mesmo em regime de restri¢io de dgua. Sob regime de restricdo de dgua, o rendimento de graos
de milho no tratamento LNG foi 41% maior do que no tratamento N e 151% maior do que no
tratamento C. Além disso, a adicdo de nitrogénio diminuiu consideravelmente o estresse das
plantas, com efeitos positivos nas respostas fisioldgicas e no aumento da producao de biomassa.
Esses resultados destacam o papel do nitrogénio em conjunto com a biomassa de leguminosa e

o gesso na melhoria do solo, especialmente no contexto da adaptacao as mudangas climaticas.

Palavras-chave: biomassa de leguminosa; manejo do solo; fotossintese; milho; adaptagao as

mudancas climéticas



ABSTRACT

Climate models consistently project increases in temperature variability in tropical countries
over the coming decades, with the Amazon a particular hotspot of concern. The extent to which
agricultural systems can adapt to global warming depends in part on physical improvements to
soil that enhance water and nutrient uptake. We use gypsum and leguminous residue to improve
the soil root zone, hypothesizing that such changes may improve the physical conditions of
tropical soil prone to hardness and enhance the ecophysiological responses in maize. The study
consisted of four replicates using the following treatments: control (C), gypsum (G), nitrogen
(N), legume residue (L), nitrogen + gypsum (NG), legume residue + gypsum (LG) and legume
residue + nitrogen + gypsum (LNG). The study plots were rainfed in 2018 and used a restricted
irrigation regime in 2019. The soil improvements studied had positive effects on the
physiological parameters of maize, with a reduction in stress mainly in performance index
(PLs) which indicated the sensitivity of maize plants to gypsum and nitrogen addition. More
specifically, we observed changes in N uptake, biomass production and maize grain yield, even
in the restricted irrigation regime. Under a restricted irrigation regime, maize grain yield in the
LNG plots was 41% higher than in N plots and 151% higher than the C plots. Interestingly,
additions of nitrogen considerably decreased plants stress, improving physiological parameters
and increasing biomass production. These results highlight the role for added nitrogen alongside
soil improvement measures such as leguminous residues and gypsum, especially in the context

of climate change adaptation.

Keywords: legume residue; soil management; photosynthesis; maize; climate change
adaptation.
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1 INTRODUCAO GERAL

Com o aquecimento global € previsto que o rendimento das culturas nas regides de clima
tropical e subtropical seja reduzido como resultado de uma aceleracdo do desenvolvimento
fenolégico (TURNER e RAO, 2013). Modelos climdticos projetam diferencas nas
caracteristicas climdticas regionais entre os dias atuais e o aquecimento global de 1,5°C a 2°C.
Essas diferencas incluem aumentos na temperatura média na maioria das regides terrestres e
oceanicas, nos extremos de calor na maioria das regides habitadas, na ocorréncia de chuva
intensa em diversas regioes e na probabilidade de seca e déficits de chuva em algumas regides
(IPCC, 2019)

O déficit hidrico € a causa mais grave de reducdo da producdo agricola global e as
mudancas climéticas tendem a agravar esse efeito. Além disso, existe o desafio de aumentar a
oferta de alimentos nos cendrios de estresse em cerca de 60% para atender o aumento da
populacdo mundial, que excedera 9 bilhdes de pessoas até 2050 (GRASSINI et al., 2015). Com
os adventos climaticos, o desenvolvimento da agricultura terd o desafio de buscar a economia
de 4gua e o aumento da eficiéncia do seu uso. Os ambientes tropicais que apresentam periodos
de estiagem estdo mais sujeitos a fatores estressantes, com a consequente diminui¢do da
producdo de biomassa (TURNER e RAO, 2013).

Outro fator de elevada importancia que induz a diminui¢@o e limita o crescimento e a
producdo das culturas é a baixa disponibilidade de nutrientes (VANCE et al., 2003). Em
condi¢des meteoroldgicas tropicais, devido a interacao negativa entre a inadequada condicao
do solo e a alta demanda evaporativa da atmosfera, as culturas nem sempre alcangcam seu
potencial de produtividade, tornando esses agrossistemas invidveis, favorecendo a inseguranca
alimentar (MOURA et al., 2013).

A maioria dos solos da regido tropical ndo possui alta resiliéncia intrinseca a degradacao
fisica devido ao baixo conteido de elementos agregadores, como carbono, célcio e magnésio
(MOURA et al., 2018). Nesse solo, também conhecido como solo coeso (DANIELLS, 2012),
as raizes das plantas podem explorar apenas uma fina camada superficial para sustentar o
desenvolvimento e a produtividade das culturas. Portanto, a melhoria das propriedades fisicas
do solo para aumentar o aproveitamento da dgua no solo serd crucial para diminuir o efeito
deletério do aquecimento global sobre a produtividade das culturas na agricultura tropical

(EBSA, 2019). O plantio direto com o uso de biomassa de leguminosas ¢ um sistema em que
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utilizam-se ramos e folhas de leguminosas aplicados a superficie para inicialmente servir de
cobertura e posterior retorno de nutrientes ao solo durante a decomposi¢do (TSONKONVA et
al., 2012). Essa camada protetora permite que o solo permane¢a imido reduzindo a evaporacao
a partir da superficie por mais tempo o que favorece a disponibilidade de d4gua para as culturas
e com isso possa aumentar a taxa fotossintética (KADER et al., 2019).

Segundo Kluge et al. (2015), o diéxido de carbono (COz) entra na folha ao mesmo
tempo que a 4gua, na forma de vapor, é perdida através dos estdmatos da epiderme. Como
planta C4, o milho (Zea mays L.) possui alta eficiéncia fotossintética mesmo com intensidade
luminosa elevada. No entanto, quando ocorre o déficit hidrico, os estdmatos se fecham para
conservar dgua, reduzem a difusdo de CO:z nos locais de fixagdo no mesofilo foliar nas
proximidades da enzima ribulose 1,5-bifosfato carboxilase oxigenase (Rubisco), o que diminui
a fotossintese pois esta € indiretamente afetada pela sensibilidade estomdtica e, assim,
consequentemente poderd haver perdas na produtividade (SILVA et al., 2013). Entretanto, o
rendimento em determinadas culturas, ndo depende apenas da taxa fotossintética, mas também
do comprimento da fase ativa da fotossintese das folhas e da capacidade de realocacdo para os
graos (FUHRER, 2003). Boretti e Florentine (2019) alertam que embora o aumento da
concentracdo de didxido de carbono no contexto do aquecimento global possa contribuir para
um maior crescimento das plantas, sob condi¢des meteoroldgicas tropicais isso pode nao
ocorrer devido ao déficit hidrico.

A cobertura morta de biomassa de arvores leguminosas tem sido especialmente
recomendada como alternativa para o manejo dos solos coesos por diminuir a evaporagao,
mantendo a umidade do solo mesmo sob alta taxa de evaporagao da 4gua (MOURA et al., 2018;
KADER et al., 2019). No entanto, o efeito a curto prazo da cobertura morta tende a se concentrar
nas camadas superficiais do solo (BLANCO-CANQUT et al., 2007).

Para aumentar a captacdo de dgua pelas raizes em camadas mais profundas do solo, o
uso do gesso tem sido recomendado devido a sua alta solubilidade e rdpido enriquecimento por
célcio das camadas inferiores do perfil (SUMNER, 2009). Entretanto, para garantir a producao
das culturas agricolas destinadas a alimentar uma populacdo em crescimento € em cendrios de
crescente falta de dgua, € necesséario ampliar o conhecimento acerca das praticas que minimizem
a perda e aumente o aproveitamento da 4gua nos cultivos afim de evitar o estresse pela falta de
dgua na planta.

O nitrogénio (N) faz parte dos principais componentes do sistema fotossintético, tais
como clorofilas, rubisco e fosfoenolpiruvato carboxilase — PEPcase. O incremento na

disponibilidade de nitrogénio geralmente traz efeitos benéficos na taxa de assimilacdo de
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carbono, ja que esse nutriente faz parte dos principais componentes do sistema fotossintético
(CORREIA et al.,, 2005). Em solo tropical intemperizado, os servicos fornecidos pelos
ecossistemas naturais, como a ciclagem de nutrientes na zona das raizes e fixacao do nitrogénio
sa0 essenciais para a manutengao da estrutura e aumento da fertilidade do solo. Esses processos
impulsionam a eficiéncia pela qual as plantas adquirem o N, que foi apontado como um dos
mais importantes para melhorar a eficiéncia de absorcdo de raizes (Chapman et al. 2012). Isso
¢ particularmente verdadeiro em condi¢des tropicais umidas, onde a eficiéncia do uso do
nitrogénio € geralmente muito baixa devido as altas taxas de volatilizacdo da amonia e ao
aumento da remog¢ao da dgua de drenagem devido as altas temperaturas e altas precipitacdo
(Jabloun et al. 2015).

A hipotese deste trabalho € que a utilizacdo de gesso e biomassa de leguminosa podera
melhorar as condicdes fisicas da zona radicular do solo tropical e elevar as respostas
ecofisiologicas do milho, como estratégia para aumentar a adaptacdo as mudancas climdticas
na agricultura tropical. Portanto, este estudo teve como objetivo avaliar como as respostas
ecofisiologicas do milho sdo afetadas pelos efeitos combinados do gesso com biomassa de
leguminosa como cobertura morta no solo. O objetivo final € contribuir para a adaptacdo da

agricultura familiar ao aquecimento global previsto na periferia da Amazonia.

2  REVISAO DE LITERATURA

2.1 Milho: Caracteristicas gerais

O milho € uma planta monoica, membro da Familia Poaceae e pertence ao género Zea,
um grupo de gramineas anuais e perenes, nativas do México e da América Central. E um dos
principais cereais cultivados no mundo e os graos podem ser consumidos diretamente, sem a
necessidade de processamento para remover a “casca”, como € feito com outros cereais, como
arroz e trigo. A partir do milho s@o originados varios produtos destinados a alimenta¢do humana
e animal. Além disso, é matéria prima para a agroindudstria. Em termos nutricionais, o milho
possui uma composi¢do rica em carboidratos, principalmente na forma de amido, além de
proteinas, lipidios, vitaminas e minerais (OLIVEIRA et al., 2014; LANGNER et al., 2019).

O rendimento de graos de milho € determinado pelo resultado da interacdo de genotipo,
manejo e fatores ambientais. Os fatores ambientais mais importantes sdo radiacdo solar,
precipitacdo e temperatura. Esses fatores nao podem ser controlados pelo produtor e variam

com a época do ano (FAGERIA et al., 2006). A fotossintese durante a fase de crescimento e a
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eficiéncia com que o fotossintato € realocado para os graos sdo processos fundamentais na
determina¢do do desenvolvimento da planta de milho e consequentemente no seu rendimento.
Praticas de manejo como plantio direto, irrigag@o, suprimento de nutrientes e manejo de pragas
sao utilizados para maximizar o rendimento econdmico, mas as respostas a essas praticas
variam entre os ambientes.

O milho tem um grande impacto na economia dos paises desenvolvidos assim como dos
paises em desenvolvimento. E cultivado em todas as regides do territério brasileiro e sua
producdo ocorre em diferentes épocas, a depender das condi¢des climdticas das regides. Devido
a uma gama de cultivares disponiveis no mercado com grande adaptabilidade & possivel o
cultivo do milho em épocas distintas. Considerado como uma das principais culturas da
agricultura brasileira, o milho esté presente em diversos sistemas de cultivo como em consércio
com gramineas forrageiras para compor sistemas integrados de producao lavoura-pecudria, em
cultivo consorciado com espécies arbdreas leguminosas, em esquema de rotagdo de culturas no
sistema de plantio direto, etc. (CONTINI et al., 2019). A produtividade média do milho no
Brasil estd por volta de 5,3 t/ha e encontra-se abaixo da produtividade mundial que € de

aproximadamente 5,65 t/ha (USDA, 2019).

2.2 Parametros fisiolégicos
2.2.1 Trocas gasosas no milho

A fotossintese € o processo usado pelas plantas para capturar energia da luz solar e
converté-la em energia bioquimica, que € posteriormente usada para suportar quase toda a vida
na Terra. Esse processo € complexadamente regulado por fatores biofisicos, bioquimicos,
fisiolégicos e estruturais das folhas assim como alguns 6rgados fotossintetizantes. Apesar de
muitos avangos alcangados neste campo, nossa compreensdo dos processos regulatorios da
fotossintese ainda € insatisfatorio (EVANS, 2013). Os fatores que causam a variagdo genética
na fotossintese também permanecem amplamente desconhecidos (FLOOD et al., 2011).

O milho pode suportar luz de alta intensidade ao meio-dia e o padrdo diurno de sua taxa
fotossintética corresponde a curva da intensidade da luz diurna com um pequeno atraso, ou seja,
a sua taxa fotossintética tem uma curva de pico unico. Plantas com esse padrdo de taxa de

fotossintese na forma de um pico podem abrir mais os estdmatos e sofrer menos fotoinibicao

do que aquelas com padrdes de taxa de dois picos, como as de arroz por exemplo, que sofre
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fotoinibi¢cdo ao meio-dia, quando a alta intensidade luminosa causa fechamento dos estdmatos
e baixa eficiéncia nos cloroplastos (VAN et al., 2011; FENG et al., 2017).

Um importante mecanismo regulador da fotossintese € o controle dos niveis de proteinas
enzimaticas. Durante um ciclo diurno com intensidade luminosa variavel, as folhas otimizam a
assimilagdo fotossintética de CO; para se adaptar ao ambiente, ajustando os niveis de enzimas.
Porém, entre as proteinas relacionadas a fotossintese identificadas no estudo feito por Feng et
al. (2017), as de antenas da fotossintese das folhas de milho permanecem em niveis quase
constantes durante todo o ciclo diurno, indicando que a captagdo de luz na clorofila ndo muda
com a intensidade de luz varidvel. Os autores concluem que as folhas de milho ndo ajustam os
niveis de proteina da antena da fotossintese em resposta a mudanca da intensidade da luz. No
entanto, proteinas no fotossistema exibem expressao diferencial durante o dia.

Sabe-se que as plantas C4, como o milho, tém maior assimilacdo fotossintética de CO2
e maior produtividade bioldgica do que as plantas C3 em condic¢des tropicais (BROWN, 1999).
Isso é obtido por um mecanismo de concentracdo de CO; que atua em plantas C4. Nas folhas
de plantas C4, as células do mesoéfilo e da bainha sdo diferenciadas e envolvem os feixes
vasculares. Na fotossintese C4, o CO2 atmosférico que entra nos estdmatos € fixado pela PEPcase
nas células do mesofilo. Os dcidos C4 produzidos sdo transportados para as células da regidao
interna da bainha do feixe vascular (células BS), onde sdo descarboxilados pela descarboxilase
do 4cido C4. O CO; liberado ¢ fixado pela rubisco. Esse processo bioquimico aumenta a
concentracdo de CO2 em torno da Rubisco nas células da bainha do feixe vascular e reduz a
fotorrespiracdo (HATCH, 1987).

A abertura estomatica estd diretamente ligada a regulac@o das trocas gasosas, de modo
que por meio da variacdo na abertura estomatica € possivel controlar o fluxo de CO» e dgua da
folha. Conforme descrito por Kluge et al. (2015), o CO: entra na folha e a 4gua, na forma de
vapor, € perdida através dos estOmatos da epiderme. Os estdomatos podem fechar se o
suprimento de dgua for insuficiente, podendo reduzir o suprimento de CO; para a fotossintese.

Fatores como luz, temperatura, concentracdo de CO», teor de nitrogénio da folha e
umidade do solo afetam a atividade fotossintética dos vegetais, sendo que, o processo de
abertura e fechamento dos estOmatos estd relacionado principalmente com a intensidade e
qualidade de luz, concentracio de CO: e o teor de dgua na folha. Assim, a abertura estomatica
e a drea foliar influenciam diretamente a produtividade do vegetal, o primeiro porque controla
a absor¢cdo de CO: e o segundo porque determina a interceptacdo luminosa (COSTA e
MARENCO, 2007). Lopes et al. (2009) avaliaram a taxa fotossintética liquida na cultura de

milho no sudeste brasileiro em plantio convencional e direto com biomassa de triticale (X
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Triticosecale) e obtiveram valor maximo de 48 umol CO-m™s! por volta das 11h e valor
minimo de 20 umol m™s™! por volta das 7h para ambos os tipos de plantio no estadio V8 e
concluiram que esses manejos ndo afetaram essa varidvel.

A demanda por 4gua da atmosfera pode ser avaliada pela diferenca de déficit de pressdo
de vapor entre a folha e o ar (DPVioha-ar), que envolve a temperatura da folha e a temperatura
do ar e essa varidvel pode afetar a saida de 4gua da folha, por acio negativa sobre a condutancia
estomatica (FRANKS e FARQUHAR, 2007; REIS et. al., 2009). De acordo com Taiz et al.
(2017), quanto maior 0 DPVolna-ar, maior a tendéncia da planta em perder d4gua. Por intermédio
da andlise quantitativa do crescimento e de avaliacdes de trocas gasosas periddicas pode-se
avaliar os efeitos dos tipos de manejo sobre as plantas, pois as mudangas nas caracteristicas do
crescimento sao observadas em fun¢do do tempo, o que ndo € possivel somente com o registro

do rendimento do grao (URCHEI et al., 2000).

2.2.2 Fluorescéncia da clorofila

Embora a fotossintese possa ser medida diretamente pela absor¢ido de CO, para melhor
compreensdo, o desempenho fotossintético pode ser avaliado juntamente com outros
parametros. Medidas da fluorescéncia da clorofila a apresentam-se como um complemento em
estudos ecofisioldgicos de plantas. O rendimento da fluorescéncia da clorofila nos informa o
nivel de excita¢do da energia no sistema de pigmentos que comandam a fotossintese e € uma
excelente ferramenta de monitoramento para tolerancia de plantas de milho a condi¢Oes
adversas, principalmente estresse hidrico MAGALHAES et al., 2013).

Em outras palavras, as moléculas de clorofila sdo capazes de reemitir, na forma de
fluorescéncia, uma porcentagem da luz absorvida que ndo € transformada em energia quimica.
Assim, a intensidade da fluorescéncia pode ser correlacionada com a atividade do transporte
fotossintético de elétrons (CARELLI, 2017). Um dos parametros mais frequentemente
empregados para esta medida € o rendimento quantico mdximo do fotossistema II (relagdao
Fv/Fm), que fornece informacdes sobre a proporcao da luz absorvida pela clorofila no PSII
usada em processos fotoquimico (LEPEDUS et al., 2012).

Pinto et al. (2012) afirmaram que redugdes significativas nos valores dos rendimentos
quanticos maximos do fotossistema II, bem como nos valores do indice de desempenho - PI,
indicam efeito de fotoinibicdo. Tais mudangas podem representar perda de eficiéncia
fotoquimica pelas plantas e, como consequéncia, a diminui¢do da fotossintese. Valores baixos

do indice de desempenho indicam que apenas uma pequena propor¢do dos fétons absorvidos
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foi usada no transporte de elétrons, a maioria sendo dissipada como calor. O indice de
performance (PI) vem sendo utilizado com mais intensidade para avaliar plantas sob condi¢des
adversas. Ele reflete a funcionalidade de ambos os fotossistemas (I e II) e fornece informagdes
quantitativas sobre o estado atual do desempenho da planta. (ZIVCAK et al., 2008).

O indice de desempenho € obtido com emprego de fluorimetros, que integra trés
varidveis independentes sendo: a densidade dos centros de reagdo ativos (RC) por unidade de
moléculas de clorofilas no sistema antena do PSII (RC/ABS); a eficiéncia do elétron que
reduziu Quinona A (Qa) e entrou na cadeia transportadora de elétrons (ET/(TR-ET); a relagcao
entre a capacidade de reducdo de Qa pelo féton absorvido, e a energia dissipada na forma de
calor (Fv/Fy). Silva et al. (2013) afirmam que a alta correlagc@o entre os sintomas de estresse e

areduc¢do da performance fotossintética em plantas reforca a utilidade do indice de performance

como indicador de estresse.

2.3 Estresse em plantas de milho

A definicao de estresse é complexa porém € um conceito de grande importancia para a
ecologia e agricultura. Uma motivagdo para o estudo do estresse na ecofisiologia das plantas é
a consideracdo sobre os padrdes de distribuicdo e desempenho das plantas ao longo dos
gradientes ambientais (OSMOND et al., 1987). Nas culturas, os efeitos estressantes dos
ambientes afetam o rendimento de grdos a partir da diminui¢do dos componentes de
rendimento. O estresse durante o crescimento vegetativo afeta o nimero de graos devido ao
fato de que o tamanho da espiga e o nimero de 6vulos formados sdo determinados durante esse
estdgio (ABENDROTH et al., 2011).

O déficit hidrico € a causa mais grave e limitante de redu¢do da produgdo agricola global
e as respostas das plantas a escassez de dgua sao diferentes e dependem da intensidade e do
tempo de estresse. O déficit hidrico em baixa intensidade leva a reducdo da transpiragdo, falha
na translocacdo da &4gua das raizes para os rebentos, presenca de menos pigmentos
fotossintéticos, limitacdo dos produtos fotossintéticos (HOSSEINZADEH et al., 2017). O
déficit hidrico em alta intensidade resulta na formacao de espécies reativas de oxigénio (ROS)
nas plantas, que tem um efeito prejudicial sobre a proteina D1 do PSII, conteiddo de clorofila,
transporte de elétrons e producdo de moléculas como o trifosfato de adenosina (ATP)
(PAGTER et al., 2005). Lu et al. (2002) relataram que o milho sob estresse hidrico teve uma
diminui¢do em Fv/Fm em relag@o aos tratamentos sob estresse nao hidrico. Sob condigdes de

estresse hidrico, a proteina D1 do PSII e os centros de reacdo do PSII sdao destruidos. Bolhar-
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Nordenkampf et al. (1989) relatam que a razdo Fv/Fm varia entre 0,75 e 0,85 quando a planta
estd com seu aparato fotossintético intacto e uma queda nesta razao reflete a presenca de dano
nos centros de reagdo do PSII por algum estresse.

Como planta C4, o milho possui alta efici€éncia fotossintética mesmo com intensidade
luminosa elevada. No entanto, a fotossintese € particularmente sensivel ao déficit hidrico, pois
os estomatos tendem a fechar para conservar dgua interna, com isso reduzem a difusdo de CO;
nos locais de fixacdo no mesofilo foliar nas proximidades da enzima rubisco. Esse processo
diminui a fotossintese e, consequentemente, reduz a produtividade. Entretanto, os estomatos
podem ser regulados com base no nivel de déficit hidrico fechando apenas parcialmente,
levando a alguma fixacdo de carbono durante condi¢des de seca e assim um aumento na

eficiéncia do uso da dgua (SILVA et al., 2013).

O resultado da escassez de dgua € importante principalmente nos seguintes estadios de
desenvolvimento da planta de milho: I - iniciagdo floral e surgimento da inflorescéncia, periodo
em que o nimero potencial de graos € estabelecido; II - época da fertiliza¢do, quando o potencial
de producgdo é determinado e a presenca da dgua evita o dessecamento do grdao de podlen e
assegura o desenvolvimento e a penetracdo do tubo polinico; III- enchimento dos graos, quando
ha o acréscimo na deposicdo de matéria seca, processo diretamente ligado a fotossintese. O
estresse nesta fase culminaria na menor producido de fotossintatos, o que acarretaria menor
quantidade de matéria seca nos graos (MAGALHAES et al., 2003).

Os efeitos da condutancia estomadtica na tolerancia do déficit de dgua na planta sdo
complexos. Em algumas dicotiledoneas C4, modifica¢des na arquitetura do xilema, incluindo
vasos mais estreitos € mais curtos, diminuem a condutividade do caule por unidade de area
foliar, o que fornece protecdo contra cavitacdo e, portanto, melhora a tolerancia a seca (SAGE
et al., 2012). Pode-se supor que a maior eficiéncia no uso da dgua conferida pela fisiologia das
C4 permitiu uma evolucao no sentido de redu¢des na condutividade do caule por unidade de

area foliar (CHRISTIN e OSBORNE, 2014).

2.4 Manejo do Solo: O uso de biomassa vegetal e gesso

O manejo do solo tem grandes efeitos na melhoria das suas propriedades fisicas e
quimicas na qualidade das terras agricolas e na eficiéncia fotossintética do milho (SUN et al.,
2019). Estratégias para facilitar a penetragdo e alcance da raiz no solo € para aumentar a

absorc¢do de nutrientes incluem o seguinte: I) uso apropriado da cobertura morta; II) a aplicagcao
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de biomassa para aumentar a matéria organica do solo; III) a adicdo de cations basicos, como
célcio e magnésio; e IV) estabelecimento de equilibrio idnico adequado do solo.

As coberturas mortas podem atrasar o endurecimento do solo e favorecer o crescimento
das raizes, reduzindo a evaporacao da superficie do solo (MULUMBA E LAL, 2008). Além
disso, a aplicacdo continua de biomassa, como ocorre com a cobertura morta, pode aumentar
as fracdes labeis da matéria orgénica, criando agregados que, embora instaveis, melhoram a
porosidade e, portanto, o ambiente do solo para o crescimento radicular (PASSIOURA et al.,
1991). Infelizmente, nas regides tropicais, o acimulo de matéria organica, que poderia mitigar
os efeitos negativos da coesdo do solo na regido da raiz, € prejudicado por condi¢des que

favorecem a répida deterioracdo da biomassa incorporada (HIJBEEK et al., 2018).

O uso do gesso também vem sendo recomendado para os solos tropicais, pois o célcio
compreende um nutriente importante para o crescimento radicular das plantas. Para estender a
capacidade das raizes nas camadas mais profundas do solo, pesquisas sugerem o uso de cdlcio
e magnésio como “agentes floculantes” para melhorar a estrutura do solo e reduzir a dispersao
da argila (ANIKWE et al., 2016).

A aplicagdo de gesso com biomassa de leguminosas modifica a zona radicular,
aumentando o teor de cédlcio e matéria organica e reduzindo a resisténcia do solo (MOURA et
al., 2018). Alguns autores enfatizam interagdes positivas entre o célcio e a matéria organica
composta a partir do residuo aplicado como cobertura morta (WUDDIVIRA e CAMPS-
ROACH, 2007). A formacdo de pontes de cdtions com produtos derivados da decomposicdo da
biomassa aplicada pode ser formada entre particulas carregadas negativamente, essencialmente
ligando moléculas organicas em conjunto com os minerais (WHITTINGHILL e HOBBIE,
2012). A relagdo entre a melhoria da capacidade de suporte do solo, os fatores fisicos e
fisiolégicos que sustentam o crescimento das plantas deve ser esclarecida para apoiar os
esfor¢os para evitar o desperdicio de dgua e nutrientes e garantir a viabilidade dos sistemas
agricolas tropicais.

Em estudo realizado por Kusumah et al. (2019), a média total da produg@o de milho com
cobertura morta aplicada de gliricidia (Gliricida sepium) foi de 4,43 ton/ha. A producdo obtida
foi muito maior em comparacido a média da producdo de milho dos agricultores de Merauke
(Indonésia) que nos dltimos 5 anos atingiram apenas 3,53 ton/ha. Os autores relatam que a
maioria dos cultivos é de sequeiro e as altas temperaturas resultam em maior evaporacao no
solo, de modo que o estresse causado pela seca ocorre com frequéncia. Aguiar et al. (2018)

obtiveram 4,1 ton/ha de rendimento de graos quando utilizaram biomassa de gliricidia e clitoria
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(Clitoria fairchildiana) com ureia no cultivo de milho em sistema de aleias no municipio de
Chapadinha, MA, Brasil. O tratamento que recebeu somente ureia teve rendimento de graos de
0.6 ton/ha. Sena et al. (2020) obtiveram 70% a mais de rendimento na produtividade de milho
no leste maranhense no tratamento com biomassa de gliricidia e adicao de ureia (5,3 ton/ha) em

comparag¢do ao solo desnudo com adi¢do de ureia (3,1 ton/ha).

2.5 Aquecimento global

O clima € governado por influéncias naturais, mas as atividades humanas t€ém um
impacto sobre ele também. O principal impacto que os humanos exercem sobre o clima é
através da emissdo de gases de efeito estufa. Gases capazes de absorver a energia radiante sao
chamados gases de efeito estufa (GEE). O desmatamento € outro exemplo de atividade que
influencia o clima. As emissdes globais antropogénicas de GEE tém aumentado desde os
tempos pré-industriais, com um aumento de 90% entre 1970 e 2011, impulsionados pelo uso
de combustiveis fdsseis, mudangas no uso da terra e intensificacdo da agricultura (CLARKE et
al., 2015).

O aquecimento global e as mudangas climaticas devido a processos naturais e fatores
antropogénicos sao as principais e mais importantes questdes ambientais que afetardo o mundo
(ALEXANDROV ¢ HOOGENBOOM, 2000). Alimentar um mundo com nove bilhdes de
pessoas até 2050 exigird um aumento substancial na producdo de alimentos. A produgdo
agricola pode ser aumentada através da expansio da drea cultivada ou pela intensificacdo da
producdo na 4rea em uso. Em termos de eficdcia da mitigacdo, a intensificacdo tende a ser
preferivel a expansdo. A expansdo pode causar emissdes substanciais a partir da conversao de
terras com altos estoques de carbono. Se bem administrada, a intensificacdo pode evitar a
conversdo de novas dreas em terras cultivadas, porque pressupde maior produgdo agricola na
mesma area de terra (DICKIE et al., 2014).

Embora os pesquisadores oferecam cendrios diferentes, o consenso € de que a
produtividade das culturas e dos animais pode diminuir devido as altas temperaturas e ao
estresse relacionado a seca, mas esses efeitos serdo variados entre diferentes regides (ALTIERI
et al., 2015). Alguns trabalhos baseados em modelagens, afirmam que temperaturas mais
quentes podem fazer com que muitas culturas crescam mais rapidamente, mas podem também
reduzir o rendimento de outras muitas culturas. Para qualquer cultura em particular, o efeito do

aumento da temperatura dependerd da temperatura ideal para crescimento e reproducido; em
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areas onde o aquecimento excede a temperatura ideal de uma espécie, os rendimentos daquela
espécie podem diminuir (LOBELL e FIELD, 2011).

Meza et al. (2008) relataram que o milho pode ser afetado pelas mudancgas climaticas,
com reducdes de produtividade entre 10% e 30%, dependendo do cendrio das mudangas
climaticas e do tipo de cultivar utilizada. As mudangas climaticas também afetardo outras
varidveis relevantes da cultura como a taxa de desenvolvimento e a eficiéncia do milho para
completar seu ciclo de crescimento em periodos mais curtos. Mudangas na precipitagao sazonal
total ou em seu padrdo de variabilidade também afetardo a produgdo agricola, mas grande parte
dos modelos afirma que a maioria dos impactos é causada principalmente por tendéncias de
temperatura e nao por precipitacdo. As mudancas no rendimento das culturas de sequeiro serdo
impulsionadas por mudangas na precipitacdo e na temperatura, enquanto as mudangas no
rendimento em dreas irrigadas serdo impulsionadas apenas pelas mudancas de temperatura
(ALTIERI et al. 2015).

Projecdes futuras através de modelo climdtico mostram uma reducdo de até 46% na
produtividade de milho na agricultura de sequeiro da China (TONG et al., 2016). Para o
nordeste do Brasil, os resultados de um trabalho desenvolvido por Martins et al. (2019) apontam
que os efeitos das mudangas climéticas na produtividade do milho na agricultura de sequeiro
serd negativo. As projecdes sugerem que essas mudangas podem afetar a producdo de milho
nos dois cendrios avaliados, resultando em um declinio na producao entre 30 e 60%. Os autores
argumentam que para mitigar a situacao a utilizagdo de cultivares de ciclo longo trardo maior
vantagem juntamente com a introducao da irrigacao durante os periodos mais secos. Afirmam
ainda que a irrigacdo e o desenvolvimento de novas variedades de milho seriam essenciais para
sustentar a produtividade em cendrios adversos de mudangas climéticas. No entanto, a
manutencao de tais niveis de producao requer um aumento significativo no consumo de dgua
(até 140%). Ahmed et al. (2019) sugerem o desenvolvimento de cultivares tolerantes ao calor
e a modificacdo nas atuais tecnologias de produgdo agricola para compensar os efeitos

negativos das mudancas climaticas.
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Abstract

Climate models consistently project increases in temperature variability in tropical countries over the
coming decades, with the Amazon a particular hotspot of concern. The extent to which agricultural
systems can adapt to global warming depends in part on physical improvements to soil that enhance

water and nutrient uptake. We use gypsum and leguminous residue to improve the soil root zone,
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hypothesizing that such changes may improve the physical conditions of tropical soil prone to hardness
and enhance the ecophysiological responses in maize. The study consisted of four replicates using the
following treatments: control (C), gypsum (G), nitrogen (N), legume residue (L), nitrogen + gypsum
(NG), legume residue + gypsum (LG) and legume residue + nitrogen + gypsum (LNG). The study plots
were rainfed in 2018 and used a restricted irrigation regime in 2019. The soil improvements studied had
positive effects on the physiological parameters of maize, with a reduction in stress which indicated the
sensitivity of maize plants to gypsum and nitrogen addition. More specifically, we observed changes in
N uptake, biomass production and maize grain yield, even in the restricted irrigation regime. Under a
restricted irrigation regime, maize grain yield in the LNG plots was 41% higher than in N plots and
151% higher than the C plots. Interestingly, additions of nitrogen considerably decreased plants stress,
improving physiological parameters and increasing biomass production. These results highlight the role
for added nitrogen alongside soil improvement measures such as leguminous residues and gypsum,

especially in the context of climate change adaptation.

Keywords: legume residue; soil management; photosynthesis; maize; climate change adaptation.

Introduction

Climate models consistently project increases in temperature variability in tropical countries over the
coming decades, with the Amazon a particular hotspot of concern (Bathiany et al. 2018). A number of
harmful effects on agricultural production are predicted due to global warming, including extreme
events such as heatwaves, excessive drying of soils, increased rainfall intensity and higher total
precipitation (Gupta et al. 2020, Kamphorst et al. 2020). All of these mechanisms contribute to soil
degradation in the humid tropics, particularly the leaching of base cations and increased rates of soil
organic matter decomposition (Senna et al. 2020).

Although increased CO, concentrations [CO; ] is predicted to impact on C3 plants to greater extent,
recent studies have demonstrated postivie effects of increased [CO- ] in C4 plants such as maize (Zea
mays L.) especially under adequade water supply (Meng et al. 2014). Therefore, improving the physical
properties of soil to increase soil water uptake will be crucial to decrease the deleterious effect of global
warming on tropical crop productivity (Ebsa 2019).

Overall, soils in Amazon region do not have a high intrinsic resilience against physical degradation due
to the low content of aggregator elements like soil carbon, calcium and magnesium (Moura et al. 2018).
In the natural conditions of the Amazonian periphery, the soil-vegetation system is resilient against
physical degradation due to complete soil cover at ground level combined with the perforating activity
of the soil fauna (Brinkman and Sombroek 1996). In agroecosystems, strategies using mulch application
as a ground cover increase organic matter and avoid soil degradation by reducing cohesion and

improving the root zone (Sena et al. 2020). Mulching with plant residues decreases the rate of
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evaporation from the soil, delaying soil moisture loss, and improving rootability (Blanco-Canqui and
Lal 2007). Such improvements, however, may be limited to the soil surface (Moura et al. 2012).

One solution to extend soil rootability to lower depths is using calcium in the form of gypsum, which
acts as a “flocculating” agent to improve the soil structure by reducing the dispersion of clay at deeper
layers (Sumner 2009). In addition, polyvalent cations like calcium derived from gypsum may interact
with organic matter from decomposing plant residue, which further contributes to a favorable
environment for root growth (Ellerbrock and Gerke 2018). These bonds prevent the biological,
chemical, and physical breakdown of organic matter, leading to reduced losses of organic matter and
soil base cations (Whittinghill and Hobbie, 2012).

Although environmental stresses are one of the most important factors that limit crop production, the
responses of plants to water scarcity can be different depending on the intensity and time of stress
(Kamphorst et al. 2020). Low-intensity water deficit leads to reduced transpiration, failure to translocate
water from roots to shoots, decreased photosynthetic pigments and limiting production of photosynthetic
products (Hosseinzadeh et al. 2017). High-intensity water deficit creates reactive oxygen species (ROS)
in plants with detrimental effect on the D1 protein of photosystem II, chlorophyll content, electron
transport, and the production of molecules such as adenosine triphosphate (ATP) (Pagter et al. 2005).
Therefore, improvements to soil physical characteristics that enhance water and nutrient uptake are an
important component of climate change adaptation for tropical agricultural systems (Moura et al. 2012).
We hypothesize that improvements in the soil root zone from using gypsum along with leguminous
residue might improve the physical conditions of tropical soil prone to hardening and enhance crop
physiological performance. Therefore, this study aimed to evaluate the combined effects of gypsum with
leguminous residue on changes in soil properties and how these changes could affect maize
physiological performance. The ultimate objective is to contribute to family farm adaptation to global

warming predicted to the Amazonian periphery.

Materials and Methods

Study Site

The field experiment was conducted in 2018 and 2019 at the Universidade Estadual do Maranhdo, Sao
Luis, Maranhdo, Brazil (2°30'4" S, 44°18'33" W). The region’s climate is hot and humid equatorial. Its
rainy season extends from January to June and its dry season, with a pronounced water deficit, which
lasts from July to December. The annual average temperature is approximately 27°C, the maximum
temperature is 37°C, and the minimum temperature is 23°C. The total rainfall during the experimental

periods of October to January of each year was 528.6 mm in 2018 and 53.6 mm in 2019 (Fig. 1). The
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soil in the experimental area is an sandy loan Arenic Hapludult (Smith 2014) with hard-setting

characteristics (Daniells 2012).

Fig. 1 Precipitation, daily maximum, mean and minimum temperature and relative humidity at the study

site, 2018—-2019

History of the experimental area

The area was fallow since 1990 and supported a native species of grass, which was removed using
glyphosate. In January 2011, lime was applied to the surface at a rate of 1 t ha™l. During this period,
natural gypsum was applied at a rate of 6 t ha! to plots designated for this treatment. Maize (cultivar
AG 7088) was sown in 2011-2013 and 2015-2017. Gypsum was applied again in 2016 at a rate of 4 t
ha!. Residues from Gliricidia sepium (Gliricidia) was applied in the form of fresh branches at 12 t ha™!

each year.

Field trial and treatments

The experiment was conducted under no-tillage mulch system, with maize planted and harvested in
2018 and 2019. We used Pioneer 30f35, a commercial maize cultivar. Each experimental plot measured
4 x 8 m, with a total of 28 plots in a randomized block arrangement. Plots consisted of 5 rows, spaced
0.80 m apart with an intra-plant spacing of 0.25 m. The planting density was 50,000 plants ha.
Gliricidia mulch was applied at a rate of 12 t ha' per year. The study had four replicates of each of the
following treatments: control (C), gypsum (G), nitrogen (N), legume residue (L), nitrogen + gypsum
(NG), legume residue + gypsum (LG) and legume residue + nitrogen + gypsum (LNG). Chemical
fertilizer was applied to maize at a rate of 100 kg ha! of P in the form of triple superphosphate, 180 kg
ha! of K as potassium chloride, 5 kg ha™! of Zn in the form of zinc sulphate and 180 kg ha™! of N in the
form of urea. Phosphorus and zinc were applied as basal fertilizer once before planting. Nitrogen (only
in the plots that received nitrogen) and potassium were applied at a rate of 60 kg ha™! at planting, 60 kg
ha' at the V6 stage (six leaves with collars visible) and 60 kg ha™! at the V11 stage (11 leaves with collars
visible). The plots used a rainfed system in 2018 and a restricted irrigation regime in 2019. In 2019,
water was supplied by drip tape irrigation with one tape per row with emitters spaced 25 cm apart

delivering 1.25 L h'! for 4 h, resulting in a total of 20 mm of water applied per irrigation.
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Measured Parameters and Analyses

Soil Samples

We collected soil samples for chemical analysis at the end of the second-year experiment at depths of
0-20 and 20—40 cm. A total of four simple samples per plot were collected using a Dutch auger with a
3 inch diameter. Samples from each plot were passed through a 2 mm screen mesh and air-dried before
the analyses. Each sample was analysed using an exchangeable ion resin (Raij et al. 1986) as an extractor
for Ca, Mg, and K, which were measured using a Varian 720-ES ICP Optical Emission Matter Analysis
Spectrometer (Walnut Creek, CA, USA).

Soil penetration resistance (SPR) and soil moisture

The SPR measurements were collected at depths of 0-0.10, 0.10-0.20, 0.20-0.30, and 0.30-0.40m with
three replicates per plot. In 2019, these measures were taken 4 days after irrigation (or 4 days without
water) and immediately before the irrigation (or 7 days without water). SPR was measured using a digital
penetrometer (Falker, Porto Alegre, Brazil) with 1 cm gradations. The bars of critical level defined by
Hazelton and Murphy (2016) was used to construct the graph of the soil penetration strength. We
calculated soil moisture content using the gravimetric method with the following formula: soil moisture

(g/g) = (weight of fresh soil — weight of oven-dried soil)/weight of oven-dried soil.

Physical fractionation of soil organic matter

The soil organic matter in the 0—20 cm layer of the soil profile was physically fractionated following
Cambardella and Elliott (1992). After drying, a soil sample was ground in a porcelain mortar, after
which an aliquot was collected, weighed, and analysed for its C content, which represented the soil
particulate organic carbon (POC) in the particulate organic matter, according to the Walkley and Black
(1934) method. An aliquot of the 2 mm sieved subsample was ground in a porcelain mortar and weighed
and analysed for total organic carbon (TOC). Soil mineral-associated carbon (MOC) was calculated as
the difference between TOC and POC. The total organic carbon stock (TOCS) of each of the 0—-30 cm
layers was calculated with the following expression (Veldkamp 1994): C stock = (TOC x ps x E) /100,
where C stock = organic C stock at a given depth (t ha™'); OC = organic C content at the sampled depth
(g kg"); ps = soil bulk density (kg dm™); and E = thickness of the layer (30 cm).
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Plant and nitrogen analysis

Total N content were measured in 2018 and 2019 at the physiological maturity stage. Five plants from
each plot were randomly selected. All plant material was dried at 60°C for 6 days to a constant weight
in an oven and was then ground for analysis. Total nitrogen content in each sample was determined from
the mass of dried plant matter by digestion in sulfuric acid (H.SO4 — H>0O,), according to the standard
distillation method described by Cottenie (1980).

Gas exchanges

Gas exchange measurements were performed using a portable LI-6400XT open gas exchange system
(Li-Cor Inc., Lincoln, NE, USA) that included a 6400-02B LED light source. These two accessories
were used to maintain a constant CO, concentration of 400 + 10 umol mol™' and a constant incident
photosynthetic active radiation (PAR) of 1500 pmol m? s’ in the leaf chamber during instantaneous
measurements. A flow rate to chamber was 500 pumol s'!. Net photosynthetic rate (Px), stomatal
conductance (gs;) and transpiration (E) were obtained from the instantaneous measurements. The
measurements were taken on three randomly selected and marked plants on the middle rows of each
plot in 2018 and 2019, between 7:30 am and 9:30 am at the V6 (six leaves with collars visible) and VT
(tasseling) stages on the third fully matured leaf from the top. In 2018, the first measurement was done
6 days after rainfall and the second measure was performed 1 day after rainfall. In 2019 the first and
second measures were done 6 days after the irrigation (or 6 days without water). The instantaneous water
use efficiency (WUE) at leaf level was calculated as the ratio between photosynthesis and transpiration

(instantaneous WUE = Pn/ E).

Fluorescence measurements

The performance index (Pl.,s) was measured at the same time and on the same leaves as the gas exchange
measurements. Maize leaves were adapted to darkness for 30 minutes using a light-with-holding clips.
Chlorophyll a fluorescence was measured with a portable non-modulated fluorimeter Pocket-PEA
(Plant Efficiency Analyser - Hansatech, Norfolk, UK). After the adaptation of leaves to darkness, a
single strong light pulse lasting one second (3500 umol m? s') was applied using three light-emitting
diodes (650 nm). The measurements were taken on three randomly selected and marked plants in the

middle rows of each plot.

Statistical Analysis
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An analysis of variance (ANOVA) was performed on the data to evaluate treatment effects and means
were compared using the Tukey’s HSD test (p < 0.05) using R program. The data from the each year

were analysed separately because of significant (p < 0.05) season year interactions.

Results

Changes in SOC and SBC

Total organic carbon (TOC) was higher in the N (11%), G (13%) and L (60%) treatments compare to
the control, while the LNG treatment was 81% higher (Table 1). These results were primarily driven by
mineral associated carbon (MOC), whose values and differences between treatments were higher than

particulate organic carbon (POC).

Table 1 Soil organic carbon (SOC) fractions: particulate organic carbon (POC), mineral associated-
organic carbon (MOC) and total organic carbon (TOC). Notes: Values followed by different letters in
the same line indicate a significant difference at the 5% level by the Tukey’s HSD test. C: control; N:
nitrogen; G: gypsum; NG: nitrogen+gypsum; LG: legume residue+gypsum; L: legume residue; LNG:
legume residue+nitrogen+gypsum

Calcium (Ca) content was also increased by legume and gypsum in the soil profile. In the 0-20 cm layer,
the effect of the legume to calcium content was greater than the gypsum effect (Table 2). There was no
significant difference between the L, NG, LG, and LNG treatments, though they all had higher calcium
levels than the other treatments. Notably, calcium levels were higher in plots with only legume mulch
than in plots with only gypsum (L > G). Similar results were obtained for the sum of base cations (SBC).
In contrast, magnesium (Mg) content was lowest in the G and NG treatments, in which Mg content was
three times lower than in the L plots. Potassium (K) content was higher in L and LNG than in N and
NG.

In contrast, gypsum was more effective in increasing Ca levels in the 20—40cm layer than legume
residue, which was reflected in higher overall Ca levels in treatments with gypsum. The increase in
SBC was also greater in gypsum treatments than in those with legume residue. Indeed, SBC was lower

in the L plots than in treatments with gypsum, though not as low as the C and N treatments.

Table 2 Exchange base cations (mmol. m?®) and sum of base cation (SBC). Notes: Values followed by
different letters in the same line indicate a significant difference at the 5% level by the Tukey’s HSD
test. Notes: C: control; N: nitrogen; G: gypsum; NG: nitrogen+gypsum; LG: legume residue+gypsum;
L: legume residue; LNG: legume residue+nitrogen+gypsum

Legume residue application positively affected soil moisture, with higher levels than the control in the

0-20 cm layer, even after 7 days without rain (Table 3). In this layer, only treatments with residue
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maintained soil moisture above the critical level of 5%. On the whole, soil moisture in the 2040 cm

layer was higher in the L and LNG treatments than in treatments without legume residue.

Table 3 Gravimetric soil moisture (g/g) 7 days without water in 2019. Notes: Values followed by
different letters in the same line indicate a significant difference at the 5% level by the Tukey’s HSD
test. C: control; N: nitrogen; G: gypsum; NG: nitrogen+gypsum; LG: legume residue+gypsum; L:
legume residue; LNG: legume residue+nitrogen+gypsum

Our results showed that impact of water scarcity on treatments without legume residue was greater than
in treatments with mulch cover. This can be seen in the penetration resistance curves on the 4" and 7
days after irrigation. Figure (2a) and (2b) provide insights on the intensity (distance between curves of
the same treatment) and duration of water stress (time spent in the stress range). After four days without
irrigation, soil penetration resistance was under 1 MPa up to 20 cm and lower than 2 MPa up to 30 cm
in treatments with legume residues (Fig. 2a). Meanwhile, SPR was higher than 1 MPa in the 10-20 cm
layer (Fig. 2b) in treatments without legume mulch. After seven days without irrigation, SPR was higher
than critical level of 2.0 MPa in the 0-30 cm layer in the LG and L treatments, as well as all treatments
without leguminous mulch. Only in the LNG treatment SPR was lower than 1 MPa in the 0—20cm layer
and lower than 2 MPa in the 0-30 cm layer.

Fig. 2 Response of different treatments with legume residue (a) and without legume residue (b) in soil
penetration resistance (MPa). Notes: C: control; G: gypsum; N: nitrogen; L: legume residue; NG:
nitrogen+gypsum; LG: legume residue+gypsum; LNG: legume residue+nitrogen+gypsum; 4: four days
without water; 7: seven days without water

Maize physiological response to soil improvement

There were no significant differences in stomatal conductance (g;) in 2018 at the VT stage, though g
was higher in LG (0.53 mol m? s') than in G (0.34 mol m? s') at the V6 stage (Fig. 3a). In 2019, the
LNG treatment had a higher g; at the V6 stage than all other treatments, with no difference between the
remaining treatments (Fig. 3b). At VT stage, however, the NG, LG, and LNG treatments were greater
than the control. There was no difference between the other treatments.

The net photosynthetic rate (Py) was also different in each year of the experiment. In 2018, Py ranged
from 38.72 to 52.17 umol m 2 s™!, while the range was larger in 2019, varying between 13.45 and 39.45
pumol m?s™!. There was no difference between treatments at the VT stage in 2018, while G (38.72 pumol
m 2 s7!) had lower Py than LG (44.64 umol m > s™!) at the V6 stage (Fig. 3c). In contrast, in 2019 LNG
had the highest photosynthetic rate at the V6 stage, with no difference among the others treatments,
except for LG (36.16 umol m 2 s7!) being higher than L (31.49 pmol m 2 s™!) (Fig. 3d). At the VT stage,
all treatments with added urea had a higher P than the remaining treatments and L had a higher Px than

C. All of the treatments had low Py values at the VT stage (with means under 23 pmol m2s™).
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Fig. 3 Stomatal conductance, g;(mol m?s™!) in 2018 (a) and in 2019 (b) and net photosynthetic rate, Py
(umol m2s7!) in 2018 (c) and 2019 (d). Notes: Different lower-case letters at the V6 stage and different
capital letters at the VT stage in each graph indicate significant differences at the 5% level per Tukey’s
HSD test. Notes: C: control; G: gypsum; N: nitrogen; L: legume residue; NG: nitrogen+gypsum; LG:
legume residue+gypsum; LNG: legume residue+nitrogen+gypsum

There was large variation in the performance index (Plas) between 2018 and 2019. In 2018 at V6 stage,
PI was higher in LNG than in C, G, and N, while at the VT stage, PI was higher in NG and LNG than
in C and G (Fig. 4a). In 2019, there were no significant differences among treatments at the V6 stage,

but at VT the NG and LNG treatments were had higher PI values than the other treatments (Fig. 4b).

Fig. 4 Performance Index (PLws) in 2018 (a) and 2019 (b). Notes: Different lower-case letters at the V6
stage and different capital letters at the VT stage in each graph indicate significant differences at the 5%
level per Tukey’s HSD test. Notes: C: control; G: gypsum; N: nitrogen; L: legume residue; NG:
nitrogen+gypsum; LG: legume residue+gypsum; LNG: legume residue+nitrogen+gypsum

As for instantaneous water use efficiency (A/E) there was no difference between treatments at the V6
stage in 2018 and 2019 (Fig. 5a). However, at VT stage in 2018 instantaneous water use efficiency was
higher in LNG than in N, G and C. In 2019 it was higher in the treatments LNG, NG and N than in all
other treatments (Fig. 5b).

Fig. 5 Instantaneous leaf water use efficiency (Ins WUE) in 2018 (a) and 2019 (b). Notes: Different
lower-case letters at the V6 stage and different capital letters at the VT stage in each graph indicate
significant differences at the 5% level per Tukey’s HSD test. Notes: C: control; G: gypsum; N: nitrogen;
L: legume residue; NG: nitrogen+gypsum; LG: legume residue+gypsum; LNG: legume
residue+nitrogen+gypsum

Nitrogen uptaken and maize grain yield (GY)

Legume residue affected total N uptake when used alone, though only in the rainfed system (2018), in
which the LG and L treatments had higher N uptake than C and G (Fig. 6a). The LNG and NG treatments
had higher N uptake than in the other treatments, while total N was not different from the LG and L
treatments than in plots with only urea (N treatment). In 2019, all treatments with added urea (N, NG,
and LNG) had considerably higher nitrogen uptake than other treatments, with no difference between
the remaining treatments. In 2018, GY was the lowest in the G, C, and N treatments (Fig. 6b). There
were no significant differences between the L, NG and LG treatments, while LNG had the highest GY
of any treatment. In 2019, added urea had the greatest effect on GY. In the N treatment, GY was up to
78% higher than in treatments without added urea. The LNG treatment had the highest yield, which was
151% greater than the control and 41% higher than the N treatment.

Fig. 6 Effects of different treatments on total N (g kg™') in 2018 (=1) and 2019 (=2) (a) and maize grain
yield (GY) in 2018 (1) and 2019 (2). Notes: Different letters in each graph indicate significant
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differences at the 5% level per the Tukey’s HSD test. C: control; G: gypsum; N: nitrogen; L: legume
residue; NG: nitrogen+gypsum; LG: legume residue+gypsum; LNG: legume residue+nitrogen+gypsum

Discussion

Soil improvement and nitrogen uptake

Our results showed that interactions between legume residue, gypsum and N application can improve
the soil root zone, reducing the effect of drought conditions on physiological parameters in maize while
also increasing nitrogen uptake. The observed soil improvements can be explained through specific
interactions between polyvalent cations and compounds derived from the decomposition of legume
residues (Ellerbrock and Gerke 2018). In turn, synthetic N inputs increase microbial activity and thereby
increase soil organic matter transformation and microbial biomass if N is a soil limiting resource (Chen
et al. 2014). Gypsum and N application appear to have complementary effects that help capture the
benefits of leguminous mulch application to ensure an adequate content of soil organic carbon. The
predominance of mineral-associated organic carbon in our samples may be due to the fast decomposition
of POC the more labile SOC fraction (Hijbeek et al. 2018).

Treatments with mulch had higher moisture levels and lower SPR. Straw mulches are commonly used
because of their ability to reduce soil evaporation by preventing capillarity (Jimenez et al. 2017).
Furthermore, the increase in water holding capacity may be directly related to increased soil organic
carbon observed in treatments with legume mulch. The presence of SOM plays a key role in altering the
pore size distribution of sandy loam soils, as a result of decreased bulk density (Robin et al. 2018). In
turn, the increased number of small pores and higher specific surface area increases water holding
capacity at low tensions such as field capacity, increasing water availability for plants (Moura et al.
2009).

In addition to the positive effect of increased soil moisture, decreased impedance is due to a dilution
effect caused by mixing of the biomass with the denser mineral fraction of the soil (Maltas et al. 2018).
In soil prone to cohesion, increased SOM decreases SPR indirectly by affecting the stability
of soil aggregates (Tarkiewicz and Nosalewicz 2005). Added calcium has both direct (increasing
flocculation and aggregation in the subsoil) and indirect (improving root activity, which leads to greater
soil aggregation) effects on SPR (Sumner et al. 2009). Thus, the interaction between legume residues
and added calcium can increase SOM, soil moisture and SBC while decreasing SPR. These effects
encourage plant growth while increasing the availability of water in drought scenarios

(Lynch and Wojciechowski 2015).

Maize physiological response to soil improvement
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The changes in maize physiological parameters observed in this experiment are driven principally by
variations in SPR. According to Ley et al. (1995) in soil that tend to harden, effects on root growth are
common when the water potential approaches -100 kPa. In these circumstances, SPR is a better proxy
for plant water stress rather than the permanent wilting point, as proposed by Letey (1985). Therefore,
the decreased intensity and duration of water stress in the LNG treatment, as shown in Figure 2a, can
account for its improved performance in all physiological parameters evaluated in this experiment. In
this experiment, the LNG treatment resulted in higher stomatal conductance and net photosynthetic rate
in both years, but the effect was greatest in 2019, the year in which drip irrigation was used. Soil
improvement as reflected by lower penetration resistance and higher soil moisture can partially account
for these results.

Environmental stress results in lower stomatal conductance and net photosynthetic rate, as shown in
Figure 3, which is reflected in lower growth (Ripley et al. 2007). Under both soil and atmosphere water
stress, this decrease in stomatal conductance may be attributed to limited root system capacity to meet
leaf water demand (Lopes et al. 2019; Brodribb et al. 2020). The combined effect of gypsum and legume
residue to decrease root stress in LG and LNG can explain higher gs and Py values in these treatments.
Indeed, the reduction in photosynthetic electron consumption, an important consequence of the drought-
induced decrease in CO, supply, causes a decrease in photosynthetic efficiency and an increased
requirement for additional electron sinks such as photorespiration (Ripley et al. 2017).

Differences in performance index (Plws) shown in Figure 4 confirm the effectiveness of the LNG
treatment to reduce stress in maize plants. Pl reflects the functionality of both photosystems I and II
and gives us quantitative information on the current state of plant performance under stress conditions
(Ziveak, et al. 2008). Therefore, the Pl provides a proxy for plant vitality as well as indicating stress
in plants even before visible symptoms appear on the leaves (Christen et al. 2007). Indeed, even in 2018,
PLss was able to detect higher vitality in LNG treatment at the earlier V6 stage. Again, lower penetration
resistance, higher soil moisture and higher nitrogen contents in leaves can explain higher Pl due to
lower stress in plants in LNG plots.

Differences in instantaneous water user efficiency were just verified in water restrict regime, when it
was higher in treatments with N, demonstrating that maize performance could be increased with no
change in water use rate. Water shortage can lead to N deficiency and a decline in transpiration
efficiency strictly proportional to the N deficiency induced by drought. Therefore, interaction between

water and N deficit could be analysed by the N uptake/transpiration ratio indicator (Kunrath et al. 2018).
Nitrogen uptake and grain yield (GY)
Due to differences in the rainfall regime, harnessing of N from urea and legume residue was more

dependent on the water supply regime than the soil structure. This can be seen in the higher uptake of N

from decomposing legume residue in 2018 but not in 2019, when legume residues had no effect on N
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uptake. In contrast, under intense rain regime the effect of urea on N uptake decreased in 2018 and was
enhanced in 2019 under irrigation regime. The LNG treatment showed the highest N content in both
years, which is consistent with findings by Senna et al. (2020).

Our results showed that maize production can be increased by soil improvements resulting from legume
residue and gypsum in both water regimes. Since legume residue contributed relatively little to N uptake
in the restricted irrigation regime, the 35% difference in grain yield between the N and LNG treatments
in 2019 is due mainly to soil improvement caused by soil management (Moura et al. 2020). This result
confirms that the combination of legume residues with gypsum and urea application can be a good

strategy to maintain crop productivity in cohesive soil and drought conditions.

Conclusions

Our results showed the possibility of improving crop management in conditions of cohesive tropical soil
with an irregular water regime. These improvements were primarily apparent in certain key areas,
including soil organic matter, water holding capacity, penetration resistance and calcium content. This
underscores the importance of soil management for the adaptation of tropical agroecosystems to climate
change. The improvements in soil attributes resulted in positive effects in physiological parameters, with
a reduction in plant stress reflected mainly in the performance index (PLss). These changes resulted in
increased biomass and maize grain yield, even in a restricted irrigation regime. However, it is worth
highlighting the significant contribution of added nitrogen to decreasing plant stress, increasing soil
organic carbon, enhancing physiological parameters, and increasing biomass production. Therefore, the
inclusion of nitrogen alongside gypsum and legume residue should be part of new research on climate

change adaptation strategies for tropical agriculture.
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Table 1. Soil organic carbon (SOC) fractions: particulate organic carbon (POC), mineral associated-
organic carbon (MOC) and total organic carbon (TOC).

SOC fractions Treatments
(g/kg) C N G NG LG L LNG

POC 1.13b 1.55 ab 1.83 a 1.86 a 1.71 ab 1.81 a 2.00 a

MOC 576D 6.13b 5.64Db 6.94b 923a 9.33 a 10.62 a

TOC 691 e 7.68d 7.80d 8.76 ¢ 10.99 b 11.09 b 12.53 a

Table 2. Exchange base cations (mmol. m?®) and sum of base cation (SBC).
Treatments
Cations
C N G L NG LG LNG
content
(mmol. m3) 0-20cm
Ca 5.46¢ 5.51c¢ 9.75b 1192a 13.13a 1273 a 14.49 a
Mg 2.22 bc 1.46 ¢ 1.08 d 3.59a 1.01d 241D 2.16 bc
K 044ab 037D 042ab 048a 0.37b 0.44 ab 0.46 a
SBC 8.25¢ 7.34 ¢ 11.24 b 16.00a 14.50a 15.57a 17.10 a
20 -40 cm

Ca 2.83 ¢ 2.75¢ 8.27 a 4.67b 8.47 a 7.82a 7.83a
Mg 0.86 b 0.79bc  0.54 bc 145a 0.48 c 0.86b 0.76 bc
K 0.53 a 0.32¢ 0.60 a 0.50ab  0.37b 0.50 ab 0.35 bc
SBC 4.62c 385¢ 9.74ab 6.62b 9.86 a 9.57 ab 9.34 ab




Table 3. Gravimetric soil moisture (g/g) 7 days without water in 2019.

Treatments

(kg/kg)

Layer (cm) C N G L NG LG LNG

0-10 0.022b 0.021b  0.023b 0.052 a 0.026 b 0.051a 0.044 a
11-20 0.024 ¢ 0.026c  0.041bc 0.056ab  0.042b 0.059 ab 0.069 a
21-30 0.052ab 0.041b 0.068ab  0.098 a 0.051ab 0.057 ab 0.087 a
31-40 0.051bc  0.043c  0.040c 0.089 a 0.045 ¢ 0.073 b 0.086 a
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Fig. 1 Precipitation, daily maximum, mean and minimum temperature and relative humidity at the study site,
2018-2019
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Fig. 2 Response of different treatments with legume residue (a) and without legume residue (b) in soil
penetration resistance (MPa). C: control; G: gypsum; N: nitrogen; L: legume residue; NG: nitrogen+gypsum;
LG: legume residue+gypsum; LNG: legume residue+nitrogen+gypsum; 4: four days without water; 7: seven
days without water. Vertical bars mean the critical levels by Hazelton &Murphy (2007)
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Fig. 3 Stomatal conductance, g;(mol m?s') in 2018 (a) and in 2019 (b) and net photosynthetic rate, Py (umol
m 2 s7!) in 2018 (c) and 2019 (d). Notes: Different lower-case letters at the V6 stage and different capital
letters at the VT stage in each graph indicate significant differences at the 5% level per Tukey’s HSD test. C:
control; G: gypsum; N: nitrogen; L: legume residue; NG: nitrogen+gypsum; LG: legume residue+gypsum;
LNG: legume residue+nitrogen+gypsum
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Fig. 4 Performance Index (Pl.s) in 2018 (a) and 2019 (b). Notes: Different lower-case letters at the V6 stage
and different capital letters at the VT stage in each graph indicate significant differences at the 5% level per
Tukey’s HSD test. C: control; G: gypsum; N: nitrogen; L: legume residue; NG: nitrogen+gypsum; LG: legume
residue+gypsum; LNG: legume residue+nitrogen+gypsum
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Fig. 5 Instantaneous leaf water use efficiency (Ins WUE) in 2018 (a) and 2019 (b). Notes: Different lower-
case letters at the V6 stage and different capital letters at the VT stage in each graph indicate significant
differences at the 5% level per Tukey’s HSD test. C: control; G: gypsum; N: nitrogen; L: legume residue; NG:
nitrogen+gypsum; LG: legume residue+gypsum; LNG: legume residue+nitrogen+gypsum
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Fig. 6 Effects of different treatments on total N (g kg!) in 2018 (=1) and 2019 (=2) (a) and maize grain yield
(GY) in 2018 (1) and 2019 (2). Notes: Different letters in each graph indicate significant differences at the
5% level per the Tukey’s HSD test. C: control; G: gypsum; N: nitrogen; L: legume residue; NG:
nitrogen+gypsum; LG: legume residue+gypsum; LNG: legume residue+nitrogen+gypsum
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Springer Journal — Regional Environmental Change

LENGTH OF PAPER

Our goal is to encourage original research articles of up to 12 published pages, inclusive of all text,
references, figures and tables, which is equivalent to approximately 8,000 words if the manuscript were
composed of text alone. Figures and tables are counted as 300 words each. Some leniency in the length
upto the equivalence of 9,000 words is permitted subject to editorial discretion; however, submissions
excessively over the limit will be returned to the authors before review

LANGUAGE

We appreciate any efforts that you make to ensure that the language is corrected before submission.
This will greatly improve the legibility of your paper if English is not your first language. British English or
American English spelling and terminology may be used, but either one should be followed consistently
throughout the article.

ARTICLE TYPE

1. Review Articles (upto 9000 words of text), summarizing an important area of science concerning
regional environmental change. Editors suggest that authors contact them to discuss proposed review
topics with them before finalization and submission of reviews papers.

2. Original Research Articles (upto 8000), presenting new evidence from analyses of empirical data or
else more theoretical investigations of regional environmental change. The findings should always be of
interest to an international research community.

3. Short Communications (up to 3000 words, max 1 figure and 1 table), presenting important findings of
similar nature. These submissions will receive high review priority and are, after acceptance, normally
published in the next available issue of the journal.

5. An Essay is a submitted opinion or think piece, subject to review, which has a lower standard of
evidence required to justify conclusions than a research article. Essays are published rarely and at the
complete discretion of the editors.

4. A Commentary is an unsolicited and uninvited critique of a paper previously published in Regional
Environmental Change. Authors of the original piece are generally invited to prepare a response to the
critique, which would be published concurrently with the Commentary. Commentaries and responses
are reviewed on the basis of fairness, balance and scientific merit.

5. Editorial

By invitation only.

MANUSCRIPT SUBMISSION

e Manuscript Submission
Submission of a manuscript implies: that the work described has not been published before;
that it is not under consideration for publication anywhere else; that its publication has been
approved by all co-authors, if any, as well as by the responsible authorities — tacitly or explicitly
— at the institute where the work has been carried out. The publisher will not be held legally
responsible should there be any claims for compensation.

¢ Permissions
Authors wishing to include figures, tables, or text passages that have already been published
elsewhere are required to obtain permission from the copyright owner(s) for both the print and
online format and to include evidence that such permission has been granted when submitting
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their papers. Any material received without such evidence will be assumed to originate from the
authors.

Online Submission

Authors should submit their manuscripts online. Electronic submission substantially reduces the
editorial processing and reviewing times and shortens overall publication times. Please follow
the hyperlink “Submit online” on the right and upload all of your manuscript files following the
instructions given on the screen.

Proceedings, etc

In the case that parts of the text have been published as conference proceedings, project
reports, working papers or similar, this needs to be declared during submission - editors will
then assess on a case by case basis whether the paper may still be considered original.

PREPARING THE MANUSCRIPT
Title Page

The title page is part of the manuscript and must include:

o The full name(s), professional affiliations and e-mail addresses of all author(s)

o A concise and informative title, indicating the specific region the work relates to
(consider Search Engine Optimization when choosing the title)

o The full professional address, e-mail address and telephone number of the
corresponding author
Abstract and keywords (see below)
Length of the manuscript (see below)

Abstract

Please provide an abstract of 150 to 250 words. The abstract should be highly informative about the
findings and conclusions from the paper, and it should not contain any undefined abbreviations or
unspecified references.

Keywords
Please provide 4 to 6 keywords which can be used for indexing purposes.

Length of the manuscript
The length of the manuscript must be indicated, consisting of

Text

The number of words, counting from the top of the title page, including abstract, keywords and
acknowledgements to the end of text (before the reference list)

The number of figures and tables (counting as 300 words each)

The number of words, including the count for the figures and tables, must not exceed the length
of text permitted for the article type

We urge authors to take full advantage of our capacity for Electronic Supplemental Material.
Authors who find the page limit to be particularly restrictive, especially as a result of disciplinary
differences, are encouraged to contact the journal office (reec@imbe.fr ) for guidance.

Text Formatting
Manuscripts should be submitted in Word.

o Use a normal, plain font for text.
o Use italics for emphasis.
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Use the automatic page numbering function to number the pages.
Use the automatic line numbering function to number all lines of the text.
Do not use any field functions.
Use tab stops or other commands for indents, not the space bar.
Use the table function, not spreadsheets, to make tables.
Use the equation editor or MathType for equations.
Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).
Manuscripts with mathematical content can also be submitted in LaTeX.
o LaTeX macro package (zip, 182 kB)

O O O 0O O O O

Headings
Please use no more than three levels of displayed headings. Do not use acronyms.

Abbreviations
Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give important additional information, which may include the citation of a
reference included in the reference list. They should not consist solely of a reference citation, and they
should never include the bibliographic details of a reference.

Footnotes should not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript
lower-case letters (or asterisks for significance values and other statistical data).

Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section before the
reference list. The names of funding organizations should be written in full.

Scientific Style
Please always use internationally accepted signs and symbols for units (SI units).

REFERENCES

Citation

Cite references in the text by name and year in parentheses. Some examples:

e Negotiation research spans many disciplines (Thompson 1990).

e This result was later contradicted by Becker and Seligman (1996).

e This effect has been widely studied (Abbott 1991; Barakat et al. 1995; Kelso and

Smith 1998; Medvec et al. 1999).

Reference list
The list of references should only include works that are cited in the text and that have been published
or accepted for publication. Personal communications and unpublished works should only be mentioned
in the text. Do not use footnotes or endnotes as a substitute for a reference list.
Reference list entries should be alphabetized by the last names of the first author of each work.
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Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect of
high intensity intermittent training on heart rate variability in prepubescent children. Eur J Appl
Physiol 105:731-738. doi: 10.1007/s00421-008-0955-8

The names of all authors should be provided, the usage of “et al” in long author lists will not be
accepted. The doi-number should always be indicated when it exists.

Book

South J, Blass B (2001) The future of modern genomics. Blackwell, London
Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics,
3rd edn. Wiley, New York, pp 230-257
Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title
Word Abbreviations, see

ISSN.org LTWA

If you are unsure, please use the full journal title.

For authors using EndNote, Springer provides an output style that supports the formatting of in-
text citation list.

EndNote style (zip, 2 kB)

Request Figures and Tables

Authors are required to separate figures and tables from the main text file.
Any figure captions containing acronyms should be explained.

Tables

e All tables are to be numbered using Arabic numerals.

e Tables should always be cited in text in consecutive numerical order.

e For each table, please supply a table caption (title) explaining the components of
the table.

e Identify any previously published material by giving the original source in the form
of a reference at the end of the table caption.

e Footnotes to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data) and included beneath the
table body.

Artwork and Illustrations Guidelines
e Electronic Figure Submission
e Supply all figures electronically.
e lllustrations should only contain essential content for the topic of the paper.

e All lettering should be scaled such as to allow the smallest possible printing of the
illustration.
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http://www.issn.org/services/online-services/access-to-the-ltwa/
http://static.springer.com/sgw/documents/943037/application/zip/Orient%2BPharm%2BExp%2BMed.zip
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e For vector graphics, the preferred format is EPS; for halftones, please use TIFF
format. MSOffice files are also acceptable. (Indicate what graphics program was
used to create the artwork.)

e Vector graphics containing fonts must have the fonts embedded in the files.

e Name your figure files with "Fig" and the figure number, e.g., Figl.eps.
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° Definition: Black and white graphic with no shading.

e Do not use faint lines and/or lettering and check that all lines and lettering within
the figures are legible at final size.

e Alllines should be at least 0.1 mm (0.3 pt) wide.

e Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.

e Vector graphics containing fonts must have the fonts embedded in the files.



Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.

If any magnification is used in the photographs, indicate this by using scale bars
within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

56



Combination Art

THD
Group | * mawta 1188

<L L C— 1 ) ) S— el

L, VL T — 01— L

¢ m@lu1Ess () 301

" mGhiSa TIEITND 171

" mGlsh IITEINE | 1203
Group Il * mens | -4 4.1-3-+-) E—

® mGhdad | | 535
Group lll* mewsa T EEEEEREIED o7

! maned (I 508

! mGh7a IIIEIT—— Mo

™ kT T LY m—

* mGluTe 0B —

- mGhTd 080000 — 1

= mGhiTe 0000 —

" mGhga [ R AL —

" mGugb | PRl —

? mGhse | 7 501

e Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.
e Combination artwork should have a minimum resolution of 600 dpi.
Colour Art

Colour art is free of charge for online and print publication.

If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colours are not distinguishable from one
another when converted to black and white. A simple way to check this is to make a
xerographic copy to see if the necessary distinctions between the different colours
are still apparent.

If the figures will be printed in black and white, do not refer to colour in the
captions.

Colour illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about
2-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt
type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.
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Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue
the consecutive numbering of the main text. Do not number the appendix figures,
"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material)
should, however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figurefile.
Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be
placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mmwide
and not higher than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm wide
and not higher than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission
from the copyright owner(s) for both the print and online format. Please be aware that some
publishers do not grant electronic rights for free and that Springer will not be able to refund any
costs that may have occurred to receive these permissions. In such cases, material from other
sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures, please
make sure that

All figures have descriptive captions (blind users could then use a text-to-speech
software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL
Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary
files to be published online along with an article or a book chapter. This feature can add dimension to
the author's article, as certain information cannot be printed or is more convenient in electronic form.



Submission

e Supply all supplementary material in standard file formats.

¢ Please include in each file the following information: article title, journal name, author
names; affiliation and e-mail address of the corresponding author.

e To accommodate user downloads, please keep in mind that larger-sized files may require
very long download times and that some users may experience other problems during
downloading.

Audio, Video, and Animations
e Always use MPEG-1 (.mpg) format.

Text and Presentations

e Submit your material in PDF format; .doc or .ppt files are not suitable for long-termviability.
e A collection of figures may also be combined in a PDF file.

Spreadsheets

e Spreadsheets should be converted to PDF if no interaction with the data isintended.
e If the readers should be encouraged to make their own calculations, spreadsheets
should be submitted as .xls files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and
.tex can also be supplied.

Collecting Multiple Files
e |tis possible to collect multiple files in a .zip or .gz file.

Numbering

e [f supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.

e Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation

(Online Resource 3)", “... additional data are given in Online Resource 4”.
¢ Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”

Captions
e For each supplementary material, please supply a concise caption describing the
content of the file.

Processing of supplementary files

e Electronic supplementary material will be published as received from the author
without any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that:
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e The manuscript contains a descriptive caption for each supplementary material
¢ Video files do not contain anything that flashes more than three times per second (so
that users prone to seizures caused by such effects are not put at risk

DOES SPRINGER PROVIDE LANGUAGE SUPPORT?

Manuscripts that are accepted for publication will be checked by our copyeditors for spelling and formal
style. This may not be sufficient if English is not your native language and substantial editing would be
required. In that case, you may want to have your manuscript edited by a native speaker prior to
submission. Clear and concise language is required for acceptance of your paper.

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

Edanz English editing for scientists

Use of an editing service is neither a requirement nor a guarantee of acceptance for publication.

Please contact the editing service directly to make arrangements for editing and payment.
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ETHICAL RESPONSIBILITY OF THE AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of the
Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on how to deal with
potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in the
journal, the professionalism of scientific authorship, and ultimately the entire scientific endeavour.
Maintaining integrity of the research and its presentation can be achieved by following the rules of good
scientific practice, which include:
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The manuscript has not been submitted to more than one journal forsimultaneous
consideration.

The manuscript has not been published previously (partly or in full), unless the new work
concerns an expansion of previous work (please provide transparency on the re-use of material
to avoid the hint of text-recycling (“self-plagiarism”)).

A single study is not split up into several parts to increase the quantity of submissions and
submitted to various journals or to one journal over time (e.g. “salami-publishing”).

No data have been fabricated or manipulated (including images) to support your conclusions.
No data, text, or theories by others are presented as if they were the author’s own
(“plagiarism”). Proper acknowledgements to other works must be given (this includes material
that is closely copied (near verbatim), summarized and/or paraphrased), quotation marks are
used for verbatim copying of material, and permissions are secured for material that is
copyrighted.

Important note: the journal may use software to screen for plagiarism.

e Consent to submit has been received explicitly from all co-authors, as well as from the
responsible authorities - tacitly or explicitly - at the institute/organization where the work
has been carried out, before the work is submitted.

e Authors whose names appear on the submission have contributed sufficiently to the
scientific work and therefore share collective responsibility and accountability for the
results.

In addition:

Changes of authorship or in the order of authors are not accepted after acceptance of a
manuscript.

Requesting to add or delete authors at revision stage, proof stage, or after publication is a
serious matter and may be considered when justifiably warranted. Justification for changes in
authorship must be compelling and may be considered only after receipt of written approval
from all authors and a convincing, detailed explanation about the role/deletion of the
new/deleted author. In case of changes at revision stage, a letter must accompany the revised
manuscript. In case of changes after acceptance or publication, the request and documentation
must be sent via the Publisher to the Editor-in-Chief. In all cases, further documentation may be
required to support your request. The decision on accepting the change rests with the Editor-in-
Chief of the journal and may be turned down. Therefore authors are strongly advised to ensure
the correct author group, corresponding author, and order of authors at submission.

Upon request authors should be prepared to send relevant documentation or data in order to
verify the validity of the results. This could be in the form of raw data, samples, records, etc.

If there is a suspicion of misconduct, the journal will carry out an investigation following the COPE
guidelines. If, after investigation, the allegation seems to raise valid concerns, the accused author will be
contacted and given an opportunity to address the issue. If misconduct has been established beyond
reasonable doubt, this may result in the Editor-in-Chief’s implementation of the following measures,
including, but not limited to:

If the article is still under consideration, it may be rejected and returned to the author.
If the article has already been published online, depending on the nature and severity of the
infraction, either an erratum will be placed with the article or in severe cases complete
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retraction of the article will occur. The reason must be given in the published erratum or
retraction note.
e The author’s institution may be informed.

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted principles of ethical and
professional conduct have been followed, authors should include information regarding sources of
funding, potential conflicts of interest (financial or non-financial), informed consent if the research
involved human participants, and a statement on welfare of animals if the research involved animals.
Authors should include the following statements (if applicable) in a separate section entitled
“Compliance with Ethical Standards” before the References when submitting a paper:

¢ Disclosure of potential conflicts of interest
e Research involving Human Participants and/or Animals
e Informed consent

Please note that standards could vary slightly per journal dependent on their peer review policies (i.e.
double blind peer review) as well as per journal subject discipline. Before submitting your article check
the Instructions for Authors carefully.

The corresponding author should be prepared to collect documentation of compliance with ethical
standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned
guidelines. The author will be held responsible for false statements or failure to fulfill the above-
mentioned guidelines.

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential influence or
impart bias on the work. Although an author may not feel there is any conflict, disclosure of
relationships and interests provides a more complete and transparent process, leading to an accurate
and objective assessment of the work. Awareness of a real or perceived conflicts of interest is a
perspective to which the readers are entitled. This is not meant to imply that a financial relationship
with an organization that sponsored the research or compensation received for consultancy work is
inappropriate. Examples of potential conflicts of interests that are directly or indirectly related to the
research may include but are not limited to the following:

e Research grants from funding agencies (please give the research funder and the grant number)
e Honoraria for speaking at symposia

¢ Financial support for attending symposia

e Financial support for educational programs

¢ Employment or consultation

e Support from a project sponsor

e Position on advisory board or board of directors or other type of management relationships
e Multiple affiliations

¢ Financial relationships, for example equity ownership or investment interest

¢ Intellectual property rights (e.g. patents, copyrights and royalties from such rights)

¢ Holdings of spouse and/or children that may have financial interest in the work
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In addition, interests that go beyond financial interests and compensation (non-financial interests) that
may be important to readers should be disclosed. These may include but are not limited to personal
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