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“O lago essencial que nos une ¢ que todos habitamos este pequeno planeta. Todos respiramos
0 mesmo ar. Todos nos preocupamos com o futuro dos nossos filhos. E todos somos mortais.”
(John Kennedy)

“Se vocé planeja para um ano, semeie arroz. Se planeja para dez anos, plante uma arvore. Se
planeja para cem anos, edugue as pessoas.”

(Confucio)

“Gostaria que vocé soubesse que existe dentro de si uma for¢a capaz de mudar sua vida, basta
que lute e aguarde um novo amanhecer.”

(Margaret Thatcher)
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RESUMO

ESTRATEGIAS PARA AUMENTAR A RECUPERACAO DE NITROGENIO EM
PESSEGUEIRO

Autor: Betania Vahl de Paula
Orientador: Gustavo Brunetto

O péssego é um fruto apreciado no mundo porque quando consumido in natura possui sabor
adocicado e agradavel, e aparéncia de cor amarela avermelhada. Mas também, pode ser
consumido em compotas e doces. Por isso, € produzido e gera impacto econémico e social
positivo as propriedades, municipio, estados e paises. Mas, como 0s pessegueiros (Prunus
persica) sdo cultivados em solos com os mais diversos teores de matéria organica, em alguns
deles, a quantidade de N nativo disponibilizada ndo supre a demanda das plantas pelo nutriente.
Por isso, torna-se necessaria a aplicacdo de fontes de nitrogénio (N), especialmente, na
adubacdo de crescimento e manutencdo. Porém, muitas vezes € baixa a percentagem de N
recuperada pelo pessegueiro, o que pode diminuir a produtividade e afetar negativamente a
composic¢do dos frutos. Por isso, torna-se necessario a definicdo de estratégias para aumentar a
recuperacdo de N pelo pessegueiro, como a selecdo de porta-enxertos ou cultivares mais
eficientes na absorcéo do nutriente, a escolha de fontes de N mais adequadas para pessegueiros
jovens e as melhores épocas de aplicacdo de N em pessegueiros adultos em producdo. O
objetivo geral do estudo foi desenvolver estratégias para aumentar a recuperacdo de N em
pessegueiros jovens e em producdo. No estudo 1 buscou-se desenvolver uma metodologia que
permitisse determinar os parametros cinéticos de absorcdo de N em pessegueiro. Para isso,
foram testados 7, 15 e 30 dias de esgotamento de reservas internas de nutrientes, em
pessegueiros cultivados em solugdo com CaSOs. No estudo 2 foram determinados o0s
parametros cinéticos de trés porta-enxertos de pessegueiros jovens em solucdo nutritiva.
Pardmetros cinéticos (Vmax, Km, Cmin € Influxo) e morfolégicos dos pessegueiros foram
avaliados. No estudo 3 se estudou a influéncia da copa nos parametros cinéticos de absorcédo de
N. Para isso, porta-enxertos de pessegueiros com e sem enxerto da cultivar copa Chimarrita
foram cultivados em soluc¢do nutritiva. No estudo 4, avaliou-se o uso de fontes de N com e sem
plantas de cobertura como uma estratégia de manejo para aumentar a recuperacdo de N em
pessegueiro. Para isso, cultivadas porta-enxertos de pessegueiro enxertados foram cultivadas
em vasos em casa de vegetacdo, submetidos a aplicacdo de fontes de N (uréia e composto
organico), com e sem presenca de Paspalum notatum. Parametros nutricionais, morfol6gicos e
fisiologicos foram avaliados. No estudo 5 foi avaliada a recuperacdo do N derivado do
fertilizante marcado aplicado de forma parcelada e ndo parcelada em pessegueiros em
producdo. No estudo 1, observou-se que o esgotamento das reservas internos do pessegueiro
durante 30 dias em CaSO4 permite determinar os pardmetros cinéticos em pessegueiro. No
estudo 2 observou-se que o porta-enxerto Tsukuba 1 é mais eficiente na absorcdo de N em
relagcdo aos porta-enxertos Aldrighi e Clone 15. No estudo 3 verificou-se que a cultivar copa
Chimarrita aumentou a eficiéncia de absorcdo de N do porta-enxerto Okinawa. No estudo 4
observou-e que a adubagdo com ureia é mais eficiente, poréem, a presenca de plantas de
cobertura, no caso o Paspalum notatum, possivelmente poderdo competir pelo N, antecipando
a senescéncia das folhas. No estudo 5 verificou-se que a aplicacdo de N de forma parcelada nos
periodos de brotagdo e final da floracdo permite a maior recuperagdo de N pelo pessegueiro.
Mas, a maior parte do N presente no interior do pessegueiro, no ano de aplicacédo do fertilizante
e, especialmente, no ano posterior a aplicacdo é derivado de outras fontes que ndo do fertilizante
aplicado.



Palavras-chave: Adubacdo nitrogenada, parametros cinéticos, fontes de N, modos de
parcelamento de doses de N, is6topos de °N.



ABSTRACT
STRATEGIES TO INCREASE NITROGEN RECOVERY IN PEACH

Author: Betania Vahl de Paula
Advisor: Gustavo Brunetto

The peach is a fruit appreciated in the world because when consumed in natural it has a
sweet and pleasant flavor and appearance of reddish yellow color. But also, it can be consumed
in jams and candies. Therefore, the properties, municipality, states, and countries are produced
and generate positive economic and social impact. However, as the peach trees (Prunus persica)
are cultivated in soils with the most diverse organic matter content, in some of them, the amount
of native N available does not supply the demand of the plants for the nutrient. Therefore, it
becomes necessary to apply nitrogen sources (N), especially in fertilization of growth and
maintenance. However, the percentage of N recovered by the peach tree is often low, which
can decrease productivity and negatively affect fruit composition. Therefore, it is necessary to
define strategies to increase the recovery of N by the peach tree, such as the selection of
rootstocks or cultivars more efficient in nutrient absorption, the choice of N sources more
suitable for young peach trees and the best times of application of N in adult peach trees in
production. The overall objective of the study was to develop strategies to increase N recovery
in young peach trees and in production. In study 1 we tried to develop a methodology that
allowed to determine the kinetic parameters of N absorption in peach trees. For this, 7, 15 and
30 days of exhaustion of internal nutrient reserves were tested in peaches grown in CaSO4
solution. In study 2 the Kinetic parameters of three young peach rootstocks in nutrient solution
were determined. Kinetic parameters (Vmax, Km, Cmin, and Influx) and morphological parameters
of the peach trees were evaluated. In study 3 we studied the influence of the canopy on the
kinetic parameters of N. absorption. For this, peach rootstocks with and without grafting of the
cultivar Chimarrita were cultivated in nutrient solution. In study 4, the use of N sources with
and without cover crops was evaluated as a management strategy to increase the recovery of N
in peach trees. For this, cultivated grafted peach rootstocks were cultivated in pots under
greenhouse conditions, submitted to N sources (urea and organic compost), with and without
Paspalum notatum. Nutritional, morphological and physiological parameters were evaluated.
In study 5, the recovery of N derived from the fertilizer applied in a piecemeal manner and not
parceled out in peach trees in production was evaluated. In study 1, it was observed that the
depletion of the internal reserves of the peach tree for 30 days in CaSOs allows determining the
Kinetic parameters in the peach tree. In study 2 it was observed that the Tsukuba 1 rootstock is
more efficient in N uptake in relation to the Aldrighi and Clone 15 rootstocks. In study 3 it was
verified that the cultivar scion Chimarrita increased the absorption efficiency of N of the
Okinawa rootstock. In study 4, it was observed that fertilization with urea is more efficient,
however, the presence of cover crops, in the case of Paspalum notatum, could compete for N,
anticipating leaf senescence. In study 5, it was verified that the application of N in a split way
in the budding and final flowering periods allows for the greater recovery of N by the peach
tree. But most of the N present inside the peach in the year of application of the fertilizer and
especially in the year after the application is derived from sources other than fertilizer applied.



Keywords: Nitrogen fertilization, kinetic parameters, N sources, N rate splitting modes, °N
isotopes.
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1. INTRODUCAO

O maior produtor mundial de péssego ¢é a China, enquanto o Brasil é o décimo terceiro
maior produtor de péssegos do Mundo, com 248.583 toneladas, possuindo uma &rea cultivada
de 17.116 hectares (FAO, 2019). O Rio Grande do Sul (RS) € o maior produtor de péssegos do
Brasil, produzindo aproximadamente 55% da producdo nacional (AGRIANUAL, 2019). As
maiores areas cultivadas séo localizadas nos municipios do entorno de Pelotas (RS) e na Serra
Gaulcha do RS.

O pessegueiro (Prunus persica) pode ser cultivado em solos onde a disponibilidade de
N nativo do solo ndo supre a necessidade das plantas, diminuindo a produtividade e afetando
negativamente a composicao dos frutos. Quando isso acontecer, torna-se necessario a aplicacéo
de fertilizantes nitrogenados nas adubacgfes de plantio, mas especialmente, de crescimento e
producdo, a fim de atingir desenvolvimento e colheitas economicamente compensatorias.
Porém, algumas vezes a recuperacdo do N aplicado pelos pessegueiros é baixa, potencializando
as perdas de N ao ambiente, o que ndo é desejado. Essa baixa recuperacdo N pode se refletir
em baixa produtividade de péssego. Por isso, torna-se necessario a escolha de estratégias, como
selecdo de porta-enxertos, de fontes de N e épocas de aplicacdo de N mais adequadas para
aumentar a recuperacao de N pelos pessegueiros, seja derivado do fertilizante, do solo ou de
residuos de espécies de plantas de cobertura em decomposicao.

Os porta-enxertos de pessegueiros e cultivares normalmente sdo selecionados com base
na compatibilidade com a copa, vigor, desenvolvimento, época de florescimento, época e
qualidade da frutificacdo, longevidade e adaptacdo das plantas a determinadas condicGes
edafoclimaticas (Martins et al., 2014; Picolotto et al., 2012; Warschefsky et al., 2016). Porém,
ndo sdo considerados parametros cinéticos (velocidade maxima - Vmax, constante de afinidade
- Km, concentracdo minima de nutriente na solugdo - Cmin), que determinam a eficiéncia de
absorcdo de nutrientes, entre eles o N, pois ainda ndo ha na literatura uma metodologia
adequada para determinar esses parametros em fruteiras. Espera-se que plantas, por exemplo,
de porta-enxertos, que possuem menores valores de Cmin € Km, € maiores valores de Influxo
maximo (Imax) Sejam mais eficientes em absorver o N.

Apols a selecdo de porta-enxertos, as plantas sdo transplantadas em solos que
normalmente ja receberam adubacdo de pré-plantio. Quando diagnosticada a necessidade da
aplicacdo de fertilizantes nitrogenados na adubacdo de crescimento, por exemplo, através da
analise do teor de materia organica do solo, fertilizantes sdo aplicados sobre a superficie do
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solo, sem incorporagdo, na projecao da copa das plantas. A ureia é o fertilizante nitrogenado
mais utilizado, porque possui elevado teor de N e menor custo por unidade do nutriente. Porém,
possui rapida hidrolise, potencializando as perdas de N por volatilizagio ou mesmo por
lixiviacdo, o que pode diminuir a recuperacdo de N pelo pessegueiro. Por isso, alternativamente,
residuos organicos, como o composto organico, derivado da compostagem aerdbia, pode ser
aplicado como fonte de N aos pessegueiros. Espera-se que 0 composto orgéanico apresente
decomposicdo e mineralizacdo mais gradual ao longo do ciclo do pessegueiro, em relacdo a
ureia, o que pode potencializar a recuperacdo de N pelas plantas, diminuindo as perdas ao
ambiente. Porém, parte do N aplicado, seja na forma de ureia ou composto organico, pode ser
absorvido pelas plantas que coabitam o pomar. Caso isso aconte¢a, a quantidade de N
recuperada pelos pessegueiros podera ser menor.

Em pomares adultos e em producdo, quando diagnosticada a necessidade de aplicacdo
de N, normalmente através da analise de folhas, crescimento vegetativo e produtividade
esperada, fertilizantes nitrogenados, como a ureia séo aplicados sobre o solo, sem incorporagéo,
em mais de um estagio fenologico. Porém, algumas vezes a quantidade de N do fertilizante
recuperada pelos pessegueiros é pequena. 1sso pode acontecer porque 0 N pode estar sendo
aplicado em um estéagio fenoldgico com pequena emissdo de raizes jovens, responsaveis pela
absorcao de agua e nutrientes, e pequena divisdo celular e incremento de matéria seca de 6rgaos
da parte aérea, o que aumenta a demanda de N. Por isso, torna-se necessaria a definicdo dos
estagios fenoldgicos de maior demanda de N em pessegueiro, por exemplo, em cultivares que
produzem péssego destinado a producdo in natura, como a Chimarrita.

Por tudo isso, torna-se necessario a realizacao de estudos para desenvolver estratégias,
como a selecdo de porta-enxertos ou cultivares copa mais eficientes em absorver N, uso de
fontes de N com mineralizacdo mais gradual e aplicacdo de N em estagios fenoldgicos de maior
demanda de N, para aumentar a recuperacdo de N em pessegueiros jovens em crescimento ou
adultos em producdo, potencializando o aumento de produtividade e a reducéo de perdas de N

ao ambiente.
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2. REFERENCIAL TEORICO

2.1 CULTIVO DE PESSEGUEIROS E ADUBACAO NITROGENADA

O pessegueiro pertencente a familia Rosacea e é originario da China. Ele é considerado
uma frutifera tipica de zona de clima temperado. Ha varios seculos vem sendo cultivado no
Oriente, na Europa e nas Americas, em latitudes elevadas, onde ocorrem genericamente, desde
300 até 2000 horas anuais de frio abaixo de 7,2°C. O pessegueiro ao ser introduzido em regies
de latitudes baixas teve que ser adaptado ao clima subtropical predominante, pois nessas
condicdes ecoldgicas, as temperaturas invernais amenas impediam a quebra de dorméncia das
gemas e 0 consequente desenvolvimento vegetativo e reprodutivo das plantas. No Brasil, a
cultura do pessegueiro foi introduzida em 1532, por meio de mudas vindas da ilha da Madeira
e plantadas na Capitania Sdo Vicente, atualmente, Sdo Paulo (Raseira et al. 2015).

O principal produtor mundial de péssego é China com cerca de 14 milhdes de toneladas
produzidas por ano, seguida por Espanha e Italia. O Brasil é o décimo terceiro maior produtor
de péssegos do Mundo, com 248.583 toneladas, possuindo uma éarea cultivada de 17.116
hectares (FAO, 2019). Segundo a FAO, o Brasil ndo € exportador da fruta e no ano de 2018
importou, aproximadamente 7.917 toneladas de péssego, de paises da América do Sul, como
Argentina e Chile; da Europa, entre eles, Espanha e Grécia; e da Asia, especialmente da China.
O volume de importacdo demostra que mesmo 0 consumo per capita de conserva de péssego
no Brasil sendo baixo, aproximadamente, 0,25 kg habitante ano™, quando comparado com
paises como Italia, Espanha, Franga e Inglaterra, onde o consumo € de 5 kg habitante ano, ha
um grande mercado interno a ser explorado (Farias et al., 2003).

Convém destacar que o Brasil ocupa a décima segunda posi¢do em producédo de péssego
do Mundo, mas a vigésima segunda em produtividade por hectare, com média de 12 Mg ha™.
Enquanto paises como a Franga, Estados Unidos da América (EUA), Grécia, Espanha e Italia,
possuem produtividades médias superiores a 18 Mg ha* (FAO, 2019). No Brasil, 0 Rio Grande
do Sul (RS) € o maior produtor de péssegos do pais, especialmente, porque a cultura se adaptou
perfeitamente as condic¢des climaticas. O estado produz 55,19% da producdo nacional de
péssegos, em uma area de 12.442 hectares (AGRIANUAL, 2019). A producdo é concentrada
em municipios no entorno de Pelotas (RS) e na Serra Galcha do RS. Segundo dados da
EMATER (2016), em 2016, 0 RS possuia uma area de 5.968 hectares com cultivares em que
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os frutos foram destinados ao processamento e 4.530 hectares, em que os frutos foram
destinados ao consumo in natura. Assim, a producdo de péssego para inddstria foi de 65.000
Mg e para o consumo in natura foi de 58.850 Mg. Na producdo de péssegos para industria e
consumo in natura, estavam envolvidos 3.783 produtores, que em sua grande maioria sdo
produtores familiares. Depois do RS, destacam-se S&o Paulo (SP), Santa Catarina (SC) e Minas
Gerais (MG) como maiores produtores (IBGE, 2013).

A cultura do pessegueiro tem uma area de abrangéncia desde o Sudeste até a regido Sul
do Brasil. A cadeia produtiva nacional movimenta entre R$ 300 e 400 milhdes ano™. Cada
hectare de pessegueiro utiliza a méo de obra de pelo menos uma pessoa durante todo o ciclo
produtivo (Raseira et al. 2015), e gera mais de 2,5 milhdes de empregos diretos e indiretos
anualmente (ASCAR/EMATER-RS, 2010).

Dentre os nutrientes que 0s pessegueiros mais utilizam, nas mais diferentes regides do
Mundo, estd o nitrogénio (N). O N é um elemento essencial para o crescimento e
desenvolvimento de todos os organismos Vvivos, pois € um constituinte do DNA, RNA, ATP e
proteinas. Nas plantas, o N é também um componente essencial de outros compostos chave,
incluindo clorofila, auxinas, citocininas, alcaldides e glucosinolatos e é um elemento
extremamente importante para o desenvolvimento das frutiferas. As plantas sdo a melhor fonte
de N e carbono para todos os animais, incluindo seres humanos (Halford et al., 2011; Andrews
et al., 2013). A deficiéncia de N prejudica o desenvolvimento das plantas, a produtividade e a
frutificacdo efetiva, pois os principais componentes de produc¢édo no pessegueiro, por exemplo,
sdo o numero de frutos por planta e a massa desses frutos na maturacdo, ambas variaveis
fortemente influenciadas pelo N; além disso, favorece o desfolhamento precoce e a alternancia
anual da producdo (Campos et al., 1996; Serrat et al., 2004). Por outro lado, O excesso de N
também € prejudicial, pois estimula o desenvolvimento vegetativo excessivo, com reflexos
negativos na qualidade das gemas e dos frutos, principalmente coloracéo, firmeza da polpa e o
teor de solidos sollveis totais, bem como o aparecimento de disturbios fisiolégicos (Campos et
al., 1996; Serrat et al., 2004).

O pessegueiro pode ser cultivado em solos em que a disponibilidade de N nativo ndo
supre a necessidade das plantas, diminuindo a produtividade e afetando negativamente a
composicdo dos frutos (Jordan et. al., 2015). Quando isso acontecer, torna-se necessaria a
aplicacdo de fertilizantes nitrogenados nas adubacgdes de pré-plantio, crescimento e produgéo.
Na adubacdo de pré-plantio e crescimento, a defini¢do da necessidade e da dose de N pode ser
definida com base no teor de matéria organica do solo (CQFS/RS-SC, 2016). Na adubacdo de

pré-plantio, o fertilizante nitrogenado, organico ou mineral, preferencialmente, deve ser
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aplicado na cova ou no sulco de plantio. Normalmente, as doses de N recomendadas na
adubacdo de pré-plantio sdo pequenas, porque as plantas transplantadas possuem pequeno
volume de sistema radicular, capaz de absorver agua e nutrientes, como o N (Brunetto et al.,
2016) e, além disso, sofrem estresse, no processo de retirada da embalagem que estava no
viveiro até seu transplante na &rea do pomar. Na adubacdo de crescimento, os fertilizantes
nitrogenados, organicos ou minerais sdo aplicados sobre a superficie do solo, na projecdo da
copa das plantas. Os fertilizantes normalmente ndo sdo incorporados para evitar danos fisicos
ao sistema radicular, o que pode potencializar a incidéncia de doencas fungicas. Esta pratica
pode diminuir a eficiéncia de absor¢do de agua e nutrientes e reduzir as reservas, tanto de
nutrientes como de carboidratos (Salazar & Melgarejo, 2005; Steenwerth & Belina, 2008;
Guerra et al., 2012). Por outro lado, quando as plantas iniciam a producéo de frutos, passa-se a
realizar a adubacdo de producdo ou manutencdo. A necessidade de aplicacdo de N pode ser
definida com base no teor de matéria orgénica no solo, teor de N em folhas, avaliacdo de
parametros de crescimentos e produtividade esperada (CQFS-RS/SC, 2016). A dose de N pode
ser aplicada sobre a superficie do solo na projecéo da copa das plantas, sem incorporacao.

No entanto, normalmente é baixa a percentagem de N recuperado pelos pessegueiros,
especialmente quando este for aplicado na adubacéo de crescimento e producgédo (NARIO et al.,
2003), o que pode afetar negativamente o estado nutricional das plantas, a produtividade e a
composicdo de frutos (Jordan et al., 2015), potencializando as perdas de N para aguas
superficiais adjacentes ao pomares, principalmente em pomares localizados em relevo ondulado
ou para aguas subsuperficiais, especialmente em solos arenosos, com lencol freatico superficial
(Zhang et al, 2015; Baram et al., 2016; Garcia-Diaz et al., 2017). Por isso, torna-se necessario
a escolha de estratégias para aumentar a recuperacdo de N pelos pessegueiros, em que se pode
destacar a selecdo de porta-enxertos, escolha de fontes de N com liberacdo mais gradual, em
pessegueiros jovens em crescimento e escolha das melhores épocas (estagios fenoldgicos) de

fornecimento de N em pessegueiros adultos em producao.

2.2. SELECAO DE PORTA-ENXERTOS EFICIENTES NA ABSORCAO DE N

O programa de melhoramento iniciado no RS na década de 50 possibilitou o langamento
de um grande namero de cultivares de melhor qualidade e expansao do periodo de colheita de
15 para 90 até 100 dias. A criacdo do Banco de Germoplasma de Prunoideas na década de 50,
atualmente com cerca de 850 acessos, também contribuiu para a obtencdo de cultivares que

atendam necessidades em distintas regides do Brasil (Lima et al., 2003; Madail & Raseira, 2008).
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Posteriormente, na década de 90, na Universidade Federal de Pelotas (UFPel), foram iniciadas
intensas pesquisas com porta-enxertos das cultivares Capdeboscq (em razéo da facilidade de
obtencdo de carocos e facilidade de germinacdo) e Aldrighi (por apresentar afinidade com a
maioria das cultivares copa), 0s quais sdo amplamente utilizados na industria conserveira. Mas,
ao longo dos anos, estudos foram investidos em outros porta-enxertos, como Okinawa,
Tsukuba, Flordaguard, Nemared, Nemaguard, GF 677, entre outros (Chalfun & Hoffmann,
1997; Rossi, 2004, Picolotto et al., 2009).

O porta-enxerto pode ser determinante para o desenvolvimento da cultivar, alterando a
area da secdo do caule, altura, formato e crescimento da planta, volume da copa, angulo de
abertura dos ramos, fenologia, qualidade dos frutos, precocidade produtiva, producéo,
resisténcia a doencas e, especialmente, o estado nutricional das plantas (Comiotto et al., 2012;
Mayer & Pereira, 2006; Rato et al., 2008; Remorini et al., 2008; Nava et al., 2009).

Na selegdo de porta-enxertos normalmente se considera a compatibilidade com a copa,
vigor, desenvolvimento, época de florescimento, época e qualidade da frutificacdo, longevidade
e adaptacdo das plantas a determinadas condicdes edafoclimaticas (Picolotto, et al., 2012;
Martins et al., 2014). Porém, ndo tem sido considerada a eficiéncia de absorcdo de nutrientes,
entre eles o N, que pode ser determinada pelos parametros cinéticos de absorcao (Warschefsky
et al., 2016). Com isso, seré possivel selecionar porta-enxertos, por exemplo, mais adaptados a
solos com menor ou maior fertilidade natural ou que possuem maior ou menor necessidade da
aplicacdo de fertilizantes nitrogenados.

Os parametros cinéticos de absorcdo de nutrientes sdo representados pela velocidade
méaxima de absorcdo — Vmax, pela constante de Michaelis-Menten — K, pela concentracéo
minima — Cmin € pelo influxo (1). O valor de Vmax refere-se a quantidade do nutriente absorvida
quando todos os sitios dos carregadores presentes nas membranas das células das raizes
estiverem saturados. O K indica a concentragdo de nutriente/ion em solugdo na qual é atingida
a metade da velocidade maxima de absorc¢do, sendo que, quanto menor o seu valor, maior a
afinidade do ion com os sitios de absorg¢éo. O Cmin corresponde a concentragdo minima na qual
as raizes podem extrair um nutriente a partir da solucéo e o influxo (I) equivale & quantidade de
nutriente absorvido por unidade de massa de raiz, por unidade de tempo (Marschner, 2012).

As formas de N, como o N-NH4* e N-NOgs™ se aproximam das raizes por fluxo de massa
(Ernani, 2003). No fluxo de massa, 0os nutrientes se movimentam em direcdo as raizes
acompanhando o fluxo de agua. A transpiracdo das plantas gera um déficit hidrico no interior
da planta, possibilitando a absor¢éo da agua (solugédo) do solo. Assim, a quantidade de N que

se aproxima das raizes € dependente das condi¢cdes de transpiracdo, da concentracdo do
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nutriente na solucdo do solo e do teor de &gua no solo. Em épocas de estiagem, 0 movimento é
prejudicado e pode ser que a quantidade de N que chega as raizes ndo seja suficiente para
atender a demanda das plantas, mesmo em situacdes em que ocorra boa disponibilidade de N
no solo (Ernani, 2003; Taiz & Zeiger, 2013).

O N é absorvido pelas raizes principalmente nas formas de amonio (N-NH4") e nitrato
(N-NOz37), mais ou menos na proporgdo em que elas se encontram na rizosfera (Ernani, 2003).
A forma amoniacal é incorporada as proteinas com menor gasto energético, diferentemente da
forma nitrica, que tem que ser reduzida antes de ser incorporada ao metabolismo vegetal. A
reducdo do nitrato envolve um gasto energético de duas moléculas de NADH para cada
molécula de nitrato (Mota et al., 2011; Marschner, 2012). Essa reducdo € intermediada pela
enzima nitrato redutase, que € dependente de molibdénio. Algumas espécies vegetais se
desenvolvem melhor quando absorvem o N-NH4; outras, quando absorvem o N-NOs’; e para
muitas delas, o desenvolvimento néo € influenciado pela forma com que o N é absorvido. As
raz0es para essas preferéncias ainda ndo estdo bem conhecidas, mas podem estar relacionadas
com o pH da rizosfera. A absorcdo de N-NH4* provoca a acidificacdo da rizosfera, porque as
plantas liberam fons de H*, enquanto a absorcdo de N-NOs™ eleva o pH ao redor das raizes,
porque as plantas liberam moléculas de hidroxila ou de bicarbonato (Ernani, 2003; Marschner,
2012; Taiz & Zeiger, 2013).

Apos a chegada dos nutrientes as raizes, os parametros cinéticos de absorcao dependem
do tipo de transportador presente nas membranas das células localizadas na epiderme. Esses
transportadores podem ter alta afinidade com o nutriente (HATS), tendo sua expressdo induzida
especialmente em situacdo de deficiéncia de nutriente, ou podem ter baixa afinidade com o
nutriente (LATS), tendo sua expressdo induzida em situacdo de suficiéncia de nutrientes. Ha
plantas que possuem ainda, transportadores de dupla afinidade (Marschner, 2012). Assim,
materiais genéticos distintos podem apresentar diferentes valores de Vmax, Km, Cmin € influxo,
0 que reflete em diferencas na capacidade de absor¢do de um determinado nutriente. Assim,
por exemplo, em solos com baixa disponibilidade de N seria ideal plantar cultivares (gen6tipos)
com transportadores com alta afinidade pelo N (baixo Kn), possibilitando a absor¢éo pela planta
mesmo em baixas concentracdes de N (baixo Cmin), 0 que também pode propiciar a maxima

absorcéo de N (alto influxo).
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2.3. FONTES DE N NA ADUBACAO DE CRESCIMENTO DE PESSEGUEIROS

A adubacdo de crescimento é realizada para estimular o crescimento das raizes e da
parte aérea das frutiferas (Baldi et al 2010; Martinez-Alcantara et al., 2016) e, por isso,
normalmente € realizada apenas a aplicacdo de fertilizantes nitrogenados, uma vez que se
assume que outros nutrientes, como fosforo (P), potassio (K) e micronutrientes ja foram
adicionados na adubacao de pré-plantio. A adubacdo de crescimento é realizada ap6s o plantio
das mudas e durante o crescimento das plantas, antes que as plantas iniciem a producdo de
frutos, o que é dependente da espécie e pode variar de 2 a 4 anos. Normalmente s&o usadas
fontes minerais ou organicas de nutrientes, que devem ser aplicadas na linha ou projecéo da
copa das plantas, sobre a superficie do solo e sem incorporacdo (Brunetto et al, 2016).

A ureia é o fertilizante mais usado porque possui alto teor de N (45%) e pode apresentar
baixo custo por unidade do nutriente. A ureia possui alta solubilidade (Mattos Junior et al.,
2002) e, por causa disso, quando aplicada ao solo € rapidamente hidrolisado por enzimas
ureases extracelulares produzidas por microrganismos, tais como bactérias e fungos do solo,
produzindo carbonato de aménio (NH4") 2COs3, que ndo é estavel no solo. Em contato com a
agua, se decompde em HCO3', OH e N-NH4". O HCO3™ pode, em seguida, decompor-se em
CO2 e OH". Se 0 N-NH4" reage com OH", uma parte do N-NH3 pode ser transferido para a
atmosfera. Mas, parte do N-NH.* restante é transformado através da oxidacéo biolégica em
nitrito (N-NO2"), seguido de N-NOs", que pode ser absorvido pelas raizes das plantas ou perdido
por lixiviagdo, especialmente, em solos com textura arenosa (Brunetto et al, 2016).

Como alternativa pode-se utilizar adubos orgénicos, como 0 composto organico que
pode ser obtido pela compostagem aerobica de diversos residuos como, por exemplo, o de
agroindustrias e de abatedouro de animais e serragem (Sete et al., 2015). Assim, o composto
organico é uma fonte heterogénea constituida por duas fracdes quimicas (fragdo labil e fracéo
estavel), com taxas de decomposicédo distintas. Por exemplo, amido, proteinas e celulose sdo
moléculas para as quais a grande maioria dos microrganismos possui enzimas que permitem a
sua degradacdo e utilizacdo como fonte de carbono e energia. Ja a lignina, que é um polimero
complexo e outros compostos fendlicos sdo de mais dificil degradacdo e, por isso,
permanecerdo no solo por mais tempo, até serem completamente mineralizados. Poucos
microrganismos sdo capazes de sintetizar as enzimas necessarias a degradacdo da lignina. A
composicdo bioquimica de residuos que deram origem ao composto afeta a sua decomposicao
no solo, porque esse processo microbiano ndo ocorre no residuo como se ele tivesse uma

constituicdo Unica. Ao invés disso, 0s diversos grupos de compostos organicos presentes nos
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residuos sdo seletivamente atacados por uma fragdo dos microrganismos do solo, cada um deles
produzindo um conjunto particular de enzimas degradativas atuantes sobre polimeros
insolUveis (Aita et al., 1997; Aita et al., 2014). Por isso que 0 composto organico se caracteriza
pela liberacdo gradativa de nutrientes, que reduz processos como lixiviacdo e volatilizacao,
tendo potencial para aumentar o teor de carbono orgénico total (COT) em solos e, por
consequéncia, a matéria organica do solo (Bustamante et al., 2011). Assim, se espera que boa
parte do N mineralizado por residuos organicos, como 0 composto organico, possa ser
absorvido pelos pessegueiros e caso isso aconteca, podera ocorrer incremento de parametros
morfologicos, como altura e didmetros de caule; melhoria no estado nutricional das plantas,
diagnosticado pelo teor de nutrientes ou outro parametro fisioldgico, e até antecipando a
produtividade (Baldi et al., 2010; Baldi et al., 2014; Sete et al., 2015).

No entanto, considerando que nas linhas e entrelinhas existem plantas de cobertura
espontaneas ou implantadas que coabitam com as frutiferas; elas poderdo absorver parte do N
mineralizado de fontes minerais ou organicas, diminuindo a disponibilidade de formas de N aos
pessegueiros (Celette et al., 2009; Teravest et al.,2010; Swanton et al., 2015). Caso isso
aconteca, 0s pessegueiros poderdo, ao longo do crescimento, apresentar lento incremento de
altura, diametro de caule e até atraso do inicio da produtividade (Belding et al., 2004; Tworkoski
& Glenn, 2010; Forey et al., 2016).

2.4. EPOCAS DE APLICACAO DE N EM PESSEGUEIROS EM PRODUGCAO E SUA
RECUPERACAO

A adubacdo nitrogenada de manutencdo ou producdo é realizada anualmente apds o
inicio da producdo de frutos para, ao menos, repor ao solo a quantidade de N os nutrientes
exportados pelos frutos no ano anterior (Brunetto et al., 2016). A necessidade e dose de N em
geral sdo definidas com base no teor de matéria organica do solo, teor de N em folhas,
parametros de crescimento e produtividade esperada (CQFS-RS/SC, 2016). Atualmente, na
adubacdo de manutencdo se recomenda aplicar 50% da dose de N estabelecida na brotagéo,
30% da dose de N no periodo de raleio dos frutos e 20% da dose de N apds a colheita dos frutos,
sendo o N aplicado sobre o solo, sem incorporacao, normalmente na forma de ureia. Porém, a
definicdo dos modos de fornecimento ou parcelamento de N em pessegueiros foi estabelecida
com base em estudos realizados em tradicionais paises produtores de pessegueiro do Mundo, e

ndo no Brasil, que possui solos e condi¢des climaticas muito distintas.
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Por exemplo, Nario et al. (2003), em um estudo com pessegueiro no Chile durante dois
anos, verificaram que as plantas recuperaram as maiores quantidades de N do fertilizante,
quando a dose 100 kg N ha* foi aplicada no final do verdo (aplicacdo pds-colheita) e 100 kg N
ha'* em dois momentos, metade da dose no final do vero e outra metade da dose na primavera.
Neste mesmo estudo os autores relatam que a distribuicéo relativa do N total dentro da arvore
mostrou padrdes semelhantes durante ambos os anos. A maior propor¢do do N, inclusive
derivado do fertilizante, foi observada em 6rgédos vegetativos, como folhas; mas também em
Orgéos estruturais, como ramos e caule. Porém, a recuperacdo de N derivado do fertilizante foi
pequena nos dois anos, 8,3 e 2,7% do fertilizante aplicado.

Também, outros estudos com frutiferas, que ndo o pessegueiro, como o realizado por
Zhang et al. (2012), relatam que em estudo conduzido durante dois anos em um pomar de
macieira Red Fuji na China, que a maior parte do N foi absorvido quando aplicado no final da
floracdo, sendo a maior parte do nutriente acumulado no caule e raizes. No primeiro ano a
recuperacdo de N derivado do fertilizante foi de 9,9% e no segundo ano de 12,2%,
respectivamente.

No Brasil, os estudos avaliando a melhor época ou modo de parcelamento de N em
pessegueiro ainda sdo escassos e usando isdtopos de °N sdo inexistentes. O uso da técnica
isotdpica é baseado no fato de que o *N e o *®N ocorrem naturalmente no ambiente numa razio
quase constante de 273:1 4tomos (0,3663% em atomos de °N ou 3,663 ppm). Assim, a técnica
isotopica de N tem sido usada ha mais de 50 anos para a avaliacdo, na planta, da quantidade de
N derivado do fertilizante (Ndff), do N derivado do solo (Ndfs) e da recuperacdo (R) de N do
fertilizante aplicado. Normalmente se utiliza compostos nitrogenados enriquecidos em N,
que é estavel. A técnica da utilizacdo dos isGtopos estaveis como tracadores consiste no
principio de fornecer a planta em um estudo, um composto quimico no qual a razdo isotopica
do elemento considerado € diferente da normal e, em seguida, é procurado em que fracdo dos
produtos sintetizados € encontrada também aquele elemento com razdo isotdpica alterada
(Trivelin et al., 1973; Hardarson, 1990; Brunetto et al., 2014).

O uso de is6topos estaveis de N permite, e tem como vantagem, a determinacdo da
utilizacdo do nutriente antes de se obter os resultados de producéo das plantas, ou quando ndo
séo obtidas diferencas destas entre os tratamentos. Além disso, 0s is6topos estaveis ndo causam
danos por radiacdo e, por serem estaveis, € indeterminado o tempo de duracdo dos
experimentos, assim como para armazenamento de amostras de solo e/ou de tecido vegetal
enriquecidas com N (Ambrosano et al., 1996). Varios estudos tém sido realizados utilizando

0 isdtopo *°N para entender a demanda do N em diferentes estadios fenoldgicos, bem como a
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sua distribuicdo dentro da planta. Porém, no Brasil, em pessegueiros, estes estudos ainda ndo

foram realizados.
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HIPOTESES

O cultivo de porta-enxertos de pessegueiros durante 30 dias em solucdo de CaSO4 (0,01
mol L) possibilita 0 esgotamento de reservas internas de nutrientes, permitindo a
obtencédo dos valores de parametros cinéticos;

A cultivar porta-enxerto Tsukuba I possui maior eficiéncia de absor¢éo de N por que
pode possuir crescimento mais rapido da parte aérea e do sistema radicular, em relacdo
as cultivares de porta-enxerto Aldrighi e Clone 15;

A cultivar copa Chimarrita aumenta a eficiéncia de absorcdo de N do porta-enxerto
Okinawa;

No solo submetido a aplicacdo de ureia, em relacdo solo com adi¢cdo de composto
organico, os pessegueiros cultivados com plantas de cobertura (Paspalum notatum),
apresentam menores valores de parametros de crescimento, fisioldgicos e teores de
nutrientes, por causa da maior competicdo do Paspalum notatum pelo N disponivel no
solo;

Os pessegueiros recuperam maior quantidade de N aplicado, quando a dose de ureia é
aplicada parceladamente no solo. Porém, a maior parte do N presente nos pessegueiros,
independentemente do modo de parcelamento é derivado de outras fontes, que ndo a do
N do fertilizante.
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4. OBJETIVOS

4.1 OBJETIVO GERAL

Estabelecer estratégias para aumentar a recuperacdo de N por pessegueiros em

crescimento e em producao.

4.2 OBJETIVOS ESPECIFICOS

I.  Definir o periodo de esgotamento de reservas internas para avaliar 0s parametros
cinéticos de absorcdo de N (Influxo, Vmax, Km, Cmin), €m cultivares de porta-enxertos de

pessegueiro, com e sem enxertia;

Il. Avaliar parametros de crescimento, fisioldgico e estado nutricional, em pessegueiros
jovens, em crescimento, submetidos a aplicacéo de fontes de N, com e sem presenca de

plantas de cobertura;

I11.  Avaliar a recuperacéo e destino do N derivado do fertilizante em pessegueiros adultos,

em producdo, aplicado em diferentes épocas.
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5. RESULTADOS

Para estudar as estratégias para aumentar a recuperacdo de N pelo pessegueiro foram

conduzidos cinco estudos, como segue:

l. Methodological adjustment for nitrogen absorption kinetic parameters evaluation in

peach rootstocks.

. Morphological and kinetic parameters of the uptake of nitrogen forms in clonal

peach rootstocks.

. Kinetic parameters related to nitrogen uptake in ‘Okinawa’ peach rootstocks are

altered by scion ‘Chimarrita’.

IV.  Paspalum notatum co-cultivation and nitrogen sources application effects on

nitrogen absorption and physiological parameters of peach trees.

V. Contribuicdo anual e residual do nitrogénio derivado da uréia na nutricdo de

pessegueiros.
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5.1 ESTUDO I

Methodological adjustment for nitrogen absorption kinetic parameters
evaluation in peach rootstocks:

ABSTRACT

Background and aims

In rootstock selection, kinetic parameters N absorption kinetic parameters (Vmax, Km and Cpin)
are not been considered, due to the absence of adequate methodology for kinetic parameters
determination in peach rootstocks, since this fruit has greater internal nutrient reserves and
therefore requires longer periods of internal reserve depletion and kinetic gait evaluation than
annual crops, for which Claassen and Barber (1974) methodology has been efficient. Objective
of this study was to determine internal reserves exhaustion period and necessary evaluation in
order to determine N uptake kinetic parameters in peach rootstocks.

Methods

Cultivars were acclimated in Hoagland solution at 50% strength, tested at 7, 15 and 30 days
internal reserves depletion in CaSO4 solution and subsequently evaluated for 60 hours kinetic
gait.

Results

The best time for N internal reserves exhaustion in evaluated cultivars is 30 days in CaSO4
solution. And the best kinetic gait to reach Cmin for Aldrighi, Tsukuba 1 and Clone 15 peach
rootstocks is 54 hours for NO3z and 39 hours for NHs .

Conclusions

The methodological adjustment allowed to determine that the most efficient peach rootstock in
NOs and NH4" uptake was Tsukuba 1, since it presented the lowest values of Cmin and K, as
well as higher values of Vimax and Imax.

Keywords

Nitrate; ammonium; nutrient uptake efficiency; maximum nitrogen influx; Prunus persica.

Abbreviations

Vmax Maximum Uptake speed
Km  Michaelis-Menten constant
Cmin  Minimum concentration

I Influx

N Nitrogen

! Artigo elaborado de acordo com as normas da Revista Plant and Soil.
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INTRODUCTION

Peach (Prunus persica L.) rootstock cultivars are commonly selected in the world for
compatibility with scion, ease propagation, vigor, development, flowering season, yield, low
cold requirement, disease resistance, effects on fruits physical-chemical characteristics, plant
longevity and adverse climatic conditions adaptation (Martins et al. 2014; L Picolotto, Schmitz,
and Pasa 2012; Warschefsky et al. 2016). However, due to low natural fertility of soils in many
countries in the world, which are dependent on chemical fertilizers to maintain current
production bases, it is necessary to consider kinetic parameters related to nutrient absorption
efficiency, nitrate (NO3") and / or ammonium (NH4"), which represents main nutrients affecting
fruit growth, productivity and composition, as in peach trees (Karavin, Yildirim, and Cansaran
2016; Zhang et al. 2016).

Nutrient uptake kinetic parameters are represented by Maximum Uptake speed (Vmax),
which refers to the amount of nutrient absorbed when all specific transporters in root cell
membrane are saturated, as well as by Michaelis-Menten constant (Km), which indicates
nutrient/ion concentration present in solution when half of maximum uptake speed is reached.
Lower Km values indicate a higher ion affinity with absorption sites, while minimum
concentration (Cmin) corresponds to the minimum concentration at which roots can extract a
nutrient from solution, as well as influx (I) which means the amount of nutrient absorbed by
roots mass unit by time unit (Martinez et al. 2015; Yang et al. 2007). In this way, cultivars
presenting lower Cmin € Km together with higher Vmax and | can adapt to low natural fertility
soils or even being cultivated with lower N doses, reducing fertilization cost and optimizing
financial resources, as well as reducing environmental contamination risks, especially by NO3
(Raseira, Herter, and Posser 2003; Scariotto et al. 2013).

Kinetic parameters studies commonly evaluate annual plants and employ Claassen &
Barber (1974) methodology, where plants are cultivated in nutrient solution at 50% of
recommended strength along approximately 15 days and, after that, plants are conditioned on
distilled water for 24 hours in order to reduce nutrient intern reserves, as N. Following this
period, it is expected the plant use its full nutrient uptake capacity from a complete nutritive
solution adjusted to depletion gait.

From this experimental system, containing both plant and nutritive solution, hourly
aliquots are collected across 24 hours and nutrients of interest are analyzed. However, in the
case of fruit species, there is a methodological caveat related to Kinetic parameters evaluation,

as fruit trees, as peach rootstocks, possible have increased internal nutrient reserve as N,
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allocated in organs as stems and roots (Brunetto et al. 2016; Jordan et al. 2014; Jordan 2015),
compared to young plants from annual species, for which, Claassen & Barber (1974)
methodology has been properly employed.

Therefore, adjusting both internal reserves exhaustion time and kinetic gait evaluation
times in order to obtain an evaluation methodology for nutrient uptake kinetic parameters
appropriate to fruit species, as peach trees, is of great importance. These parameters can
contribute for cultivar selection with increased nutrient uptake capacity as well as for zoning of
cultivars which are better adapted to soil condition from different regions, contributing to
increased yield and fruit quality as well as lower environmental risks and reduced production
costs. The present study aimed to determine the period for internal reserve exhaustion and

necessary evaluation for N uptake kinetic parameters determination in peach tree rootstocks.

Material and Methods

Experiment Preparation and Installation

Experiment was conducted in a greenhouse at the Soils Department (Departamento de
Solos) from Federal University of Santa Maria (Universidade Federal de Santa Maria - UFSM),
in Santa Maria, RS, Brazil’s south region. Three rootstocks (hypobiotes) were used: Aldrighi
cpact (good adaptation to distinct edaphic conditions), Clone 15 (resistant to some nematodes
species and produces fruits with greater weight and concentration of total soluble solids) and
Tsukuba-1 (resistant to some nematodes species and is tolerant to high humidity soil). For plants
obtaiment, herbaceous branches from respective cultivars were collected in November 2012,
from six-year-old adult matrices belonging to Prunus rootstock collection, Embrapa Clima
Temperado, in Pelotas, southern Brazil.

Branches were 12cm long and had between three and five upper buds with whole leaves.
Following collection, approximately five centimeters from branches base were submerged for
5 minutes in indolebutyric acid hydroalcoholic solution, 3.000 mg L™, being immediately
inserted to a depth of 6-8 cm of its base in vermiculite containing wood boxes. Branches
remained in vermiculite for 60 days in an intermittent mist chamber, with 25°C average
temperature and 70% relative humidity. Root containing branches were transplanted to
perforated plastic bags (30 x 18 cm), containing commercially available plant substrate based
on pinus (30%) and peat (70%). Clonal rootstocks were cultivated along 18 months, conducted

on a single tufted stem and were not grafted.
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Clonal rootstocks Aldrighi, Clone 15 and Tsukuba 1 were removed from the packaging
substrate. Each individual plant was put up in a 5 Liter vase, containing Hoagland nutrient
solution at 25% strength (Jones Junior, 1983). Whole Hoagland nutritional solution contained
(mg LY): N-NOs =196, N-NH4" =14, P =31, K = 234, Ca= 160, Mg = 48.6, S = 70, Fe-EDTA
=5, Cu=0.02, Zn = 0.15, Mn = 0.5, B = 0.5 and Mo = 0.01. On the surface of each vase, a
styrofoam sheet with a central hole was fitted to allow passage of the plant, which was later
fixed with foam. Styrofoam sheet allowed plant fixation and reduced solution evaporation.
Vases containing nutritive solution and plants were disposed over a metallic table, in a
greenhouse, with 25°C average temperature and 60% relative humidity. During acclimation
period, plants remained in Hoagland’s solution for 21 days, with solution changes at each three
days. Solution aeration in each vase was made by PVC microtubes, which were connected to
oil free air compressor. In first 7 acclimation days, Hoagland’s solution at 25% strength was
used, while in the last 15 acclimation days, a 50% strength Hoagland’s solution was used. All
solution’s pH was daily adjusted by adding, when necessary, HCI 1.0 mol L™t or NaOH 1.0 mol
L, in order to maintain 6,0+0.2 values.

During the long reserve depletion period in distilled water, there is no positive charges
in root cells exterior and this potential electric charge variation is responsible for plasmatic
membrane depolarization and inhibits electrochemical gradient formation which, in turn, is
responsible for nutrient uptake. Due to that, in order to avoid root cells death, a 0,01 mol L
CaSO0g4 solution was used along the reserve depletion period in distilled water. Thus, following
acclimation period, plants were sort out in three groups. Five plants of each different rootstock
composed each group. Groups remained in CaSO4 solution (0,01 mol L) for different times:
the first one for 7 days, the second one for 15 days and the third one along 30 days. In order to
deplete internal nutrient reserves, Ca sulfate solution was used. Except Ca and S, which were
maintained to provide Ca?* and SO4? charges preserving membrane’s electrochemical potential
as well as cell wall integrity. Cell wall integrity is kept due to Ca’s characteristic, when
deposited on cell wall, to form Ca's pectates, increasing pectic matrix stability (Proseus &
Boyer, 2006). And so, 7,15 and 30 days were the periods of nutrient reserve depletion, except
Ca?* and SO4>. After each period, plants returned to Hoagland’s nutritive solution at 50% of
its original concentration. Plants remained in this solution for one hour, until system reaches a
condition of steady state of absorption, which is required for application of Claassen e Barber
(1974) kinetic model.

Nutritive solution was once again replaced, keeping same nutrient concentration as

original Hoagland at 50%, starting aliquot collection. Fifty milliliters from each solution were
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collected at time zero, before plants were adjusted in vases with initial solution. Aliquots were
collected hourly during the first 24 hours, followed by aliquot collection at each 3 hours, up to

48 hours. Finally, from 48 to 60 hours, solution aliquots were collected at each 6 hours.

Evaluation and analysis

After 60 hours evaluation, plants were removed from vase and separated in leaves, stems
and roots. Root length and diameter were determined with help of a digital pachymeter, while
fresh matter (MF) was determined by a digital scale. Remaining nutritive solution volume, in
vases, was measured using a graduated beaker. Organs were dried in a forced air circulation
incubator at 65°C until constant weight for dry matter (DM) determination. Dried fractions were
ground, prepared and subjected to sulfur digestion (Tedesco et al. 1995). To do so, 0.200g dry
matter from each fraction was added in a digestion tube (25 x 250 mm). In next step, 1 mL
H20., 2 mL H>SO4 and 0.7 g digestion mixture (90.9% Na>SO4 + 9.1% CuSO4 5H,0) were
added to tubes, which were heated in a gradually raising temperature digestion block up to
350°C and kept at that temperature for 1 hour, until complete tissue digestion. Following
digestion, digestion tube sample volume was adjusted to 50 ml, using distilled water. Ten mL
of this extract were added to a 100 mL digestion tube, following by addiction of 10 mL NaOH
10 mol L? and sample was then distilled in a Kjeldahl steam distillation apparatus. After
distillation, extract was collected in a recipient containing 5 mL boric acid followed by titration
with 0.005 mol L™t H2S04, allowing further calculation of total N content (Tedesco et al., 1995).

Collected solution was analyzed according to Tedesco et al. (1995). In order to do so,
20 mL from extract were collected in digestion tubes and 0.7 g MgO was immediately added
to it followed by Kjeldahl semi-micro steam distillation. Subsequent to distillation,
approximately 35mL extract were collected in 5mL boric acid. Extract was immediately titrated
with H2S040.0025 mol L2, allowing N-NH4* content quantification. In the same sample with
distilled MgO, 0.7 g Devarda alloy was added and promptly submitted to distillation process as
previously described. Distillate was collected in a boric acid containing beaker and NOs

concentration was immediately titrated with H2SO4, 0.0025 mol L.

Kinetic Parameters Determination
From nutrients concentration determined as a function of time in each aliquot collected,
initial and final solution vase volumes and root fresh matter, Vmax and Km, were then calculated,

using Influx software. For Cmin value, N concentration present in 60 hour time depletion
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solution was considered. Liquid Influx (IL) was calculated according to equation 1 by
Michaelis-Menten and modified by Nielsen & Barber (1978).

Vmax X (C - Cmin)
Km + (C - Cmin)

Equation1 IL =

Where: | = Nutrient influx rate, C = Nutrient concentration in each collected period, Vimax =

maximum uptake rate, Km = Michaelis-Menten constant, and Cmin = minimum concentration.

Statistical Analysis

Results obtained were submitted to analysis of variance in statistical environment R (R
Core Team 2018) and, when treatment effect was significant, Cmin, Km and Influx means
reached for each different rootstock were compared by Scott Knott test, with 1% significance
alpha.

RESULTS
Morphological and Nutritional Parameters

As a function of time (7, 15 and 30 days) in which Aldrighi and Tsukuba 1 rootstocks
were submitted to internal nutrient reserve exhaustion, they presented, compared to 'Clone 15/,
a longer root length and higher dry matter ratio between shoot and root. Besides, rootstock
cultivar ‘Tsukuba 1’ presented increased root and shoot dry matter yield, as well as higher N
concentration in leaves, when compared to the other cultivars evaluated. Rootstock ‘Aldrighi’
presented the highest N concentration in stem and roots, while ‘Clone 15’ the highest stem
diameter (Table 1).
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Table 1. Morphological parameters of 'Aldrighi’, 'Clone 15' and "Tsukuba 1' rootstocks grown

in Hoagland solution after 7, 15 and 30 days internal reserves reduction (DRR) in CaSOa.

Tsukuba 1 Aldrighi Clone 15
Morphological P
parameters 7 15 30 7 15 30 7 15 30 (anova)
DRR DRR DRR DRR DRR DRR DRR DRR DRR
RDM(g) 2.19aB  2.39aA 2.24aB 1.790B 1.99bA  1.84bB 158cB 1.78cA  1.63cA 0.00

SDM (g) 5.66aA 5.6laA 5.51aB 4.70bA  4.65bA  4.55bB 450cB  4.45cA  4.35cB 0.00

Relationship

R/SDM (g) 0.38aB  0.42aA  0.40aB 0.38aB  0.42aA  0.40aB 0.35bB  0.40bB  0.37bB 0.97

Height (cm)  56.34aA 56.24aA 56.14aA 52.12cA 52.02cA 51.92cA 54.48bB 54.38bB 54.280B  0.00

ROCEtC'rﬁ;‘gth 33.98aB 34.08aB 34.28aA  3392aB 34.02aB 34.22aA  2590bB 26.00bB 26.20bA  0.00

Stem diameter g0 0g0bA  0.75bB  0.75cA 075cA 0.70cB  0.95aA 095aA 090aB  0.00

(cm)
N total in

3.54aA 3.51aA 3.66aA 2.12bB  2.09bB  2.24bB 2.01bA 1.98bA 2.13bA 0.00
Leaf (%)
N total in

1.54bA 151Ab  1.66bA 1.84aA 1.81aA 1.96aA 151bA 1.48bA 1.63bA 0.00
Stem (%)

N total in Root
(%)
! Means followed by lowercase letters are significant different between cultivars in each time point; while means followed by
uppercase letters are significant different between times within the same cultivar P = 0.01 (Scott Knot's test). RDM = Root dry
matter, SDM = Shoot dry matter.

2.64cB  2.61Cc  2.76cA 2.83aB  2.80aC  2.95aA 2.68bB  2.65bC  2.80bA 0.00

N reserves exhaustion time

Considering N-NOgz, Tsukuba land Aldrighi presented the highest Vmax values and
lowest Km values in the 30 days internal reserve depletion period when compared to 7 and 15
days (Figure 1). However, despite the lowest Vimax Value presented, ‘Clone 15” also showed the
lowest Km at 30 days internal reserve depletion period. Besides, no visual symptoms of N
deficiency could be observed in cultivars evaluated in this study; so, 30-day period was defined
as most adequate for internal nutrient reserves exhaustion.

Results regarding Vmax suggest ‘Tsukuba 1° plants as the ones possessing higher NOs®
absorption sites concentration by root unit, compared to other rootstocks cultivars analyzed
(Batista, et al., 2016; Cerezo et al. 2007; Tomasi et al. 2015; Yang et al. 2007). On the other
hand, lowest Km values indicate increased NOs™ affinity by absorption site, being, therefore,

more efficient in its absorption (Cerezo et al. 2007; Yang et al. 2007). Furthermore, ‘Tsukuba
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1’ presented lowest Cmin values evidencing that this rootstock can be cultivated in both nutritive
solution or in low NOz™ availability soils. Considering that, as lower the critical levels of nutrient
were needed lower are application rates of nitrogen fertilizers required by this cultivar, reducing
inputs acquisition associated costs, as well as potential N losses to the system and negative
environmental impacts, observed result is very advantageous to producer (Bednorz et al. 2016;
Bindraban et al. 2015).

‘Tsukuba 1” also stood out in NH4" absorption, presenting lowest Km € Cmin Values at
30 days internal reserve depletion period for N (Figure 2). These results show that ‘'Tsukuba 1'
also has a great affinity for NH4* when compared to the other two cultivars. In this way, greater
influx may have contributed to better shoot and root dry matter yield observed for ‘Tsukuba 1°,
while lowest yields were presented by ‘Clone 1’ (Table 1).

Taking into account that NH4 * is a N form absorbed and assimilated with lower energy
expenditure, whose supply mechanism occurs by mass flow, where water moves towards roots
carrying in nutrients dissolved in it (Zhou, Bai, and Song 2015), in a nutrient-rich environment,
there is a tendency for plant to increase shoot and root dry matter production, which in turn will
require a greater demand for water and nutrients, thus increasing NHz * influx (Craine et al.
2015; Topp et al. 2016). Furthermore, it worth take into account that higher shoot dry matter
yield may have increased plants transpiration, leading to a greater hydric gradient between
nutrient solution, plant and atmosphere, stimulating approximation of all N forms to roots and,
consequently, their absorption and transport, justifying higher N concentration in plant organs
(Table 1) (El-Jendoubi, Abadia, and Abadia 2013; Jordan et al. 2014; Rivera, Bafiados, and
Ayala 2016).
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Figure 1. Influx rate, Cmin, Km and Vmax of NO3™ in 'Aldrighi’, '‘Clone 15" and 'Tsukuba 1'
rootstocks, grown in Hoagland solution after 7, 15 and 30 days internal reserves reduction in

CaSO0O4. Means followed by lowercase letters are significant different between cultivars at each time point and means
followed by uppercase letters are significant different between times points within each different cultivar o = 0.01 (Scott Knot's
test).
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Figura 2. NHs" Influx rate, Cmin, Km and Vmax in 'Aldrighi’, 'Clone 15' and 'Tsukuba 1'
rootstocks, grown in Hoagland solution after 7, 15 and 30 days internal reserves reduction in

CaSO4. Means followed by lowercase letters are significant different between cultivars at each time point and means
followed by uppercase letters are significant different between times points within each different cultivar o = 0.01 (Scott Knot's
test).

Best evaluation time for N absorption kinetic gait

Once defining best N internal reserves depletion period in peach trees, another important
result in order to evaluate Kkinetic parameters regarding sample collection time to set N
absorption kinetic gait. NO3™ uptake gait results show a more intense NOgz™ absorption initially
(Figure 3), possibly due to low plant reserves and high nutrient demand (Fageria, 2016).

However, transporters NO3s™ uptake decreases over time until reaching Cmin, and it is prudent to

NH;; Concentration uMol L™
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say that, after 54 hours of evaluation, NO3™ concentrations in solution were already very low,
and all cultivars reached the minimum concentrations required for NO3z™ absorption (Figure 3).
This result indicates that peach tree is able to absorb NO3™ more slowly, reaching Cmin at
different collection time for each cultivar, being important to collect samples in a higher time
range than the 24 hours used for annual species, as corn (Claassen and S. A. Barber 1974; Horn
et al. 2006).

After 60 hours collection, it was observed that NH4™ Cmin Was reached much earlier than
for NOs", and it was correct to state that in 39 hours after starting evaluation, all cultivars had
reached their NH4* Cmin (Figure 4). This result demonstrates that solution's NH4* concentration
is also a relevant factor, since there was less NH4* than NOs™ in Hoagland nutrient solution at
50% strength. Adding to that, peach trees reached NH4" Cmin early, possibly due to different
transporters responsible for NH4" and NOs™ absorption, which are referred to, in literature, as
belonging to NRT gene family, for NOs™ uptake (Dechorgnat et al. 2011; Segonzac et al. 2007,
Tomasi et al. 2015), while AMT gene family is responsible for NH4" absorption (Loqué and
Wirén 2004).
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Figure 3. NO3™ concentration in Hoagland nutrient solution at 50% ionic strength after 30 days
internal reserves reduction, and over 60 hours of collection. NOs™ concentration in 'Aldrighi’

(A), 'Clone 15' (B) and 'Tsukuba 1' (C) after 30 days internal reserves reduction. Mean concentrations
of NOs" in blue differ significantly from averages of concentrations in yellow a = 0.01 (Scott Knot's test).
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Figure 4. NH4* concentration in Hoagland nutrient solution at 50% ionic strength after 30 days
internal reserves reduction, and over 60 hours collection. NH4* concentration in 'Aldrighi’ (A),

‘Clone 15' (B) and 'Tsukuba 1' (C) after 30 days internal reserves reduction. Mean concentrations of
NHa* in blue differ significantly from averages of concentrations in yellow o = 0.01 (Scott Knot's test).

CONCLUSION

Results presented here, demonstrates that minimum time for kinetic gait evaluation to
reach Cmin in peach rootstock 'Aldrighi’, 'Tsukuba-1"and 'Clone 15 is 54 hours for NO3z™ and 39
hours for NH4*.

Also, the best N internal reserves depletion period for ‘Aldrighi’, ‘Tsukuba-1’ e ‘Clone

15° peach rootstocks was 30 days in CaSO4 (0,01 mol L) solution.



41

Based on data obtained, we conclude Tsukuba 1 as the most efficient peach rootstock
for NOs and NH4* absorption, as observed by lowest Cmin and Km values as well as higher Vmax

and Imax for NO3 and NH4* observed for the cultivar.
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5.2ESTUDO Il

Morphological and kinetic parameters of the uptake of nitrogen forms in clonal

peach rootstocks?

Abstract

Peach (Prunus persica L.) rootstock cultivars are typically selected for scion
compatibility, ease of propagation, vigor, development, flowering season, yield, low need for
cold temperatures, resistance to diseases, effects on the physical-chemical characteristics of the
fruit, plant longevity and adaptation to adverse edaphoclimatic conditions. However, kinetic
parameters related to nutrient uptake efficiency are usually not considered, such as those of
nitrate (NO3") and ammonium (NH4"). N is the nutrient that most impacts growth and yield. The
objective of this study was to show the importance of the kinetic parameters of NO3z" and NH4*
uptake as additional criteria for selecting peach rootstocks. The experiment was conducted in a
greenhouse. Three rootstock (‘Aldrighi’, ‘Tsukubal’ and ‘Clone 15°) were grown for 30 days
in a pot containing 0.1 mol L™t CaSO4 solution to reduce internal reserves of N. Afterwards, the
plants were placed in Hoagland nutrient solution, where periodic collections of the nutrient
solution were carried out for three days and the concentrations of NOs~ and NH4* were
determined. After the third day of collecting the solution, the plants were collected and then
separated into leaves, roots and stems. Dry matter and total N content were assessed. The kinetic
parameters related to NO3z" and NH4™ uptake (maximum uptake rate - Vmax, affinity constant -
Km, Minimum concentration - Cmin, Influx - I) were calculated using Cinética software. The
most efficient rootstock for NOs™ and NH4" uptake was ‘Tsukubal’, as it showed the lowest
values of Cmin and K and the highest values of Vimax and Imax for NOz" and NH4*. NO3™ uptake
in ‘Tsukubal’ and ‘Aldrighi’ showed a two-phase uptake pattern, suggesting the presence of
low and high affinity transport systems. On the other hand, NH4" uptake in the three cultivars
apparently followed a one-phase uptake pattern, suggesting the presence of a high affinity
transport system. The kinetic parameters of NOs" and NH4" uptake are additional criteria that
can be used in selecting peach rootstocks, as they directly influence shoot and root dry matter
production and N accumulation in leaves.

Keywords: Ammonium; nitrate; nutrient uptake efficiency; maximum nitrogen influx;

Prunus persica L.

2 Artigo publicado na Revista Scientia Horticulturae. DOI: 10.1016/j.scienta.2018.05.038
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1. Introduction

Peach (Prunus persica L.) rootstock cultivars are commonly selected for scion
compatibility, ease of propagation, vigor, development, flowering season, yield, low cold
requirement, resistance to diseases, effects on the physicochemical characteristics of the fruits,
plant longevity and adaptation to adverse climatic conditions (Martins et al. 2014; Luciano
Picolotto et al. 2012; Warschefsky et al. 2016). However, kinetic parameters related to nutrient
uptake efficiency are not typically considered, such as nitrogen (N) forms nitrate (NO3") and
ammonium (NH4"), as N is the nutrient that most affects growth, yield and fruit composition
(Karavin et al. 2016; Zhang et al. 2016).

The kinetic parameters of nutrient uptake are represented by the maximum uptake rate
(Vmax), Michaelis-Menten constant (Km), minimum concentration (Cmin) and influx (1)
(Martinez et al. 2015; Yang et al. 2007). They allow the prediction of higher or lesser ion uptake
efficiency by the plant roots (of NOs™ and NH4", for instance) at a given concentration in the
medium. Vmax refers to the amount of nutrient taken up when all the transporter sites present in
the membranes of the root cells are saturated. Kn indicates the concentration of nutrient/ion in
solution in which half of the maximum uptake rate is reached, and the lower its value, the higher
the affinity of the ion with the uptake sites. Minimum concentration (Cmin) corresponds at which
the roots can extract a nutrient from the solution, which is given by the amount of nutrient
absorbed per unit mass of roots per unit of time. Thus, the ideal peach rootstock cultivar is one
with lower values of Cmin and K, and higher values of Vmax and | (Martinez et al. 2015). Kinetic
parameters can aid in breeding and evaluating rootstocks to identify the most suitable
edaphoclimatic conditions for species and cultivars. Rootstock cultivars more efficient in
nutrient uptake could be grown in soils with low fertility, while rootstock cultivars less efficient
in nutrient uptake, but with other characteristics important to the market, could be used soils
with high fertility, thus optimizing the financial resources and efficiency of the scion/rootstock
combination in the environment (Raseira et al. 2003; Scariotto et al. 2013).

Studies on Kkinetic parameters related to nutrient uptake in plants typically use the
methodology proposed by Claassen and Barber (1974). The plant is acclimatized in Hoagland
nutrient solution (Jones Junior 1983) for a certain period, and the plants are then placed in a
container with distilled water for 24 hours to reduce internal nutrient reserves. Afterwards, the
plant is expected to be able to use all its uptake capacity to absorb the nutrient from the solution
adjusted for the depletion period. Aliquot parts of the nutrient solution containing the plant are

collected periodically over time and then prepared for nutrient analysis. However, this
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methodology (Claassen and S. Barber 1974) was proposed for corn crop, using small plants
with lower root volume and rapid growth. This justifies the 24 hours suggested for the plant to
reach its period of ideal nutritional depletion, which represents the period of decreased nutrient
reserves inside the plant, but without symptoms of deficiency. However, in fruit trees such as
the peach tree, the accumulation of N in the reserve organs (e.g., roots and stems) is expected
to be greater than in annual crops, even in early stages (Brunetto et al. 2016; Jordan 2015;
Jordan et al. 2014). Thus, it is very likely that the period of nitrogen depletion in the plant is
longer, and as a result the methodology proposed by Claassen and Barber (1974) may require
adjustments.

‘Aldrighi’ was selected in 1940 because of its adaptability and fruit quality for
industrialization. On the other hand, ‘Clone 15’ is resistant to Meloidogyne javanica and M.
incognita, ease of cloning ability by herbaceous cuttings, graft compatibility with peach cv.
Aurora-1 and increased fruit size (Mayer, Pereira, and Koba 2006). ‘Tsukubal’ is tolerant to
excess water in the soil and resistant to some nematode species (Picolotto et al. 2009; Souza et
al. 2014). However, the kinetic parameters related to the uptake efficiency of N forms are not
yet known in these peach cultivars and other commonly grown rootstocks. Therefore, the study
aimed to show the importance of kinetic parameters of NOs" and NH4" uptake as additional

criteria in selecting young peach rootstocks.

2. Material and methods
2.1 Rootstocks

Herbaceous branches of peach ‘Aldrighi’, ‘Tsukubal’ and ‘Clone 15° were collected in
November 2012 from six-year-old adult parent plants for the preparation of the cuttings. The
adult plants belonged to the Prunus rootstock collection of Embrapa Clima Temperado, located
in the city of Pelotas, state of Rio Grande do Sul, southern Brazil. The branches were 12 cm
long and had three to five upper buds with whole leaves. The base of the branches was immersed
for 5 minutes in a hydroalcoholic solution of indolebutyric acid at 3,000 mg L. The branches
were immediately placed in pots containing vermiculite. The branches remained 60 days in an
intermittent mist chamber with an average temperature of 25°C and 70% average humidity. The
branches with roots were transplanted into perforated plastic bags (30 x 18 cm) containing
commercial substrate (30% husk; 70% peat). The clonal rootstocks were cultivated for 18
months, conducted on a single stem and were not grafted.

‘Aldrighi’, ‘Clone 15 and ‘Tsukubal’ clonal rootstocks (aged 18 months) were

removed from the substrate contained in the bags. Each plant was conditioned in an 8L pot
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containing half-strength Hoagland nutrient solution (Jones Junior 1983). The full-strength
Hoagland nutrient solution consisted of (in mg L) N-NOs = 196, N-NHs* = 14. P =31, K =
234, Ca =160, Mg =48.6,S=70, Fe-EDTA =5, Cu=0.02, Zn =0.15, Mn = 0.5, B =0.5 and
Mo = 0.01. A styrofoam sheet was placed on the surface of each pot with a hole in the middle
to allow the plant to pass through. The styrofoam sheet allowed the fastening of the plant and
the reducing of the evaporation of the solution. The pots containing the nutrient solution and
the plants were placed on a metal table, in a greenhouse, with an average temperature of 25°C
and an average relative humidity of 60%. The plants remained in the solution for 15 days, and
the solution was changed every three days. The aeration of the solution in each pot was
performed using PVC tubes connected to an air compressor. The tubes were inserted into the
solution through the styrofoam sheet of each pot. After 15 days, the half-strength Hoagland
nutrient solution was replaced by the full-strength solution. Plants were grown in pots for 7
days. The pH of each solution was adjusted daily to obtain values of 6.0+0.2, and 1.0 mol L
HCI or 1.0 mol L* NaOH was added whenever necessary.

2.2 Collection of the solution to determine the kinetics of NOs and NH4* uptake, and
chemical analyses

After the acclimation period of 21 days, the kinetic parameters of NOs™and NH4" uptake
in ‘Aldrighi’, ‘Clone 15 and ‘Tsukubal’ were determined by the methodology proposed by
Claassen and Barber (1974), adapted to completely drain the internal reserves of N in the plants.
The adaptations were obtained in preliminary experimental trials. Thus, rootstock plants were
cultivated in 8L pots containing distilled water and 0.1 mol L™ of CaSO4 for 30 days. After this
period, the solution containing CaSO4 was removed from each pot. The half-strength Hoagland
nutrient solution was added to each pot for 1 h in order for the system to reach the steady state
of uptake required for the application of the kinetic model. After 1 h, the half-strength Hoagland
nutrient solution was replaced with a new solution containing the same concentration. At this
point, 50 mL of solution was collected every 1 hour, up to 24 hours. After 24 hours, 50 mL of
solution was collected every 3 hours, up to 48 hours. From 48 to 60 hours, 50 mL of solution
was collected every 6 hours. After 60 hours of evaluation, the plants were removed from the
pots and separated into leaves, stems and roots.

Root length and stem diameter were evaluated using a digital caliper. Root and shoot
fresh mass was evaluated in digital scale. The volume of nutrient solution remaining in each
pot was measured using a graduated cylinder. The organs were dried in an oven with forced air

at 65°C until constant weight. The organs were then milled, prepared and subjected to sulfuric
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acid digestion. Subsequently, the sample was distilled by a semi-micro Kjeldahl steam
distillation apparatus (Tedesco et al., 1995).

NOs™ and NH4* contents in the solution collected over time were analyzed according to
methodology proposed by Tedesco et al. (1995). Therefore, 20 mL of the collected sample was
added into digestion tubes with 0.7 g of MgO and distilled by a Kjeldahl steam distillation unit.
After distillation, the extract (= 35 mL) was collected in 5 mL of boric acid and immediately
titrated using 0.0025 mol L H2SO4, which allowed us to determine NH4* concentration. In the
sample with cooled distilled MgO, 0.7 g of Devarda's alloy was added and it was then subjected
to distillation again. After distillation, the extract (£ 35 mL) was collected in 5 mL of boric acid
and immediately titrated using 0.0025 mol L™ H,SOs, which allowed us to determine NO3z"

concentration.

2.3 Calculations and statistical analysis

Based on the NOs~ and NH4" concentrations in the solution, on the initial and final
solution volumes in the pots, and on the fresh matter of the roots, Imax and Km were calculated
using Cinética 2.0 software (Ruiz, 1985). For the Cmin value, the concentration of NOs™ and
NHs" in the depletion solution at 60 hours was considered. The influx (I) was calculated
according to equation 1, proposed by Michaelis-Menten and modified by Nielsen & Barber
(1978).

I = [Vmax X (C-Cmin)] / [Km + (C-Chin)] Equation 1

Where: Vmax refers to the maximum uptake rate of the membrane transporters; C refers
to the concentration present in the solution at a given moment; Cmin refers to the minimum
concentration at 60 hours and Ky, refers to the affinity coefficient. The experimental design was
completely randomized with five replicates per treatment. Each replicate consisted of one plant.

The results obtained were submitted to analysis of variance and when significant the
means of Cmin, Km and | in each rootstock cultivar were compared by the Tukey test at 5% of
error probability.

3. Results and Discussion
3.1 Morphological parameters

‘Tsukubal’ rootstock had the highest dry matter production of roots and shoots, and the
highest concentration and accumulation of N in leaves and roots (Table 1). This may have
happened because the organs served as sinks for nutrients (such as N), because they had intense

division and cellular elongation, which is reflected in increased dry matter (Lee et al. 2015;
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Zufferey, Murisier, and Belcher 2015). ‘Aldrighi’ rootstock presented the highest concentration
of N in stems and roots, and together with ‘Tsukubal’ presented increased root length and N
accumulation in stems. ‘Clone 15’ rootstock exhibited larger stem diameter in comparison to
the other rootstocks.

The results of the morphological parameters suggest that ‘Tsukubal’ and ‘Aldrighi’
rootstocks are the ones with the highest number of characteristics favorable to nutrient uptake.
This possibly happened because some cultivars may develop different mechanisms such as the
emission of roots and modifications in root architecture to increase access to resources
(nutrients and water), and tolerance to abiotic stress (George et al. 2014; Sorgona, Abenavoli,
and Cacco 2005; Topp et al. 2016; White et al. 2013). Species or cultivars with higher dry
matter yield and increased root length may explore a larger volume of soil, which facilitates the
approximation of nutrients or their forms (such as NOs" and NH4") to the roots (Craine et al.
2015). In addition, the root is a carbohydrate reserve organ, which can be used to withstand
stress conditions or be redistributed along with nutrients (e.g., N) to growing organs (Centinari
et al. 2016; Hoekstra et al. 2015; Klodd et al. 2016).

3.2 Kinetic parameters of NOs  and NH4" uptake

The importance of ‘Tsukubal’ in regards to the morphological parameters can be
justified by the fact that it presented the highest Vmax and the lowest Km (Table 2). The results
of Vmax suggest that the plants of ‘“Tsukubal’ have a higher concentration of NO3™ uptake sites
per root unit compared to the other rootstock cultivars (Batista et al. 2016; Cerezo et al. 2007,
Tomasi et al. 2015; Yang et al. 2007). On the other hand, the lower values of Km show that its
uptake sites have higher affinity for NOs", and are therefore more efficient in absorbing it in the
solution (Cerezo et al. 2007; Yang et al. 2007). In addition, ‘Tsukubal’ and Aldrighi’
rootstocks showed the lowest values of Cmin. This indicates that these rootstocks can be grown
in solution or soil with lower nutrient availability, which is desired to reduce the amount of
nitrogen fertilizer needed, thereby saving the grower input costs and reducing the risk of surface
and groundwater contamination (Ahmad et al. 2014; Bednorz et al. 2016; Bindraban et al.
2015).

‘Tsukubal’ and ‘Aldrighi’ absorbed NOs™ in @ more linear fashion at low concentrations
of NOs™ in solution (<6 pmol L) (figure 1a), because these two cultivars had the lowest values
of Km (Table 2). The two cultivars possibly possess two distinct NO3™ uptake mechanisms
(Figure 1a), indicating the possible performance of a high affinity transport system (HATS) and
a low affinity transport system (LATS) (Pii et al. 2014; Zamboni et al. 2016). The operation of
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these systems is dependent on the concentration of the ion in the solution (Dechorgnat et al.
2011). This result suggests that a cultivar that requires more N, due to its greater growth
capacity, is more frequently deficient and therefore needs to develop a more efficient
mechanism to supply its nutrient demand (Batista et al. 2016; Cerezo et al. 2007). The molecular
basis of these systems has been identified, mainly in Arabidopsis, demonstrating the
participation of transporters belonging to the NRT1 and NRT2 transporter families,
respectively, for LATS and HATS, with the exception of NRT1.1, which is a dual affinity
transporter. In addition, the NAXT1 protein, which also belongs to the large NRT1 family, has
been identified and characterized as being involved in the efflux of NO3s™ to the outer cell
membrane (Dechorgnat et al. 2011). Such mechanisms were also mentioned by Tomasi et al.
(2015), who reported that two transport systems (low and high affinity) for NO3z™ were found in
grapevine rootstocks, which are induced by exposure of the roots to NO3™ after a period of N
deprivation.

As there is a great predominance of N in the soil solution in the form of NOs", the fact
that ‘Clone 15’ rootstock exhibited the lowest value of Vmax and the highest values of K and
Cmin explains why this rootstock did not stand out in regards to the morphological parameters.

‘Tsukubal’ also excelled in absorbing NH4", presenting the lowest values of Ky and
Chmin (Table 2). These results show that ‘Tsukubal’ also has a great affinity for NH4* compared
to the other two cultivars, which is desired. Thus, ‘Tsukubal’ will be efficient in absorbing
NH4* from a solution or soil that has low concentration of this N form. The highest value of |
for ‘Tsukubal’ can be explained because of the lowest value of Km (Table 2). ‘Tsukubal’
showed the highest | of NH4" (Figure 1b), whereas the lowest was found in ‘Clone 15,
suggesting that it has a slower growth rate in comparison to ‘Tsukubal’. The highest influx
contributed to the outstanding values of shoot and root dry matter of ‘Tsukubal’, while Clone
15 exhibited the lowest values of the same variables. Considering that NH4* is an N form whose
supply mechanism is through mass flow (where the water moves towards the roots and carries
nutrients dissolved therein) and it is absorbed and assimilated with less energy expenditure
(Zhou et al. 2015), the higher the dry matter production of shoots and roots, the greater may be
its need to increase the influx of nutrients (Craine et al. 2015; Topp et al. 2016). In addition, it
should be noted that the highest dry matter production of the shoots may have increased the
transpiration of the plants, generating a higher water gradient between the solution and the plant,
which stimulates the approach of N forms to the roots and therefore its absorption and transport,
justifying a higher percentage and accumulation of N in plant organs (Table 1) (El-Jendoubi et
al. 2013; Jordan et al. 2014; Rivera et al. 2016).
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Unlike NO3™ uptake, the NH4" uptake pattern over time (Figure 1b) was similar among
the rootstock cultivars, suggesting the same N uptake mechanism. These results possibly
suggest the presence of a high affinity transport system, allowing the rootstock to absorb NH4*
at very low concentrations (Couturier et al. 2007; Li et al. 2012). Molecular studies have
identified the participation of a family of genes that encodes proteins for the transport of NH4*
(AMT - ammonia transporters) and operates on the plasma membrane of plants. Members of
this AMT1 family are responsible for the high affinity transport system (HATS) and AMT2 for
the low affinity transport system (LATS) (Loqué and Wirén 2004)

4. Conclusions

The kinetic parameters of NO3” and NH4" uptake are additional criteria that can be used
to select peach rootstocks, as they directly influence shoot and root dry matter production and
N accumulation in leaves.

The most efficient rootstock for NOs™ and NH4" uptake was ‘Tsukubal’, because it
exhibited the lowest values of Cmin and Km, and the highest values of Vimax and Imax for NOs
and NH4*.

NO3™ uptake in ‘Tsukubal’ and ‘Aldrighi’ showed a two-phase uptake pattern, which
suggests the presence of low and high affinity uptake transport systems. On the other hand,
NH." uptake in the three cultivars apparently followed a one-phase uptake pattern, suggesting

the presence of a high affinity uptake transport system.
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Table 1 - The morphological parameters, accumulation and total N content in organs of
‘Aldrighi’, 'Clone 15" and "Tsukubal' peach rootstocks grown in Hoagland nutrient solution after
30 days of reduction of internal nutrient reserves.

Parameters ‘ Aldrighi’ ‘Clone 15° ‘Tsukubal’  CV (%)
Root dry matter (g) 1.84bM 1.73c 2.24a 4,77
Shoot dry matter (g) 4.57b 4.34b 5.56a 4.75
Root/shoot ratio (g) 0.40ns 0.40 0.40 1.28
Root length (cm) 34.20a 26.30b 34.30a 4,71
Height (cm) 52.30b 54.40a 56.10a 3.48
Stem diameter (cm) 0.70b 0.90a 0.76b 9.13
Total N in leaves (%) 2.24b 2.13b 3.58a 5.75
Total N in stems (%) 1.96a 1.63b 1.58c 10.72
Total N in roots (%) 2.95a 2.80b 2.76b 2.87
N accumulated in leaves (g organ) 0.051b 0.046b 0.099a 5.02
N accumulated in stems (g organ) 0.045a 0.035¢c 0.043a 8.25
N accumulated in roots (g organ) 0.054b 0.048c 0.061a 4.06

@ Means followed by the same letter (within a row) do not differ by the Tukey test at 5% probability; Ns = not significant.

Table 2 - Kinetic parameters of NOs™ and NH4* uptake of 'Aldrighi’, 'Clone 15' and 'Tsukubal'
peach rootstocks grown in Hoagland nutrient solution after 30 days of reduction of internal
nutrient reserves.

Parameters ‘Aldrighi’ ‘Clone 15° ‘Tsukubal’ CV (%)
NOs
Vimax (umol gt h?) 0.73b® 0.38c 0.83a 8.27
Km (umol L) 12.36b 18.98a 5.53c 5.49
Crin 2.85¢ 6.45a 1.34b 5.25
NH,*
Vimax (umol g h'?) 0.0104" 0.0090 0.0112 11.01
Km (umol L) 0.37b 0.3% 0.34c 3.89
Crin 0.34b 0.37a 0.28¢c 2.83

@ Means followed by the same letter (within a row) do not differ by the Tukey test at 5% probability; Ns = not
significant.
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Figure 1 - Influx rates of NOs™ (a) and NH4* (b) in 'Aldrighi', 'Clone 15' and "Tsukubal' peach
rootstocks grown in Hoagland nutrient solution after 30 days of reduction of internal nutrient
reserves.
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5.3 ESTUDO lII

Kinetic parameters related to nitrogen uptake in ‘Okinawa’ peach

rootstocks are altered by scion ‘Chimarrita’

ABSTRACT

Peach rootstocks kinetic parameters (Vmax, Km e Cmin) are determinant for nitrogen (N)
absorption efficiency, a nutrient that affects peach trees productivity and quality. However, in
peach tree crops, rootstocks are grafted with other scion cultivars before being transplanted to
field, and it is not sufficiently known in literature the impact of grafting on N kinetic parameters.
The objective of this study was to evaluate if grafting Okinawa rootstock (hypobiote) with scion
cultivar Chimarrita (epibiote) modifies kinetic parameters related to N absorption. Cultivars
were acclimated in Hoagland solution at 50% strength and tested for 15 and 30 days of internal
reserves depletion in CaSO;4 solution. Following, cultivars were evaluated during 65 hours of
kinetic gait. Morphological parameters (dry mass and N content in plant organs, height and
stem diameter) as well as physiological parameters (photosynthesis, transpiration, FO, Fm and
Fv/F0) were evaluated. Kinetic parameters (Vmax, Km, Cmin € IL) were then calculated.
'‘Okinawa' rootstock grafted with 'Chimarrita’ scion cultivar was more efficient in NO3z™ and
NH4" absorption, as it presented the lowest K and Crmin values for NOs™ and the highest Vimax
values for NH4*. Best time N internal reserve depletion time for ‘Okinawa’ rootstock with and
without 'Chimarrita’ grafting is 30 days in CaSO4 solution (0.01 mol L) and the minimum

kinetic gait evaluation time in order to reach Cmin is 62 hours for NOs™ and 56 hours for NH4".

Keywords: Ammonium; nitrate; nutrient uptake efficiency; maximum nitrogen influx;

Prunus persica L.

3 Artigo elaborado de acordo com as normas da Environmental Science & Technology
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INTRODUCTION

Peach (Prunus persica) breeding programs in world's most traditional peach producing
countries select rootstocks and cultivars, based on characteristics of agronomic interest, such as
yield, fruit quality, resistance to diseases and adaptation to climatic conditions of each region
(Warschefsky et al., 2016). However, Kinetic parameters such as maximum absorption rate
(Vmax), Michaelis-Menten constant (Km), minimum concentration (Cmin) and nutrient influx rate
() are commonly not taken into account (Martinez et al., 2015), and also define nutrient
absorption efficiency, such as nitrogen (N); which is the nutrient that most interferes in
productivity and fruit quality in temperate fruits, such as peach tree (Brunetto et al. 2015;
Rajasekar et al. 2017; Khan et al. 2018).

Kinetic parameters allow plants (rootstocks or cultivars) selection more adapted to soils
with low natural fertility, as low organic matter levels soils and, consequently, low availability
of soil N native forms (Paul 2016; Riggs and Hobbie 2016). Also, plants with higher N
availability needs, which can be obtained by nitrogen fertilizer applications with a higher
frequency and/or in greater quantities throughout crop cycle, can be selected according to
kinetic parameters (Han et al. 2015; Kiba and Krapp 2016). Paula et al. (2018) and collaborators
reported for some peach rootstocks, as Tsukuba 1, a higher absorption rate and higher NOz
affinity when compared to Aldrighi and Clone 15 rootstocks indicating that different peach
rootstocks may have different kinetic parameters, altering soil N absorption efficiency.
However, in peach crop, rootstocks are grafted with other scion cultivars in the nursery and
then transplanted to field. Thus, it is expected that the rootstock, such as Okinawa, which is a
Japanese rootstock widely used worldwide, especially for its resistance to nematodes; define
root system morphological and anatomical characteristics that are determinant, among other
things, for soil water and nutrients absorption (Ahmed et al. 2017; Souza et al. 2017). On the
other hand, the graft (scion) is responsible for scion tree formation and fruiting, intercepting
solar rays and fixing atmospheric carbon for transformation from raw sap to elaborated sap
(Nawaz et al. 2016; Baron et al. 2019). Thus, it is expected that, with the grafting of scion
cultivars, the root system of the rootstock will absorb water and nutrients to respond to the need
of the graft. ‘Chimarrita’ scion originated from the Brazilian peach breeding program of
Embrapa (1978) (Raseira et al., 2015), being used especially for peaches production destined
to in natura consumption in several countries in the world (Lichtemberg et al. 2016; Pérez-
Gonzalez 2001; Thurow et al. 2017).
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Considering N, the mechanisms that trigger the signal for nutrients uptake by roots,
initiate through biochemical signals coming from plant aerial part (Ghimire et al. 2017). At leaf
level, CO> absorption capacity is determined by N allocated to processes associated with light
absorption, electron transport and carboxylation, being used in these processes as proteins or
enzymes to capture light energy in I/11 photosystems and to boost electron transport chain and
mitochondrial enzymatic reactions that generate ATP for growth maintenance and respiration
(Freschet et al. 2015; Araya et al. 2016; Ghimire et al. 2017). Therefore, all these processes
generate a demand for N, which is signaled to roots by light signals, which are perceived by the
aerial part triggering the signaling molecules and transfer from aerial part to roots (Lee et al.
2016). A good example is Arabidopsis thaliana, where HY5 protein, when accumulated, moves
from shoot to roots, activating the NOs™ transporter encoding gene in order to increase its
uptake, supporting the hypothesis that light signals are transmitted to roots (Chen et al. 2016).

Thus, present study's hypothesis is that kinetic parameters related to N uptake are
controlled mainly by aerial part N demand. In this way, grafted plants may have distinct N
demands modifying N uptake kinetic parameters of the rootstock, conferring the plants greater
efficiency parameters of N absorption when compared to non-grafted plants. Being so, the
objective of this study was to evaluate if Okinawa rootstock grafting with ‘Chimarrita’ cultivar
modifies Kinetic parameters related to N absorption.

MATERIAL AND METHODS

Experiment installation and treatments

The experiment was conducted in a greenhouse at Federal University of Santa Maria
(UFSM), Santa Maria (RS), Rio Grande do Sul (RS), southern region of Brazil. 'Okinawa’
(Prunus persica) rootstock (hypobiote) was used with and without ‘Chimarrita’ (Prunus
persica) scion (epibiote). Plants were obtained from herbaceous branches of respective
cultivars, collected in November, 2012, in six-year-old adult matrices belonging to Prunus
rootstock collection, Embrapa Clima Temperado, located in Pelotas, Rio Grande do Sul,
southern region of Brazil. Clonal rootstocks were grown on substrate for 18 months, conducted
on a single tufted stem, and later half of rootstocks were grafted with 'Chimarrita’ cultivar. All
plants were removed from substrate after two months. Roots were washed in distilled water
and, subsequently, each plant was transplanted to a 5 L pot, containing Hoagland's nutrient
solution at 25% strength (Jones Junior, 1983). Complete Hoagland nutritional solution has (mg
L™1): N-NOs = 196, N-NH4* = 14, P = 31, K = 234, Ca = 160, Mg = 48.6, S = 70, Fe-EDTA =
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5, Cu=0.02, Zn = 0.15, Mn = 0.5, B = 0.5 and Mo = 0.01. A Styrofoam blade with a central
hole to allow plant passage, which was later fixed with foam, was added to the surface of each
pot. The styrofoam blade allowed plant fixation and reduced solution evaporation decrease.
Pots containing plants and nutrient solution were placed on a metal table in a greenhouse, with
25°C mean temperature and 60% relative air humidity. During acclimation period, plants
remained in Hoagland solution at 25% strength for 7 days and 14 days in Hoagland solution at
50% strength. Solution aeration in each pot was performed using PVC microtubes, connected
to an air compressor. Every solution pH was daily adjusted to 6,0+0.2, by adding HCI 1.0 mol
L or NaOH 1.0 mol L when needed.

Following acclimation period in nutrient solution, plants were placed in 0.01 mol L*
CaSO0g4 solution, for internal nutrient reserves exhaustion, except Ca and S, which were supplied
through CaSOs. The CaSO4 solution was added in order to balance membrane electrochemical
potential, preserving cell wall integrity (Paula et al., 2018). Plants were separated into two
groups, regarding the two reserve depletion periods tested, being each group composed of five
plants for each treatment (‘Okinawa’ rootstock, with and without graft). Plants from the first
group were kept in 0.01 mol L™t CaSO4 solution for 15 days, while plants from the second group
remained in same solution along 30 days. Thus, experiment was conducted in a factorial design,
with two levels (cultivar x reserve depletion time) for each factor and 5 replicates per treatment.

Evaluations and analysis

On the last day of each reserve depletion period, chlorophyll a fluorescence was
determined on a leaf per treatment, at night, between 02:00 and 05:30 hours, using a modulated
pulse amplitude (PAM) fluorometer JUNIOR (10 pm m s™) for 0.6 s, and then the sampled
leaf was subjected to a pulse of saturating light (10.000 umol m2 s%) for 0.6 s, obtaining the
maximum fluorescence (Fm).

Photosynthesis was determined by measurement of gas exchange with the environment
using a portable infrared gas analyzer (IRGA - Infra-red Gas Analyzer) (Li-6400XT LI-COR,
Lincoln, NE, USA) with artificial red and blue light source. Evaluations were performed on
leaves from plants middle third, completely developed and healthy. Microclimatic conditions
were kept constant during readings in the different treatments, being these 1100 umol m? st
PAR (photosynthetic active radiation), ambient CO. concentration (average of 383 umol CO>
mol™?). The CO; assimilation rate (umol CO, m? s1), water conductance (mol H,O m2 s1),

intracellular CO2 concentration (umol CO, mol ), transpiration rate (mmol H.0 m2 s1) and
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leaf temperature (°C) were analyzed. These variables were measured during daytime period,
between 10h and 12h, in all plants.

After each depletion period, plants were returned to Hoagland nutrient solution
containing 50% of original concentration. Plants were kept in this solution for one hour, so that
the system reaches steady state of absorption conditions, required for kinetic model application,
proposed by Claassen & Barber (1974).

Nutritive solution was once again replaced, containing same nutrient concentrations,
from original 50% Hoagland solution, and then aliquot collection started. Ten milliliters of
solution were collected from each pot and considered time zero, which is before plants
adjustment in pots containing initial solution. Based on results obtained by Paula et al. (2018),
which showed that all evaluated peach rootstocks reached Cmin in the last hours of kinetic gait,
collection intervals were decided to be spaced at gait beginning, narrowing them at gait’s end.
To do so, solution aliquots were collected every 6 hours in the first 24 hours, every three hours
between 24 and 48 hours, and every hour between 48 and 65 hours.

After 65 hours evaluation, plants were removed from pots and separated into leaves,
stems and roots. Plants height and stem diameter were determined using an analog universal
pachymeter (ZAAS, PAQ6, Brazil), while fresh matter (MF) was determined with a digital
scale (Bel Engineering, Precision Scale L, Brazil). Remaining nutrient solution volume was
measured in each pot with a graduated cylinder.

Organs were dried in a forced air circulation oven at 65°C until constant mass for dry
matter (MS) determination. Dry organs were sieved, prepared and submitted to sulfur digestion
(Tedesco et al., 1995). Thus, 0,200 g dry mass from each fraction was added to digestion tube
(25 x 250 mm). In the next step, 1 mL H20>, 2 mL de H2SO4 and 0.7 g digestion mixture was
added to the tubes (90.9% NaSO4 + 9.1% CuSOs 5H20). Tubes were heated in a digestion
block, gradually raising temperature to 350°C and held at that temperature for 1 hour to ensure
complete plant material digestion. After digestion, sample volume in digestion tube was
adjusted to 50 mL using distilled water. Ten milliliters from resulting extract were transferred
to a 100 mL digestion tube and then 10 mL NaOH 10 mol L was added, following by
distillation in Kjeldahl steam (Tecnal, TE-0363, Brasil). After distillation, extract was collected
in a container containing 5 mL boric acid. The extract was titrated with H2SO4 0,005 mol L7,
allowing further calculation of total N content (Tedesco et al., 1995).

The N-NH4" e N-NO3™ content present in solution samples collected during kinetic gait
was determined by spectrophotometry San++ Automated Wet Chemistry Analyzer (Skalar,
Breda, Netherlands).
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Kinetic parameters determination

From nutrients concentrations determined in each aliquot collected as a function of time,
initial and final solution volumes in pots and fresh root mass, Vmax and Km parameters were
calculated using Influx software. For Cmin value, N concentration present in the 65-hour time
depletion solution was considered. Liquid inflow (IL) was calculated according to equation 1,
proposed by Michaelis-Menten and modified by Nielsen & Barber (1978).

Vmax X (C - Cmin)
Equation 1 IL =
1 Km + (C - Cmin)

Where: | = Nutrient Influx rate, C= Nutrient concentration in each collected period, Vimax =
Absorption maximum speed, Km = Michaelis-Menten constant, and Cmin = Minimum

concentration.

Statistical analyzes

Results obtained were submitted to normality test followed by analysis of variance in R
statistical environment (R Core Team 2018) and, when treatments effect was significant, means
Vmax, Cmin, Km and Influx for each cultivar were compared by Tukey test (p< 0.001). Differences
in N-NH4* and N-NOs™ concentrations in solution over the 65 hours for each cultivar were
compared by Scott Knott test (p< 0.001). Principal component analysis (PCA) was performed
using CANOCO software version 4.5 (Ter Braak and Smilauer, 2002). Variables used were:
kinetic parameters (Vmax, Km, Cmin for NO3™ and NH4"), morphological parameters (dry mass
and organ N content, height and stem diameter) and physiological parameters (photosynthesis,

transpiration, FO, Fm and Fv/FO0).

RESULTS AND DISCUSSION

Morphological and nutritional parameters

The 'Okinawa + Chimarrita' showed higher root and leaf dry mass production, as well
as higher roots and leaves N concentrations (Table 1) at 15 and 30 days internal nutrient
depletion when compared to non-grafted '‘Okinawa'’ rootstock. '‘Okinawa’ rootstock cultivar with
no grafting showed higher stem dry mass production at 15 days nutrient reserves depletion.
Height and stem diameter values from plants did not statistically differ between rootstocks with
and without graft in the two evaluated times (Table 1). Greater leaf dry mass may also have

contributed to the higher transpiration rate observed in ‘Okinawa + Chimarrita' rootstock when
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compared to the non-grafted rootstock, which stimulates NOs™ approximation to roots outer
surface by mass flow, potentiating absorption (Table 1).

Table 1. Morphological parameters from ‘Okinawa’ and ‘Okinawa’ grafted ‘Chimarrita’
rootstocks grown in Hoagland solution after 15 and 30 days of internal reserves depletion
(DRR) in CaS04 (0,01 mol L.

‘Okinawa’ ‘Okinawa + Chimarrita’ P

Morphological parameters
phofogical p (anova)

15DRR 30DRR | 15DRR 30 DRR

Root dry mass () 16.03bB® 2354 bA| 24.11aA 27.99aA | 0.00
Stem dry mass (g) 42.66 aA 28.77aA| 33.67bA 3519aA | 0.00

Leaf dry mass (g) 1.06 bB 453bA | 3.28aB 4.89 aA 0.00
Height (cm) 87.00aA 82.80aA| 94.90aA 84.47aA | 0.00

Stem diameter (cm) 1.20aA 1.11aA | 1.18aA 1.13 aA 0.00

Leaf N total (%) 252bB 273bA | 258aB 2.84 aA 0.00
Stem N Total (%) 1.76 aA 1.79aA | 1.82aA 1.79 aA 0.00
Root N Total (%) 256 bB 2.85DbA 2.80 aB 3.00 aA 0.00

@ Means followed by lowercase letters represents differences between cultivars at each time point; means
followed by uppercase letters represents differences between time points within each cultivar p = 0.01 (Tukey
test).

Physiological parameters

The 'Okinawa with Chimarrita' rootstock presented the highest photosynthetic rate as
well as the highest water transpiration rate when compared to 'Okinawa’ with no graft, at 15 and
30 days after internal reserve depletion (Table 2), which may be related to the greater leaf dry
mass amount produced by the rootstock grafted with Chimarrita. The 'Okinawa with Chimarrita'
rootstock also presented the highest photosystem Il quantum yield (FV/FM) when compared to
‘Okinawa’ rootstock with no graft in the two evaluated internal reserve depletion periods. As a
consequence, 'Okinawa with Chimarrita' rootstock presented the lowest energy losses due to
minimum fluorescence (at 15 and 30 days) and maximum fluorescence (at 30 days), compared
to 'Okinawa'’ rootstock without graft (Table 2). Results indicate that, when grafted, the rootstock

converted more light energy into chemical energy, which is reflected in a higher photosynthetic
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rate (Table 2), which is desirable. This is due to the fact that higher photosynthetic rate is usually
directly related to higher plant growth and development (Korner, 2015). Also, when N supply
is adequate, as well as absorption of its forms and plant N content increase, photosynthesis is
stimulated, through several chloroplast proteins, especially Rubisco, to processes associated
with photosynthetic complexes formation in thylakoid membranes and CO. fixation
mechanisms in the stroma (Blank et al 2018, Moriwaki et al., 2019).

Table 2. Physiological parameters from ‘Okinawa’ e ‘Okinawa’ grafted ‘Chimarrita’ rootstocks
grown in Hoagland solution after 15 and 30 days internal reserves depletion (DRR) in CaSOa4
(0,01 mol LY.

‘Okinawa +
Chimarrita’ P
(anova)

‘Okinawa’
Physiological parameters

15 DRR 30DRR | 15DRR 30DRR

Photosynthetic rate

(umol CO,m2 s 0,96 bA®  106bA | 242aA 2.03aA | 0.00

Transpiration rate

(mmol H.0 m2s%) 0.45 bA 0.44bA | 1.50aA 0.96 aB 0.00

Maximum fluorescence 876 aA 799 aA 794 aA 669 bA 0.00
Minimum Fluorescence 240 aA 203 aA 149 bA 140 bA 0.00
FV/Fm ratio 0.728 bA 0.741 bA | 0.819aA 0.787 aA 0.00

1 Means followed by lowercase letters represents differences between cultivars at each time point; means
followed by uppercase letters represents differences between time points within each cultivar P = 0.01 (Tukey
test). MSR = Root dry matter, MSPA = Shoot dry matter.

N reserves depletion time

At 30 days nutrient internal reserve depletion it was observed, regarding NOs, that
‘Okinawa with Chimarrita’ rootstock presented lower Kn e Cmin values when compared to
‘Okinawa’ with no graft (Figure 1). However, we did not observe N deficiency visual
symptomatology in any evaluated cultivars, and therefore, the time of 30 days was defined as

the most adequate for N depletion.
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The K results suggest that grafted rootstock has a higher NOs™ affinity when compared
to the rootstock with no grafting, possibly being more efficient in NOs™ uptake (Cerezo et al.,
2007), especially in more sandy soils. In addition, 'Okinawa with Chimarrita’ rootstock
presented lowest Cmin Values, evidencing a desirable characteristic that ‘Chimarrita’ scion
cultivar added to 'Okinawa’. Thus, this rootstock and scion combination can be grown in
nutrient solution or in soil with lower NOz™ availability. This is a promising result for farmers
and technicians, as grafted plants, which are normally transplanted to field, have a lower NO3
critical level. Therefore, these plants could be grown in soils containing lower organic matter
levels, which, hypothetically, have less availability of soil native N forms. (Riggs and Hobbie,
2016). Also, quantities and frequencies of nitrogen fertilizers applications may be lower,
leading to lower costs related to nitrogen fertilizers acquisition and potential environmental N
forms losses (Bindraban et al., 2015; Bednorz et al., 2016).

'‘Okinawa with Chimarrita' rootstock also stood out in NH4" uptake, presenting the
highest Vmax values at 30 days of N reserve depletion (Figure 2). This result indicates that
grafted rootstock also has a higher NH4* absorption sites concentration per root unit, when
compared to graft-free rootstock (Pii et al., 2014; Tomasi et al., 2015). On the other hand, Km
and Cmin values did not statistically differ between rootstocks with and without grafts at 30
days of internal reserve depletion.

Greater NH4" influx possibly contributed to the better 'Okinawa with Chimarrita’
rootstock performance in obtaining highest leaves and roots N concentrations, which may be
related to the larger leaf area. This allowed more CO- photons and molecules absorption from

atmosphere, which can be converted into a higher photosynthetic rate (Moriwaki et al., 2019).
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Figure 1. NOs™ influx rate, Cmin, Km and Vmax in non grafted ‘Okinawa’ and ‘Okinawa with
Chimarrita’, cultivated in Hoagland solution after 15 and 30 internal reserve depletion days in
CaS04 (0.01 mol L™?). Means followed by lowercase letters represents differences between
cultivars at each time point; means followed by uppercase letters represents differences between
time points within each cultivar p=0.01 (Tukey test).
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Figure 2. NH4" influx rate, Cmin, Km and Vmax in ungrafted‘Okinawa’ and ‘Okinawa with
Chimarrita’, cultivated in Hoagland solution after 15 and 30 internal reserve depletion days in
CaS04 (0.01 mol L™?). Means followed by lowercase letters represents differences between
cultivars at each time point; means followed by uppercase letters represents differences between
time points within each cultivar p=0.01 (Tukey test).

Best evaluation time for N absorption Kinetic gait

Best time for N internal reserves depletion for Okinawa rootstock with and without scion
‘Chimarrita’ grafting was at 30 days in CaSOs, which agrees with previous results from Paula
et al. (2018), who also defined the 30-day period as the best time for reservoir depletion to
evaluate kinetic parameters related to N uptake in Tsukuba 1, Aldrighi and Clone 15 peach
rootstocks; these authors also defined the ideal sampling time to compose N absorption kinetic
gait in peach trees.

Results from NOs™ uptake gait show that NOz™ absorption is more intense initially
(Figure 3), possibly due to low plant N reserves and a high nutrient demand by the peach tree
(Fageria, 2016). However, over time, NO3™ uptake by its transporters decreases until reaching
Cmin, and it is prudent to say that after 62 hours evaluation, NOs™ concentrations in solution were
already very low, and all cultivars reached the minimum concentrations required to absorb NO3
(Figure 3).
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In addition, it was observed that the grafted rootstock absorbed NOs™ in a slower way
than the graft-free rootstock, reaching Cmin at the end of evaluation period, emphasizing the
importance of samples being collected over a longer period of time, that the 24-hour time used
for annual species, such as corn (Horn et al., 2006), and with initially larger intervals and closer
intervals from 48 hours, so that it can be verified with more precision at which time Cmin was
reached.

After 65 hours collection, it was observed that NH4* Cmin was reached a little earlier
than NOs, and it should be noted that in 56 hours after evaluation started, all cultivars had
reached their NH4" Cmin (Figure 4). Despite of NH4* concentration is lower than that of NOs in
Hoagland nutrient solution at 50% strength, contrary to what was observed by Paula et al.
(2018), the grafted Okinawa rootstock absorbed NH4* more slowly than rootstocks form
previous study, and reached Cmin only in 56 hours. However, Okinawa rootstock grafted with
‘Chimarrita’ Cmin Was reached in 54 hours, which also shows that each rootstock can vary
absorption intensity even for nutrients in low concentration in medium, being this possibly
related to degree transporters affinity degree to the ion and, consequently, to a genetic
characteristic of each material and/or for absorption of nutrients dependent via mass flow,
which is favored by the higher transpiratory rate, which in turn is dependent on the size of the
plant dock. (Tomasi et al. 2015; Kiba and Krapp 2016).
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Figure 3. NOs™ concentration in ‘Okinawa’(A) and ‘Okinawa with Chimarrita’ (B) cultivar,
after 30 days internal reserve depletion. NOs™ concentration means in blue statistically differ
from concentration means represented in yellow p = 0.01 (Scott Knott test).
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Figure 4. NH4" concentration in ‘Okinawa’(A) and ‘Okinawa with Chimarrita’ (B) cultivar,
after 30 days internal reserve depletion. NO3™ concentration means in blue statistically differ
from concentration means represented in yellow p = 0.01 (Scott Knott test).

Principal Component Analysis (PCA)

Only the first two components were extracted for main components analysis (ACP)
of Okinawa rootstocks with and without Chimarrita grafting, since together they explained
78.95% of the original variability of the results (Figure 5). Of these, the main component 1
(PC1) explained 63.24% and main component 2 (PC2) 15.71% data variability. Factor 1 was
predominant in rootstocks separation, clearly grouping them into two groups. The left group,
which was composed by Okinawa sample units, was more influenced by NO3z™ and NHs"
parameters, NOs FO and Cmin, Which were positively correlated with each other. Besides, these
parameters were negatively correlated to root and leaf dry matter, root and leaf N concentration,
NH4" Vmax and transpiration rate. The right group was formed by Okinawa/Chimarrita sample
units, and was more influenced by leaf N parameters, root N and NH4" Vmax, besides Fv/Fm,
photosynthesis and NH4" Cmin. Negative correlation between NO3z™ Vimax and stem N was also
observed, a fact that can be explained by rapid nitrate uptake by roots and its allocation in

transport organ that is the stem. Thus, from PCA analysis we were able to explain that the
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distinct absorption behavior among rootstocks due to grafting of a productive scion, in this case
Chimarrita, correlated with variable responses of greater agronomic interest, such as tissue N
concentration and matter dry, for example. In addition to that, as the peach tree absorbed more,
which was evidenced by greater sweating and photosynthesis, there was an increase in leaves,
roots N concentrations and slightly increased in branches, also influencing in greater dry matter
accumulation in these organs, which was inversely correlated to Kn kinetic parameters of both
ions and NO3™ Cmin (Figure 5).
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Figure 5. Relationship between principal component 1 (PC1) and principal component 2 (PC2)
from kinetic parameters (Vmax, Km, Cmin), morphological (dry mass and tissue N content, height
and stem diameter) and physiological (photosynthesis, transpiration, FO, Fm and Fv/F0)
parameters from Okinawa rootstock with and without Chimarrita graft.

CONLUSION
The 'Okinawa’ rootstock grafted with '‘Chimarrita’ was more efficient in NO3z” and NH4*

absorption, as it presented the lowest K and Cmin Values for NOs™ and the highest NH4" Vimax
value when compared to 'Okinawa’ rootstock without grafting, evidencing that the cultivar can

influence Kinetic parameters related to N absorption in peach.
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The best N internal reserves depletion time for 'Okinawa’ rootstock with and without
'Chimarrita’ graft was at 30 days in mol L"2CaSO4 0,01.
Minimum Kinetic gait evaluation time to reach Cmin for 'Okinawa’ rootstock with and

without 'Chimarrita’ grafting is 62 hours for NO3s and 56 hours for NH4".
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5.4 ESTUDO IV

Paspalum notatum co-cultivation and nitrogen sources application effects on nitrogen

absorption and physiological parameters of peach trees*

ABSTRACT

Nitrogen (N) uptake derived of urea by peach trees (Prunus persica) is usually small due to its
fast solubility. Therefore, it is appropriate to apply N sources that have more gradual
mineralization, such as the organic compound, since there may be a greater synchronism
between N release by compound and its absorption by peach trees. On the other hand, soil cover
crops, such as Paspalum notatum, a Pampa biome native species, commonly present in
orchards, can absorb part of N derived from sources, decreasing the amount used by peach trees,
however this is not well known. The objective of this study was to evaluate N absorption and
physiological parameters of young peach trees cultivated in soil, with and without Paspalum
notatum. Experiment was conducted during 180 days in a greenhouse, where the equivalent of
40 kg N ha' was applied to the soil in the form of urea and organic compound, as well as soil
without fertilization (control), all in Paspalum notatum presence or absence. Morphological,
nutritional and physiological parameters were evaluated in peach trees. Dry matter production
and tissue N concentration were also evaluated in Paspalum notatum. Different N forms were
evaluated in soil. Peach trees cultivated in soil with urea application absorbed a greater N
amount when compared to the ones cultivated in soil with organic compound application, even
in Paspalum notatum presence. Cultivation with Paspalum notatum decreased N uptake by
peach trees and, possibly, peach trees photosynthetic pigment content as well as stimulated
senescence anticipation in about 30 days, while no reduction in peach trees total dry matter
production was observe in any treatment applied.

Keywords: Prunus persica L., cover crops, mineral source, organic source.

4 Artigo elaborado de acordo com as normas da Environmental and Experimental Botany.
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INTRODUCTION

The most determining steps for successful orchard implantation, after choosing
rootstock and peach cultivar (Prunus persica), are planting, growth and maintenance
fertilizations. Pre-planting fertilization is carried out before seedlings transplantation and it is
usually recommended in order to raise phosphorus (P) and potassium (K) levels to ones above
critical level. However, N is generally not applied in pre-planting fertilization, and, when given,
doses are small due to plants small root system development (Brunetto et al., 2016), decreasing
N uptake chances, which can easily have some lost forms, as nitrate in the leaching process.
Therefore, N sources are usually applied in growth fertilizations, and doses defined based on
soil organic matter content. (CQFS-RS/SC, 2016).

Urea is the N source commonly applied on peach orchards soil worldwide, since, among
other factors, it usually presents lower cost per N unit. In order to avoid root system damage,
urea is applied without incorporation, and in plants crown projection, since it is considered as
one of the regions with the highest root volume (Brunetto et al. 2017; Corréa et al. 2018).
However, as urea solubilization and hydrolysis is very rapid stimulating losses of N forms by
volatilization, leaching and surface runoff, the amount of applied N that is really absorbed by
peach trees may be small (Nario et al. 2003; Roccuzzo et al. 2017). Therefore, an interesting
strategy is the use of other N sources, as the organic compound, where N mineralization is more
gradual, potentiating its use by the peach tree (Baldi et al. 2014; Hagemann et al. 2017;
Hernandez et al. 2016). Thus, an increase in nutrients concentration inside the plant is expected,
which can be diagnosed by foliar analysis and/or photosynthetic rate as well as growth
parameters, as, for example, dry matter production (Bravo et al. 2012).

However, in peach orchards, such as those in southern Brazilian states, native cover
crops species from Pampa biome, such as Paspalum notatum, can be observed in lines and
interlines, when the choose option is not to desiccate with residual herbicides (Brunetto et al.
2018). Paspalum notatum is a very important cover species due to its wide distribution and
adaptability in Pampa Biome natural pastures, which extends along the border between Brazil,
Argentina and Uruguay. Favored by its fast-growing habit, together with its adaptability and
good dry matter production, it has been considered one of the most promising native forage
grasses in the region and its distribution is gradually increasing in fruit orchards, constituting a
way to improve its preservation (Andrade et al. 2016; Fachinetto et al. 2017).

Orchard coverage plants, as Paspalum notatum, dissipates raindrops Kkinetic energy,

reducing soil hydric erosion, especially in orchards as the ones located in Rio Grande do Sul,
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in sandy soil or undulating relief (Basche et al. 2016; Kunz et al. 2016; Masilionyte et al. 2017;
Oliveira et al. 2016). On the other hand, Paspalum notatum can also absorb part of N containing
in urea or organic compound, applied as N source in peach tree, reducing N availability to the
tree, which may negatively affect its growth as a result from lower N uptake and, consequently,
photosynthetic rate (Forey, Metay, and Wery 2016; Kunz et al. 2016). However, it is not
sufficiently known the Paspalum notatum actual competition for N applied from different
sources, which could, in turn, contribute to decision making, for example, in whether or not to
graze, desiccate or even maintain coverage plants present in orchards without intervention. Our
objective was to evaluate absorption and physiological parameters in young peach trees
cultivates in soil together with Paspalum notatum.

METHODOLOGY

Soil Preparation, peach tree seedling and treatments

Experiment was conducted along 180 days, in a greenhouse, in controlled temperature
and humidity (25 °C mean temperature and 60% mean relative air humidity). Majority of peach
tree production in Brazil southern region is in Serra Gaucha, Rio Grande do Sul, were orchards
are cultivated in Humic Cambisoil. Trus, soil samples from humic cambisoil were collected in
0-0.2 m layer. Soil was air dried, sieved in a 2 mm mesh and reserved. One sample was
submitted to chemical analyses (Tedesco et al. 1995), and P and K content were corrected by
addition of 0.085 g P.Os kg™ of soil (triple superphosphate source - TSS, 41% P.0s) and with
0.045 g K20 kg of soil (potassium chloride source - KCI, 58% K,0). Doses were applied in
order to elevate P and K content until reaching the high interpretation range, for medium clay
content soils and high cation exchange capacity at pH 7.0 (CTCpH 7.0) (CQFS-RS/SC, 2016).

Peach tree seedling, cultivar Chimarrita (epibiote), grafted on Capedebosqg rootstock
(hypobiote) were transplanted to 8Kg pots containing 7.5 Kg of soil, one plant per pot. Post-
grafting seedlings were one year old and were produced from herbaceous cuttings.

Before transplantation to peach tree containing pots, Paspalum notatum seedlings
collected in natural field from Pampa Biome (29°43°34.55”S e 53°45°30.47” W geographical
coordinates) washed in distilled water, selected and multiplied, were cultivated along 90 in
rectangular propylene boxes (0.60 x 0.60 x 0.1 m) containing sand. At every 30 minutes,

irrigation with Hoagland nutritive solution at 25% its original concentration was performed.
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At 15 days following peach trees transplantation, six 10cm height Paspalum notatum
seedlings, which is the naturally occurring in orchards from Brazil Southern Region, were
transplanted to pots belonging to Paspalum notatum consortium treatment.

At 21 days following coverage plants implantation, treatments at a complete randomized
experimental design, factorial 2x3, with 5 repetitions were applied. Briefly, there was Paspalum
notatum presence and absence in the following treatment: Control (no fertilization); Urea
Fertilization and Organic Compound fertilization.

Administered Urea had 45% total N, and was applied as single doses before irrigation,
which along all experiment was realized by weighing in order to maintain 50% field capacity.
Organic Compound was produced from grape juice agroindustry residues, as sludge and stink,
as well as poultry and sawdust residues, containing 2.0% total N, 0.4% ammonium (NHa4), 0.4%
nitrate (NO3), 0.74% total P, 2.4% total K, 19.,3% total organic C, 43.2% dry matter, pH 9.0 in
water and19.3% C/N relation as chemical composition. Urea and organic compound were
applied in each pot surface, as 60 kg N ha! dose, which is indicated as adequate by the
fertilization and liming manual for peach tree orchards implantation (CQFS-RS/SC 2016),
which was equivalent to 0.289 g urea and 19.95 g organic compound per plant.

At Paspalum notatum containing treatment, plants aerial part was cut at 15cm from soil
surface, simulating mowing. Part of residues were reserved and the remaining was added to

pots soil surface.

Physiological Parameters

At 120 days following peach seedlings transplantation, three leaves from each repetition
were collected, liquid N2 frozen and kept at -80°C until further analysis. Leaves carotenoids,
chlorophyll a (Chl a) and chlorophyll b (Chl b) content were evaluated (HENDRY & PRICE,
1993). To do so, 0.5 g leaves fresh matter were liquid N2> macerated, homogenized in 5 ml 80%
acetone, transferred to a 15 ml falcon tube and then centrifuged, 4000 g, 4 minutes, 25°C. In
order to obtain Chl a, Chl b and carotenoids concentration in resulting extract, absorbance was
measured in spectrophotometer at 480, 645 e 663 nm (for Chl a, Chl b and carotenoids,
respectively). Pigment concentration was obtained according to methodology proposed by
Lichtenthaler (1987).

Also, at 120 days following peach trees transplantation, gas exchange was also
measured using a portable gas infrared analyzer (IRGA - Infra-red Gas Analyzer) with artificial
red and blue light sources (LI1-6400XT LI-COR, Inc., Lincoln, NE, USA). Analyses were

performed at each plants medium third, which were healthy and completely developed, in three
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plants per treatment. Microclimate conditions were constantly maintained during the different
treatments readings, being 1100 umol m?2 s! PAR (active photosynthetic radiation) and
environmental CO, concentration (383 umol CO2 mol™? mean). The CO. assimilation rates
(umol CO2 m?st), water conductance (mol H.O m2s), CO; intracellular concentration (umol
CO2 mol™), transpiration rate (mmol H20 m2 s™) and leaf temperature (°C) in all treatments
were analyzed between 10h to 12h.

Soil N forms and tissue N concentration

At 180 days following peach seedlings transplantation, soil samples from 0-0.2 m layer
were collected from each pot. Soil was prepared and ammonium and nitrate extraction was
performed using a 1 mol L™ KCI solution. Ammonium and nitrate concentration were then
determined in the obtained extract by steam drag method in Kjeldahl distiller (Tedesco et al.
1995). On this same date, plants were cut close to soil surface and separated into leaves and
stem. Roots were manually separated from the soil, washed in running water and then in
distilled water. Organ samples were dried at a forced air circulation oven at 65°C until constant
weight, and subsequently dry matter was determined. Tissue samples were milled, prepared and
subjected to sulfur digestion followed by N concentration determination by Kjeldahl still-steam
method (Tedesco et al. 1995).

Statistical Analysis
Results were submitted to analysis of variance with two factors (fertilizer source x
Paspalum notatum absence or presence) and when treatments effect was significant, results

were submitted to LSD test (minimum significant difference) (o = 5%).

RESULTS AND DISCUSSION

Highest N mineral concentrations (nitrate+ammonium) were observed in soil containing
both urea and organic compound, without Paspalum notatum (Figure 1). This can be explained
by the high nutrient uptake from soil, including N, by Paspalum notatum roots, which transports
to aerial part, as observed by N concentration and tissue accumulation (Table 1).
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Figure 1- N mineral concentration in peach tree cultivated soil and submitted to urea and organic
compound application, in Paspalum notatum presence (A) and absence (m).

In soil cultivated in Paspalum notatum absence and with urea application, 13.6% more
N mineral was observed when compared to soil cultivated without Paspalum notatum, but with
organic compound application (Figure 1). However, ammonium, nitrate and N mineral
concentrations in soil cultivated with cover crops presence did not statistically differ between
the two N sources applied (Table 1). Highest different N forms concentrations in soil with urea
application are explained by urea's increased hydrolysis by extracellular ureases enzymes
produced by microorganisms, such as bacteria and soil fungi, producing ammonium carbonate
(NH4") 2COs3, which is not stable in soil. When in contact with water, it decomposes into HCO3®
, OH" and NH4*. The HCO3™ can then decompose into CO; and OH". If NH4* reacts with OH",
NHjs can be transferred to the atmosphere. However, part of remaining NH4* can be transformed
by biological oxidation into nitrite (NOz), followed by NO3", which can be absorbed by plant
roots or lost by leaching, especially in sandy textured soils at its final part, increasing
ammonium and nitrate (Brunetto et al. 2016). Thus, part of N forms may be absorbed by cover
crops, for example, also present in orchards, and by fruit trees, such as peach tree used in the
present study (Kunz et al. 2016).

However, if there are no plants, part of N forms, such as nitrate, can be lost, especially
by leaching, as observed by Oliveira et al. (2016), in an apple orchard submitted to urea and
organic compound application. On the other hand, organic residues mineralization in soil, as
organic compound, is more gradual and, therefore, usually N forms increment in soil occur
more slowly over time (Redin et al., 2014; Stewart et al. al., 2015), justifying the lower N
mineral concentrations observed in pots. This may be desirable, as there may be a greater
synchronization between mineralization and N-uptake by fruit, since roots tend to grow
throughout the year, especially temperate fruits growing under subtropical conditions

(Demestihas et al. 2017, Scandellari et al., 2016) and also, therefore, can absorb N. Organic
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compound used in the present study had a C/N ratio close to 20, where a balance between
mineralization and N immobilization (Favarato et al., 2016; Lobo et al., 2012) is verified, which
corroborates the N forms increase observed in soil, to results obtained in the present study.

Leaves and stems from peach trees cultivated in soil without Paspalum notatum and
with urea and organic compound application had the highest N concentrations (Table 1), which
was reflected in N absorbed content in these two organs (Figures 2a, 2b) and its total value
(Figure 2c). On the other hand, N content absorbed by roots did not statistically differ between
soil with and without Paspalum notatum (Table 1). Leaves and stems N concentrations from
peach trees cultivated with Paspalum notatum also did not statistically differ among different
N sources (Table 1).
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Figure 2- N absorbed by leaves, stems and roots from peach trees cultivated in pots with urea and
organic compound application, with and without Paspalum notatum. Please regard scale differences.

The highest N absorbed amounts, especially by leaves, can be attributed to their N
concentration (Table 1), but also to the higher dry matter production observed in peach trees
submitted to urea and organic compound applications (Figure 3a). This is a result of greater N
mineral availability in soil (Figure 1), but also to intense cellular division and elongation
characteristic to leaves along growth, and so, being N drains (Carranca, Brunetto, and
Tagliavini 2018; Pescie et al. 2018; Roccuzzo et al. 2017). It should be noted that the highest

N absorbed amounts observed in peach trees cultivated in soil with no N source application but



93

with urea and organic compound were observed in roots, which is a N reserve organ (Rivera et
al. 2016; Roccuzzo et al. 2017). Thus, the greater the amount of N mineral in soil (Figure 1),
greater the N absorbed and accumulated amount, usually in form of proteins (Carranca et al.
2018). Some of proteins present in roots may be degraded and part of N may be redistributed
to growing organs, with annuals, among them leaves, along plants growth (Carranca et al. 2018;
Rivera et al. 2016; Roccuzzo et al. 2017). Thus, even the plant may be less dependent on N

applied through different sources, if roots internal N reserves are large (Jordan et al. 2014).

Table 1 — Soil N forms concentration and N absorbed content by Peach trees and Paspalum
notatum following 180 days cultivation with N sources and in Paspalum notatum
presence/absence.

Nutritional parameters Paspalum notatum Fertilizer Fertilizer x Paspalum
%) Presence or notatum
absence Control Urea  Compost
NH.* concentration in Present 2.99bA 3.34abB 3.85aB .
soil Absent 1.93cB  4.22aA  3.24bA
Present 3.87bB 6.48aB 5.91aB
NO3™ concentration in soil ns
Absent 5.98bA 8.24aA  7.50aA
Present 6.86bA 9.83aB 9.77aA
N Mineral concentration ns
Absent 7.92cA 12.45aA 10.75bA
Present 2.64aA 254aB 2.74aB
Leaves N uptake *
Absent 3.14bA 5.31aA 3.77bA
Present 4.21aA 4.04aB  3.78aA
Stems N uptake ns
Absent 3.77TbA 6.24aA 4.43abA
Present 15.90bA 23.94aB 16.27bA
Roots N uptake ns
Absent 15.72bA 27.57aA 18.90bA
Present 22.59bA 31.04aB 23.06bA
Peach Total N ns
Absent 23.00bA 39.38aA 27.55bA
Paspalum notatum Present 184b 323  2.16b -
aerial part N uptake
Paspalum notatum Present 6.62b 834a  7.74ab -
roots N uptake
Cover plant total N Present 8.46b  11.57a 9.91ab -

Abstract: Two-way ANOVA. LSD = significant minimum difference at 5% probability. Lowercase letters means differ
fertilizers and uppercase letters means cover crops presence or absence. Asterisk indicates statistically significant differences

associated to the interaction between fertilizer and cover crops, ns = not significant.
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Peach trees cultivated with urea application and cover crops absence presented higher
leaf dry matter production when compared to peach trees cultivated with organic compound
without Paspalum notatum. However, in Paspalum notatum presence, there was no significant
difference between N sources (Table 1). Peach trees cultivated in soil with urea application
showed the highest roots dry matter production as well as total dry matter when compared to
organic compound application, both in Paspalum notatum presence and absence (Figure 3c and
3d). This possibly occurred due to increased N availability to plants provided by urea
application (Table 1), which was reflected in higher N absorbed and reverted in roots dry mass
through cell division and new roots emission, especially in Paspalum notatum presence, which
may have contributed to increase soil volume explored by the root system, boosting nutrients
absorption, including N (Corréa et al. 2018). Thus, the higher root emission increased roots dry
mass and, consequently, total dry mass. However, when compared to Paspalum notatum
presence and absence within each N source, no significant difference was observed in stem dry
matter mass, roots and total dry mass.
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Figure 3- Stem, leaves and roots dry mass from peach trees cultivated with urea and organic compound
application, in Paspalum notatum presence or absence. Please regard scale differences.

When in consortium with peach tree, Paspalum notatum aerial part dry mass production
was higher when urea was applied (Table 1). In addition, higher amount of N absorbed by peach

tree was observed in plants with urea application when compared to the ones cultivated in both
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control soil and organic compound application (Figures 4a and 4b). In roots, N absorbed and
dry mass produced by root system did not statistically differ between N sources (Table 1), which
indicates that Paspalum notatum tends to accumulate more N in aerial part than in roots, unlike
the observed on peach trees. Paspalum notatum total dry mass production cultivated in
consortium with peach tree was higher with urea application (Table 1) (Figure 4), this might be
explained by the fact that urea not only is a readily available N source to plants, but also that
Paspalum notatum root system is more aggressive than the peach tree, and thus was able to

absorb more N, and convert to dry mass production.
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Figure 4- Root and aerial part dry mass and N absorbed by Paspalum notatum cultivated together with
young peach trees, with urea and organic compound application. Please regard scale differences. Line
inside boxes represents median (separating 50% each side). Dots indicate data that were outside the 1.5
x interquartile range.

Photosynthetic rate and stomatal conductance values did not differ between plants
cultivated with and without Paspalum notatum (Table 2), in both control soil and urea and
organic compound application (Figure 5a and 5b). However, leaves from peach trees cultivated
without Paspalum notatum in control soil and with urea and organic compound application

presented the highest chlorophyll a, chlorophyll b and carotenoids values (Figures 5c, 5d, 5e).
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The highest chlorophyll a and b values in leaves from peach trees cultivated in soil without
Paspalum notatum are explained by the higher N mineral availability, especially in soil with
urea and organic compost application (Figure 1) and consequent increase in tissue N
concentration, since chlorophyll molecule is formed by association between a central Mg atom
(pheophytin complex), and four N atoms of four symmetrical pyrrhic rings (Bechaieb, Lakhdar,
and Gérard 2018). The highest carotenoids values, which were also observed in these same
peach trees, can be attributed to the fact that these compounds act in photo-oxidative damages
prevention caused by reactive species highly produced in the photosynthesis (Cruz et al., 2007;
Gao et al., 2016), which was stimulated by increasing tissue N concentration, especially in soil
with urea application (Table 1).
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Figure 5- Photosynthesis, conductance, chlorophyll a, chlorophyll b and carotenoids concentrations in
leaves from peach trees cultivated in pots with urea and organic compound application, Paspalum
notatum presence or absence. Please regard scale differences as well as in measurement units.

Peach trees cultivated in Paspalum notatum presence absorbed 12.1% less N, possibly
stimulating leaf senescence anticipation in approximately 30 days, compared to peach trees
cultivated without Paspalum notatum (Figure 1). In spite of lower N mineral availability, which
also reduced N absorbed content by leaves and stem, reflecting in total and lower photosynthetic
pigments values (chlorophyll a, chlorophyll and carotenoids), total dry matter production from
peach trees cultivated with Paspalum notatum was not negatively affected (Figure 6). This is
desirable, making soil coverage plants, including Paspalum notatum, be used in orchard lines,
after seedlings transplant. Thus, raindrops Kkinetic energy is expected to dissipate, which

decreases water erosion potential, especially in soils located in sloping relief. In addition, soil
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cover crops maintenance is justified due to part of N applied, in the form of urea or organic
compound, can be absorbed, remaining in plants roots and aerial part and, therefore, it can
return to soil following organs senescence, reducing N transfers to the environment and even
increase utilization potential by peach trees and the roots of Paspalun notatum can improve the
stability of aggregates and prevent the degradation of carbon and nitrogen present in the soil.
(Gbmez-Munoz et al., 2014; Karl et al., 2016; Sharifi et al., 2016), especially in large and

unconfined environments such as pots used in the present study.
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Figure 6- Total N absorbed by peach trees with and without Paspalum notatum presence. Line inside
boxes represents the median (separating 50% data for each side). Dots on the vertical line indicate the
distribution of 15 observations each treatment. The point at the end and outside the vertical line indicates
a data outside the 1.5 x interquartile range.

CONCLUSION

Peach trees cultivated in soil with urea application absorbed a greater N amount when
compared to organic compound application, even in Paspalum notatum presence.

Peach tree cultivation associated to Paspalum notatum decreased N uptake and,
possibly, decreased peach trees photosynthetic pigment content as well as stimulated
senescence anticipation in 30 days, however there was no reduction in total dry matter

production from peach trees.
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SUPPLEMENTARY MATERIAL

Figure S1 Photo taken 180 days after control treatments, urea, and organic compound application with

presence and absence of cover crops (CC).
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Table S1- Peach trees and Paspalum notatum morphological parameters after 180 days

cultivation with N sources in Paspalum notatum presence or absence.

Peach and Paspalum notatum Paspalum notatum Fertilizer ?ar;gleflirrrz(
Dry mass Presence or absence Control Urea Compost notatum
Present 0,15bA 0,20aA 0,19aA
Height increase (cm) ns
Absent 0,15bA 0,21aA 0,21aA
Present 0,06aA 0,08aA 0,07aA
Stem diameter increase (cm) ns
Absent 0,06aA 0,082A 0,06aA
Present 19.52aA 17.96aB  18.86aA
Peach leaf dry mass (g) ns
Absent 21.90bA  25.84aA  22.28bA
Present 39.10aA  37.10aA  35.85aA
Peach stem dry mass (g) ns
Absent 34.58aA  35.8l1aA  33.77aA
Present 102.45bA  155.54aA 107.33bA
Peach roots dry mass (g) ns
Absent 101.42aA 128.78aA 106.52aA
Present 163.47bA 215.62aA 165.47bA
Peach total dry mass (g) ns
Absent 161.26bA 191.95aA 165.87bA
Cover crops sh(c; (;t part dry mass Present 12.80b 22.51a 15.09b -
Cover crops root system dry Present 46.89b 59.29a 55.61a -
mass (g)
Cover crops total dry mass (g) Present 59.69c 81.80a 70.70b -

Abstract: Two-way ANOVA. LSD = significant minimum difference at 5% probability. Lowercase letters means differ
fertilizers and uppercase letters means cover crops presence or absence. Asterisk indicates statistically significant differences
associated to the interaction between fertilizer and cover crops, ns = not significant.
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Table S2- Peach and Paspalum notatum physiological parameters after 180 days cultivation

with N sources in Paspalum notatum presence or absence.

Fertilizer Fertilizer x
. . Paspalum notatum presence
Physiological parameters or absence Paspalum
Control Urea Compost notatum
Present 0.98aA 1.13aB 1.09aB
Chlorophyll a concentration ns
Absent 1.29bA 1.70aA 1.47bA
Present 0.29aB 0.32aB 0.30aA
Chlorophyll b concentration ns
Absent 0.45bA  0.61aA 0.43bA
Present 0.34aA 0.37aB 0.35aA
Carotenoid concentration ns
Absent 0.40bA  0.47aA 0.41bA
Net photosynthetic Present 9.97bA  11.98aA 11.29aA o
assimilation rate Absent 10.15bA 12.59aA  11.35abA
Present 0.14aA 0.19aA 0.15aA
Stomatal conductance ns
Absent 0.16aA 0.21aA 0.17aA

Abstract: Two-way ANOVA. LSD = significant minimum difference at 5% probability. Lowercase letters means differ
fertilizers and uppercase letters means cover crops presence or absence. Asterisk indicates statistically significant differences
associated to the interaction between fertilizer and cover crops, ns = not significant.

Table S3 Analysis of variance of concentration of NH4™ in soil.

Degrees of freedom Sum of squares Mean square F P
Fertilizer 2 9.922887 4.961443 23.675 0.0000
Cover crop 1 0.528013 0.528013 2520  0.1255
Fertilizer * Cover crop 2 5.101607 2.550803 12.172  0.0002
Error 24 5.029480 0.209562
Total 29 20.581987




Table S4 Analysis of variance of concentration of NO3™ in soil.

109

Degrees of freedom  Sum of squares

Mean square

F P

Fertilizer 2 31.714327 15.857163  18.582 0.0000
Cover crop 1 24.843000 24.843000  29.112 0.0000
Fertilizer * Cover crop 2 0.358580 0.179290 0.210 0.8120
Error 24 20.480360 0.853348

Total 29 77.396267

Table S5 Analysis of variance of the N concentration in the soil in mineral form.

Degrees of freedom  Sum of squares

Mean square

F P

Fertilizer 2 76.903820 38.451910  29.535 0.0000
Cover crop 1 18.065280 18.065280 13.876 0.0011
Fertilizer * Cover crop 2 4.300980 2.150490 1.652 0.2128
Error 24 31.245520 1.301897
Total 29 130.515600
Table S6 Analysis of variance of the N uptake in the leaf of peach tree.
Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 5.207540 2.603770 6.662 0.0050
Cover crop 1 15.351053 15.351053 39.277 0.0000
Fertilizer * Cover crop 2 7.433167 3.716583 9.509 0.0009
Error 24 9.380240 0.390843
Total 29 37.372000




110

Table S8 Analysis of variance of the N uptake in the stem of peach tree.

Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 8.002487 4.001243 1.841 0.1803
Cover crop 1 4.824030 4.824030 2.220 0.1493
Fertilizer * Cover crop 2 8.840580 4.420290 2.034 0.1527
Error 24 52.151040 2.172960
Total 29 73.818137

Table S9 Analysis of variance of the N uptake in the root of peach tree.

Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 582.991740 291.495870  11.465 0.0003
Cover crop 1 36.190083 36.190083 1.423 0.2445
Fertilizer * Cover crop 2 14.303727 7.151863 0.281 0.7573
Error 24 610.180680 25.424195
Total 29 1243.666230

Table S10 Analysis of variance of the N total uptake in the peach tree.
Degrees of freedom Sum of squares  Mean square F P

Fertilizer 2 862.547847 431.273923  11.302 0.0003
Cover crop 1 146.125470 146.125470 3.829 0.0621
Fertilizer * Cover crop 2 78.547380 39.273690 1.029 0.3725
Error 24 915.799840 38.158327

Total 29 2003.020537
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Table S11 Analysis of variance of the dry mass of leaf of peach tree.

Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 10.624687 5.312343 0.737 0.4888
Cover crop 1 155.632963 155.632963 21.606 0.0001
Fertilizer * Cover crop 2 42.697407 21.348703 2.964 0.0707
Error 24 172.878680 7.203278
Total 29 381.833737
Table S12 Analysis of variance of the dry mass of stem of peach tree.
Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 24.531740 12.265870  0.184 0.8333
Cover crop 1 55.460803 55.460803 0.831 0.3712
Fertilizer * Cover crop 2 12.480487 6.240243 0.093 0.9111
Error 24 1602.491000 66.770458
Total 29 1694.964030
Table S13 Analysis of variance of the dry mass of root of peach tree.
Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 9614.350107 4807.175053 5.317 0.0123
Cover crop 1 681.442680 681.442680  0.754 0.3939
Fertilizer * Cover crop 2 1113.079920 556.539960 0.616 0.5486
Error 24 21696.874240 904.036427
Total 29 33105.746947
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Table S14 Analysis of variance of the total dry mass of peach tree.

Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 10602.953447 5301.476723 4.275 0.0258
Cover crop 1 538.565070 538.565070  0.434 0.5162
Fertilizer * Cover crop 2 875.592620 437.796310  0.353 0.7061
Error 24 29761.796480 1240.074853
Total 29

Table S15 Analyses of variance of the nitrogen uptake in cover crops shoot parts

Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 5.337341 2.668671 10.285 0.0025
Error 12 3.113776 0.259481
Total 14 8.451118

Table S16 Analyses of variance of the nitrogen uptake in cover crops root system

Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 7.565388 3.782694 3.645 0.0579
Error 12 12.452350 1.037696
Total 14

Table S17 Analyses of variance of the nitrogen uptake total in cover crops

Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 24.214911 12.107455 7.389 0.0081
Error 12 19.662310 1.638526

Total 14
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Table S18 Analyses of variance of dry mass of cover crops shoot parts

Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 257.949493 128.974747  11.570 0.0016
Error 12 133.765400 11.147117
Total 14 391.714893

Table S19 Analyses of variance of dry mass of cover crops root system

Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 405.427213 202.713607  7.757 0.0069
Error 12 313.599480 26.133290
Total 14 719.026693

Table S20 Analyses of variance of dry mass total of cover crops

Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 1222.579853 611.289927  14.307 0.0007
Error 12 512.706720 42.725560
Total 14 1735.286573

Table S21 Analysis of variance of the chlorophyll a concentration in the leaf of peach tree.

Degrees of freedom Sum of squares  Mean square F P
Fertilizer 2 0.395180 0.197590 2.979 0.0699
Cover crop 1 1.327203 1.327203 20.008 0.0002
Fertilizer * Cover crop 2 0.100047 0.050023 0.754 0.4813
Error 24 1.592040 0.066335

Total 29 3.414470
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Table S22 Analysis of variance of the chlorophyll b concentration in the leaf.

Degrees of freedom  Sum of squares Mean square F P
Fertilizer 2 0.068807 0.034403 3.174 0.0598
Cover crop 1 0.290083 0.290083 26.765 0.0000
Fertilizer * Cover crop 2 0.038127 0.019063 1.759 0.1937
Error 24 0.260120 0.010838
Total 29 0.657137

Table S23 Analysis of variance of the carotenoid concentration in the leaf.

Degrees of freedom Sum of squares Mean square F P
Fertilizer 2 0.014607 0.007303 2.640 0.0920
Cover crop 1 0.044853 0.044853 16.212 0.0005
Fertilizer * Cover crop 2 0.002687 0.001343 0.486 0.6213
Error 24 0.066400 0.002767
Total 29 0.128547

Table S24- Analysis of variance of net photosynthetic assimilation rate.

Degrees of freedom Sum of squares Mean square F P
Fertilizer 2 24.383707 12.191853  12.348 0.0002
Cover crop 1 0.681013 0.681013 0.690 0.4144
Fertilizer * Cover crop 2 0.520987 0.260493 0.264 0.7703
Error 24 23.695680 0.987320
Total 29 49.281387
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Table S25 Analysis of variance of stomatal conductance.

Degrees of freedom Sum of squares Mean square F P
Fertilizer 2 0.013807 0.006903 2.135 0.1402
Cover crop 1 0.003203 0.003203 0.991 0.3295
Fertilizer * Cover crop 2 0.000127 0.000063 0.020 0.9806
Error 24 0.077600 0.003233

Total 29 0.094737




116

5.5 ESTUDO V

Contribuicéo anual e residual do nitrogénio derivado da uréia na nutricéo
de pessegueiros®

ABSTRACT

Mesmo baixas doses de fertilizantes nitrogenados, como a uréia, sdo aplicadas
parceladamente em pomares de pessegueiros no mundo. Porém, ndo é suficientemente
conhecido a real contribuicdo para a nutricdo do pessegueiro de modos de fornecimento do
nitrogénio (N) aplicado na safra ou seu residual no ciclo posterior. O estudo teve como objetivo
avaliar a contribuicdo anual e residual do N derivado da ureia para a nutricdo de pessegueiros
em producdo. Quarenta quilogramas de N, na forma de ureia enriquecida com 3% de atomos
de N em excesso foi aplicada em pessegueiros em fase de produgdo em uma Gnica dose (100%
na brotacdo - 100B) e parcelada (50% na brotacdo e 50% no florescimento - 50B+50F). As
concentracdes totais de °N e N total no ano de aplicacdo e no ano posterior as aplicaces dos
tratamentos foram avaliadas em folhas ao longo do ciclo, em frutos (polpa e caroco) na colheita
e em amostras estratificadas de solo. No ano posterior as aplicacBes dos tratamentos as
concentracdes totais de °N e N e massa seca foram avaliadas em 6rgéos anuais e perenes dos
pessegueiros. Os pessegueiros alocaram mais Ndff em folhas e frutos (polpa e carogo), no ano
de sua aplicacdo no solo e no ano seguinte, quando a dose de N foi aplicada parcelada. No ano
seguinte a aplicacdo do N (2017), as maiores quantidades de Ndff foram observadas
especialmente em folhas e frutos (6rgdos anuais) e raizes grossas (6rgdo perene), em especial,
quando a dose de N foi aplicada parcelada. Porém, o N presente nos pessegueiros foi derivado
de outras fontes que ndo do N do fertilizante, especialmente, no ano seguinte a aplicacéo, porque
o residual de N no solo foi muito pequeno, justificando, quando for o caso, aplicaces anuais
de N.

Keywords: Prunus persica, isétopo *°N, adubac&o nitrogenada

S Artigo elaborado de acordo com as normas da revista Agriculture, Ecosystems & Environment.
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INTRODUCAO

Em solos de pomares nem sempre o nitrogénio (N) derivado da mineralizacdo da matéria
organica e de residuos vegetais em decomposicdo pode suprir a demanda de N pelos
pessegueiros (Prunus persica L.), podendo diminuir inclusive a produtividade e até afetar
negativamente parametros qualitativos de fruto (Damour et al., 2014; Jannoyer et al., 2011).
Por isso, sendo diagnosticada a necessidade e estabelecida a dose de N, através de parametros
como o teor de matéria organica do solo, teor de N em folhas, parametros de crescimento e
produtividade (Brunetto et al., 2016), entre outros critérios, fertilizantes nitrogenados
normalmente sdo aplicados sobre a superficie do solo, sem incorporacao.

A ureia é o fertilizante nitrogenado normalmente mais usado em pomares porque possui
elevada concentracdo de N e menor custo por unidade do nutriente (Brunetto et al., 2016b).
Porém, a uréia no solo é rapidamente hidrolisada por enzimas ureases extracelulares produzidas
por microrganismos, tais como bactérias e fungos, produzindo carbonato de amonio
(NH4%)2COs3, que ndo é estavel no solo. Em contato com a agua, se decompde em HCO3', OH-
e NH4*. O NH4" pode reagir com OH-, estimulando a perda de NHs por volatilizacdo, mas parte
do NH4" no solo pode ser transformado através da oxidacdo bioldgica em nitrito (NO2) e,
posteriormente, em nitrato (NOz") (Brunetto et al., 2016a), que normalmente em solos drenados
é a forma predominante de N. Porém o NOs no solo € muito mével e por isso, pode ser
facilmente lixiviado, contaminando aguas subsuperficiais em pomares (Baram et al., 2016;
Nevison et al., 2016). Por isso, normalmente se recomenda aplicar a dose de N parceladamente
ao longo de periodos ou estagios fenoldgicos de maior demanda do pessegueiro pelo N, como
ao longo da brotagéo e florescimento (Brunetto et al., 2016a), em que se acredita que aconteca
maior emissdo e persisténcia de raizes no solo, que sdo mais ativas e responsaveis pela maior
absorcéo de agua e nutrientes, como o N (Jordan, 2015). E especialmente, no florescimento,
pode ser observada intensa divisdo e alongamento celular de 6rgdos da parte aérea, o que
promove incremento de matéria seca, aumentando a demanda pelo N (Ventura et al., 2010).

No entanto, € possivel que pessegueiros quando submetidos a aplica¢do de baixas doses
recomendadas de N, por exemplo, 40 kg N ha! (CQFS-RS/SC, 2016), em uma Unica vez ou
parcelada, especialmente em solo com textura mais argilosa e médios teores de matéria
organica; absorvam quantidades similares de N do fertilizante. 1sso seria desejado, porque
diminuiria o custo da aplicacdo parcelada do fertilizante nitrogenado, o potencial de
contaminacdo de aguas e aumentaria a quantidade absorvida de N do fertilizante pelos
pessegueiros. Parte do N absorvido pelas raizes podera ser transportado, preferencialmente,
para os orgdos em crescimento, como folhas, ramos do ano e frutos (El-Jendoubi et al., 2013;
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Jordan, 2015). Mas, depois da colheita, parte do N acumulado em 6rgdos anuais podera ser
redistribuido, para 6rgdos de reserva, como caule, ramos de mais de um ano e, especialmente,
as raizes (Rivera et al., 2016; Zhang et al., 2012). Caso sejam grandes as quantidades de N do
fertilizante acumuladas no interior dos pessegueiros no ano da aplicacdo do fertilizante, na safra
posterior a aplicacdo, talvez ndo seja necessaria a aplicagdo de grandes doses de N no solo,
diminuindo a dependéncia do fertilizante (Jordan et al., 2012) ou mesmo do N do solo,
normalmente derivado da mineralizacdo da matéria organica e da decomposicdo de residuos
vegetais (Sabahi et al., 2016; TerAvest et al., 2010).

Porém, a quantidade de N recuperada pelos pessegueiros e a quantidade acumulada em
6rgdos, no ano de aplicacdo do fertilizante e no ano posterior, fornecido através de diferentes
modos (dose Unica de N ou parcelada), ndo é suficientemente conhecido em pomares de
pessegueiro, como aqueles destinados a producéo de frutos a serem comercializados in natura,
como os da cultivar Chimarrita. Estas informac6es podem ser obtidas com confiabilidade usado
>N como tragador (Brunetto et al., 2014). A hipotese do presente estudo € que pessegueiros
absorvem e acumulam maiores quantidade de N do fertilizante quando a aplicacédo é parcelada,
mesmo em baixas doses, e que a maior quantidade do N obsorvido, no ano de aplicacdo do N
ou na safra seguinte, € derivada de outras fontes de N que ndo o fertilizante aplicado. O estudo
objetivou avaliar a contribuicdo anual e residual do N derivado da ureia para a nutricdo de

pessegueiros em producéo.

MATERIAL E METODOS

Localizagéo do experimento e tratamentos

O experimento foi instalado em julho de 2016, em um pomar de pessegueiro da cultivar
‘Chimarrita’ (epibioto), enxertado sobre o porta-enxerto ‘Capdeboscq’ (hipobioto), na
densidade de 1.666 plantas por hectare (1,5 m entre plantas e 4 m entre linhas), em sistema de
conducdo Ypsilon, no municipio de Bento Gongalves, estado do Rio Grande do Sul, regido Sul
do Brasil (latitude 29°9°54.50”’S; longitude 51°32°3.87”0). O pomar foi implantado em 20009,
em um solo Cambissolo Humico (Sibcs, 2013) e Typic Hapludalf soil (Soil Survey Staff, 2014).
O solo antes do transplante das mudas possuia na camada de 0-0.2 m, as seguintes
caracteristicas: argila 310 g kg2, silte 468 g kg™ e areia 280 g kg*; matéria organica 26,5 g kg
1 pH em é&gua 5,7 (relagdo 1:1); Al, Ca e Mg trocaveis 0,0, 7,4 e 2,3 cmol. dm,
respectivamente (ambos extraidos por KCI 1mol L?); P e K disponiveis 8,6 e 207 mg dm™

(ambos extraidos por Mehlich-1) e N total de 2,60 g kg™*. O clima da regio ¢ subtropical, tipo
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Cfa, com precipitacdo média anual de 1.736mm. Resultados médios de precipitacéo,
temperatura do ar e umidade s&o apresentados na Tabela S2.

Os tratamentos foram a aplicacéo de 100% da dose de N aplicada na brotacéo (100B) e
50% da dose de N aplicada na brotacéo + 50% da dose de N aplicada no final do florescimento
(50B + 50F). O delineamento experimental foi inteiramente casualizado com trés repeti¢Ges.
Cada repeticdo foi formada por cinco plantas, sendo as trés plantas centrais submetidas a
aplicacdo de N e avaliadas. Em cada planta foi aplicado 54,5 g N planta™®, equivalente a 40 kg
N hal, que é a dose de N recomendada para solos com 2,6 & 5,0% de matéria organica (CQFS-
RS/SC, 2016). A fonte de N foi a ureia enriquecida com 3% de atomos °N em excesso. A ureia
foi aplicada sobre a superficie do solo, sem incorporagio em uma area de 1 m, sendo o centro
da area o caule do pessegueiro. As plantas de cobertura do solo na area de aplicacdo da ureia
foram eliminadas manualmente no momento da aplicacdo dos tratamentos. Ao logo do ciclo
dos pessegueiros, as plantas de cobertura na regido de aplicacdo dos tratamentos foram
dessecadas a cada 30 dias, usando herbicida (principio ativo glifosato) ndo residual.

Avaliacdo e analises

Em 2016 e 2017, na brotagdo, florescimento, crescimento de frutos, colheita e
senescéncia das plantas foram coletadas 10 folhas completas ao redor de cada planta. Nos dois
anos todos os frutos foram contados e coletados. Dez frutos aleatoriamente foram coletados. A
polpa foi separada manualmente do carogco. Em 2017, além de todas as coletas e andlises de
folha e fruto realizadas em 2016, as plantas foram arrancadas com o auxilio de um trator. A
parte area foi separada em folhas, ramos do ano, ramos de mais de um ano e caule. As raizes
foram separadas manualmente do solo e divididas em raizes finas (com didmetro <2 mm) e
grossas (com diametro > 2 mm). As raizes foram lavadas em &gua corrente e, posteriormente,
em agua destilada. Todos os 6rgdos foram pesados para obtencdo da massa fresca. Uma
subamostra de cada 6rgdo foi coletada e pesada. Folhas, polpa, carogo, ramos do ano, ramos de
mais de um ano, caule e raizes foram secos em estufa com ar forcado a 65°C até peso constante
e novamente pesados. As amostras de cada 6rgado foram moidas e reservadas. Em 2016 e 2017,
logo depois da colheita dos frutos, na &rea de projecdo da copa onde os tratamentos foram
aplicados, amostras de solo foram coletadas nas camadas de 0.0-0.02,5, 0.02,5-0.05, 0.05-0.10
e 0.10-0.20 m. O solo foi seco ao ar, passado em peneira com malha de 2 mm e reservado. As
amostras de tecido e solo foram submetidas & analise dos teores totais de N e N por
espectrometria de massa (espectrébmetro de massa Finnigan MAT, modelo Delta Plus), de

acordo com Brunetto (2014).
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Calculos e analise estatistica

Com os resultados foram calculados os atomos de °N em excesso (Equacio 1), o N
derivado do fertilizante (Ndff) (Equacédo 2 e 3), o N derivado do solo (Ndfs) (Equacédo 4) e a
recuperacdo (R) (Equacdo 5), nas diferentes partes das plantas e o total em cada modo de
parcelamento da dose de N (Brunetto et al., 2014):

Atomos °N excesso na amostra (%) = % atomos **N na amostra - 0,3663% Equagdo 1

Com a porcentagem de atomos de °N em excesso na amostra, a quantidade de N total
e a porcentagem de °N no fertilizante aplicado no solo foi possivel obter o N derivado do
fertilizante (Ndff) (EquacGes 2 e 3):

Ndff (%) = (% atomos '°N excesso na amostra / % atomos '°N excesso no fertilizante) x100 Equagéo 2
Ndff (g) = N total na amostra (g) x (% atomos °N excesso na amostra / % atomos '°N excesso no fertilizante)
Equacdo 3
Posteriormente, com os dados obtidos acima foi possivel calcular o N derivado do solo
(Ndfs) (Equacao 4):
Ndfs (%) = 100-Ndff (%) Equacéo 4
Recuperacédo do N do fertilizante pela planta (R) (Equagéo 5):
R (%) = Ndff / Quantidade N fertilizante aplicado (mg ) x 100 Equacgéo 5
Os resultados foram testados em relacdo a normalidade pelo método D’Agostino-

Pearson e submetidos a analise de variancia. Quando houve significancia dos tratamentos foram
submetidos ao teste de comparacdo de média Scott Knott, tomando como base os niveis de

significancia menor que 5% de erro (p <0,05).

RESULTADOS
N em folhas

Em 2016, as maiores concentracdes de N total foram observadas nas folhas coletadas
na colheita dos frutos nos pessegueiros submetidos a aplicagéo de 100B (Figura 1a). As maiores
percentagens de atomos de °N em excesso e Ndff foram verificadas nas folhas coletadas na
brotacdo, crescimento de frutos e colheita de frutos, nos pessegueiros submetidos a aplicagao
de 50B+50F (Figura 1b, 1c). Em 2017, as maiores concentracOes de N total foram verificadas
nas folhas coletadas no final do florescimento, crescimento dos frutos, colheita dos frutos e
senescéncia das folhas, nos pessegueiros submetidos a aplicacdo de 100B (Figura 1d). As
maiores percentagens de atomos de N em excesso e Ndff foram observadas, em todas as
épocas de coleta, nas folhas dos pessegueiros submetidos a aplica¢des de 50B+50F (Figuras 1e,

1f). As concentrages de N total e percentagens de atomos de N em excesso e Ndff em folhas
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diminuiram nos dois modos de fornecimento de N, na senescéncia das folhas (2016) e colheita
dos frutos (2017). As concentracdes de N total em folhas coletadas em diferentes épocas, em
pessegueiros submetidos as aplicacfes de 100B e 50B+50F foram similares entre os anos de
2016 e 2017. Mas, as percentagens de atomos de °N em excesso e Ndff em folhas coletadas
em diferentes épocas nos pessegueiros submetidos as aplicacdes de 100B e 50B+50F foram
maiores no ano de 2016.

2016 2017
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Figura 1. N total, &tomos de >N em excesso e N derivado do fertilizante (Ndff) em folhas de pessegueiro coletadas
na brotagdo, final da floracdo, crescimento dos frutos, colheita e senescéncia de folhas em 2016 (a, b, ¢) e 2017 (d,
e, f). Os pessegueiros foram submetidos a aplicacdo de 40 kg N ha* na forma de uréia, na brotagdo (100% da dose
na brotacdo - 100B) e parcelada na brotacdo e florescimento (50% da dose na brotacdo e 50% da dose no
florescimento - 50B + 50F), em 2016. Na safra 2017, depois da colheita dos frutos, as plantas foram arrancadas.
Letras mindsculas diferem entre épocas de colheita e letras mailsculas diferem entre os modos de parcelamento
da dose de N em cada época de coleta pelo teste de Scott Knott (p < 0,05).
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N em frutos

As maiores concentrages de N total e percentagens atomos de °N em excesso e Ndff
foram observadas na polpa dos frutos derivados dos pessegueiros submetidos a aplicacfes de
50B+50F em 2016 e 2017 (Figuras 2a, 2b, 2c, 2d, 2e, 2f). As concentracGes de N total e
percentagens de atomos de °N em excesso e Ndff no caroco dos péssegos ndo diferiram
estatisticamente entre as aplicacdes de 100B e 50B+50F, em 2016 e 2017. As concentracdes de
N total em caroco e polpas dos péssegos derivados dos pessegueiros submetidos as aplicagdes
de 100B e 50B+50F foram similares entre os anos de 2016 e 2017. Mas, as percentagens de
atomos de °N em excesso e Ndff em carogos e polpas de péssegos provenientes de pessegueiros

com aplicagdes de 100B e 50B+50F foram maiores em 2016.
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Figura 2. N total, &tomos de >N em excesso e N derivado do fertilizante (Ndff) em carogo e polpa de péssegos
em 2016 (a, b, ¢) e 2017 (d, e, f). Os pessegueiros foram submetidos a aplicacéo de 40 kg N ha* na forma de uréia,
na brotacdo (100% da dose na brotagdo - 100B) e parcelada na brotacéo e florescimento (50% da dose na brotacéo
e 50% da dose no florescimento - 50B + 50F), em 2016. Em 2017, depois da colheita dos frutos, as plantas foram
arrancadas. Letras minGsculas diferem drgaos dentro de cada tratamento e letras mailsculas diferem o
parcelamento da dose de N em cada orgéo N pelo teste de Scott Knott (p < 0,05).

N no perfil do solo

Os maiores teores de N total foram observados nas camadas de 0.0-0.02,5, 0.02,5-0.05
e 0.05-0.10 m no solo submetido a aplicacdo de 50B+50F, em 2016 e 2017 (Figuras 3a, 3d). Os
maiores teores de N total foram observados nas camadas mais superficiais do solo submetido a

aplicacdo de 100B e 50B+50F, em 2016 e 2017. As maiores percentagens de atomos de °N em
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excesso e Ndff foram verificadas em todas as camadas, no solo submetido a aplicacfes de
50B+50F (Figuras 3a, 3e, 3¢, 3d). Mas, as maiores percentagens de atomos de °N em excesso
e Ndff foram observadas nas camadas de 0.0-0.02,5m no solo com aplicacdes de 100B e

50B+50F. Porém, o N derivado do fertilizante migrou até a profundidade de 20 cm.
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Figura 3. N total, atomos de '*N em excesso e N derivado do fertilizante (Ndff) em camadas de solo cultivado
com pessegueiro, em 2016 (a, b, c) e 2017 (d, e, f). Os pessegueiros foram submetidos a aplicacdo de 40 kg N ha
! na forma de uréia, na brotacéo (100% da dose na brotagéo - 100B) e parcelada na brotacéo e florescimento (50%
da dose na brotacdo e 50% da dose no florescimento - 50B + 50F), em 2016. Em 2017, depois da colheita dos
frutos, as plantas foram arrancadas. *Letras minudsculas diferem camadas dentro de cada modo de parcelamento e
letras maitsculas diferem entre os modos de parcelamento da dose de N em cada ano de coleta pelo teste de Scott
Knott (p < 0,05).
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Distribuicéo e recuperacédo do N aplicado em pessegueiros

As maiores producdes de matéria seca foram observadas nos caules, polpas e folhas nos
pessegueiros submetidos a aplicacdo de 50B+50F (Figura 4a). O caule apresentou a maior
producdo de matéria seca, seguida pela polpa, nos pessegueiros submetidos as aplicacfes de
100B e 50B+50F. O maior acumulo de N total foi observado nas folhas, polpa, raizes grossas,
caules e caroco dos péssegos, em pessegueiros submetidos a aplicagdes de 50B+50F (Figura
4b). O maior acimulo de N total foi observado em folhas de pessegueiros com as aplicacdes de
100B e 50B+50F.

Os maiores acumulos de Ndff e Ndfs foram observados nas polpas, folhas e raizes grossas
dos pessegueiros submetidos as aplicacdes de 50B+50F (Figuras 4c, 4d). Nos pessegueiros
submetidos as aplicacdes de 50B+50F as maiores quantidade de Ndff foram verificadas nas
polpas, folhas e raizes grossas. Mas, nos pessegueiros com aplicacdo de 100B as maiores
quantidades de Ndff foram observadas nas folhas. As maiores quantidades de Ndfs foram
verificadas em folhas dos pessegueiros submetidos as aplicacGes de 100B e 50B+50F, seguido
pelas polpas e raizes. Porém, as maiores quantidades de N nestes 6rgdos e nos demais foram

derivadas do solo, porque as percentagens de Ndff (figura 4c) dos 6rgaos foram muito pequenas.
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Figura 4. Massa seca dos 6rgdos (a), N total (b), atomos de 15N em excesso (c), N derivado do fertilizante (Ndff)

(c) e N derivado do solo (Ndfs) (d) em pessegueiro em 2017. Os pessegueiros foram submetidos a aplicacdo de 40

kg N ha! na forma de uréia, na brotagéo (100% da dose na brotacéo - 100B) e parcelada na brotagéo e florescimento

(50% da dose na brotacdo e 50% da dose no florescimento - 50B + 50F), em 2016. Em 2017, depois da colheita

dos frutos, as plantas foram arrancadas. Letras minusculas diferem orgdos dentro de cada modo de parcelamento

e letras maitsculas diferem entre os modos de parce

lamento da dose de N pelo teste de Scott Knott (p < 0,05).
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DISCUSSAO
N em folhas e frutos

As maiores percentagens de atomos de ®N em excesso e Ndff na maioria das épocas de
coleta de folhas em pessegueiros submetidos as aplicacdes de 50B+50F, especialmente no ano
de aplicacdo do N (2016), pode ser atribuido ao parcelamento da dose de N, o que aumenta o
sincronismo entre a disponibilidade de formas de N mineral no solo, aproximacéo e absor¢ado
delas pelo sistema radicular (Radicetti et al., 2017; Sabahi et al., 2016), o que aumenta o
incremento das formas de N no interior da planta, permitindo o diagndstico pela anélise foliar
(Pescie et al., 2018). Isso também pode estar associado a emissdo de raizes no florescimento de
pessegueiros, 0 que aumenta a area superficial e volume de solo explorado pelo sistema
radicular, potencializando a absor¢do de dgua e nutrientes, como as formas de N (Brunetto et
al., 2016a; Neto et al., 2008; Roccuzzo et al., 2012). Mas também, a intensa diviséo e enlogacéo
celular de 6rgédos anuais da parte aérea, como folhas, ramos, frutos e, por isso, se tornam dreno
de nutrientes, como o N (Brunetto et al., 2016a; Carranca et al., 2018).

As menores percentagens de atomos de °N e Ndff em folhas dos pessegueiros submetidos
as aplicacdes de dois modos de fornecimento de N (100B e 50B+50F), no ano posterior as
aplicacBes (2017), podem ser atribuidas a absorcéo de parte do N, do fertilizante aplicado, pelas
plantas no ano anterior, com posterior exportacdo do N pelos frutos (Muhammad et al., 2015).
Mas também, pode ser por causa das perdas de parte do N aplicado por volatilizacéo,
desnitrificacdo, lixiviacdo, escoamento superficial (Baram et al., 2016; Dominghetti et al.,
2016; Pescie et al., 2018) ou mesmo pela imobilizacdo de parte das formas de N no solo
(Bangroo and Malik, 2018; Morugan-Coronado et al., 2019). Mas, os resultados também podem
estar associados a mineralizacdo da matéria organica do solo e de residuos em decomposicao
depositados sobre a superficie do solo, o0 que aumenta a disponibilidade de formas e N do solo,
gue podem ser absorvidas, incrementando o N derivado do solo no interior da planta (Garcia-
Orenes et al., 2016). Isso justifica em parte as baixas percentagens de Ndff em folhas no ano de
aplicacdo do N (2016), que néo ultrapassaram nos dois modos de fornecimento ao longo das
épocas de coletas de folhas os 17%; mas, mais ainda no segundo ano apos as aplicagdes do N
nos dois modos de fornecimento (2017), em que os valores de Ndff em folhas coletadas em
diferentes épocas ndo ultrapassaram 3%.

A diminuicdo dos valores de N total, &tomos de N em excesso e Ndff em folhas na
senescéncia ou mesmo na colheita de frutos pode ter acontecido por causa da degradacdo de
proteinas e posterior redistribuicdo de formas de N das folhas para 6rgdos como caules, ramos

de mais de um ano ou mesmo até as raizes, que normalmente séo 6rgéos de reservas de N em
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frutiferas (Brunetto et al., 2016a; Roccuzzo et al., 2017). Parte deste N acumulado nos 6rgaos
de reserva podera ser redistribuido para os 6rgaos anuais em crescimento no ciclo posterior,
inclusive diminuindo a dependéncia da frutifera pelo N aplicado no ano (Carranca et al., 2018;
Roccuzzo et al., 2017).

Mas, parte do N derivado das folhas ou mesmo de outros 6rgaos, que foram provenientes
dos dois modos de fornecimento de N no solo foram alocados nos frutos, especialmente, na
polpa dos péssegos e, em menores valores, nos carogos. 1sso aconteceu de forma destacada, no
ano de aplicacdo dos modos de fornecimento de N (2016) e no ano posterior (2017),
especialmente, quando o N foi fornecido parceladamente (50B+50F), coincidindo com as
maiores percentagens de atomos de °N em excesso e Ndff nas folhas, o que reforca o maior
sincronismo entre as aplicacoes e absorcdo do N aplicado. Mas também, esses resultados foram
obtidos porque os pessegueiros submetidos a aplicacdo da dose de N na forma de 50B+50F
apresentaram maior producdo de frutos, em especial, no ano de aplicagédo do N (2016) (figura
S2). Aliado a isso, as maiores percentagens de atomos de °N em excesso e Ndff na polpa dos
péssegos, em relacdo ao carogo, nos dois modos de fornecimento de N e anos, acontece por
causa do maior incremento de massa seca da polpa em relacdo ao caroco ao longo dos estagios
fenoldgicos, o que ficou evidente na colheita dos frutos no segundo ano de avalia¢do, em que a
producdo de massa seca da polpa foi maior que os caro¢o. Com isso, a polpa se torna maior
dreno de N em relagéo ao caroco, inclusive estimulando a redistribuicao de parte do N aplicado
e que foi alocado nas caroco, para a polpa (Kuo et al., 2016; Pescie et al., 2018). A maior
alocacdo do N na polpa podera inclusive estimular a incidéncia de doencas fangicas nos
péssegos na arvore no campo ou mesmo depois durante 0 armazenamento em camara fria ou
na prateleira, durante a comercializacdo (Brunetto et al., 2015; Bush et al., 2018). Porém, a
maior presenca do N aplicado na polpa ou caroco dos péssegos, nos dois modos de fornecimento
de N, foi observada no ano de aplicacdo do fertilizante, corroborando com os resultados de
atomos de °N em excesso e Ndff em folhas. Mas, a concentragio total de N na polpa e carogo
nos péssegos colhidos no segundo ano apos a aplicagdo do N de dois modos foram similares
aqueles valores do ano da aplicacdo do N (2016), o que demostra que 0S pessegueiros
absorveram N nativo do solo, especialmente, derivado da mineralizagdo da matéria organica do
solo e da decomposicdo de residuos (Bangroo and Malik, 2018; Morugan-Coronado et al.,
2019).
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N no perfil do solo e sua distribuicéo e recuperacdo em pessegueiros

Os maiores valores de 4tomos de °N em excesso e Ndff nas camadas mais superficiais
do solo, especialmente, no solo submetido a aplicacdo parcelada da dose de N (50B+50F) pode
ser atribuido a complexacédo/adsorcdo de parte do N aplicado em compostos organicos da
matéria organica do solo (Zhang et al., 2015), o que tem sido verificado em pomares submetidos
ao fornecimento de doses e épocas de aplica¢fes de N (Brunetto et al., 2016a; Roccuzzo et al.,
2017). Com isso, se espera maior disponibilidade de formas de N mineral do solo,
especialmente naquele submetido a aplicacdo parcelada de N (50B+50F), nas camadas mais
superficiais do solo, que pode coincidir com uma regido do solo normalmente explorada por
raizes finais, que sdo mais ativas e absorvem intensamente &gua e nutrientes, como o N
(Brunetto et al., 2016a). Isso também explica a maior presenca de N aplicado na forma
parcelada (50B+50F) em folhas e péssegos.

Por outro lado, parte do N do fertilizante presente na superficie do solo podera ser
transferida pela solugdo escoada na superficie do solo (Baram et al., 2016) ou mesmo por
volatilizacdo, j& que as camadas superficiais do solo estdo mais proximas da atmosfera,
facilitado o fluxo difusivo da NHs (Carranca et al., 2018; Dominghetti et al., 2016; Pescie et
al., 2018). Além disso, caso aconteca a saturacdo das camadas superficiais do solo pela agua,
parte do N do fertilizante podera ser perdida por desnitrificacdo nas formas de NO, N2O e N>
(Nevison et al., 2016). Destaca-se que parte do N derivado do N fornecido de dois modos,
especialmente, no parcelamento, migrou no perfil do solo até a profundidade de 20 cm. Isso
provavelmente aconteceu por causa do fluxo descendente de formas de N derivadas do
fertilizante, especialmente, NOs’, ja que este forma complexo de esfera externa com grupos
funcionais de particulas reativas do solo, aumentando a sua mobilidade (Sparks, 2018). Isso
possibilita o acesso das raizes mais profundas no perfil do solo ao N do fertilizante (Lynch and
Wojciechowski, 2015). A migracdo de formas de N derivadas dos dois modos de fornecimento
(100B e 50B+50F), reforcam a hip6tese que parte do N aplicado foi perdido, por volatilizacao,
desnitrificaco, e inclusive por lixiviagdo, mesmo em um solo com 26,5 g kg de matéria
organica na camada de 0-20 cm, explicando os baixos valores de atomos de °N em excesso e
Ndff nas camadas do solo, mas também nas folhas e frutos, no primeiro ano de avalia¢éo (2016)
e nos 0rgéos de pessegueiros no segundo ano de avaliacdo (2017).

Os pessegueiros submetidos a aplicacdo de N, especialmente, quando fornecido
parceladamente (50B+50F), em relacdo a dose inteira aplicada em uma Unica vez (100B),
acumularam as maiores quantidades de N total, Ndff e Ndffs na polpa dos péssegos e folhas,

que sdo 6rgdos anuais e estdo em intenso crescimento e aumento de massa seca ao longo dos
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estagios fenoldgicos (Pescie et al., 2018; Roccuzzo et al., 2017), tornando-se dreno de N, o que
pode ser observado pela sua concentracdo de N total ou mesmo pelas percentagens de atomos
de N em excesso e Ndff (Figure 4c e 4d) o que indica que parte do N do fertilizante aplicado,
independentemente do modo de fornecimento e parte do N derivado de fontes do solo sdo
exportadas pelo fruto, mesmo no segundo ano apos a aplicacdo do N. E parte do N do fertilizante
aplicado e do solo poderdo permanecer no pomar, por causa da senescéncia das folhas, seguido
de posterior decomposicao e liberagdo do N contido no tecido para o solo (Brunetto et al., 2018;
Melo et al., 2016).

As raizes grossas dos pessegueiros submetidos aos dois modos de fornecimento
acumularam Ndff e Ndffs, que se refletiu no acumulo de N total, e apresentaram elevada
producdo de matéria seca. O Ndff nas raizes grossas pode ser derivado das aplicagdes dos
modos de N no ano anterior, reforcando que as raizes normalmente acumulam N,
especialmente, na forma de proteinas, que podem ser degradadas e o N redistribuido para 6rgaos
de crescimento (Carranca et al., 2018; Roccuzzo et al., 2017). Somado a isso, 0 Ndff nas raizes
pode ser derivado da redistribuicdo do N acumulado em érgdos anuais e perenes no ano anterior
(Brunetto et al., 2016a; Roccuzzo et al., 2017) e, no presente estudo, devido a senescéncia e
decomposicdo de folhas; mas também, da decomposi¢éo de raizes senescentes dos pessegueiros
no ano anterior. O N presente em todos o0s 6rgaos dos pessegueiros submetidos aos modos de
fornecimento (100B e 50B+50F), no segundo ano foi derivado de outras fontes que ndo o
fertilizante, provavelmente, da mineralizacdo da matéria organica e decomposicao de residuos,
porgue na maioria dos 6rgdos a percentagem do Ndff ndo ultrapassou 2,5%, sendo apenas nas
raizes grossas observado valores proximos a 3,5% (Figure S1). Esses resultados reforcam a
probalidade de perdas de formas de N derivadas dos modos de aplicacdo de N e mostram
claramente que o N precisa ser aplicado anualmente, porque o seu efeito residual no solo e no
interior da planta é muito pequeno. Além disso, estes dados indicam a necessidade da
manutencdo dos teores de matéria organica do solo através de praticas de manejo como o
minimo revolvimento do solo, adubacdo organica, cultivo de plantas de cobertura do solo no
interior do pomar e manutengdo dos seus residuos sobre o solo (Baldi et al., 2016; Brunetto et
al., 2014; Radicetti et al., 2017).
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CONCLUSAO

Pessegueiros alocaram mais N do fertilizante em folhas e frutos (polpa e carogo) no ano
de sua aplicacdo no solo e no ano seguinte, quando a dose de N foi aplicada parceladamente na
brotacao e florescimento. No ano seguinte a aplicacdo do N (2017) as maiores quantidades de
N derivado do fertilizante foram observadas, especialmente, em folhas e frutos (6rgéos anuais)
e raizes grossas (6rgdo perene), em especial, quando a dose de N foi aplicada parceladamente
na brotacao e florescimento. Porem, no ano de aplicacdo e, especialmente no ano seguinte a
aplicacdo, independente do modo de fornecimento do fertilizante, o N presente nos pessegueiros

foi derivado de outras fontes.
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Figure S1. N total (a), N derivado do fertilizante (b) e N derivado do solo (c) Os pessegueiros foram submetidos a
aplicacdo de 40 kg N ha na forma de uréia, na brotagdo (100% da dose na brotacéo - 100B) e parcelada na
brotacéo e florescimento (50% da dose na brotacdo e 50% da dose no florescimento - 50B + 50F), em 2016. Em
2017, depois da colheita dos frutos, as plantas foram arrancadas™ Letras mintsculas diferem orgaos dentro de cada
modo de parcelamento e letras mailsculas diferem entre os modos de parcelamento da dose de N em cada orgao

pelo teste de Scott Knott (p < 0,05).
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Figure S2- Producéo em 2016 e 2017 de pessegueiros foram submetidos a aplicacéo de 40 kg N ha* na forma de
uréia, na brotacdo (100% da dose na brotacdo - 100B) e parcelada na brotagdo e florescimento (50% da dose na
brotagéo e 50% da dose no florescimento - 50B + 50F), em 2016. Em 2017, depois da colheita dos frutos, as plantas
foram arrancadas *Letras minusculas diferem produtividade de cada tratamento entre os anos e letras maidsculas
comparam a produtividade de cada tratamento em cada ano pelo teste de Scott Knott (p < 0,05).
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Figure S3- Recuperacdo de N derivado do fertilizante (%) em 6rgédos de pessegueiros submetidos a aplicacdo de
40 kg N ha na forma de uréia, na brotacdo (100% da dose na brotacdo - 100B) e parcelada na brotacdo e
florescimento (50% da dose na brotacdo e 50% da dose no florescimento - 50B + 50F).
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Tabela S1. Médias mensais de precipitacdo, temperatura do ar e umidade relativa do ar, durante

0s meses de condugédo do experimento no ano de 2016 e 2017.

Mes Estégio fenologico Temperatura média Precipitacdo Umidade Relativa
doar (°C) (mm) do ar (%)

2016 2017 2016 2017 2016 2017

Fevereiro Inicio da senescéncia 22,6 22,2 146 147 79,2 79,7

Junho Brotagdo 10,0 13,8 7 160 78,2 81,5

Julho Florescimento 12,8 145 192 29 77,5 69,5

Setembro Crescimento dos frutos 14,2 19,1 84 107 74,1 73,9

Novembro Inicio da frutificacdo 18,6 18,2 104 1620 70,9 70,4
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6. DISCUSSAO GERAL

O Brasil possui regides com condic¢Bes edafocliméatias favordveis para a producgdo de
péssegos destinados a indudstria de conservas ou de mesa para consumo in natura. Mas, apesar
de cultivares de pessegueiros serem cultivadas no pais, especialmente, na regido Sul do Brasil,
que possui a maior area cultivada, a produtividade ainda é baixa, com meédia proxima de 12 Mg
hat.

Um dos motivos que pode explicar, em parte, essa baixa produtividade é o fato que o
pessegueiros sdo cultivado em solos que nem sempre possuem disponibilidade adequada de
formas de N nativo, capazes de suprirem a necessidade das plantas. O N é o nutriente que
normalmente mais impacta a produtividade e qualidade dos péssegos. A necessidade de
alicacdo e as doses de fontes de fertilizantes nitrogenados podem ser definidas por critérios de
predicdo de adubacdo, como a andlise de solo, analise de tecido (normalmente folhas),
expectativa de produtividade, crescimento vegetativo das plantas, etc. (CQFS-RS/SC, 2016).

Quando o fertilizante nitrogenado € aplicado, na maioria das vezes a recuperacgéo do N,
seja por pessegueiros jovens em crescimento ou adultos em producao, é baixa. Por isso, torna-
se necessario escolher estratégias para aumentar a recuperacao do N aplicado, em que se pode
destacar a selecdo de porta-enxertos ou cultivares mais eficientes na absorc¢éo, as fontes de N e
os melhores modos/épocas de aplicacdo de N. Com isso, pode-se obter maior produtividade,
frutos com melhores parametros de qualidade e menor potencial de contaminagéo, por exemplo,
de aguas, especialmente pelo NOs'".

A avaliacdo dos parametros cinéticos de absorcdo que sdo velocidade maxima - Vmax,
constante de afinidade - Km, concentracdo minima de nutriente na solu¢do - Cmin € Influxo
mAaximo - Imax permite selecionar porta-enxertos de pessegueiros e cultivares mais eficientes na
absorcéo de N. Para isso, o primeiro desafio foi desenvolver uma metodologia que permitisse
esgotar as reservas internas de N do pessegueiro, pois, até o presente momento, as metodologias
existentes foram desenvolvidas para culturas anuais, normalmente, em periodos de
crescimentos iniciais apds a germinacdo. Com base nesta problematica foram realizados o
Estudos 1 e 2 com o objetivo de determinar o melhor periodo de esgotamento de reservas
internas de N, permitindo a estimativa dos pardmetros cinéticos relacionados a absorcdo de N
em porta-enxertos (Estudo 1) ou em cultivares (Estudo 2) de pessegueiros.

Nos Estudo 1 e 2 observou-se que 0 esgotamento das reservas internas durante 30 dias

em solucdo de CaSO4 se mostrou eficiente para esgotar as reservas internas de N, bem como a
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avaliagdo da marcha cinética durante 60 horas de coleta permitiram a obtengdo de valores dos
parametros cinéticos relacionados a absorcdo de formas de N. O porta-enxerto Tsukuba 1
apresentou menor valor de Cmin € maior valor de Vmax que as cultivares Aldrighi e Clone 15,
indicando que a cultivar Tsukuba | possui maior aptidao/potencial de ser cultivada em solos
com baixa disponibilidade de N nativo ou ainda pode ser submetida a adi¢do de menores doses
de fertilizantes. No Estudo 2 observou-se que 0s porta-enxertos possuem capacidades de
absorcdo de formas de N distintas e que os parametros cinéticos de absorcdo de N estdo
relacionados com parametros morfologicos como a massa seca de folhas.

Entretanto, na cultura do pessegueiro, 0s porta-enxertos sao enxertados com outras
cultivares copa no viveiro e depois séo transplantados a campo, indicando a necessidade de
estudar se as caracteristicas acrescentadas pela cultivar copa influenciariam os parametros de
absorcdo de N do porta-enxerto. Assim, o Estudo 3 teve objetivo de avaliar se a enxertia do
porta-enxerto Okinawa com a cultivar copa Chimarrita modifica os parametros cinéticos
relacionados a absor¢cdo de N. Verificou-se que o porta-enxerto ‘Okinawa’ enxertado com
‘Chimarrita’ foi mais eficiente na absorcdo de NOs e NH4*, porque apresentou 0s menores
valores de Km e Cmin para NO3™ e 0 maior valor de Vmax para NHs" quando comparado ao porta-
enxerto ‘Okinawa’ sem enxerto. Além disso, os pardmetros morfoldgicos juntamente com o0s
fisiologicos se relacionam fortemente com os parametros cinéticos de absor¢do de N em
pessegueiro, 0 que permite que os parametros morfoldgicos e fisiol6gicos possam ser usados
como indicativos ou complementares sobre 0s parametros cineticos, especialmente para o caso
das cultivares de pessegueiro que ja estdo no mercado, os parametros morfol6ficos e
fisiologicos.

Apo6s a selecdo de porta-enxertos e o transplante de pessegueiros, e quando
diagnosticada a necessidade da aplicacdo de fertilizantes nitrogenados, a ureia é o fertilizante
mais utilizado, porque possui elevado teor de N e menor custo por unidade do nutriente. Porém,
possui rapida hidrdlise, potencializando as perdas de N por volatilizacgdo ou mesmo por
lixiviacdo, o que pode diminuir a recuperacéo de N pelas plantas. Por isso, a aplicacdo de fontes
organicas, como o0 composto organico, é uma alternativa como fonte de N aos pessegueiros.

No caso de pomar em crescimento, parte do N aplicado, seja na foram de ureia ou
composto orgénico, pode ser absorvida pelas plantas que coabitam o pomar. Caso isso aconteca,
a quantidade de N recuperada pelos pessegueiros podera ser ainda menor. Por isso foi elaborado
0 Estudo 4 com o objetivo de avaliar a absor¢cdo de N e os parametros fisioldgicos em
pessegueiros jovens cultivados em solo, com e sem presenca de Paspalum notatum. Os

pessegueiros cultivados com aplicacdo de ureia absorveram maior quantidade de N, quando
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comparado & aplicacdo de composto organico, mesmo na presenca de Paspalum notatum. O
Paspalum notatum diminuiu a absorcdo de N pelos pessegueiros e, consequentemente, os teores
de pigmentos fotossintéticos dos pessegueiros, estimulando a antecipacdo da senescéncia em
cerca de 30 dias. Mas, em nenhum tratamento houve reducéo significativa da producdo de
matéria seca total dos pessegueiros.

Entretanto, a campo sem restricdo de solo explorado pelas raizes, pode ser que a
competicdo com a espécie de planta de cobertura estimule o pessegueiro a inicialmente investir
mais recursos em crescimento de raizes em profundidade, talvez retardando o crescimento da
parte aérea no primeiro ano, o que seria compensado no segundo ano de crescimento; visto que
0 pessegueiro poderia adquirir o N necessario para o crescimento da parte aérea explorando
camadas mais profundas do solo. Dessa forma, recomenda-se a aplicacdo de ureia como fonte
de N na fase de crescimento do pessegueiro, e nos primeiros dois anos de cultivo, manter as
plantas de cobertura rogadas frequentemente na linha a fim de evitar a competi¢éo por N.

Finalmente, quando o pomar atinge a fase adulta e comeca a produzir, quando
diagnosticada a necessidade, fertilizantes nitrogenados como a ureia sao aplicados sobre o solo,
sem incorporacao, em mais de um estagio fenolégico. Como, algumas vezes a quantidade de N
recuperada do fertilizante € pequena porque o N foi aplicado em estagio fenoldgico ou periodo
de baixa demanda pela planta, estudou-se o efeito da aplicacdo em estagios fenoldgicos de
maior demanda, e se o N derivado do fertilizante residual imobilizado no solo poderia ser
absorvido pelo pessegueiro no ano seguinte. Através do Estudo 5 verificou-se que os
pessegueiros recuperam mais N do fertilizante em folhas e frutos (polpa e caro¢o), no ano de
sua aplicacdo no solo e no ano seguinte, quando a dose de N foi aplicada parceladamente na
brotacdo e florescimento. No ano seguinte a aplicacdo do N (2017) as maiores quantidades de
N derivado do fertilizante foram observadas especialmente em folhas e frutos (6rgaos anuais)
e raizes grossas (0rgao perene), em especial, quando a dose de N foi aplicada parceladamente
na brotacdo e florescimento. Além disso, no ano de aplicacdo do N, parceladamente ou dose
inteira, 0 N presente nos pessegueiros foi derivado de outras fontes, e 0 mesmo ocorreu no ano
seguinte & aplicagdo, o que justifica, quando for o caso, aplicacdes anuais de N.

Apesar da diferenca estatistica entre a recuperacdo do N em dose Unica e parcelada, o
aumento do N recuperado no fruto é benéfico do ponto de vista de qualidade de fruto, mas €
preciso verificar se ha aumento de produtividade sem maior incidéncia de doengas ou
diminuicdo do tempo em que o péssego permanecera sadio na prateleira. Além disso, é
necessario calcular se a aplicacdo parcelada do N é economicamente viavel para o agricultor,

considerando o0 gasto com maquinario e méo de obra.
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Em resumo, concluimos que para aumentar a recuperacdo de N em pessegueiro, 0
primeiro passo é selecionar cultivares que sejam capazes de absorver N em grande quantidade
(alto Vmax e IL) e/ou em concentragdes mais baixas (baixo Km e Cmin). Em seguida, na fase de
crescimento, a adubacdo com ureia € interessante, porém, deve-se atentar para a presenca de
plantas de cobertura, como o Paspalum notatum, que poderdo competir pelo N e antecipar a
senescéncia foliar, sendo entdo prudente manter a linha de plantio rogada nos primeiros dois
anos. E por fim, na fase de producéo, a aplicacdo de N de forma parcelada nos estagios da
brotacdo e no final da floracdo pode ser uma estratégia interessante se compensar 0s custos da
aplicacdo. Somado a isso, investir em um manejo do solo que vise a manutengéo dos teores de
matéria organica no solo, através do cultivo de plantas de cobertura que garantam a cobertura
total do solo 0 ano todo e/ou fixem N atmosférico pode ser uma estratégia mais barata e mais

eficiente para aumentar a recuperacao de N em pessegueiro.
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PERSPECTIVAS DE ESTUDOS FUTUROS

Avaliar os parametros cinéticos relacionados a absorcao de nutriente em outros porta-
enxertos e cultivares enxertadas, em parceria com o melhoramento genético antes do
langamento de novas cultivares no mercado; afim de ndo somente conhecer a capacidade
que cada cultivar possui em se adaptar a determinado solo ou clima, mas também evitar
gasto de recursos financeiros desnecessarios com implantacdo de pomares para

zoneamento de cultivares;

Realizar estudos moleculares visando conhecer melhor os transportadores e
mecanismos envolvidos na absor¢do de N em pessegueiros, para que futuramente seja
possivel melhorar geneticamente determinadas caracteristicas de absor¢do de N em
cultivares de pessegueiros;

Validar o estudo realizado em casa de vegetacdo que avaliou a aplicacdo de fontes de
N, com e sem 0 consorcio de pessegueiros jovens com plantas de cobertura, em
experimento a campo, preferencialmente, testando outras fontes orgénicas, com o

objetivo de melhorar o estado nutricional e produtividade do pessegueiro;

Compreender a dindmica da mineralizacdo da matéria organica em pomares e elaborar
estratégias que poderdo ser adotadas para manter e/ou incrementar os teores de matéria

organica do solo em pomares de pessegueiros, especialmente em solos arenosos;

Estudar a dindmica do crescimento de raizes em tipos de solos e em cada estagio
fenoldgico na fase de crescimento e na fase de producdo de cultivares de pessegueiro,

porque isso possui relacdo com a eficiéncia de absorcdo de nutrientes, como N.
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9. APENDICES

APENDICE 1 — Estudo de parametros cinéticos em pessegueiro: Preparo da solucdo nutritiva
Hoagland 50% da forca (a), fluorescéncia da clorofila a (b), Esquema de alocac¢ao das plantas
durante o experimento (c) e coleta de solucdo nutritiva (d). Fonte: Autora.
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APENDICE 2 — Estudo de aplicacdo de fontes de N com e sem a presenca de Paspalum

notatum: Pessegueiros alocados na bancada da casa de vegetacdo (a), distribuicdo das plantas
no vaso (b), medicao de altura dos pessegueiros (c). Fonte: Autora.
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APENDICE 3 — Estudo de aplicacio de N de forma parcelada e ndo parcelada: Area de
aplicacdo da ureia enriquecida com N (a), Remocdo das plantas (b), particionamento das
raizes de pessegueiros (c), amostragem de raizes finas e grossas (d), particionamento da parte
aérea do pessegueiro (e), amostragem de ramos de anos anteriores (f), amostragem de ramos do
ano (g), péssegos antes da coleta (h) e polpa de péssego particionada (i). Fonte: Autora.
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APENDICE 4:
Pudim de leite condensado com cobertura caramelizada.

Caracterizagao:

A origem do pudim de leite condensado consumido no Brasil € incerta, mas a ideia que
mais se repete é de que seria uma adaptacdo da receita do abade catélico Manuel Joagquim
Machado Rebelo, que em meados do século XVII morava na cidade de Priscos, no concelho
portugués de Braga. Conhecido por ser eximio cozinheiro, ele ndo revelava nem sob tortura a
receita de seu pudim. Dizem ainda que, para acabar com as inumeras solicita¢fes de divulgacdo
do modo de preparo, 0 abade criou uma competicdo entre confeiteiros para que tentassem
adivinhar a receita. Nenhum conseguiu acertar. Apenas com a morte de Manuel, o segredo foi
finalmente desvendado: tratava-se de uma massa feita com ovos, agucar, leite e toucinho. Isso
mesmo, um bom pedaco de carne suinal

Com o passar dos anos, a receita rompeu as fronteiras de Portugal e chegou ao Brasil,
onde se popularizou junto com o leite condensado, que substituiu 0 demorado processo de

reducdo do leite com a adi¢do do agucar, mas perdeu o toucinho.

Solucdes e reagentes:

- 2 caixas de leite condensado

- 2 caixas de leite (usar a caixa de leite condensado como medida)
- 3 colheres (sopa) de amido de milho

- 4 ovos

- 8 colheres (sopa) de aglcar cristalizado

Procedimento de Analise:
Bata no liquidificador todos os ingredientes, exceto o agUcar, por 5 minutos e reserve.
Em uma forma para pudim de aluminio que possua tampa, derreta o agucar sem deixar
queimar (para a calda ndo ficar amarga). Quando o agUcar tiver totalmente derretido espalhe
pelas bordas da forma com o auxilio de uma colher.
Macete: Utilize um pegador de massa de aluminio para segurar a forma sem se queimar.
Escolha uma panela que caiba a forma de pudim dentro com folga de didametro de 10
cm entre a forma e a panela, leve ao fogo (180° C) com 250 ml de &gua, e cologue a forma

dentro (banho Maria).
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Adicione a mistura batida no liquidificador e deixe cozinhar, reponha a agua sempre que
necessario antes que a panela fique seca.
Macete: Tampe a forma para que fique pronto mais rapido e ndo entre agua no pudim.

Deixe cozinhar por 50 minutos, verifique com o garfo se esta pronto (o ponto de viragem
é uma cor amarela clara com uma consisténcia mole mas que ndo sai no garfo), se estiver
desligue o fogo, deixe esfriar fora da panela e posteriormente leve a geladeira. Depois € sO

desenformar e servir.

Determinacéo:
O pudim de leite condensado sempre € uma boa opcéo para servir ap6s o almocgo de

domingo em familia ou para agradar as pessoas especiais em nossa vida.

Observagoes:

Sempre referencie a fonte da receita desse pudim, pois com certeza ficara delicioso e
fara sucesso!

E lembre-se que sdo as pequenas coisas que fazemos fora da pds-graduacao que nos
ajudam a terminar a pés-graduacdo, pois conforme Tedesco (1995) nem s6 de ciéncia vive 0

homem.
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