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RESUMO

Os eventos climaticos extremos, cada vez mais frequentes, sdo impulsionados
pela intensificagdo do ciclo hidrologico global, representando uma ameacga crescente
a sustentabilidade e a estabilidade dos agroecossistemas. O objetivo deste estudo foi
avaliar a relacao entre o consumo de agua e nitrogénio (N) em diferentes doses de N
e o estresse fisiolégico em campos encharcados por periodos mais longos ou mais
curtos. Para atingir esse objetivo, foram analisadas pastagens de azevém puro em
parcelas de campo sob trés diferentes doses de N (0, 75 e 150 kg N ha') e dois niveis
de agua: irrigado (maior tempo de encharcamento) e nado irrigado (menos
tempo/encharcamento normal). O delineamento experimental foi blocos inteiramente
casualizados com parcelas subdivididas e fatorial cruzado, com trés repeti¢coes. A taxa
de acumulo e a produgao total de matéria seca do azevém demonstraram significancia
para as doses de N, para a quantidade de N total absorvida (Nass) € o uso eficiente
da agua (UEA), teor de N nas plantas, e o indice de nutricdo nitrogenada (INN).
Somente o NNI se mostrou significante para os diferentes tempos de encharcamento
do solo. Os A de solo foram significativos para as doses de N para aménio e N
organico. Sendo somente o N organico significativo para os diferentes tempos de
encharcamento do solo. O A N total do solo somente diferenciou entre camadas de
solo. Nas condi¢gdes ambientais de encharcamento do solo em areas onde essa
atividade nao € normal o azevém apresentou baixos teores de N absorvido. O azevém,
quando exposto a um solo encharcado, obteve sua maxima resposta produtiva e
fisiolégica na dose de 75 kg de N ha’', independente do tempo de exposigdo ao
encharcamento do solo.

Palavras-chave: doses de nitrogénio; mudancas climaticas; encharcamento de solo;
subtropical; manejo rotatinuo.

1 Dissertagao de Mestrado em Zootecnia — Plantas Forrageiras, Faculdade de Agronomia,
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil. (73 p.) Margo, 2024.
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ABSTRACT

Extreme weather events, increasingly frequent, are driven by the intensification
of the global hydrological cycle, posing a growing threat to the sustainability and
stability of agroecosystems. The objective of this study was to evaluate the relationship
between water and nitrogen intake in different doses of N and physiological stress
under longer and shorter waterlogged fields. To achieve this aim, we analyzed pure
ryegrass pasture in field plots under three different doses of N (0, 75, and 150 kg N ha-
"), and two water levels: irrigated (longer waterlogging) and non-irrigated
(shorter/normal waterlogging). The experimental design was blocks completely
randomized with split-plot and crossed factorial with three replications. The grass
management followed the "Rotatinuos" management concept. The accumulum rate
and total crop biomass of ryegrass demonstrated significance for the N doses, the
amount of total N absorbed (Nupt) and the water use efficient (WUE), N content in
plants, and the nitrogen nutrition index (NNI). Only the NNI was significant for the
different soil waterlogging times. Soil A were significant for N doses for ammonium and
organic N. Only organic N is significant for the different soil waterlogging times. Total
soil A N only differed between soil layers. In environmental conditions of soil
waterlogging in areas where this activity is not normal, ryegrass showed low levels of
absorbed N. When exposed to waterlogged soil, ryegrass obtained its maximum
productive and physiological response at a dose of 75 kg of N ha™', regardless of the
time of exposure to waterlogging.

Keywords: doses of nitrogen; climate changes; soil waterlogging; subtropical;
rotatinuos management.

2 Dissertagao de Mestrado em Zootecnia — Plantas Forrageiras, Faculdade de Agronomia,
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil. ( 73 p.) Margo, 2024.
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1. INTRODUGAO

O manejo eficaz dos recursos hidricos e nitrogenados € crucial para otimizar
o crescimento e a produtividade das plantas, especialmente em condigdes ambientais
desafiadoras. O azevém (Lolium multiflorum Lam.) é uma graminea forrageira
amplamente cultivada em muitas regides do mundo devido a sua rapida taxa de
crescimento, alta qualidade nutricional (Yavuz, et al., 2017) e capacidade de
adaptacao a diferentes condi¢des climaticas (Abraha et al., 2011). No entanto, para
maximizar o potencial produtivo do azevém, assim como de qualquer graminea, é
essencial compreender as interagdes complexas entre o fornecimento de nitrogénio e
agua (Quemada & Gabriel, 2016), dois fatores fundamentais para o seu
desenvolvimento.

Esse manejo mais eficaz vem tendo que quebrar mais barreiras, pois eventos
climaticos extremos, cada vez mais frequentes, sdo impulsionados pela intensificagao
do ciclo hidrologico global, representando uma ameaga crescente para a
sustentabilidade e a estabilidade dos agroecossistemas (Jagermeyr et al., 2021). Tais
fendmenos representam uma ameaca a seguranga alimentar; no entanto, avaliagdes
globais dos impactos causados pelo encharcamento do solo em espécies forrageiras
sao raras. Além disso, a exposicao frequente a condi¢des climaticas extremas (IPCC,
2015) impactara como as plantas acessam o fertilizante nitrogenado, comprometendo
potencialmente o crescimento e a produtividade (Swarbreck et al., 2019).

O uso indiscriminado de recursos nao renovaveis ja levou a uma diminuigao
na eficiéncia do uso de nutrientes na agricultura (Lemaire et al., 2009). O nitrogénio é
essencial para varias fungdes vitais das plantas (Plett et al., 2020). No entanto, as
plantas tém capacidade limitada de absorver o N aplicado, utilizando tipicamente
apenas 40-50% da quantidade fornecida, ou até menos (Raun and Johnson, 1999;
Kronzucker et al., 2000; Coskun et al., 2017). Ainda, com limitagéo significa que a
resposta do crescimento das plantas a agua e ao N, € maior do que sua resposta a
cada fator isoladamente, e implica que estratégias para maximizar o crescimento das
plantas devem garantir que ambos os recursos estejam igualmente disponiveis.

Os eventos de instabilidade climatica estdo se tornando cada vez mais
frequentes, impactando diretamente a duragcédo da exposi¢cao das plantas ao estresse

e, consequentemente, afetando diretamente a relagcéo solo-planta (Liu et al., 2023).



Esses mesmos autores concluiram também que as penalidades de rendimento
causadas pelo encharcamento podem aumentar historicamente de 3-11% para 10-
20% até 2080, com as penalidades refletindo tanto a duragdo quanto o timing do
encharcamento em relagdo ao estagio da cultura. Assim, o desenvolvimento de
estudos para aprimorar a compreensdo dos fatores envolvidos na eficiéncia de
utilizacao de agua e fertilizantes nitrogenados torna-se essencial para o manejo que
atenda aos requisitos de sustentabilidade. Tais entendimentos podem servir de base
para o estabelecimento de diretrizes no manejo de fertilizagdo nitrogenada sob

condi¢des de estresse por encharcamento.

2. REVISAO BIBLIOGRAFICA

2.1Dinadmica do nitrogénio na interface solo-planta

2.1.1 Do solo a planta

O nitrogénio (N) € um dos elementos absorvidos em maiores quantidades
pelas plantas. Esse macronutriente tdo importante no sistema solo-planta-atmosfera
€ bem complexo, principalmente por possuir varias formas e por consequéncia, varios
processos envolvidos em seu ciclo. Ha alguns meios de entrada desse nutriente no
sistema, assim como também varias formas de perdas e/ou saidas. A maneira mais
basica e primaria, por deposi¢cdes atmosféricas (a atmosfera € um ambiente com
abundancia de N), por fixagao bioldgica, onde a planta é capaz de captar o seu proprio
adubo nitrogenado da atmosfera; por mineralizacdo de residuos organicos
humificados e em contato com o solo, sejam eles de fonte vegetal ou animal; e por fim
mas talvez a mais emblematica de todas as formas, a adubacao por agao antropica,
que pode ser com adubos chamados de “quimicos” ou “formulados”, que nada mais
sao do que adubos advindos de processos industriais.

A disponibilidade do N no solo para as culturas é influenciada por diversos
fatores, como clima, temperatura, uso atual e histérico da terra dentro outros tantos.
Mas em diregao ao sistema solo-planta, os dois principais fatores sdo a quantidade
de N presente no inicio de ciclos e a mineralizagado ao longo do tempo (Sadras &

Lemaire, 2014; Reetz, 2017). A quantidade inicial de N disponivel depende das



aplicacoes de fertilizantes e da quantidade de residuos organicos incorporados ao
solo, assim como o histérico do local (Souza et al., 2009). Quanto a mineralizagao do
N, ela & diretamente afetada pela relacdo carbono:nitrogénio (C:N) dos residuos
organicos, que podem ser residuos vegetais ou animais. Residuos com alta relagéo
C:N (>30:1) tendem a imobilizar o N do solo, pois 0s microrganismos utilizam o N
como fonte de energia para degradar esse carbono. Logo, a populacédo de
microrganismos aumenta e indisponibiliza esse N em maior quantidade. Com o passar
do tempo, esse carbono vai sendo degradado e os microrganismos passam a diminuir
sua atividade também, ocasionando a mineralizacédo do N que estava tornando o
disponivel para as plantas. Ja os residuos com baixa relacado C/N ndo requerem tanta
imobilizacdo do N, acelerando assim o processo de decomposi¢cado e mineralizagao do
N (Aita & Giacomini, 2003).

Sendo assim, a dindmica do N esta diretamente ligada a matéria organica do
solo. Em solos tropicais e subtropicais, onde ha naturalmente menos acumulo de
matéria organica devido a condi¢des que favorecem a rapida decomposi¢gdo, como
altas temperaturas e umidades (Lal, 2020), o N torna-se um fator critico na
produtividade das culturas, especialmente para plantas forrageiras gramineas, que
precisam de N como forma dependente de producgao.

A absorgao de N pelas culturas € um processo chave nos moldes produtivos
solo-planta. Este processo afeta o crescimento e determina nao sé a quantidade, mas
também a qualidade das culturas, atuando como um processo chave na ciclagem de
N no solo, sendo responsavel por 50% a 60% do destino do N no solo em
ecossistemas agricolas (Ladha et al., 2016). O N é um fator critico na produtividade
das culturas, sendo o mais dindmico entre os macronutrientes. Aproximadamente 95%
do nitrogénio no solo esta na forma orgéanica, com os 5% restantes na forma mineral,
que é a parte absorvida pelas plantas (Galloway et al., 2004).

O fertilizante nitrogenado pode ser dividido em aménio (NH4*), nitrato (NO3")
e fertilizante N amida. NH4* é facil de ser adsorvido pelos coloides do solo, facil
também de ser oxidado em NOs3~, facilmente volatii em ambiente alcalino e alta
concentracao de NH4* é téxica para as plantas. NOs™ é facilmente soluvel em agua,
move-se mais rapidamente no solo e possui um anion carregado negativamente, que
nao pode ser absorvido pelos coloides do solo e é facilmente absorvido pelas plantas.

Mas, NO3~ também é facilmente reduzido ao estado gasoso pela desnitrificagdo no



solo e por consequéncia, sendo perdido. A maioria dos solos agricolas sédo deficientes
em N, e a aplicagdo racional de fertilizantes nitrogenados pode aumentar
significativamente a biomassa das plantas e o rendimento das culturas.

As plantas podem absorver e utilizar as formas inorganicas de N do solo. O
NOs~ é a principal forma de N absorvida e assimilada pela maioria das plantas
cultivadas (em solos bem arejados), mas o NH4" pode ser importante em solos nao
revolvidos ou ndo fertilizados (Paungfoo-Lonhienne et al., 2012). A ureia (através da
excrecdo de urina de animais ou fertilizante de ureia) pode, pelo menos
temporariamente, ocorrer no solo em concentragdes elevadas e pode ser utilizada
pelas plantas (Kraiser et al., 2011; Witte, 2011). Essas formas de N sao retiradas do
solo diretamente pelas raizes ou por micorrizas associadas as raizes e depois

transferidas para as demais partes da planta.

2.2Relacao planta x agua

2.2.1 A importancia da agua para a planta

A agua desempenha um papel fundamental na regulagdo fisiolégica das
plantas, sendo indispensavel para varias fungdes vitais. A agua atua como solvente
primario dentro das células vegetais, facilitando o transporte de nutrientes e minerais
dissolvidos na fase liquida do solo, para todas as partes da planta por meio dos vasos
do xilema (Chavarria et al., 2012). Atua também no processo de fotossintese, onde a
agua esta envolvida na fotdlise das moléculas de agua durante as reagdes
dependentes de luz.

Rutherford & Boussac (2004) definiram a fotdlise como um processo
fotoquimico que ocorre no interior das folhas, no qual uma substancia € decomposta
por meio da absorg¢ao de energia luminosa. Na fotélise da agua, moléculas de agua
sao decompostas em oxigénio (O2) e hidrogénio (H*) na presencga de luz, durante a
fase de reacbes dependentes de luz da fotossintese. Durante a fotdlise da agua, a
energia luminosa € absorvida pelos pigmentos fotossintéticos, como a clorofila, nas
membranas dos tilacoides dos cloroplastos (Rutherford & Boussac, 2004). Essa
energia é utilizada para separar as moléculas de agua (H20) em ions H* e ions
hidroxila (OH-), processo esse que libera O2 como subproduto. Os ions de hidrogénio



gerados sao utilizados na sintese de ATP e NADPH, que sdo moléculas de alta
energia usadas para impulsionar as rea¢des quimicas da fase de fixagao de carbono
da fotossintese (Zeiger et al, 2015).

A fotdlise da agua é um processo crucial para a produgao de oxigénio e para
a geracgao de energia quimica necessaria para a fixagao do carbono na fotossintese.
E um dos principais passos na conversdo de energia luminosa em energia quimica
durante o processo fotossintético das plantas. Esse processo gera oxigénio e fornece
elétrons que sao utilizados na sintese de carboidratos, sendo assim a base para a
produgao de energia das plantas. Basicamente, através da energia da radiagéo solar,
a agua que esta no cloroplasto, dentro da folha, sofre lise e separa gas o H e 0 Oa.
Além disso, a agua mantém a turgidez celular, garantindo a integridade estrutural das
células e dos tecidos vegetais (Cosgrove, 2018). Essa pressao de turgor é crucial para
sustentar a rigidez das plantas, facilitar o crescimento ereto e apoiar varias fungcbes
celulares.

Segundo Wahid et al. (2007), ao facilitar o resfriamento dos tecidos vegetais,
a transpiragédo ajuda a evitar o superaquecimento e mantém condi¢des fisiolégicas
adequadas para o crescimento das plantas. Ainda, a agua desempenha um papel
critico na capacidade das plantas de resistir a estresses ambientais, como seca,
salinidade e temperaturas extremas (Dos Santos et al., 2022). A habilidade das
plantas de regular o conteudo de agua e modular a abertura dos estdmatos em
resposta a esses estresses é essencial para sua sobrevivéncia e sua adaptacao.

Em resumo, a agua é indispensavel para todas as funcoes fisiologicas das
plantas e serve como reguladora central do crescimento, do desenvolvimento e da
adaptacao a diferentes condigdes ambientais. Sua disponibilidade e utilizacéo

eficiente sdo fundamentais para garantir a saude e a produtividade das plantas.

2.2.2 Alteragoes na relagao ‘planta x agua’ em solos enxarcados

Dentre todos os estresses que a planta pode sofrer, a seca e as inundacdes
sdo consideradas os principais fatores que restringem o rendimento das culturas
agricolas porque tém efeitos negativos na fotossintese, no teor de proteinas, na
expansao das folhas e na respiragao/transpiragao (Chaves et al., 2003; Liao e Lin,

2001). Isso ocorre devido a varios fatores (Liu et al., 2020) (Fig. 1) que influenciam a



disponibilidade e a absor¢céo de importante nutriente pelas plantas. Um dos principais
efeitos do excesso de agua no solo € a reducéo da disponibilidade de oxigénio para
as raizes das plantas (Bartholomeus et al., 2008), o que pode levar a hipoxia ou
anoxia. Esse ambiente anaerdbico diminui a atividade metabdlica das raizes, afetando

negativamente sua capacidade de absorgao delas.
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Figura 1. Mecanismos fisiolégicos, morfolégicos, fisicos e quimicos implicados nas respostas do crescimento das

plantas ao encharcamento e/ou alagamento. Fonte: adaptado de Liu et al. (2020).

Gao et. al (2020), em um experimento com alfafa (Medicago sativa),
descobriram que ela foi capaz de absorver mais N em condi¢cdes de seca do que em
condi¢des de inundagéo. Ainda, os mesmos autores afirmaram que em condigdes de
alagamento, a alfafa teve aumento da taxa de fotossintese, ou seja, o N que foi
absorvido, mesmo que baixo, foi advindo da fixagdo biolégica de N. Esse fato foi
corroborado pela diminuicdo significativa de raizes em ambientes alagados, em
relacao a parte aérea. O N desempenha um papel crucial no crescimento das plantas,

sendo essencial para regular a assimilacdo de carbono. No entanto, sua



disponibilidade é amplamente influenciada pelo estado hidrico da planta. Por exemplo,
estudos demonstraram uma reducgao significativa, entre 30% e 60%, na absorg¢ao total
de N em plantas submetidas ao estresse de inundacéo das raizes. Adicionalmente, a
absorcao de N € menos afetada em plantas com alta tolerancia a inundagdes (Gastal

e Lemaire, 2002; Kreuzwieser et al., 2002).

2.3Uso de recursos

Em 2008, Lemaire et al., falavam que os custos com o suprimento de N para
uma cultura eram relativamente baixos em relagdo ao potencial de colheita que ele
gera, mas que esse cenario poderia se modificar caso ndo fossem adotadas praticas
de manejo mais eficientes de N, pois a demanda por N seria ainda maior, 0 que geraria
nao somente um aumento por unidade de nutriente nitrogenado, mas também alguns
riscos ambientais e sociais, como a eutrofizagao de corpos d’agua (Hwang et al.,
2020), que consiste na chegada do nutriente a importantes fontes de agua, o que é
extremamente danoso a saude humana (Temkin et al., 2019). Ainda, a relagcéo entre
o preco do fertilizante nitrogenado e as emissdes de diéxido de carbono (CO2) esta
relacionada a propria producado desses fertilizantes. O processo de fabricacdo de
fertilizantes minerais nitrogenados geralmente envolve a fixacdo de N do ar, que € a
sintese de Haber-Bosch, uma reagdo que consome uma quantidade significativa de
energia, fazendo a sintese da amoénia (Bicer, et al., 2017).

Ao considerar as emissdes de CO:2 provenientes da produgao de fertilizantes,
Menegat et al. (2022) defendem a ideia de balizar o preco desses produtos com base
na equivaléncia dessas emissdes. Isso significa que o prego do fertilizante deve refletir
nao apenas os custos tradicionais de produgcdo, mas também as externalidades
ambientais, como as emissdes de gases de efeito estufa associadas a sua fabricacao.
Aliado a isso, as mudancgas climaticas vém exigindo mais adaptagdes e ainda mais
eficiéncias em usos, principalmente em recursos nao renovaveis. Ainda esta a se
descobrir como adaptar-se a tantas mudancgas, mas o que se sabe, é que o uso
precisa ser repensado e reusado, pois 0 solo nos mostra que isso é possivel,

principalmente com o uso de N.

3. HIPOTESES



Dado o exposto, o presente estudo hipotetiza que: a) a dindmica alométrica
da relag&o entre o consumo de agua e nitrogénio em plantas de azevém é influenciada
pelo tempo de exposigédo ao estresse de encharcamento no inverno subtropical, e b)
sob condigbes de encharcamento do solo, o azevém nao responde a dose de

nitrogénio recomendada para resposta maxima de produtividade (150 kg ha™).

4. OBJETIVO

O objetivo desse trabalho foi, portanto, avaliar a relagao entre 0 consumo de
agua e N em plantas de azevém submetidas a diferentes doses de N e estresse de

encharcamento.
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ABSTRACT

Extreme weather events, increasingly frequent, are driven by the intensification of the
global hydrological cycle, posing a growing threat to the sustainability and stability of
agroecosystems. The objective of this study was to evaluate the relationship between water and
nitrogen intake in different doses of N and physiological stress under longer and shorter
waterlogged fields. To achieve this aim, we analyzed pure ryegrass pasture in field plots under
three different doses of N (0, 75, and 150 kg N ha!), and two water levels: irrigated (longer
waterlogging) and non-irrigated (shorter/normal waterlogging). The experimental design was
completely randomized with split-plot and crossed factorial with three replications. The grass
management followed the "Rotatinuos" management concept. The accumulum rate and total
crop biomass of ryegrass demonstrated significance for the N doses, the amount of total N
absorbed (Nypt) and the water use efficient (WUE), N content in plants, and the nitrogen
nutrition index (NNI). Only the NNI was significant for the different soil waterlogging times.
Soil A were significant for N doses for ammonium and organic N. Only organic N is significant
for the different soil waterlogging times. Total soil A N only differed between soil layers. In
environmental conditions of soil waterlogging in areas where this activity is not normal,
ryegrass showed low levels of absorbed N. When exposed to waterlogged soil, ryegrass
obtained its maximum productive and physiological response at a dose of 75 kg of N ha™!,

regardless of the time of exposure to waterlogging.

KEYWORDS: rates of nitrogen; climate changes; soil waterlogging; subtropical; rotatinuos
management.



1. INTRODUCTION

Extreme weather events, increasingly frequent, are driven by the intensification of the
global hydrological cycle, posing a growing threat to the sustainability and stability of
agroecosystems (Jagermeyr et al., 2021). These phenomena represent a threat to food security;
however, global assessments of the impacts caused by waterlogging on forage species are rare.
Furthermore, this frequent exposure to extreme weather conditions (IPCC, 2015) will impact
how plants access nitrogen fertilizer, potentially compromising growth and productivity
(Swarbreck et al., 2019). This scenario, coupled with the increasing world population and a
growing demand for food stability, demands the development of new knowledge, technologies,

and practices that enable sustainable intensification.

The indiscriminate use of non-renewable resources has led to a decrease in the
efficiency of nutrient use in agriculture (Lemaire et al., 2009). An example of this is that, in the
last fifty years, global food production has tripled (Lemaire et al., 2015), while the application
of nitrogen (N) fertilizers has increased eightfold (Subbarao et al., 2013). N is essential for
various vital functions of plants, including the capture and transformation of solar energy
through chlorophyll, the development of structure, nucleotides, and enzymes (Plett et al., 2020).
However, plants have a limited capacity to absorb applied N, typically utilizing only 40-50%
of the supplied amount, or even less, as observed in previous studies (Raun and Johnson, 1999;
Kronzucker et al., 2000; Coskun et al., 2017). Under waterlogged conditions, much of the
unabsorbed N can be leached, particularly in the form of nitrate (NO3") (Subbarao et al., 2009),
resulting in significant pollution to water bodies (Rabalais et al., 2002; Wang et al., 2019;

Thompson et al., 2020).

The application of irrigation is an available management tactic aimed at improving

nitrogen use efficiency (Nup) and reducing its losses. In cropping systems subject to droughts



or water shortages, adapting N management to water constraints can help mitigate N losses,
resulting in increased Nyp (Quemada & Gabriel, 2016). However, in systems where
waterlogging occurs, N management also needs to be adapted to reduce losses. And while
waterlogging is one of the main abiotic stresses frequently faced by plants (Tewari & Mishra,
2018) and directly affects the efficiency of fertilizer use, such as N, knowledge of the impacts
of soil waterlogging on crop growth is still limited (Li, Y. et al., 2019; Kotz, M. et al., 2022;

Peng, B. et al., 2020; Webber, H. et al., 2020).

The events of climate instability are becoming increasingly frequent, directly
impacting the duration of plant exposure to stress and, consequently, directly affecting the soil-
plant relationship (Liu et al., 2023). These same authors also concluded that yield penalties
caused by waterlogging may historically increase from 3-11% to 10-20% by 2080, with
penalties reflecting both the duration and timing of waterlogging relative to crop stage. Thus,
the development of studies to enhance understanding of factors involved in water and nitrogen
fertilizer utilization efficiency becomes essential for management meeting sustainability
requirements. Such understandings can serve as a basis for the establishment of guidelines in

nitrogen fertilization management under waterlogging stress conditions.

Given the above, the present study hypothesizes a) the allometric dynamics of the
water-nitrogen consumption relationship in ryegrass plants are influenced by exposure time to
waterlogging stress in the subtropical winter, and b) under soil waterlogging conditions,
ryegrass does not respond to the recommended dose for maximum nitrogen productivity
response (150 kg ha!). The objective was therefore to evaluate the relationship between water-

nitrogen consumption in ryegrass plants subjected to different N doses and waterlogging stress.



2. MATERIAL AND METHODS

2.1 Site, climate, and soil description

The experiment was conducted at Eldorado do Sul, in southern Brazil, between May
and November of the year 2022, at the Federal University of Rio Grande do Sul's experimental
farm (latitude 30° 05° S, longitude 51° 39” W, and 46 m of altitude) in the wintertime. Second
Kottek et al. (2006), the site's climate is classified as humid subtropical (Cfa), following the
climatological norms depicted in Figure 1, which was shown in comparison with weather all

trial time.
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Figure 1. Annual average rainfall, solar radiation, and mean air temperature in the long-term climatic means
between 1973 and 2016 at the Agronomy Experimental Station from the Federal University of Rio Grande do
Sul. AVG is the average of the normal by all months of the study.

Four months before the start of the experiment and soil sampling for initial soil fertility
assessment, six tons of limestone and 160 kg ha™! of P,Os were applied. Both were mechanically

applied and incorporated into the 0-20 cm soil layer. The soil was an Acrisol (26% clay, textural



class 3) which at the beginning of the trial had a pH of 5.6; the phosphorus and potassium were
13.9 (medium) and 152.3 (very high) respectively; the organic matter was 2.3 (low); the calcium
and magnesium content were 3.2 (medium) and 1.8 (high), respectively; the S content was 4.8

(medium). All the interpretations were done based on CQFS-RS/SC (2016).

2.2 Experimental design and treatments

The experimental design was blocks completely randomized with split-plot and
crossed factorial with three replications. The main plots (irrigated and non-irrigated) were
randomly assigned. Within each plot, the subplots (N doses) were randomly assigned. It was in
one area that had four thousand square meters, including the plots (experimental unit, with sixty
square meters each) and the passageways. The treatments were three doses of N (0, 75, and 150
kg N hal), and two water levels: irrigated (longer waterlogging duration) and non-irrigated
(shorter/normal waterlogging duration). The blocks were allocated based on differences in
terrain. The pasture utilized was the pure ryegrass plots (Lolium multiflorum [Lam] cv Bolt). It
was seeded at a density of 45 kg ha™!, with pure and viable seeds, on May 22. When the ryegrass
emitted the third leaf, the role N was applied to the treatments. The form of N used was
ammonium nitrate, in a combined fertilizer type which also provided 4% of calcium (Ca) and

2% of sulfur (S).

2.3 Plot managements

2.3.1 Height measures

The pasture height of each plot was monitored twice each week (from sowing to
flowering) by reading 30 points using a sward stick, following the methodology established by

Barthram (1985). The plots were maintained with mechanical mowing for homogenization,



each time they reached a height of 20 cm, simulating the “entry height of grazing animals”
(Amaral et al., 2012). Then, homogenization was conducted by mechanical mowing of the plot,
removing 40% of the initial pasture height, as recommended by the "Rotatinuos" management
concept (de Faccio Carvalho, 2013). The grass was mechanically mowed to simulate the effects
of grazing by removing biomass to did not ‘replenish’ soil nutrients with dry matter returns. So,
after mowing, all the biomass was taken out of the plot. The remaining pasture residue in the
plot after homogenization was 12 cm. When the pasture in a specific plot reached the cutting

height, before complete homogenization, aerial biomass cutting occurred (item 2.3.1).

2.3.2 Above-ground plant measures and analyses

Above-ground plant biomass was harvested inside a 25 x 25 cm quadrat randomly
placed three times in each plot, cut by an automatic scissor, and placed inside a paper bag.
Samples were dried for 4 days at 55 °C (or until they reached a constant weight), weighed,
ground through a 0.85mm sieve, and analyzed for total N in the grass. The entire weighed dryer

was used to calculate the total biomass productive.

Of the three sample cuts performed in the plot, one was subdivided into two parts: A -
upper stratum, corresponding to the homogenization height (40% of the pasture initial height);
and B - lower stratum, located close to the ground, as shown in the figure 2. The harvested
biomass followed the same process as the others. The sum of the upper stratum, which increased
within each cut time, subtracting the residue from the previous cut and divided by the number
of days between each cut, resulting in the forage accumulation rate. Automatically, stratum B
corresponds to the direct residue values of the plot. After weighing, the weights of strata A and
B were combined, and the sample was unified again to be incorporated into the analyses of N

content in plants, as described earlier.
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Figure. 2. Representative scheme of how the cuts were made within each experimental plot to analyze the N
and plot height of homogenization by mechanical mowing.

The aerial biomass samples from the plot cuts will be analyzed for N content in their
tissues. Two composite samples from the three cuts will be analyzed: two collected close to the
ground and the third one from the combined A and B strata. N levels will be determined after
digesting the plant tissue, involving warm digestion of the sample in a mixture of sulfuric acid
and hydrogen peroxide with a catalyzing mixture. Nutrient content determination was carried
out by steam distillation (TE-0363, Tecnal, Piracicaba, SP, Brazil), based on the methodology

of Tedesco et al. (1995).

2.3.3 Soil sampling and analyses

In each experimental plot, on May 17", a soil sample composed of three sub-samples
was collected to characterize the initial soil fertility and determine the levels of total nitrogen
(N), nitrate (NOs"), and ammonium (NH4"). For this collection, a soil auger was used in the
layers of 0 to 10 cm and 10 to 20 cm, while a Dutch auger was employed in the layers of 20 to
40 cm and 40 to 60 cm, covering the zone of greatest root development. After collection, the

samples were quickly frozen to halt microbial activities. The soil was initially analyzed for the



mineral nitrogen fraction (NH4+" and NOs+ NO:>") using the steam distillation method described
by Bremner & Keeney (1966) and adapted by Tedesco et al. (1995). Total nitrogen was
evaluated by the Kjeldahl method (1983), adapted by Tedesco et al. (1995), using a steam
distillation apparatus (TE-0363, Tecnal, Piracicaba, SP, Brazil). The entire collection and
analysis procedure was repeated after the pasture cycle to determine the remaining N levels in
the soil, following the methodology described by Tedesco et al. (1995), and the analysis results
were transformed to stock (kg ha™) using bulk density (BD) for different layers (0-10: 1.52 +

0.11; 10-20: 1.70 £ 0.05; 20-40: 1.65 + 0.06; and 40-60: 1.58 £ 0.08 g cm™).

2.4 Irrigation management and field UV moisture management

In the experimental area, after four months of soil management for limestone
incorporation and phosphorus correction, trenches were opened to collect undisturbed soil
samples. Six trenches were opened in total, three on the irrigated side and three on the non-
irrigated side. Undisturbed soil samples were collected from each trench (two sides) at depths
of 0-5, 5-10, 10-20, 20-30, 30-50, 50-70, and 70-90 cm. These undisturbed soil samples were
subjected to the tension table method (TEIXEIRA, 2017), obtaining gravimetric moisture
content (UG, in g g'!) at saturation point, and field capacity (FC, in g g') at 10 kPa tension. At
the end of the methodology, samples were dried at 105°C to determine the bulk density (BD, in
g cm™). Soil volumetric moisture content (UV, in cm® cm?® ') was obtained by multiplying UG
by BD. The permanent wilting point (PWP, in g g'') was estimated based on soil clay content
in the 0-20 cm layer, using pedotransfer functions according to KLEIN et al. (2010). Total
available soil water (TAW, in g g'!) was considered as the difference between FC and PWP.

The ready plant available water (PAW, in g g'!) was considered as 30% of TAW.

Field UV was collected per experimental plot. Field UV was measured forty-three



times during the ryegrass cycle, representing an average of 4 days between measurements. UV
readings were obtained using the Hydro Farm M 1010 moisture sensor. The amount of water to
be irrigated was calculated for each UV value below FC down to PWP in the 0-20 cm layer.
The decision to irrigate or not was based on the average UV value of the irrigated experimental
area corresponding to ARD. The methodology used for decision-making and irrigation
management is described in KLEIN (2012). The average flow rate of the irrigation system was
8 mm h!, measured in the field using 10 rain gauges spread across the irrigated experimental

area. The FC that was maintained in the soil is in the figure 3.
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Figure. 3. A Field capacity in relationship with all measures of soil moisture during all the time of the field
experiment. The soil saturation (SS) and permanent wilting point (PWP) were pointed on to verify the conditions
that the ryegrass faced by the soil moisture dynamic. A means the difference between the field capacity reference
and field capacity values real by the field.

2.5 Estimation of crop transpiration

The evapotranspiration was estimated using the FAO Penman-Monteith method, as
described by Allen et al. (1998). The reference evapotranspiration estimation method relied on
climatic data, which were obtained from the meteorological station located in the experimental
area. After calculating the reference evapotranspiration (ETrr), the crop evapotranspiration

(ET) is then determined, which is obtained by multiplying ET.er by the crop coefficient (Kc) for



each period. A water stress coefficient (Ks), also by Allen et al. (1998), based on water deficit
in field capacity (FC), was generated from the soil moisture readings for each treatment in the

field and included in the calculation of ET.

2.6 Determination of water use efficiency and N grass status

The water use efficiency was calculated from the crop biomass divided by the

evapotranspiration:
WUE = W/ET (1).

As described by Lemaire et al. (2008), the critical N uptake, the Ncrit, i.e., the

minimum N uptake for maximum biomass (W), is given by the relationship:
Ncrit =ax W_b (2)

where a is the critical N uptake when W = Itha and b is the allometric ratio between
the relative N uptake rate and the relative biomass accumulation rate (Lemaire et al. 2007). The
coefficients a and b are respectively 4.8 and 0.32 for temperate grasses (Lemaire & Gastal,
1997; Lemaire et al., 2008). Therefore, the Nitrogen Nutrition Index (NNI) can be calculated
on any plant sampling date and for any water-N supply treatment to quantify the effects of these

treatments on the nitrogen status of the crop (Lemaire et al., 2008):

NNI = Nact / Nerit 3)
where Nact 1S the actual concentration of N in biomass, and Nt 1S a critical

concentration below which the accumulation of W decreases.

2.7 Statistical analyses

Using mixed models with the Emmeans package, two-way analysis of variance was

employed to identify significant effects of N doses and water supply. Block and plot were tested



as random effects within each model, and the Akaike information criterion (AIC) was used to
determine the best option. To quantify these effects, Tukey's test at a 5% significance level was
performed using the LmerTest and Lme4 packages with the Emm and Cld functions. The
analyzed variables were subjected to the Shapiro-Wilk normality test and the Bartlett test to
verify the homogeneity of variances. When a variable did not meet the HO assumptions (N plant
%, accumulation rate, and Soil A total N), a Box-Cox test was conducted, and data
transformation was performed using the LAMBDA function. Normality and homogeneity of
variance tests were then repeated. The independence of the residuals of all variables was
visually analyzed using the GGplot package and a Shapiro-Wilk analysis for model residuals.
For correlation and regression analyses, the Hmisc and Corrplot packages were used,
respectively, with the Rcorr and Corr functions. All analyses were performed with R software

(R Core Team, 2022), and all graphs were generated with SigmaPlot 14.0.
3. RESULTS

The accumulation rate of forage and the total biomass production of ryegrass (Fig. 4b
and 4a) showed significant results for N doses (P<0.001). However, both variables did not
present significant difference for the effect of exposure time to waterlogging (P>0.05).
Treatment ON showed a daily accumulation of 15.5 + 3.4 kg DM ha! day”!, which was
significantly lower than in treatments 75N and 150N, where the daily forage accumulation was
31.4 +2.6 kg DM ha'! day! and 31.3 + 2.3 kg DM ha! day™!, respectively. The same response
dynamics occurred for total biomass production (Fig. 4b). Total biomass production was lower
for treatment ON (2.031 + 559 kg DM ha'!) when compared to doses of 75N and 150N. There
is no difference in total biomass production of ryegrass when we increase the dose from 75N
to 150N, corresponding, respectively, to productions of 4.136 + 349 and 4.771 + 413 kg DM

ha'!.
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Figure 4. Crop biomass, accumulum rate, N uptake, and, water use efficiency, all of them within three rates of
nitrogen applied as ammonium nitrate. All data were analyzed by ANOVA 5% of significance level, and the means
were compared by the Tukey test at 5% significance level.

There was no effect of exposure time to waterlogging stress (P>0.05) on the total
absorbed nitrogen (Nupt) and water use efficiency (WUE) (Fig. 4c). However, these variables
were significantly influenced by different N doses (P<0.01). Ryegrass plants of the treatments
75N and 150N absorbed a total of 80.4 + 7.7 and 95.0 = 8.6 kg of N ha™!, respectively, with no
significant difference between them. On the other hand, the treatment without nitrogen
fertilization (ON) absorbed 21.4 + 7.76 kg of N ha™!, which was significantly lower than the
other treatments. Similarly, treatments 75N and 150N did not differ in WUE, recording 12.8 +

1.08 and 13.4 + 1.16 mm kg! DM ha!, respectively. Both values were higher than that of the



ON treatment, where water use efficiency was 6.52 = 1.79 mm kg! DM ha'l.

The linearity of the relationships between total crop biomass, evapotranspiration, and
N uptake was tested and is presented in Figure 5 and Table 1. The irrigated 75N treatment
showed an increment of 10.9 + 0.8 kg DM ha! per mm of ET, with a strong coefficient of
determination (R? = 0.93) and significant linearity (P<0.001). For the 150N irrigated dose, there
was an increment of 13.3 £ 0.7 kg DM ha™! per mm of ET, with 96% of the crop biomass being
explained by ET and significant linearity (P<0.01). However, in the non-irrigated treatment
(Fig. 5b), with ON, it was not possible to predict total crop biomass linearly by ET (P>0.05).
For the non-irrigated 75N treatment, linearity was significant (P<0.001), with a strong
coefficient of determination (R?>=0.95) and a prediction of total crop biomass of 11.8 + 0.8 kg
DM ha! per mm of ET. In the linear equation (P<0.001, R>=0.90) of the non-irrigated 150N

treatment, an increment of 8.75 + 0.7 kg DM ha™! per mm of ET was observed.
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regression between N uptake (Nyy) and evapotranspiration (ET), in irrigated (dark points) (¢) and non-
irrigated (open points) (d) both with 0 (circles), 75 (triangles) and, 150 (square) kg N ha™!; and, the
regression between crop biomass (W) and N uptake (Nuy), in irrigated (dark points) (e) and non-irrigated
(open points) (f) both with 0 (circles), 75 (triangles) and, 150 (square) kg N ha™!. Regression equations
reported in Table and the value of P indicates the risk of non-linearity of the regression.

In Figure Sc, the irrigated 75N dose (P<0.001) showed that for each mm of ET, plants
absorbed 0.17 = 0.02 kg N ha! with a coefficient of determination of R>=0.81. The ON and
150N treatments did not exhibit linearity (P>0.05). Conversely, when evaluating doses under
shorter exposure time to waterlogging stress (Figure 5d), the 75N dose did not exhibit linear
significance (P>0.05). However, the 150N dose showed linear significance (P<0.001), albeit
with only 20% of Nupt explained by ET. The ON dose was linear (P<0.01) with a coefficient of
determination of R?=0.59. In the absence of nitrogen fertilization (ON), linearity was significant
(P<0.001), and 95% of crop biomass could be explained by Nupt (Figure 5e). For ON, every kg
of N absorbed by the plants represented an increment of 77.0 + 6.6 kg DM ha™!. For the 75N
dose, there was no linear explanation (P>0.05). In the 150N treatment, there was linearity
significance (P<0.01), and for each unit of N absorbed, there was an increment of 26.0 + 4.2
(R*=0.75). In the absence of irrigation (shorter exposure time to waterlogging) (Figure 5f),
linearity was not significant for the treatment without nitrogen fertilization (P>0.05). For the
75N dose, there was significance (P<0.01), and 88% of crop biomass could be explained by
Nupt, with an increment of 31.08 = 3.7 kg DM ha™! for every kg of N absorbed. For 150N,
linearity was present (P<0.01), but the coefficient of determination was 0.27. Still, for the 150N

dose, every kg of N absorbed resulted in 10.89 + 8.1 kg DM ha™! increment.

Table 1. Linear regression coefficients, slop, x-intercept, R2 values, and their respective P
values.

Regressi Tr

on by eatment Slop X-intercept 2 value
Crop (kg DM hat
biomass vs ET by each mm)
Irr, 462.44
NO (+284.8) 624(12) 4 128
Irr, 667.31

10.93 (+ 0.8)

N75 (+ 160.6) 93 001




Irr,

529.48

N150 ( 151.4) 1826(07) g .002
No 582.64
n-lrr, NO (+ 406.2) 343 (= 17) 52 182
No 625.73
n-Irr, N75 (+ 152.0) 11.80(x08) o5 001
No 1665.8
n-Irr, N150 4 (+ 146.6) 87507 g 001
Nupt vs (kg N hatby
ET each mm)
Irr, -0.656
NO (£3.3) 0.07 (£0.01) .82 848
Irr, 18.27
N75 (£ 4.9) 017 (+002) .81 .001
Irr, 12.89
N150 (9.9) 0.30 (+0.04) .77 205
No 9.63 (¢
n-lrr, NO 3.0) 0.03(x0.01) 59 .009
No 10.12
n-Irr, N75 (£9.3) 0.27(£0.04) .78 292
No 57.42
n-Irr, N150 (£10.2) 0.05(x0.02) .20 .001
Crop (kg DM ha
biomass vs Nypt by eachkg N ha®)
Irr, 541.77
NO (+117.6) 77.0 (+ 6.6) 95 .001
Irr, 457.69
N75 (+370.8) 4285(+72) .78 230
Irr, 1142.1
N150 8 (+342.1) 260(x42) .75 .002
No -
n-Irr, NO 173.85 (+ 467.5) 92,01 (+278) .72 718
No 843.65
n-Irr, N75 (+239.2) 31.08(+37) .88 .002
No 2252.1
n-rr, N150 4 (+573.5) 10.89 (+8.1) .27 .010

In the nitrogen dilution curve (Fig. 6a), it was demonstrated that, regardless of the N
dose and exposure time to waterlogging stress, most values remained below the critical level
curve of N, indicating compromised biomass accumulation. The nitrogen content absorbed in
the aboveground biomass showed a significant effect of the applied nitrogen doses (P < 0.01),
with the ON treatment differing from 75N, while these two were considered equivalent to 150N.
The average N content in ryegrass aboveground biomass was 1.06 £+ 0.12% in the ON treatment,
1.43 +£0.10% in 75N, and 1.35 £ 0.93% in 150N. Meanwhile, the nitrogen nutrition index (NNI)
(Fig. 6b) was influenced by the isolated effects of N doses and exposure time to stress (P<0.05).
In the ON treatment, the NNI was 0.22 + 0.03, lower than that observed for 75N, which recorded
an index 0f 0.34 + 0.02. While the 150N dose (0.31 = 0.03) did not show significant differences
in relation to both. Additionally, the longer exposure period to waterlogging stress resulted in

a lower index (0.29 £ 0.02) compared to the reduced exposure time (0.38 + 0.02).
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Figure 6. (a) Nitrogen dilution curve for C3 temperate grasses (Lemaire & Gastal, 1997, Lemaire et al., 2008),
where filled symbols represent irrigated (e A m) and empty symbols represent non-irrigated (0 A o) conditions,
with ON, 75N, and 150N denoting nitrogen doses, respectively for both; and (b) is the nitrogen nutrition index by
N doses and (c) the nitrogen nutrition index for irrigated and non-irrigated conditions, both with ANOVA at 5%
significance level and Tukey's test for mean comparison.

The results for total soil N change (AN) (Fig. 7a) was significant only by soil layers
(P<0.05). The smallest variation in soil N was observed in the 0-10 cm layer, with a content of
-0.18 £0.016 g N kg™ of soil, while the 40-60 cm layer exhibited the largest variation in total
nitrogen content, with AN of -0.11 £ 0.016 g N kg™! of soil. The intermediate layers of 10-20
and 20-40 cm did not differ from any of the other layers, presenting values of -0.16 = 0.01 and
-0.13 £ 0.016 g N kg! soil, respectively. The A of ammonium contents in the soil (Fig. 7b)

showed differences only for N doses (P<0.05), with ON (0.015 + 0.002 g N kg! soil) being



higher than 75N, which had a value of 0.00882 + 0.002 g N kg! soil. Meanwhile, the 150N

dose resulted in 0.01351 + 0.002 g N kg™! soil, considered equal to the other treatments.
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Figure 7. a) Soil A total N in different layers, b) soil A ammonium, c¢) soil A organic N, all with three doses of
N, and also d) soil A organic N, irrigated or not. ANOVA was performed at 5% significance level and Tukey's test
for mean comparison. A means the difference between the initial soil sample and the values of the final soil sample.

The response for soil organic N change (AN) (Fig. 7¢) was significant for N doses
(P<0.05). The 150N treatment, which ended with a A of 0.01351 + 0.002 g N kg™! soil, was
considered significantly higher than 0 and 75N, which were considered equal and had A of
0.0255 +0.009 and 0.0249 + 0.008, respectively. Additionally, the variation of organic N in the
soil showed a significant difference concerning the exposure time to stress (Fig. 7d). The non-
irrigated treatment recorded a higher average, with 0.0471 = 0.0084 g N kg™! soil, while the

irrigated treatment reduced soil organic nitrogen by 52%, totaling 0.0228 + 0.0076 g N kg!



soil.
4. DISCUSSION

The use of ryegrass is of paramount importance for productive systems in subtropical
regions, either as a forage plant or as part of integrated arrangements with agriculture. To
increase the efficiency of these systems, the environmental condition for N fertilization
management should be taken into consideration as a primary factor in decision-making. In the
conditions studied in this work with high rainfall incidence (consequently, also reducing solar
radiation incidence), leading to soil waterlogging in uplands, when the N dose exceeded 75 kg
of N ha’!, there was no increase in productivity. In other words, ryegrass does not respond as
expected to the recommended dose of 150 kg of N per hectare (CQFS, 2016) to achieve
maximum productivity, as clearly observed from the nitrogen dilution curve. The results of
forage accumulation rate and total crop biomass showed that, regardless of the duration of
exposure to waterlogging stress, there were no productive responses from plants to fertilization

with 150 kg N ha'! when the soil moisture was above field capacity.

The recommendation for N fertilization for winter forage grasses is calculated
considering the soil organic matter content, related to the desired dry matter production by the
crop (CQFS, 2016). Ryegrass is a widely used forage grass in high relief areas such as lowlands.
However, empirically, there is a belief in ryegrass adaptation to waterlogging. Nonetheless,
continuous stress can reduce the crop's response, including factors like N fertilization
management. Under the environmental conditions of this study, with a low range of soil organic
matter (2.3%), 150 kg N ha™! on average is recommended to achieve 6 ton DM ha! (CQFS,
2016). However, biomass production was below 6 ton DM ha!, revealing that using the 150N

dose did not increase productivity compared to the 75N dose.

Following the same dynamics, Ny and WUE were similarly affected, with no



response to the application of 150N compared to 75N. Overall, the main response observed is
related to the use of the 75N dose when the soil remains waterlogged for longer periods. Even
though there is a response of ryegrass to N application, this response may be limited by excess
water conditions; and under these specific conditions, the recommendation of nitrogen
fertilization applied entirely at stage V3-V4 may be lower (75 kg N ha™!') than the recommended
dose (150 kg N ha'). This new possibility of nitrogen fertilization management
recommendation in winter forage grasses reduces excess N application (given the lack of
response of the crop at doses above 75N) when the soil is waterlogged or when there are
forecasts for such conditions. This will benefit not only the rural producer in reducing
production costs but also in reducing the use of non-renewable resources. Additionally, later,
under better environmental conditions for nitrogen fertilization application, the remaining or
part of the total dose not applied at stage V3-V4 can be applied during the ryegrass production

cycle.

These results from the N dilution curve reflect the impairments in N uptake by plants
related to both the duration and timing of waterlogging. Since both moisture conditions
evaluated in this study persisted for more than half of the ryegrass cycle with soil moisture
remaining above field capacity. Furthermore, this impairment had an effect on the NNI, where
the best index responses were obtained under non-irrigation conditions and with the 75N dose.
In contrast to what has been observed so far, under water deficit conditions, the NNI proves to
be sensitive in demonstrating the effect of water shortage on nitrogen uptake by winter forage
grasses (Gonzales-Dugo et al., 2005). Similarly, in this study, the NNI proved to be sensitive

to changes in management and nitrogen fertilization under excess water conditions.

Nitrogen fertilization is of fundamental importance to achieve the maximum
productivity of a crop. Temperate forages are highly responsive to N application (Lemaire and

Gastal, 1997; Yu-lan 2013; Ertekin et al., 2020). However, the absorption and utilization of N



by forage plants can be limited by environmental conditions during the crop's production cycle.
In the case of waterlogged soil (Fig. 2), microbial respiration can lead to oxygen depletion,
causing hypoxic stress for the roots (Colmer and Voesenek 2009; Sasidharan et al. 2017;
Ploschuk et al., 2017). In this regard, the decrease in oxygen concentration in the root zone
leads to a reduction in N uptake rate, even if there is availability of this nutrient in this zone.
Additionally, according to Liu et al. (2020), flooding or waterlogging results in the inhibition
of processes in the mesophyll, the transport of photoassimilates in the phloem, gas conductance,
and consequently reduces the photosynthetic rate. All these factors tend to affect the soil-plant

relationship, potentially reducing biomass production.

As for soil responses, it was expected that N doses could influence the mineral
fractions of NOs™ and NH4" in the soil, given the N source in the fertilizer used. However, the
changes found for total N in the soil indicated a decrease in the element's concentration. In the
context of soil tillage and the implementation of conservation tillage systems, such as no-till
farming, it is expected that there will be a decrease in the total soil N stock (Cantarella, 2007).
This reduction arises from the soil organic matter being exposed to heightened microbial
activity, particularly pronounced under aerated conditions after the initial soil preparation
during the implementation of the conservation system (Bayer, Mielniczuk, & Martin-Neto,

2000).

Another issue regarding N fertilization is nitrogen losses through leaching (Sangoi et
al., 2003). However, there was no evidence of transfers of NOs™ and NH4" forms from surface
layers (0-5 and 5-10 cm) to subsurface layers of the soil (10-20, 20-40, 40-60, and 60-80 cm).
However, the changes presented for NH4" in the soil were positive (Fig. 7b) for the tested N
doses, indicating an increase in this fraction in the soil regardless of the soil layer analyzed. The
increase in the NH4" form in the soil may reflect the constant mineralization of soil organic

matter (Monteiro et al., 2014). However, the decrease in NH4" content in the soil at the 75N



dose compared to the ON dose may correspond to a form of nitrogen that is still being
mineralized. This decrease in the 75N dose may have occurred because the fertilization did not
"satisfy" the plant's nitrogen uptake rate, causing the plant to rely on its own soil nitrogen
mineralization rate. This does not occur in the ON dose, where the plant is not in the same
growth rate, nor in the 150N dose, where the plant does not access what is being mineralized
because there is already abundant nitrogen. However, it is worth noting that compared to the
total soil nitrogen, this increase in NH4" availability in the soil represents only a small increase

in relation to the total soil nitrogen.

The organic fractions of N in the soil are easily accessible reserves through
mineralization by microorganisms. These fractions can be represented and referred to as the
potentially mineralizable N of the soil. After the experimental period, these organic fractions
increased, due to the transition of organic matter from stable fractions to labile fractions.
Additionally, in the ON and 75N doses, due to the continuous absorption and extraction of N by
the plant, there was a lower delta in the organic fractions at these doses. In the 150N dose, the
excess nitrogen may have been retained and stored in this labile fraction, as indicated by the
negative delta for total soil nitrogen. Between irrigated and non-irrigated conditions, the
increase in organic fractions where there was no irrigation may have occurred because of the
longer period under aerobic conditions, where the process of formation of this organic nitrogen

fraction prevailed (Liu et al., 2020).

In subtropical regions, hibernal meteorological conditions involve periods of large-
scale rainfall, as depicted by the climatological normal shown in Figure 1, leading to periods
that may have low solar radiation. These factors can impact the development of temperate crops.
In low-lying areas (such as floodplains or lowlands), it is common to have flooded areas that
limit the range of crops to only those that can withstand such conditions. However, with the

incidence of climate change factors, in some years, excess water may persist, especially in



subtropical zones (Gelcer et al., 2013; Penalba and Rivera, 2016; N. Junior et al., 2019; N.
Junior et al., 2020). Consequently, soils that typically do not flood begin to experience
waterlogging effects, exposing plants to increasingly longer periods of water stress (Grimm,

2003; Penalba and Rivera, 2016; Moura et al., 2019) (see Figure 2).

Technical recommendations for crop fertilization management need to consider social,
economic, and environmental risks, not just productivity. Environmental and social risks can
be determining factors, as in a comprehensive systematic review, nitrate intake in drinking
water has been associated with an increased risk of cancer in the population (Temkin et al.,
2019). Even though there is consensus that field studies on waterlogging periods are extremely
difficult to conduct, new studies on the effect of soil waterlogging time, together with N

fertilization, are necessary, focusing on the intensity of crop exposure to water stress.

5. CONCLUSIONS

Os achados deste estudo destacam, pela primeira vez, que a dinamica alométrica da
rela¢do entre o consumo de dgua e nitrogénio em plantas de azevém ¢€ sensivel a duracdo da
exposi¢ado ao estresse de alagamento durante o inverno subtropical. A prolongada permanéncia
do solo em condicdes alagadas, simulando episédios mais frequentes e duradouros de eventos

climaticos extremos, teve um impacto adverso na nutri¢do nitrogenada do azevém.

Sob condi¢gdes de encharcamento, a aplicacdo de 150 kg de N por hectare ndo
proporciona ganhos adicionais de produtividade no azevém em comparacdo com a aplicacdo de
75 kg de N por hectare. Essa falta de resposta evidencia que o azevém nao ¢ capaz de utilizar
eficientemente todo o nitrogénio adicionado quando a umidade do solo estd acima da
capacidade de campo. Essas descobertas tém implicacdes significativas para os produtores
rurais e para a gestao ambiental. A recomendacao de aplicar doses mais elevadas de nitrogénio

ndo se justificam em areas propensas a alagamentos, o que pode resultar em desperdicio de



recursos e custos adicionais de producdo. Portanto, é crucial reconsiderar as praticas de
fertilizagdo nitrogenada sob essas circunstancias para garantir uma gestao eficaz dos recursos.
Potencialmente, isso ndo apenas resultard na reducdo dos custos de producdo para os
agricultores, mas também na minimiza¢do dos impactos ambientais adversos derivados do

excesso de aplicagdo de N.
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CAPITULO 1l



CONSIDERAGOES FINAIS

Os achados deste estudo destacam que mesmo que haja a resposta da cultura do azevém
a aplicagdo de nitrogénio, essa resposta pode ser limitada pelas condigdes ambientais de excesso
hidrico; e que nestas condi¢des a recomendacao de adubagao nitrogenada aplicada totalmente
em estadio V3-V4 pudesse ser menor (75 kg N ha!) do que a dose recomendada (150 kg N ha”
1). Assim sendo, esta nova possibilidade de manejo da adubacio nitrogenada em gramineas
forrageiras hibernais diminui a aplicacdo em excesso de nitrogénio (visto a ndo resposta da
cultura na dose acima de 75N) quando o solo estd encharcado ou ha previsdes climaticas para
tal. Assim beneficiard ndo somente o produtor rural na diminui¢do dos custos de produgao,

mas também em redu¢do de uso de recursos nao renovaveis.
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correct scientific English may wish to use the Language Editing service available from
Elsevier's Language Services.

Submission

Our online submission system guides you stepwise through the process of entering



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

Referees

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

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

Preparation

Queries

For questions about the editorial process (including the status of manuscripts under
review) or for technical support on submissions, please visit our Support Center.

Peer review

This journal operates a single anonymized review process. All contributions will be
initially assessed by the editor for suitability for the journal. Papers deemed suitable
are then typically sent to a minimum of two independent expert reviewers to assess
the scientific quality of the paper. The Editor is responsible for the final decision
regarding acceptance or rejection of articles. The Editor's decision is final. Editors are
not involved in decisions about papers which they have written themselves or have
been written by family members or colleagues or which relate to products or services
im which the editor has an interest. Any such submission is subject to all of the
journal's usual procedures, with peer review handled independently of the relevant
editor and their research groups. More information on types of peer review.

Use of word processing software

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

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



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

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1L1.1, 1.1.2, ...}, L2, etc. (the abstract is not included in section
numbering). Use this numbering alse for internal cross-referencing: do not just refer
to 'the text’ Any subsection may be given a brief heading. Each heading should
appear on its own separate line.

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

Results
Results should be clear and concise.

Discussion

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

Conclusions

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

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equaticns in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2),
etc.; in a subsequent appendix, Eg. (B.1) and so on. Similarly for tables and figures:
Table A.1; Fig. A1, etc.

Essential title page information

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

- Author names and affiliations. Please clearly indicate the given mame(s) and family
name(s) of each author and check that all names are accurately spelled. You can add
your name between parentheses in your own script behind the English transliteration.
Present the authors' offiliation addresses (where the actual work was done) below the
names. Indicate all offiliations with a lower-case superscript letter immediately ofter
the author's name and in front of the appropriate address. Provide the full postal
address of each affiliation, including the country name and, if available, the e-mail
address of each author.

- Corresponding author. Clearly indicate who will handle correspondence at all stages



of refereeing and publicotion, also post-publication. This responsibility includes
answering any future queries about Methodology and Materials. Ensure that the e-
mail address is given and that contact details are kept up to date by the
corresponding author.

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

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that
capture the novel results of your research as well as new methods that were used
during the study (if any). Please have a look at the example Highlights.

Highlights should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point).

Abstroct

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

Optional graphical abstract

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

Keywords

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

Acknowledgements
Collote acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the



title or otherwise. List here those individuals who provided help during the research
(e.g., providing language help, writing assistance or proof reading the article, etc.).

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

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

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

If no funding has been provided for the research, it is recommended to include the
following sentence:

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

Math formulae

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

Footnotes

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

Artwork

Electronic artwork

General points

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

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

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

« Mumber the illustrations according to their sequence in the text.

« Use a logical naming convention for your artwork files.

- Provide captions to illustrations separately.

- Size the illustrations close to the desired dimensions of the published version.
- Submit each illustrotion as a separate file.



« Ensure that color imaoges are accessible to all, including those with impaired color
vision.

A detailed guide on electronic artwork is available.

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

Formats

If your electronic artwork is created in a Microsoft Office application (Werd,
PowerPaoint, Excel) then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resoclution requirements for line drawings, halftones, and
line/halftone combinations given below):

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

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

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

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

« Supply files that are too low in resolution;

- Submit graphics that are disproportionately large for the content.

Color artwork

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

Further infermation on the preparation of electronic artwork.

Figure captions

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

Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number
tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the



data presented in them do not duplicate results described elsewhere in the article.
Please avoid using vertical rules and shading in table cells.

References

Citation in text

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

Reference links

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

A DOI is guaranteed never to change, so you can use it as a permanent link to any
electronic article. An example of a citation using DOI for an article not yet in an issue
is: VanDecar ).C., Russo R.M., James D.E., Ambeh W.B., Franke M. [2003). Aseismic
continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of
Geophysical Research, https:{fdol.org/10.1029/2001)B000884. Please note the format
of such citations should be in the same style as all other references in the paper.

Web references

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

Data references

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

Preprint references
Where a preprint has subsequently become available as a peer-reviewed publication,
the formal publication should be used as the reference. If there are preprints that are



central to your work or that cover crucial developments in the topic, but are not yet
formally published, these may be referenced. Preprints should be clearly marked as
such, for example by including the word preprint, or the name of the preprint server,
as part of the reference. The preprint DOI should also be provided.

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

Reference management software

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

More information on how to remove field codes from different reference

management software

Reference style

Text: All citations in the text should refer to:

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

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

3. Three or more authors: first author's name followed by et al! and the year of
publication.

Citations may be made directly (or parenthetically). Groups of references can be listed
either first alphabetically, then chronologically, or vice versa.

Examples: ‘as demonstrated (Allan, 20004, 2000k, 1999; Allan and Jones, 1999).... Or,
as demeonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010} have recently shown
List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the
same year must be identified by the letters 'a’, 'b), 'c’, etc,, placed after the year of
publication.

Examples:

Reference to a journal publication:

Vian der Geer, ]., Hanraads, J.A]., Lupton, R.A., 2010. The art of writing a scientific
article. J. Sci. Commun. 163, 51-59. https:j{doi.org/10.1016/j.5c.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, )., Hanraads, ).A]., Lupton, R.A., 2018. The art of writing a scientific
article. Heliyon. 19, e00205. https:/doi.org/10.1016/].heliyon.2018.200205.

Reference to a book:

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

Mettam, G.R., Adams, LB., 2009. How to prepare an electronic version of your article,



in: Jones, B.5., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc.,
Mew York, pp. 281-304.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK.
http:ffwww.cancerresearchuk.orgfoboutcancerfstatistics/cancerstatsreport/
(occessed 12 March 2003).

Reference to a dotaset:

[dataset] Ogure, M., Imahiro, 5., Saito, 5., Makashizuka, T., 2015. Mortality data for
Japanese oak wilt disease and surrounding forest compaositions. Mendeley Data, vL.
https:/{doi.orgf10.17632 /xwj98nb3or.1

Reference to software:

Coon, E., Berndt, M., Jan, A, Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G.,
Shelef, E, Lipnikov, K., Garimella, ., Xu, C., Moulton, D., Karra, 5., Painter, 5., Jofarow,
E., & Molins, 5., 2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88).
Zenodo. https:/{doi.org/10.528]zenodo.3727209.

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

Video

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

Data visualization

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

Supplementary material

Supplementary material such as applications, images and sound clips, can be



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

Research data

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

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

research data page.

Data linking

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

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

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

In addition, you can link to relevant data or entities through identifiers within the text
of your manuscript, using the following format: Database: ;oo (2.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFM).

Research Elements

This journal enables you to publish research objects related to your original research
—such as data, methods, protocols, software and hardware — as an additional paper
in a Research Elements journal.

Research Elements is a suite of peer-reviewed, open access journals which make your
research objects findable, accessible and reusable. Articles ploce research objects



into context by providing detailed descriptions of objects and their application, and
linking to the associated original research articles. Research Elements articles can be
prepared by you, or by one of your collaborators.

During submission, you will be alerted to the opportunity to prepare and submit a
manuscript to one of the Research Elements journals.

More information can be found on the Research Elements page.

Data statement

To foster transparency, we require you to state the availability of your data in your
submission if your data is unavailable to access or unsuitable to post. This may also
be a requirement of your funding body or institution. You will have the opportunity to
provide a data statement during the submission process. The statement will appear
with your published article on ScienceDirect. For more information, visit the

Data Statement page..

After acceptance

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us
with their proof corrections within two days. Correspending authors will receive an e-
mail with a link to our online proofing system, allowing annotation and correction of
proofs online. The environment is similar to MS Word: in addition to editing text, you
can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to
directly type your corrections, eliminating the potential introduction of errors.

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

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

Offprints

The correspending author will, at no cost, receive a customized Share Link providing
50 days free access to the final published version of the article on ScienceDirect. The
Share Link can be used for sharing the article vio any communication channel,
including email and secial media. For an extra charge, paper offprints can be ordered
via the offprint erder form which is sent once the article is accepted for publication.
Corresponding authors who have published their article gold open access do not
receive a Share Link as their final published version of the article is available open
access on ScienceDirect and can be shared through the article DOT link.
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