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RESUMO
O jambu é uma hortalica ndo convencional da Regido Amaz6nica, que tem expressivo
potencial econémico, devido a presenca do espilantol, substancia que possui inumeras
aplicacdes na industria. Contudo, estudos sobre gendétipos de jambu em sistema hidropdnico
com o aporte de nutrientes na solugdo nutritiva séo incipientes. Nesse sentido, esse trabalho
teve como objetivo avaliar o desempenho de gendétipos de jambu em hidroponia, com
diferentes concentragdes idnicas da solugdo nutritiva e aporte de nitrogénio. Para tanto, foram
conduzidos trés experimentos em delineamento inteiramente casualizado. No primeiro, testou-
se 0 desempenho produtivo de oito gendétipos de jambu (UFR-1, UFR-2, UFR-3, UFR-4,
UFR-5, UFR-6, UFR-7 e UFR-8) coletados em diferentes localidades do Estado do Para. Para
0 segundo, aplicaram-se seis concentracdes ibnicas (25, 50, 75, 100 e 125% da forca ibnica)
da solucdo proposta por Hoagland & Arnon. Nestes dois, avaliaram-se o crescimento,

producéo e trocas gasosas da planta. Para o terceiro, foram testadas seis concentracdes de

nitrogénio (11, 13, 15, 17, 19 e 21 mmol L_l de N) na solucdo nutritiva. Neste se avaliou o
crescimento, producdo, qualidade pos-colheita, pigmentos fotossintéticos, concentracdo de
espilantol em 6érgdos do jambu, bem como a viabilidade do indice SPAD para avaliar o status
de nitrogénio em folhas de jambu e prognosticar a producdo. Os genétipos apresentaram
comportamento distintos entre e dentro da mesma espécie em relacdo as caracteristicas de
crescimento, produtivas e fisiolégicas avaliadas. Os gendtipos da espécie A.oleracea, além da
capacidade de acimulo de massa fresca da parte aérea, apresentam elevado potencial para producao de
inflorescéncias, destando-se os genétipos UFR-2 e UFR-4 por suas maiores capacidade na producgao
de massa fresca da parte aérea e inflorescéncias, respectivamente. Quanto ao efeito das concentragdes
idnicas na solucéo nutritiva, a concentragdo de 125% da formulagdo proposta por Hoagland & Arnon
promoveu maior crescimento e producdo das plantas de jambu. O aporte de nitrogénio na

solugédo nutritiva altera o crescimento, producdo e qualidade de plantas de jambu. Assim,

suprimentos de 21 mmol L_1 de N na solucdo nutritiva resultou em maior concentracdo de N
nas folhas, o que promoveu maior producdo de biomassa da parte aérea e de inflorescéncia,
pigmentos fotossintéticos e conteudo de espilantol nos 6rgdos da planta. Além disso, houve
correlacdo linear e positiva entre o indice SPAD e o teor de nitrogénio, clorofila total e o
acimulo de biomassa no jambu, apresentando, portanto, potencial para ser usado no

diagnéstico do estado nutricional de N e prognosticar a producéo.

Palavras-chaves: Condutividade elétrica, Espilantol, Hortalica ndo convencional, Nitrogénio.



ABSTRACT
Jambu is an unconventional vegetable from the Amazon region, which has significant
economic potential, due to the presence of epilantol, a substance that has numerous
applications in industry. However, studies on jambu genotypes in hydroponic system with the
input of nutrients in the nutrient solution are incipient. In this sense, this work aimed to
evaluate the performance of jambu genotypes in hydroponics, with different ionic
concentrations of the nutrient solution and nitrogen supply. Therefore, three experiments were
carried out in a completely randomized design. In the first, the productive performance of
eight jambu genotypes (UFR-1, UFR-2, UFR-3, UFR-4, UFR-5, UFR-6, UFR-7 and UFR-8)
collected in different locations in the state of Para. For the second, six ionic concentrations
(25, 50, 75, 100 and 125% of the ionic strength) of the solution proposed by Hoagland &
Arnon were applied. In these two, the growth, production and gas exchange of the plant were
evaluated. For the third, six concentrations of nitrogen (11, 13, 15, 17, 19 and 21 mmol L™ of
N) in the nutrient solution were tested. It was evaluated the growth, yield, postharvest quality,
photosynthetic pigments, spilantol concentration in jambu organs, as well as the feasibility of
the SPAD index to assess the nitrogen status in jambu leaves and predict production. The
genotypes showed different behavior between and within the same species in relation to the
evaluated growth, productive and physiological characteristics. The genotypes of the species
A. oleracea, in addition to the capacity to accumulate fresh mass of the aerial part, have a high
potential for production of inflorescences, with the genotypes UFR-2 and UFR-4 standing out
for their greater capacity in the production of fresh mass of the shoot aerial part and
inflorescences, respectively. As for the effect of ionic concentrations in the nutrient solution,
the 125% concentration of the formulation proposed by Hoagland & Arnon promoted greater
growth and production of jambu plants. The contribution of nitrogen in the nutrient solution
alters the growth, production and quality of jambu plants. Thus, supplies of 21 mmol L™ of N
in the nutrient solution resulted in a higher concentration of N in the leaves, which promoted
greater production of aboveground and inflorescence biomass, photosynthetic pigments and
spilantol content in plant organs. In addition, there was a linear and positive correlation
between the SPAD index and the nitrogen content, total chlorophyll and the accumulation of
biomass in jambu, presenting, therefore, potential to be used in the diagnosis of the nutritional

status of N and in predicting production.

Key words: Electrical conductivity, Spilanthol, Non-conventional vegetables, Nitrogen
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1. CONTEXTUALIZACAO

O jambu é uma hortalica ndo convencional encontrada na America tropical,
principipalmente a Amazonia brasileira (GUSMAO; GUSMAO, 2013). Existe duas espécies
usadas na regido para fins medicinais e culinarios, que sdo a Acmella oleracea (L.) R.K
Jansen e a Acmella ciliata (Kunth) Cass. A primeira apresenta crescimento semi-ereto,
folhas ovaladas e inflorescéncias simples alongadas e a segunda é rastejante, apresenta
folhas lanceoladas e inflorescéncias simples globoides (SILVA; SANTOS, 2011;
MARTINS et al., 2012).

A Acmella oleracea possui maior destaque na regido norte do Brasil,
especificamente na regido metropolitana de Belém do Para, local em que faz parte da
cultura gastrondmica, tornando pratos, como o tacaca, patrimoénio imaterial da cidade de
Belém, o que representa importancia econdmica significativa para regido (IPHAN, 2014;
GUSMAOQ; GUSMAO, 2013). Por outro lado, A. ciliata possui apenas expressdo em
algumas cidades do Estado do Pard e de outros estados que compdem a Amazbnia
Brasileira (GUSMAO; GUSMAO, 2013).

O sabor e paladar marcantes do jambu, caracterizados principalmente pelas
sensacOes de formigamento na boca e efeito anestésico momentaneo, vém conquistando
consumidores de varias regides do Brasil e do mundo (SAMPAIO et al., 2018). A sensa¢do
experimentada pelos apreciadores do jambu ocorre devido a presenga do espilantol, um
composto bioativo encontrado em todos os érgdos da planta (PRACHAYASITTIKUL et
al., 2013). O espilantol tem efeito anti-inflamatorio, analgésico, antioxidante, atividade
antipirética, inseticida, diurético e afrodisiaco (DIAS et al., 2012; ELUMALAI et al., 2012;
SHARMA et al, 2012; ABEYSIRI et al, 2013; DUBEY et al, 2013
PRACHAYASITTIKUL et al., 2013). Assim, as inimeras aplicacdes do espilantol tém
elevado o nimero de patentes registradas por industrias de farmacos e cosmética (BARBOSA
etal., 2016).

Apesar da grande relevancia que a cultura vem ganhando nos ultimos anos, sua
producdo ainda se concentra em pequenas propriedades proximas a capital paraense. Nestes
locais de producdo, observa-se problemas com doencas como a ferrugem (Puccinia sp.) e 0
carvao do jambu (Thecaphora spilanthes Frei. & Van.), que promovem perdas na producéao
e qualidade das plantas (SAMPAIO et al., 2018), o que estimula a utilizagéo de defensivos
agricolas ndo registrados para a cultura (HOMMA et al., 2014). Segundo Buainain et al.
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(2014), a pequena producdo enfrenta problemas como a mudanga do comportamento dos
consumidores, cada vez mais exigentes quanto a melhor qualidade dos produtos (melhor

aparéncia) e auséncia de agrotoxicos.

Neste sentido, torna-se interessante investigacbes com o jambu sob sistema de
cultivo tecnificado, como é o caso da hidroponia, técnica de cultivo sem solo, onde 0s
nutrientes minerais séo disponibilizados por meio da solu¢do nutritiva balanceada para o
crescimento e desenvolvimento da cultura (KHAN et al., 2018). Neste sistema, observa-se
maior produtividade, qualidade e vida atil pds-colheita, além do menor consumo de
fertilizantes, defensivos agricolas, &gua, com 90% de eficiéncia no uso da &gua se
comparado a cultivos em solo, auséncia de patdgenos do solo, producdo o ano inteiro e
menor utilizacdo de mao de obra (SAMBO et al., 2019). Além disso, a técnica tem sido
associada ao maior acumulo de compostos bioativos em plantas em comparacdo ao solo
(GIORGI et al., 2009; ABEYSINGHE et al., 2014; ARGYROPOULOU et al. 2015; LU et al.,
2017; NASCIMENTO et al., 2020).

Quando o objetivo trata da melhoria do sistema de cultivo ou do aumento na
eficiéncia da producdo, torna-se sempre prudente conhecer a dindmica nutricional da cultura
em evidéncia, a fim de que manejos como a adubagdo sejam mais eficientes. Apesar da
significativa evidéncia que o jambu vem adquirindo, quando se buscam informacdes
referentes aos aspectos nutricionais, principalmente a dinamica nutricional de genotipos
e/ou variedades nos diferentes sistemas de cultivo, verifica-se poucas pesquisas abordando
essa tematica (BORGES et al., 2013ab, RODRIGUES et al., 2014; SOUTO et al., 2018;
SAMPAIO et al., 2019). Por outro lado, estudos avaliando o desempenho da cultura em
sistema hidropdnico com ajustes na concentracdo de nutrientes na solu¢do nutritiva, sdo

inexistentes.

O aporte de nutrientes na solu¢do nutritiva é um dos fatores fundamentais para a
elevacdo da produtividade e qualidade das culturas cultivadas em hidroponia (KHAN et al.,
2018; SAMBO et al., 2019). Desta forma, verifica-se que inUmeros estudos tém comprovado
que a elevacdo da concentracdo de nutrientes (condutividade elétrica) na solugdo nutritiva
aumenta as respostas fisiologicas, a produgdo e a qualidade em diversas culturas (LUZ et
al., 2012; PORTELA et al., 2012; BARON et al., 2015; LU et al., 2017). Além disso, dos
nutrientes que fazem parte da solugdo nutritiva, verifica-se uma gama de estudos dedicada

ao manejo do nitrogénio (N) as plantas com objetivos de elevar a produtividade, a qualidade



17

e compostos bioativos (GIORGI et al., 2009; ABEYSINGHE et al., 2015; BECHER et al.,
2015).

Filgueira (2013) destaca que o N possui expressiva relevancia em promover maior
produtividade e qualidade de hortalicas folhosas, por isso seu manejo e monitoramento,
independente do sistema de cultivo, possuem elevada importancia econdmica (LEE et al.,
2019). Para o jambu, estudos avaliando doses de N em variedades de A. oleracea em solo
no aumento da produtividade e qualidade, observaram maior produtividade e qualidade das
plantas com aumento do suprimento de N no solo, bem como respostas divergentes de
variedades da cultura (BORGES et al., 2013a; SOUTO et al., 2018; COSTA et al., 2020).

Com base no exposto, torna-se necessario a realizacdo de pesquisas que possibilitem
a compreensdo do comportamento do jambu em hidroponia, além de variacdes da
concentracdo de nutrientes na solucdo nutritiva, que pode afetar o desempenho
agrondmico do jambu, principalmente o N, uma vez que esse nutriente € considerado um

dos mais limitante para o crescimento das plantas (UEDA et al., 2017).

Diante disso, testou-se a hipétese que a producdo e qualidade do jambu em sistema
hidropdnico aumenta em fungéo da concentracdo de nutrientes na solugdo nutritiva, sendo o
N o principal, e também em funcdo do gendtipo. Assim, o trabalho tem por objetivo avaliar
0 crescimento, respotas produtivas, fisiologicas e qualitativas do jambu cultivado em
hidroponia em funcdo de diferentes gendtipos e suprirmento de nutrientes na solucéo

nutritiva.
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2. DESEMPENHO PRODUTIVO E FISIOLOGICO DE GENOTIPOS DE JAMBU
CULTIVADOS EM HIDROPONIA
RESUMO

O jambu € uma erva condimentar usada na regiao amazonica no preparo de pratos tipicos e de
fitoterapicos, onde utiliza-se as inflorescéncias, folhas e o caule da planta. Além disso, possui
indmeras aplicagdes nas industrias de cosméticos e alimenticia devido a presenca do
composto bioativo espilantol. Objetivou-se com este estudo avaliar o desempenho produtivo e
fisioldgico de gendtipos de duas espécies de jambu (Acmella oleracea e Acmella ciliata)
cultivados em hidroponia. O delineamento utilizado foi inteiramente casualizado com oito
tratamentos e quatro repeti¢des. Os tratamentos foram constituidos dos gendtipos de espécies
de jambu (UFR-1, UFR-2, UFR-3, UFR-4, UFR-5, UFR-6, UFR-7 e UFR-8) coletados em
diferentes localidades do Estado do Para. Foram avaliadas as seguintes caracteristicas: inicio
do pendoamento, comprimento e didmetro da rama principal, area foliar, massa fresca da
parte aérea, raiz, inflorescéncias e total, taxa de fotossintese liquida, condutancia estomatica,
concentracdo interna de CO, e eficiéncia instantanea de carboxilacdo. Os gendtipos
apresentaram comportamento distintos entre e dentro da mesma espécie em relacdo as
caracteristicas avaliadas de crescimento, produtivas e fisiologicas. Os gendétipos UFR-1, UFR-
2, UFR-3, UFR-4 e UFR-7 exibiram maior precocidade de floracdo. Em geral, gendtipos da
espécie A.oleracea apresentaram menor taxa de fotossintese liquida se comparado aos da
espécie A.ciliata. Os gendtipos da espécie A.oleracea, além da capacidade de acimulo de
massa fresca total, apresentaram elevado potencial para producdo de inflorescéncias,
destando-se os gendtipos UFR-2 e UFR-4 por apresentarem maior producéo de massa fresca
da parte aérea e inflorescéncias, respectivamente, portanto devem ser considerados em

programas de melhoramento da cultura.

Palavras-chave: Acmella oleracea. Acmella ciliata. Cultivo hidropdnico. Producdo.

Fotossintese liquida.
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2. PRODUCTIVE AND PHYSIOLOGICAL PERFORMANCE OF JAMBU
GENOTYPES CULTIVATED IN HYDROPONICS

ABSTRACT

Jambu is a spice herb used in the Amazon region in the preparation of typical and herbal
dishes, in which flowers, leaves and stem of the plant are used. Furthermore, it has numerous
applications in the cosmetics and food industries due to the presence of the biochemical
compound, epilantol. The objective of this study was to evaluate the productive and
physiological performance of genotypes of two species of jambu (Acmella oleracea and
Acmella ciliata) under hydroponics. The design used was completely randomized with eight
treatments and four replications. The treatments consisted of jambu species genotypes (UFR-
1, UFR-2, UFR-3, UFR-4, UFR-5, UFR-6, UFR-7 and UFR-8) collected in different locations
at Para, Brazil. The following traits were evaluated: beginning of braiding, length and
diameter of the main branch, leaf area, fresh mass of shoot, root, inflorescences and total, rate
of net photosynthesis, stomatal conductance, internal concentration of CO; and instantaneous
efficiency of carboxylation. The genotypes showed different behavior between and within the
same species in relation to the evaluated growth, productive and physiological characteristics.
The UFR-1, UFR-2, UFR-3, UFR-4 and UFR-7 genotypes exhibited higher early flowering.
In general, genotypes of the species A.oleracea had a lower rate of net photosynthesis
compared to those of the species A.ciliata. The genotypes of the species A.oleracea, in
addition to the capacity to accumulate total fresh mass, had a high potential for flowers
production, with the UFR-2 and UFR-4 genotypes standing out for having higher production
of fresh mass of aerial part and flowers. , respectively, therefore should be considered in crop

improvement programs.

Key-words: Acmella oleracea. Acmella ciliata. Soilless cultivation. Production. Gas
exchange.
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2.1 INTRODUCAO

O jambu é uma hortalica ndo convencional da regido amazonica, pertencente a familia
Asteraceae, com expressivo potencial econdémico (GUSMAO; GUSMAO, 2013; HOMMA,
2017; SILVA et al., 2020). Essa planta contém o espilantol, um composto bioativo que possuli
indmeras aplicagdes na indlstria de cosmético e alimenticia (BARBOSA et al., 2016). O
nome jambu é usado para designar duas espécies usadas na regido Norte do Brasil para fins
medicinais e culinarios, a Acmella oleracea (L.) R.K Jansen e a Acmella ciliata (Kunth) Cass
(SILVA; SANTOS, 2011; MARTINS et al., 2012).

Diante da potencialidade do uso do jambu, o conhecimento acerca da adaptabilidade de
diferentes espécies e/ou genotipos da cultura em diferentes sistemas de cultivo, pode elevar
seu potencial produtivo e qualitativo, bem como sua expansdo para outras regides do Brasil
(SILVA et al., 2020; SANTOS et al., 2021).

O sistema de cultivo pode influenciar o metabolismo da planta, bem como as respostas
fisioldgicas, bioquimicas e ciclo de desenvolvimento, o que resulta em alteracdes na
produtividade e qualidade das plantas (COSTA et al., 2020; NASCIMENTO et al., 2020).
Estudos anteriores reportaram que folhas de jambu cultivadas em sistemas hidropénico e
convencional apresentaram maior conteldo de fenodlicos totais e flavonoides totais em
hidroponia (ABEYSINGHE et al., 2014; NASCIMENTO et al., 2020). Portanto, a analise do
desempenho produtivo e fisiolégico de gendtipos nos diferentes sistemas de cultivo é
importante e deve ser baseada ndo apenas pelas suas caracteristicas produtivas, mas também
guanto ao seu comportamento fisioldgico e metabdlico neste sistema (SOUZA et al., 2019).

Com base no exposto, visando identificar genotipos promissores para o cultivo em
sistema hidropénico, o presente trabalho teve por objetivo avaliar o desempenho produtivo e

fisiolégico de genotipos de jambu em hidroponia.

2.2 MATERIAL E METODOS

O experimento foi conduzido em casa de vegetacdo, situada na Area de Ciéncia do
Solo, Instituto de Ciéncias Agréarias da Universidade Federal Rural da Amaz6nia, campus
Belém. O clima da regiéo é classificado como Af, chuvas acima de 60 mm em todos os meses
do ano (ALVARES et al., 2013). Durante a execucdo do experimento a temperatura e
umidade relativa do ar foram mensuradas diariamente por meio do termohigrémetro instalado
no interior da casa de vegetacdo, sendo a temperatura média maxima de 35,3 °C, a minima de

28,1 °C e a umidade relativa do ar média de 77,1%.
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O delineamento utilizado foi o inteiramente casualizado com oito tratamentos e quatro
repeticGes. Os tratamentos foram constituidos por diferentes genotipos de duas espécies de
jambu coletados em diferentes localidades do Estado do Pard, sendo que foram coletados
quatro genotipos da espécie A.oleracea (UFR-1, UFR-2, UFR-3, UFR-4) e quatro da A.ciliata
(UFR-5, UFR-6, UFR-7 e UFR-8) (Tabela 1).

Table 1 - Acessos de jambu do banco de germoplasma da UFRA coletados em diferentes localidades do
Estado do Para em 2018.

Genotype Location Species Coordinates
UFR-1 Belem A.oleracea 01°27°19’S, 48°26°20°0
UFR-2 Abaetetuba A.oleracea 01°43°04°’S, 48°52°58°0
UFR-3 Igarape-Acu A.oleracea 01°07°44°’S, 47°37°12°0
UFR-4 Santa lzabel A.oleracea 01°17°58’S, 48°09°40°0O
UFR-5 Camete A.ciliata 02°14°54°°S, 49°30°12°0
UFR-6 Salvaterra A.ciliata 00°45°21°’S, 48°45°54°0
UFR-7 Braganca Aciliata 01°03°46°°S, 46°46°22°0
UFR-8 Ananindeua A.ciliata 01°21°57’S, 48°22°19>°0

Fonte: Autor (2018).

As mudas dos gendtipos foram produzidas em bandejas de poliestireno de 128 células,
utilizando como substrato fibra de coco, com densidade de seis sementes por célula. Aos sete
dias apdés germinacdo, realizou-se o desbaste, mantendo-se uma plantula por célula.
Posteriormente ao desbaste, as bandejas foram transferidas para bancadas bercario, onde
receberam a solucdo nutritiva de Hoagland e Arnon (1950), a 25% da concentracéo ionica.

Apbs 21 dias apos a semeadura, as plantulas foram transplantadas para o sistema
hidropdnico. Utilizou-se sistema hidropdnico em substrato, constituido de silica moida
esterilizada. Foram utilizados vasos plésticos de 2 L, os quais foram revestidos com papel
aluminio. Para os recipientes coletores de solucdo nutritiva, realizou-se a pintura com tinta
metalica aluminizada. A reposicdo e drenagem da solucdo nutritiva (aeracdo) foram feitas
diariamente, respectivamente, no inicio da manha e final da tarde, de forma manual.

Utilizou-se em cada vaso 600 mL da solucdo Hoagland e Arnon (1950). A renovacgéo
da solucdo ocorreu semanalmente, sendo verificado o pH diariamente com auxilio de um
peagametro de campo e, quando necessério, foi realizada a correcdo do mesmo por meio de
solugdes de NaOH 1M ou &cido citrico 1M, mantendo-o na faixa de 5,5 a 6,5. A &gua perdida
por evapotranspiracdo foi fornecida regularmente com base na necessidade, utilizando-se agua
destilada.

A colheita foi realizada aos 60 dias apds a semeadura (DAS), momento em que todos
0S genotipos se encontravam na fase reprodutiva. Foram avaliadas as seguintes caracteristicas:
a) inicio do pendoamento (dias) - contados a partir da semeadura; b) comprimento da rama

principal (CRP- cm) - medida por meio de régua graduada; c) diametro da rama principal
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(DRM- mm) - medido por meio de um paquimetro; d) area foliar (AF- cm? planta™) -
determinada com o auxilio de um integrador de &reas, LICOR® modelo LI-3100; €) massa
fresca da parte aérea (MFPA- g planta’); f) massa fresca das inflorescéncias (MFI- g
planta™); g) massa fresca das raizes (MFR- g planta™); e h) massa fresca total (MFT- g
planta™) - determinada pela soma da MFPA, MFI e MFR . Ambas foram determinadas por

meio de uma balancga de precisao (0,001 g).

Um dia antes da colheita, realizou-se analise de trocas gasosas nas plantas. As
avaliacdes foram realizadas pela manhd, entre as 9:00 e 11:00 h, sendo as informacdes
coletadas da segunda folha a partir do &pice da haste principal (SAMPAIO et al., 2021).
Avaliou-se a taxa de fotossintese liquida (A, umol CO, m?s™), condutancia estomatica (gs,
mol m? s™), concentracdo interna de CO, (Ci, pmol mol™) e eficiéncia instantanea de
carboxilacéo (A/Ci) - obtida pela razdo entre A e C;. A fotossintese, a concentracdo interna de
CO, e a condutdncia estomatica foram obtidas por meio de um analisador de gas
infravermelho portatil (IRGA, modelo LI16400XT, da marca LICOR®).

Os resultados obtidos foram submetidos a analise de variancia pelo teste F (p < 0,05) e,
guando significativos, aplicou-se o teste de Scott-Knott. Para a analise dos dados utilizou-se o
programa estatistico Sisvar versdo 5.6 (FERREIRA, 2011).

2.3 RESULTADOS E DISCUSSAO

Os gendtipos de jambu apresentaram diferencas significativas (p < 0,05) para
caracteristicas de crescimento, produtivas e fisioldgicas em sistema hidrop6nico.

Para o IP, verificou-se que os gendtipos UFR-1, UFR-2, UFR-3, UFR-4 e UFR-7

foram os mais precoces e o0 genotipo UFR-6 foi o mais tardio (Tabela 2).
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Tabela 2 - Inicio do pendoamento (IP- dias), numero de inflorescéncia (NI), comprimento da rama
principal (CRP- cm), didmetro da rama principal (DRM - mm) e area foliar (AF- cm? planta™) de
gendtipos de A.oleracea e A.ciliata cultivados em sistema hidrop6nico, Belém, PA, 2018.

Genotipo IP NI CRP DRM AF
UFR-1 30,0d 24,0c 21,3¢c 7,2a 17152 b
UFR-2 30,0d 28,3¢C 25,3¢c 6,3a 1584,6 b
UFR-3 30,0d 28,5¢C 29,0c 7,4 a 1619,8 b
UFR-4 30,0d 358¢c 28,0c 6,5a 1570,6 b
UFR-5 435D 44,0 b 58,2a 52D 17199b
UFR-6 47,5a 495D 359b 46b 2265,9 a
UFR-7 30,0d 110,0 a 28,6 ¢C 48b 18139b
UFR-8 38,0c 1175a 39,3b 49b 1863,3 b
CV% 4,5 21,0 23,5 12,0 10,5

Meédias seguidas de mesma letra minuscula na coluna néo diferem entre si pelo teste de Scott-Knott a
5% de probabilidade, o que indica semelhangas na constituigdo de grupos.

Fonte: Autor (2018).
Quando cultivado em solo, o jambu inicia sua floracdo entre 45 e 50 dias apos a

germinacdo, sendo que a maior precocidade de cada espécie e/ou gendtipo depende das
condi¢ces de cultivo que os materiais serdo submetidos (GUSMAO; GUSMAO, 2013).
Diante disso, verifica-se que para produtores que visem a producdo de inflorescéncias os
genotipos da espécie A.oleracea sdo materiais mais promissores devido sua maior
precocidade exibida no sistema hidroponico (Tabela 2).

Para o NI, verifica-se que o0s genotipos formaram trés grupos distintos, o primeiro foi
formado pelos gendtipos pertencentes a espécie A.ciliata (UFR-7 e UFR-8), que apresentaram
0 maior numero de inflorescéncias, o segundo pelos gendtipos UFR-5 e UFR-6 e 0 terceiro
grupo formado pelos gendtipos da espécie A.oleracea (UFR-1, UFR-2, UFR-3 e UFR-4), que
mostraram menor numero de inflorescéncias e ndo apresentaram diferengas significativas
entre si.

As diferencas encontradas entre 0s gendtipos de A.ciliata quanto da emisséo de flores
podem estar relacionadas a velocidade da mudanca da fase vegetativa para reprodutiva, onde
se verifica que os UFR-7 e UFR-8 foram mais precoces do que 0s genotipos UFR-5 e UFR-6,
portanto tiveram maior tempo para emissdo dos botdes florais até a colheita. Quanto as
diferengas encontradas entre A.oleracea e A.ciliata estas ocorrem provavelmente devido as
diferencas genéticas de cada espécie, como observado por Martins et al. (2012), onde

demonstraram haver diferencas quanto a morfologia floral dessas espécies.
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Em relacdo ao CRP, o gendtipo UFR-5 foi 0 material que mais se destacou, com 58,2
cm, seguido dos gendétipos UFR-6 e UFR-8 (Tabela 2). Em geral, os gendtipos da espécie
A.oleracea (UFR-1, UFR-2, UFR-3 e UFR-4) apresentaram 0 menor CRP.

Para o DRM, verificou-se a formacédo de dois grupos, onde o primeiro foi formado
pelos gendtipos da espécie A.oleracea (UFR-1, UFR-2, UFR-3 e UFR-4), que se destacaram
nesta caracteristica, enquanto o segundo foi formado pelos genétipos da A.ciliata .

Borges et al. (2013), estudaram o efeito da fertilizacdo no jambu em sistema
convencional em Sdo Manuel - SP, encontraram médias de comprimento do caule da
A.oleracea de 25,6 cm e 43,6 cm em plantas submetidas a adubagdo organica e mineral,
respectivamente. Gusméo e Gusmao (2013) relatam que a espécie A.ciliata pode atingir em
torno de 50 cm de comprimento do caule. Assim, os resultados obtidos quanto as CRP e DRM
sugerem que a distribuicdo de fotoassimilados para o crescimento primario e secundario do
caule é regulado, neste caso, por fatores intrinsecos a cada espécie, bem como pelas condicGes
de cultivo e manejo a que os materiais genéticos sdo submetidos (OLIVEIRA et al., 2011,
YURI et al., 2017).

A AF variou entre 1570,6 e 2265,9 cm? planta™ entre os gen6tipos testados, onde o
genotipo UFR-6 obteve maior média de area foliar, formando um grupo separado dos demais
genotipos que ndo diferiram entre si. Isto sugere pouca variacdo genética entre 0s materiais
quanto a esse caractere. Além disso, a maior resposta em area foliar exibida pelo genétipo
UFR-6 em detrimento aos demais genotipos pode ter relacdo com o maior tempo deste
material na fase vegetativa, o que favoreceu a destinacdo de fotoassimilados para emissao e
expansdo do limbo foliar (TAIZ et al., 2017).

Em relagdo a MFPA, as médias variaram de 91 a 105,7 g planta™, onde o genétipo
UFR-4 foi 0 que obteve melhor desempenho em relagdo aos demais que néo diferiram entre si
(Tabela 3).
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Tabela 3 - Massa fresca da parte aérea (MFPA), massa fresca de inflorescéncia (MFI), massa fresca da
raiz (MFR) e massa fresca total (MFT) de gendtipos de A.oleracea e A.ciliata cultivados em sistema
hidropdnico de cultivo, Belém, PA, 2018.

Variavel (g planta™)

Genotipo MFPA MFI MFR MFT
UFR-1 95,4 Db 152D 57,1a 167,7 a
UFR-2 90,6 b 33,8a 42,8 ¢ 167,1a
UFR-3 97,5b 214D 50,0b 1689 a
UFR-4 105,7 a 17,4 b 46,9 c 170,0 a
UFR-5 910b 42c 46,0 c 1412 ¢
UFR-6 930b 30c 415¢c¢ 137,5¢
UFR-7 94,3b 16,4 b 48,2 ¢ 158,9 b
UFR-8 92,4b 18,1 b 409¢c 151,3¢c
CV% 4,2 19,2 9,5 3,7

Meédias seguidas de mesma letra minuscula na coluna néo diferem entre si pelo teste de Scott-Knott a
5% de probabilidade, o que indica semelhangas na constituigdo de grupos.

Fonte: Autor (2018).

Martins et al. (2012), avaliaram as caracteristicas agronémicas e morfolégicas de
gendtipos de A.oleracea e A.ciliata em cultivo convencional nas condi¢cdes do Norte de Minas
Gerais, ndo observaram diferencas entre os gendtipos para producdo de massa fresca de parte
aérea que variaram 40,1 a 53, 3 g planta™. Os resultados destes pesquisadores estdo muito
abaixo dos encontrados neste estudo, o que sugere que tais diferencas tém relagdo com
capacidade genética dos materiais testados e sua interacdo com ambiente e/ou sistema de
cultivo (YURI et al., 2017). Neste contexto, vale destacar que a MFPA € a parte da planta
com maior nivel de importancia para o preparo de pratos tipicos da Regido Norte do Brasil, a
exemplo do tacaca que € considerado patrimdnio imaterial da cidade de Belém do Para
(SILVA et al., 2020). Assim, esses resultados indicam que, embora o geno6tipo UFR-4 tenha
obtido maior MFPA, o0s genotipos de ambas as espécies apresentam potencial de
comercializacdo (MARTINS et al., 2012; GUSMAO; GUSMAO, 2013).

Quanto a MFI, observa-se que 0s gendtipos estudados apresentaram comportamentos
diferenciados entre si e dentro da mesma especie, 0 que gerou a formacéo de trés grupos,
destacando-se o grupo formado pelo genotipo UFR-2 que apresentou maior MFI (Tabela 3).
Neste sentido, é importante destacar que embora gendétipos da espécie A.oleracea tenham

obtido menor NI (Tabela 2), estes produzem inflorescéncias maiores que A.ciliata que se
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destaca por produzir maior numero de inflorescéncias (Figura 1), porém menores (MARTINS
etal., 2012).

Figura 1 - Diferencas morfol6gicas entre as inflorescéncias de gen6tipos das espécies A.oleracea (A) e
A ciliata (B) cultivados em sistema hidropdnico de cultivo, Belém, PA, 2018.

Fonte: Autor (2018).

Assim sendo, 0 bom desempenho alcancado pelo gendtipo UFR-2 no sistema testado,
bem como a manifestacdo da precocidade de floracdo, é um indicativo de material destinado a
producdo de inflorescéncias para fins industriais na producdo de extratos, uma vez que as
inflorescéncias possuem maior concentracdo de espilantol (BALIEIRO et al., 2020), e
producdo de cachacas e licores artesanais (HOMMA, 2017).

Para MFR, verificou-se diferencas entre os genotipos, o que permitiu a formacéo de
trés grupos (Tabela 3). Os genotipos UFR-1 e UFR-3 formaram o primeiro grupo, sendo que
UFR-1 obteve maior massa fresca de raiz. Embora o jambu seja comercializado a planta toda
(Folhas, caule, inflorescéncia e raiz) (SAMPAIO et al., 2018), utiliza-se em geral as folhas e
os caules (parte aérea) para o preparo dos pratos tipicos e as inflorescéncias sdo comercializas
para producdo, principalmente, de licor e cachaga (HOMMA, 2017), contudo ocorre descarte
total das raizes. Neste contexto, é importante destacar que as raizes do jambu apresentam o
composto bioativo espilantol (BAE et al., 2010). Tal indicativo pode contribuir para um maior
aproveitamento da planta (NASCIMENTO et al., 2020).

Comparando-se o desempenho dos genotipos, quanto & producdo da MFT, verifica-se
que os gendtipos da espécie A.oleracea tiveram produgdes mais elevadas em relagdo os

materiais da espécie A.ciliata, porém ndo diferiram entre si (Tabela 3). As diferencas
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observadas entre as espécies pode ser explicada as caracteristicas morfologicas de cada
espécie, como constadadas por Martins et al. (2012).

Segundo Preczenhak et al. (2014), a diversidade genética em termos de acimulo de
massa nas plantas pode estar relacionada ao potencial genético do genotipo, bem como as
condicBes de cultivo as quais as plantas estdo submetidas. Sendo assim, o maior desempenho
obtidos por alguns gendtipos da espécie A.oleracea quanto a MFPA, MFI e MFT, bem como
maior precocidade na floracdo revela o potencial desses genétipos para atuarem em sistema
hidropdnico e serem destinados a programas de melhoramento da cultura. Contudo, embora
genotipos da espécie A.ciliata tenham obtido producées, em geral, menores para MFI, MFR e
MFT em relacdo a A.oleracea, para a producdo de MFPA verifica-se que todos os genotipos
de ambas as espécies possuem potencial para comercializacdo (MARTINS et al., 2012).

Quanto ao desempenho fisioldgico dos genotipos, observaram-se diferencas (p < 0,05)
para os pardmetros de fotossintese liquida, condutancia estomética, concentragcdo interna de
CO, e eficiéncia instantanea de carboxilacdo (Tabela 4).

Tabela 4 - Fotossintese liquida (A-umol CO, m™® s), condutancia estomatica (gs-mol m? s*),
concentragdo interna de CO, (Ci- umol CO, mol™) e eficiéncia instantanea de carboxilacio (A/Ci) de

genotipos de A.oleracea e A.ciliata cultivados em sistema hidropénico de cultivo, Belém, PA, 2018.

Genotipo A gs Ci A/Ci
UFR-1 176¢c 0,19 a 367,1a 0,05¢c
UFR-2 15;7¢c 0,17 b 369,3a 0,04 c
UFR-3 230D 0,24 a 358,9a 0,06 c
UFR-4 229b 0,23 a 356,9 a 0,06 c
UFR-5 30,9 a 0,14 Db 3426 b 0,09 a
UFR-6 310a 0,14 Db 340,3b 0,09 a
UFR-7 21,1 b 0,15b 3619a 0,06 c
UFR-8 27,0a 0,23 a 348,1Db 0,08 b
CV% 11,6 22,6 3,8 12,8

Meédias seguidas de mesma letra minuscula na coluna nao diferem entre si pelo teste de Scott-Knott a
5% de probabilidade, o que indica semelhancas na constitui¢do de grupos.

Fonte: Autor (2018).
Os gendtipos da espécie A.ciliata (UFR-5, UFR-6 e UFR-8) foram o0s que
apresentaram as maiores medias de A, enquanto 0s genotipos da A.oleracea apresentaram as

menores taxas fotossintéticas.
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A gs foi maior nos genétipos UFR-1, UFFR-3, UFR-4 e UFR-8. De forma geral, 0s
genotipos da espécie A.ciliata apresentaram menores médias de gs. Tal comportamento sugere
que as reducgdes observadas para A entre 0s gendétipos das espécies ndo foram governadas por
limitacGes de ordem estomatica, ja que 0s genotipos que apresentaram maior A foram os que
tiveram menor gs, a exce¢do do gendétipo UFR-8 (Tabela 4).

Assim, as maiores taxas fotossintéticas para 0s genotipos da espécie A.ciliata
repercutiram em maior consumo do Ci, consequentemente maior A/Ci, a exce¢do para o
gendtipo UFR-7. De forma contraria, os genoétipos da espécie A.oleracea apresentaram maior
Ci, consequentemente menor A/Ci , o que significa que o CO;, que chega nas células do
mesdfilo foliar ndo esta sendo assimilado na fase carboxilativa, possivelmente, por limitacoes
bioquimicas, uma vez que o acumulo de CO, na camara estomatica ocasiona e/ou indica
desbalancos metabolicos, como, por exemplo, a limitacdo da regeneracdo da RUBISCO
(ribulose-1,5 bi-fosfato carboxilase oxigenase), o que promove reducdo da fotossintese liquida
(PEEVA; CORNIC, 2009; FERNANDES et al., 2015; TAIZ et al., 2017).

O desempenho fotossintético das plantas € uma caracteristica que sofre alteracdo por
questdes de carater genético, morfoldgico e ambiental (TAIZ et al., 2017), logo, sugere-se que
a capacidade fotossintética dos gendtipos testados neste trabalho foi influenciada pela idade
fenoldgica das plantas, ja que as menores taxa de fotossintese foram obtidas em gendtipos que
pendoaram precocemente. Tal hipdtese € reforcada também pela menor fotossintese exibida
pelo genotipo UFR-7, sendo que este material, dentre os da espécie A.ciliata, foi o Unico que
pendoou precocemente e obteve menor fotossintese.

As mudancas da fase vegetativa para reprodutiva provocam alteraces no fluxo e
particdo dos fotoassimilados das plantas, promovendo assim modificacdes (acréscimos e/ou
reducdes) quanto ao crescimento e desenvolvimento dos seus diferentes 6rgaos, sendo que a
floragdo e frutificacdo representam 6rgdos dreno com alta demanda de fotoassimilados para
atingir a maturacdo (TAIZ et al., 2017), como demonstrado por Costa et al. (2020), onde
observaram maior capacidade fotossintética de genotipos de feijdo-caupi (Vigna unguiculata
L.) na fase vegetativa em detrimento da fase reprodutiva.

As respostas de crescimento e produtivas podem serem associadas as alteragdes
fisioldgicas observadas entre os materiais genéticos. Contudo, vale destacar que neste estudo,
além da capacidade intrinseca de cada especie e/ou gendtipo a adaptacdo ao sistema
hidropénico, ha fortes indicios que as diferencas fenoldgicas governaram a magnitude dessas
alteracOes, sendo justificada pela maior capacidade fotossintética exibida por gendtipos da

especie A.ciliata que pendoaram tardiamente (Tabela 4), mas que ndo exibiram maior
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capacidade de acimulo de biomassa total em relacéo a plantas da espécie A.oleracea, 0 que
significa que estes podem ser colhidos apds o periodo de 60 DAS, caso 0 objetivo seja a
producdo de biomassa total. Quanto aos genotipos da espécie A.oleracea, embora tenha-se
observado menor capacidade fotossintética das plantas, verifica-se que ao longo de seu ciclo
vegetativo e reprodutivo esses materiais se adaptaram a essa condi¢do de perda de eficiéncia
fotossintética e obtiveram maior acimulo de MFT (Tabela 4).

Diante do exposto, este estudo demonstrou que ha diferencas genéticas em termos de
crescimento, producdo e respostas fisiologicas entre as espécies A.oleracea e A.ciliata, bem
como variacdo quanto a parte comercializavel de gendtipos dentro da mesma espécie

cultivados em hidroponia.
2.4 CONCLUSOES

Assim, conclui-se que os genotipos das espécies A. ciliata e A.oleracea podem ser
utilizados em sistema hidrop6nico visando a producdo de MFPA. O gendtipo UFR-2 da
espécie A.oleracea, além da capacidade de acimulo de MFT, apresenta elevado potencial para
producdo de inflorescéncias, portanto deve ser considerado em programas de melhoramento
da cultura.
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3. PRODUCAO E QUALIDADE POS-COLHEITA DO JAMBU EM HIDROPONIA
SOB CONCENTRACOES DE NITROGENIO NA SOLUCAO NUTRITIVA

Artigo publicado na Horticultura Brasileira, v. 39, n. 1, 2021
DOI: 10.1590/s0102-0536-20210110
RESUMO

Nos ultimos anos o jambu tem apresentado crescente valorizacdo e popularidade devido ao
seu sabor e paladar marcantes. Assim, o cultivo hidropdnico da espécie torna-se promissor,
uma vez que alcanca melhor rendimento e qualidade de producdo. Objetivou-se com esse
estudo avaliar o efeito da concentracdo i6nica em solucdo nutritiva no crescimento,
produtividade e trocas gasosas do jambu. O experimento foi conduzido no delineamento
inteiramente casualizado com cinco tratamentos e quatro repeti¢cfes. Os tratamentos foram
constituidos de variagdes da concentracdo idnica a partir da solucdo nutritiva proposta por
Hoagland & Arnon (25, 50, 75, 100 e 125%). Foram avaliados o comprimento da haste
principal, didmetro do caule, nimero de inflorescéncias, area foliar, biomassa fresca e seca
(parte aérea, raiz e inflorescéncia), fotossintese, condutancia estomatica, transpiracdo,
concentracdo interna de CO, relacdo Ci/Ca e eficiéncia instantdnea de carboxilagdo. As
concentracdes ibnicas afetaram significativamente as variaveis estudadas, exceto o diametro
do caule, a concentracdo interna de CO; e a relacdo Ci/Ca. O nimero de inflorescéncia e a
érea foliar cresceram linearmente com maximos valores (37,8 unidades planta™ e 1.650,8 cm?
planta™®, respectivamente) obtidos na concentracdo iénica de 125%. Observou-se maximas
respostas para massa fresca e seca da parte aérea (63,9 e 6,9 g planta™), massa fresca e seca da
raiz (16,7 e 2,0 g planta™) e massa fresca e seca da inflorescéncia (11,0 e 1,8 g planta™),
respectivamente, na concentracdo ibnica de 125%. A fotossintese liquida, a condutancia
estomatica, a transpiracdo e a eficiéncia instantdnea de carboxilacdo obtiveram maximas
respostas de 17,9 pmol CO, m?s™ 0,3 mol H,0 m? s, 6,3 mmol m? s™ e 0,06 com as
concentracdes estimadas de 84, 70, 80 e 83% da forca ibnica, respectivamente. Assim,
conclui-se que para obtencdo de maior acimulo de biomassa, indica-se a concentragéo ionica
de 125%.

Palavras-chave: Acmella oleracea, concentracdo idnica, massa fresca e seca.
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3. PRODUCTIVE AND PHYSIOLOGICAL RESPONSES OF JAMBU (ACMELLA
OLERACEA) UNDER NUTRIENT CONCENTRATIONS IN NUTRIENT SOLUTION

ABSTRACT

In the last years, jambu has become a popular and greatly appreciated, due to its remarkable
taste. Thus, hydroponically cultivated jambu is promising, since it achieves better yield and
production quality. The aim of this study was to evaluate the effect of ionic concentration in
nutrient solution on growth, productivity and gas exchange of jambu. The experimental
design was completely randomized, with five treatments and four replicates. The treatments
consisted of variations of ionic concentration using the nutrient solution proposed by
Hoagland & Arnon (25, 50, 75, 100 and 125%). The length of the main stem, stem diameter,
number of inflorescence, leaf area, fresh and dry biomass (shoot, root and inflorescence),
photosynthesis, stomatal conductance, transpiration, internal CO, concentration, Ci/Ca ratio
and instant carboxylation efficiency were evaluated. lonic concentrations significantly
affected the studied variables, except the stem diameter, the internal CO, concentration and
the Ci/Ca ratio. The number of inflorescences and the leaf area grew linearly with maximum
values (37.8 units plant™ and 1650.8 cm? plant™, respectively) obtained in ionic concentration
of 125%. Maximum responses were observed for shoot fresh and dry mass (63.9 and 6.9 g
plant™), root fresh and dry mass (16.7 and 2.0 g plant™) inflorescence fresh and dry mass
(11.0 and 1.8 g plant™), respectively, at ionic concentration of 125%. Liquid photosynthesis,
stomatal conductance, transpiration and instant carboxylation efficiency achieved maximum
responses of 17.9 umol CO, m? s*, 0.3 mol H,0 m? s?, 6.3 mmol m? s and 0.06 with
estimated concentrations of 84, 70, 80 and 83% of ionic strength, respectively. Thus, we
concluded that the ionic concentration of 125% is indicated to obtain a greater biomass

accumulation.

Key-words: Acmella oleracea, ionic concentration, fresh and dry mass.
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3.1 INTRODUCTION

Acmella oleracea, popularly known in Brazil as “jambu”, is a condiment plant from
the Amazon, it is of great importance for gastronomical and medicinal purposes, mainly in
Para State (SAMPAIO et al., 2019). This plant belongs to Asteraceae family, and it is also
known as ‘“agrido-do-Para”, ‘agrido-do-norte”, “agrido-do-Brasil”, ‘“abecedaria” and
“jambuagu”. It is a small, semi-erect growth habit plant, measuring 30-60 cm tall, with
cylindrical fleshy stem and decumbent branches. Flowers are arranged in  capitula
(inflorescence) which give rise to achene fruits (GUSMAO; GUSMAO, 2013). This plant has
attracted the interest of pharmaceutical and cosmetics industries, due to spilantol, as numerous
tests have proven the anti-inflammatory, analgesic and anesthetic action of this compound
(SAMPAIO et al., 2020).

However, the production for commercialization is in small properties in the
municipalities near Belém-PA (GUSMAOQ; GUSMAO, 2013). Besides, this crop faces several
technical problems which make the productive process rustic and inefficient, generating low
productivity and lack of standardization and plant quality (SAMPAIO et al., 2018). Also,
seasonality is common, with a greater offer in the second semester due to the festivities in the
northern region of Brazil (GUSMAO; GUSMAO, 2013).

Thus, aiming quality production in sufficient amount, jambu cultivation under
hydroponic system can be promising, since this system promotes greater input allocative
efficiency, higher productivity and quality of products (PORTELA et al., 2012). Hydroponic
system is a technique for growing plants without soil as a source of nutrients, so that these
nutrients are available to the crop through a balanced nutrient solution (known as standard
solution) which promotes growth and development of the cultivated plants. So, in this system,
the nutrient solution constitutes one of the most important aspects in obtaining high quality
vegetable products (SAMBO et al., 2019).

Several formulations of standard nutrient solutions for leafy vegetables and fruits can
be found in literature (FURLANI, 1997; FURLANI et al., 1999). However, it is worth
mentioning that the formulations, as well as their ionic concentrations, can vary even within
the plant species, since the absorption of nutrients varies with the cultivar, the developmental
stage, the hydroponic system and the climatic conditions in which the crop is submitted
(PORTELA et al., 2012).

No suggestion for nutrient solution formulation for jambu crop can be found in

literature, though. In general, it is emphasized that the formulations proposed by Hoagland
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and Arnon (1950) is considered the common standard solution in which variations in relation
to macro and micronutrients can be verified among them (FURLANI et al., 1999; COMETTI
et al., 2008). Thus, further studies on nutrient solution parameters in productive performance
of jambu are necessary.

Considering the nutrient solution, electrical conductivity (EC) stands out, since, it
provides information on the nutrient concentration in the nutrient solution (SAMBO et al.,
2019). Thus, significant effects of CE variation on productivity, quality and physiological
aspects in several crops can be noticed in literature (LUZ et al., 2012; PORTELA et al., 2012;
BARON et al., 2015). Portela et al. (2012) evaluating the effect of EC of the nutrient solution
on growth, productivity and quality of the strawberry crop observed that the increase of EC
favored the growth and production of plants, as well as increased total soluble solid contents,
anthocyanins, L-ascorbic acid and total phenols in fruits. In a study, carried out by Baron et
al. (2015), on production of Annona muricata seedlings, the results showed that CE variations
of nutrient solution promoted differences in gas exchange and seedling biomass accumulation.

Given the above, and due to a small number of studies on jambu performance under
hydroponic system, this study aimed to evaluate the effect of ionic concentrations, using the
nutrient solution proposed by Hoagland and Arnon, (1950) on growth, productivity and gas
exchange of jambu plants, searching to define the concentration which promotes higher yield.

3.2 MATERIAL AND METHODS

The experiment was conducted in a greenhouse from September 1 to December 21,
2019, at Federal Rural University of Amazon (UFRA), located in the municipality of Belém-
PA (latitude 1° 28 S, longitude 48° 30’W and 9 m altitude). According to Koppen, the
climate is Af’, average temperature of 26 °C (ALVARES et al., 2013).

The experiment was carried out in a completely randomized design with five
treatments and four replicates. The treatments consisted of variations of ionic concentration,
using Hoagland and Arnon nutrient solution (1950), showing the following concentration
(macronutrients in mmol L™ and micronutrients in pmol L™): 15.0 N; 1.0 P; 6.0 K; 5.0 Ca; 2.0
Mg; 2.0 S; 90.0 Fe; 46.3 B; 18.30 CI; 9.10 Mn; 0.8 Zn; 0.3 Cu and 0.1 Mo. Based on this
standard solution, we used ionic concentrations (25%, 50%, 75%, 100% and 125%), and the
electrical conductivity was 0.7, 1.3, 2.0, 2.8 and 3.3 dS m™, respectively. For standard solution
composition, we used pure reagents for analysis, being the nutrient sources: NH4H,PO,,
KNO;, Ca(NOs3);, MgSO4, H3BO;, CuSO45H,0, FeCl; + Na,.EDTA, MnSO,4.H,0,
H2Mo00,.H,0 and ZnSO,4.7H,0.
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Plants were grown under substrate system using sterilized ground silica as a substrate.
The authors used 2 L plastic pots filled with substrate and coated with aluminum foil in order
to minimize the sunlight incidence (increase in solution temperature), also avoiding the
proliferation of algae inside these containers. The collecting containers of nutrient solution
were painted with aluminum metallic paint. Each pot containing one jambu plant represented
one experimental unit.

The solution was supplied manually in the pots, with daily frequency: being placed in
the morning and drained in the late afternoon. Whenever necessary, the water, lost through
evapotranspiration, was replaced with distilled water. The solution was renewed weekly, and
pH was checked daily with the aid of a portable peagameter (HANNA®) and, when
necessary, correction was performed, using NaOH solution or citric acid (C¢HgO7) 1N,
keeping it within the range from 5.5 to 6.5.

Seedlings were produced in expanded polystyrene trays of 128 cells filled with
coconut fiber substrate. Afterwards, seeds were sown (the achenes) at a density of six seeds
per cell. After germination, trays were transferred to benches, being kept under subsurface
fertigation system, using Hoagland and Arnon (1950) formulation at an ionic concentration
of 25%. Seven days after germination, seedlings were thinned, and just one seedling per cell
was kept. Seedlings were transplanted at 21 days after germination. Harvest was done at 56
days after germination.

Before harvesting, between 9 and 11 am, the authors analyzed the gas exchanges in
the second pair of leaves of the main stem tip of the plants with the aid of a infrared gas
analyzer (IRGA), model LI-6400XT (LI-COR, Linconl, NE). The following physiological
variables were evaluated: a) CO, concentration in the substomatic chamber (Ci, pmol CO,
mol™); b) stomatal conductance (gs, mol H,O m™ s™%); ¢) liquid photosynthesis (A, pmol
CO, m?s™); d) ratio between the concentration of CO; in the substomatic chamber and the
concentration of CO; in the environment (Ci/Ca); e) transpiration (E, mmol H,0 m? s™);
and, f) carboxylation efficiency (A/Ci), obtained from the ratio between liquid
photosynthesis and CO, concentration in the substomatic chamber.

After harvest, the following traits were evaluated: a) main stem length (cm) —
determined with the aid of a graduated scale; b) stalk diameter — measured with the aid of a
digital caliper; c) shoot fresh and dry mass (g plant™); d) root fresh and dry mass (g plant™);
e) inflorescense fresh and dry mass (g plant™); f) number of inflorescence (unit plant™) —
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through simple counting; and g) leaf area (cm? plant™) — determined with the aid of an area

integrating device, LICOR® model LI-3100.

Fresh and dry masses were determined after separating each part, and being weighed
using a precision scale (0.001 g). In order to determine dry mass, the samples of each part
were kept in paper bags and taken to an oven, temperature 65 °C for 72 hours, when they

reached constant weight.

The results obtained in this study were submitted to variance analysis and, when
significant, regression analysis was carried out. Then, the models and coefficients were tested
by t test. The model was chosen based on the significance showed and superior determination
coefficient (R?) (> 0.7). To analyze the data obtained in the experiment, we used statistic
software Sisvar version 5.6 (FERREIRA, 2011).

3.3 RESULTS AND DISCUSSION

lonic concentrations of nutrient solutions affected growth, productivity and gas
exchanges; the concentrations did not affect the stem diameter, internal CO, concentration
and Ci/Ca ratio, though.

An increase of nutrient solution concentration did not promote significant increases in
stem diameter, which varied from 5.0 to 5.4 mm, considering the smallest (25%) and the
greatest (125%) tested ionic concentrations, respectively (Figure 1A). Similarly, in lettuce
plants (Lactuca sativa) variety Romana grown under hydroponics, Cunha-Chiamolera et al.
(2017) verified that an increase of ionic concentration of nutrient solution did not affect the

stem diameter of the plant.
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Figure 1 - Stem diameter (D), main stem length (MSL), number of inflorescences (NI) and leaf
area (LA) of jambu plants in relation to the variation in ionic concentration in the nutritive
solution. ** significant at 1% probability; * significant at 5% probabilit by t test. Vertical lines are
standard errors (n = 4).
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Source: Author (2019).

For jambu, the authors observed that the stem diameter is a trait which is little affected
by nutrient availability in the nutrient solution, since both in ionic concentration of 25% (5.0
mm) and of 125% (5.4 mm) no evidence for growth trend related to this variable was noticed
(Figure 1A). Besides, the fact that jambu is a rustic plant should be considered (GUSMAO;
GUSMAO, 2013), since it can explain the ability to tolerate extreme variations of nutrient
solutions tested in this study. The authors also highlight that even in low concentration of
nutrients, no characteristic symptoms of nutritional deficiencies were observed.

In relation to main stem length, the authors observed that an increase of the ionic
concentration promoted positive responses up to a certain concentration, which was explained
by a quadratic model (Figure 1B). The maximum estimated growth was 26.7 cm at a
concentration of 90.2%; from that concentration, a decrease in this variable was observed.
Maximum growth estimated was 26.7 cm at a concentration of 90.2%, from this

concentration, the authors noticed a decrease in this variable, which can be explained by a
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possible nutritional disorder, due to a high concentration of salts in the solution, which
resulted in plant morphological changes (FONTES, 2016). For cucumber crop (Cucumis
sativus), Diniz et al. (2015), evaluating the effect of different nutrient proportions (12,5, 17,
25, 50 and 100%) on nutrient solution proposed by Furlani et al. (1999), observed higher
plants grown in more diluted solutions, where they also verified that as the concentration of
nutrients in the solution increased, plant length decreased. According to Fontes (2016), excess
of nutrients can cause changes in cellular and biochemical level of the plants, which results in
changes in photoassimilate partitioning in different plant organs.

For number of produced inflorescences (Figure 1C), the authors observed positive
linear response in relation to an increase of ionic concentration, production of 37.8
inflorescences plant™ at the highest concentration (125%), corresponding to an increase of
approximately 165% in relation to the smallest tested concentration (25%). For this crop,
Rodrigues et al. (2014) observed good response for inflorescence production in relation to
nutrient availability in the soil, also being represented by a positive linear function, proving
the influence of the availability of nutrients for jambu flowering.

Similarly to what was observed for inflorescence number, ionic concentrations
increased linearly for leaf area, showing leaf expansion of 1,650.8 cm? plant™ at the highest
ionic concentration (125%). Andrade (2019), evaluating the influence of ionic concentration
on lettuce cultivars under hydroponic NFT system, also observed an increase in leaf area of
plants as the concentration of the solution was increased, which was represented by a positive
linear function. Silva et al (2019) observed that an increase in ionic concentration of the
solution promoted a linear increase in leaf area of the lettuce.

We noticed that the production of leaves and inflorescences of jambu under
hydroponics system is responsive to an increased nutrient availability in the nutrient solution
due to its linear responses, showing that the plant can also express higher responses when
using higher ionic concentrations. Thus, concerning productivity, these results are interesting
for the crop, since both leaves and inflorescences of jambu are commercialized (SAMPAIO et
al., 2018).

Both shoot dry and fresh mass (Figure 2A and 2B) increased proportionally to the
increase of ionic concentration of the nutrient solution, being higher responses observed in
plants grown in a solution at 125%, 63.9 and 6.9 g plant™, respectively, representing an
increase of 184% for fresh mass and 83% for dry mass comparing with values obtained in
ionic concentration at 25% (22.5 and 3.8 g plant™, respectively).
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Figure 2 - Shoot fresh mass (FMA), shoot dry mass (DMA), root fresh mass (FMR), root dry mass
(DMR), fresh mass of inflorescence (FMI) and dry mass of inflorescence (DMI) of jambu plants in
relation to the variation of ionic concentration in the nutrient solution. ** significant at 1%
probability; * significant at 5% probability by t test. Vertical lines are standard errors (n = 4).
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Positive effect on production considering an increase of ionic concentration in

hydroponics system had already been demonstrated for several vegetable species (COMETTI
et al., 2008; GENUNCIO et al., 2012; PORTELA et al., 2012). Luz et al. (2012) evaluating
the effect of different ionic concentrations (50, 75, 100 and 125%) of the formulation
recommended by Furlani et al. (1999), observed an increase in shoot dry and fresh mass
accumulation in parsley (Petroselinum crispum) and coriander (Coriandrum sativum).

Evaluating productive responses of lettuce cultivars under hydroponics system under different
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ionic concentrations (50, 75 and 100%), Genuncio et al. (2012) observed a positive effect
with a nutrient availability increase, being the highest response achieved at 100% of ionic
strength.

Based on these results, studies relating the effect of nutrient solution formulations and
their concentrations on vegetative and reproductive stages for each species show high
relevance. Thus, using these studies, it is possible to indicate different moments regarding
periodic nutrient replacement, establish nutritional requirements for each species, as well as
reduce the nutrient concentration in the solution without yield loss, thus making it possible to
reduce production costs in order to increase the nutrient use efficiency by crops (COMETTI et
al., 2008).

For root fresh and dry mass (Figures 2C and 2D), the authors noticed that an increase
in concentration promoted linear increases, and the maximum responses (16.7 and 2.0 g plant’
! respectively) at 125% concentration, corresponding to increases of 242.5 and 71.4%,
respectively, when compared with values obtained at 25% concentration (4.9 and 1.2 g plant’
1. For jambu, despite the increase in salinity due to the increase of the ionic concentration of
the nutrient solution, the crop did not show a reduction in biomass productivity and / or
characteristic symptoms of plants under salt stress (NEGRAO et al., 2017). Similarly, for
lettuce crop, Cometti et al. (2008) also verified variations in root dry mass accumulation as
the ionic concentration of Furlani nutrient solution increased (1997), observing that more
diluted solutions obtained less dry mass accumulations than concentrated solutions.

In relation to jambu reproductive performance, the authors verified that fresh and dry
mass of the inflorescence were influenced by the increase of ionic concentration, being
represented by increasing linear functions (Figure 2E and 2F), the ionic concentration at
125% stood out, showing the highest responses observed in this study (11.0 and 1.8 g plant™,
respectively). Phenological stages directly influenced on nutritional demand of plants, being
flowering and fruiting the periods of greatest demand for nutrients, since inflorescences and
fruits represent drain organs with high demand for photoassimilates to reach their maturation
(MARSCHNER, 2012; TAIZ et al., 2017). This behavior can explain the greatest flowering
of jambu obtained at a concentration of 125%, since in this concentration larger availability of
nutrients for growth and development of a plant can be verified, when comparing with other
tested concentration.

Therefore, the electrical conductivity adjustment (ionic concentration) for hydroponics
cultivation of jambu is a central parameter for obtaining greater yields both for fresh mass of

shoot and inflorescence. Thus, the results obtained in this study justify EC adjustments in
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other commercial standard solutions used in vegetable production under hydroponic systems
(FURLANI et al., 1999), based on EC around 3.3 dS m™, since this value corresponds to
125% ionic strength of Hoagland and Arnon standard solution (1950). In general, it is
important to highlight that the nutrient solutions of current standards nutritional solutions
have as a common ancestor the solution proposed by Hoagland and Arnon, (1950), with slight
variations in macro and micronutrient levels between them (COMETTI et al., 2008;
FURLANI et al., 1999), thus making the adjustment for other formulations interesting.

Gas exchanges were influenced by variations of ionic concentration in nutrient
solution, as observed for growth and production, for exception of Ci and Ci/Ca ratio which
obtained averages of 283.4 umol mol™ and 0.73, respectively (Figure 3).

Figure 3. Liquid photosynthesis (A), stomatic conductance (gs), transpiration (E), internal
CO;, concentration (Ci), Ci/Ca ratio (Ci/Ca) and instantaneous carboxylation efficiency
(A/Ci) of jambu plants in relation to ionic concentration variation in nutrient solution. **
significant at 1% probability; * significant at 5% probability by t test. Vertical lines are
standard errors (n = 4).
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For A, gs, E and A/CIi, the authors observed quadratic effects of ionic concentration in
nutrient solution. Thus, an increase of ionic concentration promoted positive responses for
these traits up to reaching maximum value of 84, 70, 80 and 83%, respectively.

Thus, the authors observed that as the photosynthetic rate increased, a similar increase
in stomatal conductance, which is related to stomatal opening for CO, entry and transpiration
was noticed, suggesting that a reduction in both gs and E is associated with a decrease in A.

This is because, although a decrease in the opening of the stomatal pore was verified, no
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changes in Ci and in Ci/Ca ratio were noticed, which indicates that the reductions observed
for liquid photosynthesis from the estimated concentration of 84% of the ionic concentration
are not of stomatal order, but due to a biochemical limitation of the process. So, even with the
stomatal closure, the photosynthetic machinery in the chloroplast not being compromised,
CO;, will continue to be fixed, thus promoting a reduction in the amount of internal CO,
(LEMOS NETO et al., 2020). However, this effect was not observed in this study, since no
significant variations of Ci (Figure 3D), as well as Ci/Ca ratio were observed (Figure 3E).

In addition, even with CO, availability, reductions in the efficiency of carboxylation
from 83% ionic strength could be noticed (Figure3F), indicating that no CO, assimilation for
synthesis of organic compounds was observed. This fact further reinforces the possible
biochemical limitation throughout the photosynthesis process. According to Marschner
(2012), the increase in EC of the nutrient solution can cause changes of the photosynthetic
electron transport chain and / or the enzyme CO2 fixation system, with negative effects on the
photosynthetic rate (BARON et al., 2015).

Andrade (2019), evaluating physiological responses of lettuce cultivars in hydroponics
system under ionic concentration variations, verified reductions in A, gs, E and A/Ci in more
concentrated solutions, being represented by quadratic functions. We highlight that, as well as
in the present study, the mentioned author did not observed significant effect of Ci and Ci/Ca
ratio with an increase of ionic concentration of the solution. Thus, the loss of photosynthetic
efficiency observed in this study was also related to possible non-stomatic limitations, mainly
due to differential rates in the absorption of nutrients such as Ca and Mg, which had their
levels reduced as the electrical conductivity of the solution increased.

Baron et al. (2015), evaluating the influence of nutrient availability of Hoagland and
Arnon nutrient solution 2 (1950) on gas exchanges, nutritional state and leaf biomass
production of star fruit (Annona emarginata) seedlings, observed that the plants grown under
100% ionic concentration showed lower contents of Mg, Ca and S in their leaves in relation
to other concentrations. Besides, these authors also observed reduction of liquid
photosynthesis and instant carboxylation efficiency at 100% ionic concentration, which
indicates that the changes in mineral composition affect photosynthetic performance of the
crop.

Growth and productive responses observed in jambu as the concentration of nutrients
in the nutrient solution increased may be related to the increase in physiological traits.
However, we highlight those reductions in A (Figure 3A) and A/Ci (Figure 3F) in higher

nutrient concentrations were noticed, which corroborate most of the results obtained for other
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variables. We verified that jambu throughout its vegetative and reproductive cycle adapted to
this condition of loss of photosynthetic efficiency, though. This is because a linear increase in
growth (Figure 1) and productivity of the crop was noticed (Figure 2) with the increase of

ionic concentration in the nutrient solution, mainly using the concentration of 125%.

3.4 CONCLUSIONS

Thus, the authors concluded that ionic concentrations in the nutrient solution
influenced on growth, production and physiological traits of jambu, considering that to obtain
greater biomass accumulation, we suggest the ionic concentration of 125% of Hoagland and
Arnon standard solution (1950), which corresponds to an electrical conductivity of 3.3 dS m™.
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4. PRODUCAO E QUALIDADE POS-COLHEITA DO JAMBU EM HIDROPONIA
SOB CONCENTRACOES DE NITROGENIO NA SOLUCAO NUTRITIVA

Artigo publicado na Revista Ciéncia Agronémica, v. 52, n. 2, 2021
DOI: 10.5935/1806-6690.20210021

RESUMO
O jambu é uma hortalica folhosa da regido norte brasileira e seu cultivo no solo tém reduzido
consideravelmente a sua producdo, devido as pragas e doencas. Com base nisso, o objetivo
deste trabalho foi avaliar o crescimento, a producédo e a qualidade p6s-colheita de plantas de
jambu cultivadas em hidroponia em resposta a variagdo da concentracdo de nitrogénio na
solugéo nutritiva. O delineamento utilizado foi inteiramente casualizado com oito repeticdes e
seis tratamentos constituidos por concentracdes de nitrogénio na solucdo nutritiva (11, 13, 15,
17,19 e 21 mmol L™ de N). Avaliou-se o comprimento da haste principal (CHP), diametro (D),
area foliar (AF), nimero de inflorescéncias (NI), massa fresca da parte aérea (MFPA), massa
seca da parte aérea (MSPA), massa fresca da raiz (MFR), massa seca da raiz (MSR), massa
fresca da inflorescéncia (MFI), massa seca da inflorescéncia (MSI), concentracdo de N,
solidos soluveis totais (SST), pH, acidez titulavel (AT) e a relacdo SST/AT. Tanto o
crescimento como a producao foram explicados por modelos lineares positivos, de modo que
os melhores resultados foram obtidos na concentracdo de 21 mmol L™ de N. Quanto as
variaveis de qualidade SST e a relagdo SST/AT, estas foram, também, explicadas por modelos
lineares crescente com maximas respostas na concentracdo de 21 mmol L™ de N. A medida
gue se aumentou a concentracdo de nitrogénio houve reducdes da AT. Com base nos
resultados, a concentragdo de 21 mmol L™ de N na solucdo nutritiva possibilita melhor

resposta em termos de crescimento, producéo e qualidade pos-colheita no jambu.

Palavras-chave: Cultivo sem solo. Acmella oleracea (L.). Acidez titulavel. Brix.
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4. PRODUCTION AND POSTHARVEST QUALITY OF JAMBU IN HYDROPONICS
UNDER NITROGEN APPLICATION IN NUTRIENT SOLUTION*

ABSTRACT
Jambu is a leafy vegetable from the northern region of Brazil and its cultivation in the soil has
considerably reduced its production, due to pests and diseases. Based on this, the objective of
this work was to evaluate the growth, yield and postharvest quality of hydroponic jambu
plants in response to the variation of nitrogen (N) concentration in the nutrient solution. The
design used was completely randomized with eight replicates and six treatments, consisting of
N concentrations in the nutrient solution (11, 13, 15, 17, 19 and 21 mmol L™). Main stem
length (MSL), diameter (D), leaf area (LA), number of inflorescences (NI), shoot fresh mass
(SFM), shoot dry mass (SDM), root fresh mass (RFM), root dry mass (RDM), inflorescence
fresh mass (IFM), inflorescence dry mass (IDM), N content, total soluble solids (TSS), pH,
titratable acidity (TA) and TSS/TA ratio were evaluated. Both growth and yield were
explained by positive linear models, and the best results were obtained at the N concentration
of 21 mmol L™. As for the quality variables TSS and TSS/TA, these were also explained by
increasing linear models with maximum responses at the N concentration of 21 mmol L™. As
the N concentration increased, there were reductions in TA. Based on the results, the N
concentration of 21 mmol L™ in the nutrient solution enables better response in terms of

growth, production and postharvest quality in jambu.

Key-words: Soilless cultivation. Acmella oleracea (L.). Titratable acidity. Brix
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4.1 INTRODUCTION

Considered a species of the Amazon region, northern Brazil, jambu (Acmella oleracea
(L.) R. K. Jansen) is a herbaceous leafy vegetable that has peculiar properties, such as the
momentary anesthetic sensation caused by the consumption of its vegetative parts, mainly,
of inflorescences (HOMMA, 2014). This sensation comes from the action of the bioactive
compound spilanthol and this substance has been exploited by the industry due to its
pharmacological properties, such as anti-inflammatory and anesthetic (BARBOSA et al.,
2016). In addition, the crop has significant importance as a condiment of typical dishes of
the northern region, for example tacacd, which is considered intangible cultural heritage of
the city of Belém (SILVA et al., 2020).

Jambu cultivation in soil is carried out by direct sowing in furrows in soil, a
management that leads to low uniformity and quality of plants (SAMPAIO et al., 2019) and
facilitates the occurrence of diseases of economic importance such as coal (Thecaphora
spilanthes Frei. & Van.) and rust (Puccinia sp.), which cause significant losses (HOMMA,
2014). It is worth pointing out that, although the study conducted by Sampaio et al. (2018)
improves the conventional production system of jambu, mainly due to the adoption of
seedlings, this management does not guarantee the absence of losses caused by pests and

diseases that occur in the cultivation in soil.

To reduce production losses in the soil cultivation of jambu, an alternative would be
the use of hydroponic system. This cultivation system, which uses nutrient solution instead
of soil, has advantages such as lower use of area and inputs, mainly water and fertilizers,
absence of soil diseases, higher yield, as well as better quality of plants (SAMBO et al.,
2019). However, little is known about the nutritional dynamics of this crop in this system,
as well as its productive and qualitative behavior as a function of variations of nutrients in

the nutrient solution.

In soil cultivation, in both conventional and organic systems, studies have
demonstrated higher productivity and quality of jambu due to increased nitrogen (N) supply
through N fertilization (BORGES et al., 2013; SOUTO et al., 2018), indicating the
importance of this element in maintaining the production and quality of the crop. Thus, it is
necessary to deepen the studies on N in nutrient solutions for the cultivation of jambu in

hydroponic systems.
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Research has shown the important role of N both in the increase of production and in
the improvement of the postharvest quality of vegetables (CECILIO FILHO et al., 2017;
MAHLANGU et al., 2016; MASHABELA et al., 2018; RODRIGUES et al., 2014). In
Brazil, postharvest losses in vegetables reach on average 35 to 40%, being the largest
source of financial loss for producers (HOQUE et al., 2010). These losses are mainly
related to the physical aspect, since consumers evaluate the products mainly based on their
appearance (CHITARRA; CHITARRA, 2005), which shows the importance of mineral

nutrition in maintaining both production and qualitative parameters of vegetables.

Based on the above, the objective was to evaluate the growth, production and
postharvest quality of jambu plants grown in hydroponics in response to the variation of N

concentration in the nutrient solution.

4.1 MATERIAL AND METHODS

The experiment was conducted in a A-frame greenhouse with ridge vent, covered with
100-pm low-density polyethylene (LDPE), with width of 8 m, length of 15 m and ceiling height of
3.5 m, and sides covered with 40-mm galvanized wire screen, located in the area of Soil Science,
of the Institute of Agrarian Sciences of the Federal Rural University of the Amazon, Belém
campus, with the following coordinates: 1°40” S latitude and 48°42° W longitude. The climate
is classified as Af according to Koppen’s classification (ALVARES et al., 2013). During the
experimental period, air temperature and relative humidity were monitored daily using a
digital hygrometer installed inside the greenhouse. The average maximum air temperature
was 35.8 °C and the minimum temperature was 28.1 °C. The average relative humidity was
77.1%.

The experimental design used was completely randomized with six treatments and
eight replicates. The treatments consisted of N concentrations in the nutrient solution (11,
13, 15, 17, 19 and 21 mmol L™ of N) using as reference the Hoagland and Arnon (1950)
solution 2 formulation, where the standard N concentration of the formulation is equivalent
to 15 mmol L™ (Table 1).



55

Table 1 — Stock solutions and quantity used in the solution (mL L) to prepare the treatments.
Belém, Para, 2019.

Stock Solution (1 M) Treatments (mmol L™)
11 13 15 17 19 21
NH;H,PO, 1 1 1 1 1 1
KNO; 2 4 6 6 6 6
Ca(NOs), 4 4 4 4 5 4
MgSO, 2 2 2 2 2 2
KCI 4 2 - - - -
NaNO; - - - - 2 4
NH4NO3 - - - 1 1 1
Microt 1 1 1 1 1 1
Fe-EDTA? 1 1 1 1 1 1

'Stock Solution of Micronutrients: 2.86 g/L of H;BOs, 1.81 g/L of MnCl,.4H,0, 0.22 g/L of
ZnS0,.5H,0, 0.08 g/L of CuSO,4.5H,0, and 0.02 g/L of H,M00,.H,0.

’Fe-EDTA: 21.6 g/L EDTA, 286 mL/L 1M KOH and 24.9 g/L FeSO,.7H,0
Source: Author (2019).

The experiment was conducted using the yellow flower variety of jambu (Acmella
oleracea (L.) R.K. Jansen) (GUSMAO; GUSMAO, 2013) obtained from the active
germplasm bank in the garden area linked to the Institute of Agricultural Sciences (ICA)
whose coordinates are 01°27°19” S and 48°26°20” W.

Sowing was performed in polystyrene trays of 128 cells filled with substrate based
on coconut powder (Table 2). After emergence, the trays were transferred to wooden
countertops. Every two days, the trays were irrigated with nutrient solution of Hoagland
and Arnon (1950) with 25% of the nutrient concentration. At seven days after sowing,
thinning was performed, leaving one seedling per cell. The experimental units consisted of
plastic pots with capacity for 2 L and filled with ground silica (SiO,) (substrate) containing
one jambu seedling.

Table 2 - Chemical characterization of the coconut powder substrate used for the production of
jambu (Acmella oleracea) seedlings. Belém, Parg, 2019

N P K Ca Mg S B Cu Fe Mn Mo Zn
T ——— ppm -------
42 21 22 186 39 37 1 5 14 3 2 4

Fonte: Autor (2019).

At 21 days after sowing, the seedlings were transplanted to the pots. After
transplantation, jambu plants underwent a seven-day period of acclimatization to the
hydroponic system, receiving nutrient solution at 50% of nutrient concentration
(HOAGLAND; ARNON, 1950) and, after this period, were subjected to their respective

treatments.
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During the experiment, the nutrient solutions were oxygenated by draining the
solution in the late afternoon and replacing it in the early morning, every day. The solutions
were renewed weekly, when there is a 50% reduction in the concentration of nutrients. The
pH values of the solutions were monitored daily by pocket pH meter and kept within the
range from 5.5 to 6.5. When necessary, the pH was corrected using 1 N NaOH or 1 N citric
acid (CgHgOy7). The water lost by evapotranspiration was daily replaced in order to maintain

a volume of 400 mL per pot, using distilled water.

Harvest was performed 56 days after sowing, when the following characteristics were
analyzed: a) main stem length (MSL) - determined using a graduated ruler (cm); b) diameter
(D) - determined using a digital caliper (mm); c) leaf area - measured in cm? plant™ using a
leaf area integrator model LI-3100 (LI-COR, Lincoln, NE, USA); d) number of
inflorescences (NI) - determined by simple count; e) shoot fresh mass (SFM) - measured in
g plant™; (f) shoot dry mass (SDM) - determined in g plant™; g) root fresh mass (RFM) -
determined in g plant™; h) root dry mass (RDM) - measured in g plant™; (i) inflorescence
fresh mass (IFM) - determined in g plant™; and j) inflorescence dry mass (IDM) - measured

in g plant™.

The fresh masses were determined after the separation of each part and weighing on a
precision scale. To determine the dry mass, the samples of each part were placed in paper
bags, dried in an oven at temperature of 65 °C for 72 hours, and then weighed on a precision
analytical scale. From this, leaf samples were crushed in a Wiley-type mill, passed through
a 20-mesh sieve and stored to determine the total N content by the sulfuric digestion method
(Kjeldahl), according to the methodology of Silva (2009).

In addition, the following postharvest variables were also analyzed:

a) Total soluble solids (TSS) - determined using a digital refractometer, with automatic
temperature correction, after maceration of 1.0 g of leaves in a mortar and transferring of
two to three drops to the device’s prism (ASSOCIATION OF OFFICIAL ANALYTICAL
CHEMISTRY, 2012). The results were expressed in °Brix (%);

b) Titratable acidity (TA) - determined using 1.0 g of leaf macerated with distilled water,
with 1% phenolphthalein indicator and titration with 0.1 N NaOH solution (INSTITUTO
ADOLFO LUTZ, 2008). The results were expressed in grams of oxalic acid per 100 g of
leaf;



57

) pH - determined after maceration of 1.0 g of leaf diluted in 30 mL of distilled water using
a benchtop digital pH meter with glass membrane (INSTITUTO ADOLFO LUTZ, 2008);

d) TSS/TA ratio - determined by the direct relationship between the quotient of soluble
solids and titratable acidity.

The data were subjected to analysis of variance by the F test at 5% probability level
and, when significant, regression models were fitted for N concentrations in the nutrient
solution. The analyses were performed using the statistical program Sisvar® (FERREIRA,
2011).

4.3 RESULTS AND DISCUSSION

The increase in N concentration in the nutrient solution did not influence the variables
MSL, D, RFM and RDM, with mean values of 24.2 cm, 6.5 mm, 20.8 g plant® and 1.9 g
plant™, respectively. The absence of influence of N concentrations on the RFM and RDM of
jambu is similar to the results for lettuce in hydroponic system obtained by Mahlangu et al.
(2016), who did not observe significant effects of N increase on RFM and RDM. Similar
behavior was also described by Porto et al. (2012), who found that N concentrations in the

nutrient solution did not influence lettuce growth and production variables.

SFM was influenced by the treatments, increasing linearly as the N concentration in
the nutrient solution increased, with greater increment (105.9 g plant™) at the dose of 21
mmol L (Figure 1a), because N is the nutrient most demanded by plants, especially by
leafy vegetables (FILGUEIRA, 2013), due to its participation in the synthesis of amino
acids, proteins and pigments, such as chlorophyll (TAIZ et al., 2017), hence being closely
related to physiological activities that are important for growth and production such as
photosynthesis.
Figure 1 — Shoot fresh mass (a), shoot dry mass (b), inflorescence fresh mass (c) and inflorescence
dry mass (d) of jambu plants as a function of increased nitrogen concentration in nutrient solution.

** significant at 1% probability level; * significant at 5% probability level by t-test. Belém, Para,
2019. Vertical lines are standard errors (n = 8).
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Source: Author (2019).
Similar responses are verified when comparing these data with those of studies that

analyzed the shoot biomass accumulation of vegetables as a function of N supplementation
in different cultivation systems. Costa et al. (2020) and Rodrigues et al. (2014) evaluated
the effect of N fertilization in soil on jambu production and observed increases in shoot
biomass as the N doses increased. Effects of variation in N supply on chicory in hydroponic
system were also reported by Cecilio Filho et al. (2017), who verified an increase in shoot
fresh mass up to a certain dose in solution, which was explained by a quadratic function. It
is worth pointing out that, for jambu, there is the possibility of increase in N concentration
in solution, since the highest yield was obtained at the highest concentration tested (21

mmol L™).

Thus, the increase in shoot biomass observed in this study for jambu with the increase
in N supply, as well as by other authors in soil (BORGES et al., 2013; COSTA et al., 2020;
RODRIGUES et al., 2014; SOUTO et al., 2018), is related to the functions performed by N in
plant growth and development processes, composing all amino acids and consequently
proteins and enzymes related to plant metabolism (MARSCHNER, 2012).
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As for SDM, a linear accumulation was observed as the N concentration in the
nutrient solution increased, with an increment of approximately 21% when the highest
concentration (21 mmol L™ of N) was compared with the lowest concentration (11 mmol L’
! of N) (Figure 1b).

The increase of N in the nutrient solution promoted higher shoot dry mass for lettuce
(MAHLANGU et al., 2016), chicory (CECILIO FILHO et al., 2017), and cauliflower
(MASHABELA et al., 2018), and these results were explained by quadratic functions, that
IS, up to a certain level of N there are reductions in dry mass accumulation rates in these
crops, indicating that, under the conditions in which the present study was conducted, jambu
may also show the potential to express positive responses regarding dry biomass

accumulation at N concentrations greater than 21 mmol L™ in the nutrient solution.

For IFM and IDM, there were linear increments with the increase in N concentration,
equal to 32 and 37%, respectively, when the highest concentration (21 mmol L™ of N) is

compared with the lowest concentration (11 mmol L™ of N) (Figure 1c and 1d).

The results obtained corroborate those reported by Rodrigues et al. (2014), who
verified positive linear models for IFM and IDM as a function of the N doses applied in soil
cultivation system. Costa et al. (2020) observed increasing accumulation in the fresh and
dry mass of inflorescences of yellow flower jambu as N availability in the soil increased,
regardless of the application of limestone in the soil. Peganha et al. (2019) observed that N
is the nutrient with the highest accumulation in inflorescences of jambu plants. This may be
related to the high mobility of N in the phloem, facilitating its transport to sink organs, as is

the case of inflorescences, highlighting its contribution to the production of these organs.

Similar to what was observed for biomass variables, the N concentration in the
nutrient solution promoted linear increments in LA, NI and N content, which were

described by linear models (Figure 2).

Figure 2 - Leaf area (a), number of inflorescences (b) and N content (c) of jambu plants as a
function of increased nitrogen concentration in the nutrient solution. ** significant at 1%
probability level; * significant at 5% probability level by t-test. Belém, Para, 2019. Vertical lines
are standard errors (n = 8).
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The application of N in nutrient solution increased the expansion of the leaf area of

jambu plants, leading to an average increase of 308.2 cm? plant™ at the dose of 21 mmol L™,

in comparison to the dose of 11 mmol L™ (Figure 2a). Increment in leaf area as the N
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concentration in the nutrient solution increased was also observed by Mahlangu et al.
(2016) in lettuce crop. Similarly, Mampholo et al. (2018) evaluated the effect of N
concentrations in the nutrient solution on the growth characteristics of three lettuce varieties
and observed that N supplementation promoted a significant increase in leaf area, regardless
of the tested variety. The expansion of leaf area, as demonstrated in this work, can be
explained by the structural function performed by N, as in the formation of proteins and
amino acids, being fundamental for the formation of essential compounds for plant

metabolism and processes such as photosynthesis (TAIZ et al., 2017).

In relation to NI, it was observed that the increase in N concentration was explained
by an increasing linear model, with an increase of 11 inflorescences plant™ at the dose of 21
mmol L™, compared to the dose of 11 mmol L™ (Figure 2b), which shows the importance of
N in maintaining crop yield in both vegetative and reproductive stages, since both
inflorescences and stems have potential for commercialization (GUSMAQO; GUSMAO,
2013; SAMPAIO et al., 2018). Results obtained by Rodrigues et al. (2014) and Pecanha et

al. (2019) point to the importance of N for the reproductive stage of jambu.

Regarding the N content in jambu leaves, as observed for most variables, its increase
was explained by an increasing linear model, with the highest content (43.7 g kg™*) obtained
at the concentration of 21 mmol L™. The relationship between N fertilization and N
accumulation in jambu plants was demonstrated by Borges et al. (2013), who observed

increasing N accumulation in jambu leaves with the increase in urea doses in the soil.

When there is considerable amount of N in the system for absorption, as occurs in
nutrient solutions, the plant tends to absorb it at levels higher than its requirement, storing it
in the vacuole in the form of NO3” (MARSCHNER, 2012). Thus, such behavior may
explain the relationship between the highest N content obtained with the highest N
concentration (21 mmol L™) tested in this experiment. In addition, it is observed that the
variations in N content in the leaves were related, in terms of behavior, to the growth and
production characteristics of jambu, and the highest content obtained with the N

concentration of 21 mmol L™ led to a greater response in these variables.

It is worth pointing out that plants grown at the concentration of 11 mmol L™, which
obtained average N contents of 30.5 g kg™, showed symptoms of N deficiency. Pecanha et
al. (2019) observed N deficiency in jambu plants with average content in the leaves of 26.6
g kg™. Thus, as observed by Pecanha et al. (2019), in this study the symptomatology of N
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nutritional deficiency started with yellowing of the older leaves, which evolved to a

generalized chlorosis and, over time, was evenly distributed in all leaves. This occurred
probably because N is a nutrient that has high mobility in the phloem of plants and, when in
deficiency, is easily redistributed from older leaves to younger leaves, which are initiating
their metabolic processes (TAIZ et al., 2017).

Not only the growth and production characteristics were influenced by the N supply in
the nutrient solution, but also the quality variables such as TSS, TA and TSS/TA, except for

pH, which averaged 6.5 (Figure 3).

Figure 3 — Total soluble solids (a), hydrogen potential (b), titratable acidity (c) and total soluble
solids to titratable acidity ratio (d) of jambu plants as a function of increased nitrogen
concentration in the nutrient solution. = significant at 1% probability level; " significant at 5%
probability level by t test. Belém, Pard, 2019. Vertical lines are standard errors (n = 8).
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As for TSS, it can be observed that the increase in N concentration led to a linear

increase in the percentage of TSS in the plant from 6.0% at the N concentration of 11 mmol L

! to 6.9% at the highest concentration (21 mmol N L™) (Figure 3a), values that are above

those recommended by Chitarra and Chitarra (2005) for leafy vegetables (2 to 5%).
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According to Wang et al. (2007), this result may be indirectly related to higher N
contents in the plant, which promotes a higher rate of photosynthetic activity, resulting in
higher production of photosynthates that can be stored as reducing sugars. Taiz et al. (2017)
also highlight the importance of N cycle activity in chloroplasts for the production of
photoassimilates. For crops such as lettuce, the increase of TSS is directly related to longer
shelf life (REIS et al., 2014).

TA, contrary to the other variables, decreased with the increase of N concentration in
the nutrient solution, being explained by a negative linear function. The highest acidity (0.3%)
was observed at the N concentration of 11 mmol L™ (Figure 3c). The increase in the
concentration of oxalate, a predominant acid in jambu plants (OLIVEIRA et al., 2017), is a
factor that interferes in the palatability of leaves; in this context, the decrease in the levels of
this acid promoted by the increased N concentration in the solution is a desirable
characteristic (CHITARRA; CHITARRA, 2005).

Regarding the absence of fits in the pH values in response to the different N
concentrations in the solution with the TA values, it can be explained by the natural buffer
systems generally found in vegetables, which are acidified by organic and/or inorganic acids
until the system is fully saturated, thus resulting in the absence of variation in pH
(DAMODARAN, 2010). Thus, despite the reduction in the content of acids, there was
possibly a compensation in the buffering capacity through the higher production of
compounds such as amino acids and proteins, which are influenced by the N supply in plants
(NOKERBEKOVA; SULEIMENOV; ZHAPAYEV, 2018). According to Chitarra and
Chitarra (2005), the acids found in the plant, either free or esterified, when in the presence of
their potassium salts produce a small variation of pH due to the balance of the system, even if
there are variations in titratable acidity.

As for the TSS/TA ratio, there was a linear increase as the N concentration in the
nutrient solution increased, with a significant increase of 86% when the highest N
concentration (21 mmol L™) was compared to the lowest concentration (11 mmol L™) (Figure
3d). This parameter is related to the evaluation of flavor, showing greater proportion of sugars
to the detriment of acidity, that is, the higher the TSS/TA ratio, the more pleasant the taste,
representing an excellent combination between sugars and acids; however, low values
represent predominance of acids, which gives a less pleasant flavor (CHITARRA;
CHITARRA, 2005). Based on these results, the positive relationship between the quality
parameters in jambu plants and adequate concentrations of N in the solution in hydroponic
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system, as well as in the maintenance of growth and production of the crop, as observed in the
present study, is noticeable. Results obtained by Pecanha et al. (2019) showed that, among the
macronutrients, N was the one that promoted the greatest restriction on the growth and

production characteristics of jambu when it was omitted in the nutrient solution.

4.4 CONCLUSIONS

Variation of N concentration in the nutrient solution does not affect the variables
MSL, D, RFM, RDM and pH. However, it causes effect on the other growth, production
and postharvest quality variables analyzed, and the N concentration of 21 mmol L™ in the
nutrient solution is the most indicated to obtain better performance of jambu plants.
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5. ALTERACOES DE BIOMASSA E ESPILANTOL NO JAMBU (ACMELLA
OLERACEA L.) CULTIVADO EM HIDROPONIA EM FUNCAO DO APORTE DE
NITROGENIO

RESUMO
O jambu (Acmella oleracea) é uma das hortalicas da regido norte do Brasil que vem
adquirindo importancia devido a presenca do espilantol, composto bioativo com aplicacGes na
indUstria cosmética e alimentar. Ha poucos estudos acerca dos efeitos do nitrogénio (N) sobre
as caracteristicas produtivas e biossintese de espilantol no jambu. A disponibilidade de N
desempenha papel essencial no crescimento, desenvolvimento e na regulacdo do acumulo de
metabolitos secundarios nas plantas, mas a influéncia da suplementacdo de N em sistema
hidropbnico no desempenho produtivo e qualidade do jambu é pouco conhecida. O objetivo
deste trabalho foi avaliar o efeito do N na producdo de biomassa, pigmentos fotossintéticos,
concentracdo de N nas folhas e no teor de espilantol em plantas de jambu cultivadas em
sistema hidrop6nico. As plantas foram submetidas a seis concentracfes de N na solucdo
nutritiva (11, 13, 15, 17, 19 e 21 mmol L™). Utilizou-se o delineamento inteiramente
casualizado com quatro repeticdes. Avaliaram-se a producdo de biomassa fresca e seca das
inflorescéncias, parte aérea (folhas e caules) e da raiz, concentracdo de N nas folhas e teor de
espilantol nos diferentes 6rgdos da planta de jambu. As concentracbes de N afetaram
significativamente a producdo de biomassa, pigmentos fotossintéticos, concentracdo de N nas
folhas e o teor de espilantol nas inflorescéncias, parte aérea e raiz do jambu. Assim, 0 maior
suprimento de N (21 mmol L) na solugdo nutritiva resulta em maior concentragdo de N nas
folhas, o que promove maior producdo de biomassa da parte aérea e de inflorescéncia,

pigmentos fotossintéticos e contetdo de espilantol nos 6rgéos da planta.

Palavras-chave: Cultivo sem solo. Acmella oleracea (L.). Metabolito secundario. Nutricao.
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5. CHANGES IN BIOMASS AND SPILANTHOL IN JAMBU (ACMELLA OLERACEA
L.) CULTIVATED IN HYDROPONICS AS A FUNCTION OF NITROGEN SUPPORT

ABSTRACT

Jambu (Acmella oleracea) is one of the vegetables from the northern region of Brazil that has
been gaining importance due to the presence of epilantol, a bioactive compound with
applications in the cosmetic and food industry. There are few studies on the effects of
nitrogen (N) on the productive characteristics and biosynthesis of epilantol in jambu. The
availability of nitrogen (N) plays an essential role in the growth, development and regulation
of the accumulation of secondary metabolites in plants, but the influence of N
supplementation in a hydroponic system on the productive performance and quality of jambu
is little known. The objective of our investigation was to evaluate the effect of N on biomass
production, photosynthetic pigments, N concentration in leaves and epilantol content in jambu
plants grown in hydroponic system. The plants were subjected to six concentrations of N in
the nutrient solution (11, 13, 15, 17, 19 and 21 mmol L™). A completely randomized design
with four replications was performed. The production of fresh and dry biomass of
inflorescences, aerial part (leaves and stems) and root, N concentration in leaves and spilantol
content in the different organs of the jambu plant were evaluated. N concentrations
significantly affected biomass production, photosynthetic pigments, N concentration in leaves
and spilantol content in the inflorescences, shoots and roots of jambu. Thus, the greater
supply of N (21 mmol L) in the nutrient solution results in a greater concentration of N in
the leaves, which promotes greater production of aboveground and inflorescence biomass,

photosynthetic pigments and spilantol content in plant organs

Palavras-chave: Soilless. Acmella oleracea (L.). Secondary metabolite. Nutrition.
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5.1 INTRODUCAO

O jambu (Acmella oleracea (L.) R. K. Jansen) é uma hortalica condimentar que possui
significativa expressdo na gastronomia e cultura da regido Amazoénica brasileira, presente
em pratos tipicos como o tacacd, patriménio imaterial da cidade de Belém do Paré (SILVA et
al., 2020). Sua popularizacéo é resultante de suas caracteristicas peculiares, principalmente, a
sensacdo anestésica momentanea ocasionada pelo consumo de suas partes vegetativas, sendo
maior nas inflorescéncias (BALIEIRO et al., 2020).

A espécie também é utilizada como fitoterapico por comunidades tradicionais da
Amazb6nia no combate a maldria, estomatite, afeccGes reumaticas, dispepsia, anemia,
inflamacGes da boca, dente e garganta e como anti-helmintico (BARBOSA et al., 2016;
GUSMAO; GUSMAO, 2013). Diversos estudos tém comprovado que o espilantol, principal
composto bioativo do jambu, possui efeito anti-inflamatério, analgésico, antioxidante,
antinociceptivo, atividade antipirética, inseticida, diurético, afrodisiaco, anti-helmintico
(DIAS et al., 2012; ELUMALAI et al., 2012; SHARMA et al., 2012; ABEYSIRI et al.,
2013; DUBEY et al., 2013; PRACHAYASITTIKUL et al., 2013; LALTHANPULL et al.,
2020).

Diante da crescente importancia econdémica que 0 jambu tem conquistado devido ao
aumento do consumo e aproveitamento em diversas aplicacGes, projeta-se para a cultura do
jambu crescimento em producdo e area plantada no Brasil (SILVA et al., 2020), o que
promovera impacto cada vez maior na economia da regido Amazoénica (GUSMAO;
GUSMAO, 2013), podendo contribuir para promocdo de uma economia mais sustentavel
para regido (SANTOS et al., 2021). Contudo, segundo Sampaio et al. (2018), a falta de
informacdes técnicas sobre o cultivo da espécie, bem como a incidéncia de doengas de solo
como o carvao (Thecaphora spilanthes Frei. & Van.) e a ferrugem do jambu (Puccinia sp.),
constituem entraves significativos que promovem perdas na producdo e qualidade das

plantas e podem limitar a expanséo de seu cultivo.

Neste contexto, o sistema hidrop6nico pode ser uma alternativa viavel ao cultivo da
cultura, pois é uma tecnologia emergente considerada ecologicamente correta e moderna
com expressiva capacidade do gerenciamento de fatores bidticos e abioticos
(NASCIMENTO et al., 2020). Para este sistema ampla gama de estudos tem se dedicado ao
manejo da solugdo nutritiva para aumentar a producdo de biomassa e de compostos
bioativos em plantas medicinais (GIORGI et al., 2009; ABEYSINGHE et al., 2014,
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ARGYROPOULOU et al., 2015; LU et al, 2017). No entanto, ressalta-se que ha
significativas lacunas quanto ao impacto da nutricdo mineral, e da nutricdo com nitrogénio
(N) em particular, no desempenho produtivo e acimulo de compostos bioativos na cultura

do jambu cultivado em hidroponia.

O N € considerado um dos nutrientes mais limitante para crescimento das plantas e sua
disponibilidade promove elevacdo na atividade metabolica devido atuar na biossintese de
varias biomoléculas, incluindo proteinas, aminoacidos, clorofilas, &cidos nucleicos e
metabolitos secundarios. Portanto, o baixo suprimento de N é regularmente considerado um
fator limitante do crescimento das plantas (UEDA et al., 2017). Para o jambu, varios estudos
relataram a importancia do suprimento de N no aumento da producdo quanto na melhoria da
qualidade pos-colheita em cultivo em solo (BORGES et al., 2013; RODRIGUES et al., 2014;
SAMPAIO et al., 2020; COSTA et al., 2020).

Assim, o presente estudo teve por hipotese que a suplementacdo com N em plantas de
jambu estimula a producdo de metabolitos secundarios e aumenta o acimulo de biomassa
na planta. Deste modo, objetivou-se avaliar os efeitos do suprimento de N no acumulo de
biomassa, concentracdo de N e pigmentos fotossintéticos nas folhas e o teor de espilantol

em plantas de jambu cultivadas em sistema hidropdnico.
5.2 MATERIAL E METODOS

Localizacéo e caracterizacdo da area experimental

O experimento foi conduzido em casa de vegetacdo situada na Universidade Federal
Rural da Amazonia (Belém, Brasil), entre os meses de setembro e dezembro de 2019. O clima
da regido é classificado como Af (ALVARES et al., 2013).

Durante o periodo de conducdo do experimento foi realizado o monitoramento da
temperatura do ar e da umidade relativa do ar, diariamente, por meio de um termo higrémetro
digital instalado na casa de vegetacdo a 2 m do solo. As medias de temperatura maxima e
minima do ar foram de 35,8 °C e 28,1 °C, respectivamente. A média de umidade relativa do
ar foi de 77,1%.

Delineamento experimental e tratamentos
O delineamento experimental utilizado foi inteiramente casualizado com seis

tratamentos e quatro repeti¢cdes. Os tratamentos foram constituidos por concentracdes de N

na solucdo nutritiva: 11, 13, 15, 17, 19 e 21 mmol L1, Utilizou-se a solucéo padrdo 2 de
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Hoagland e Arnon (1950), onde a concentragdo de N padréo da formulagdo equivale a 15

mmol L.
Condicoes de cultivo e material utilizado

A variedade de jambu utilizada no estudo foi a flor amarela (GUSMAO; GUSMAO,
2013). O semeio foi realizado em bandejas de poliestireno de 128 células preenchidas com
substrato a base po de coco. Ap6s a emergéncia, as bandejas foram transferidas para
bancadas de madeira. A cada dois dias as bandejas foram irrigadas com solugéo nutritiva
de Hoagland e Arnon (1950) com 25% da concentracdo de nutrientes. Sete dias apos a
semeadura (DAS) realizou-se o desbaste, deixando-se uma plantula por célula. O
transplantio das mudas ocorreu aos 21 DAS.

O cultivo das plantas foi realizado por meio de um sistema em substrato (silica moida
esterilizada). Foram utilizados vasos plasticos de 2 L revestidos com papel aluminio e
preenchidos com silica moida. Para os recipientes coletores de solucdo nutritiva, realizou-
se a pintura com tinta metalica aluminizada. Cada vaso contendo uma planta de jambu
representou a unidade experimental. Apos o transplantio, as plantas de jambu passaram
por um periodo de sete dias de aclimatagdo ao sistema hidropdnico, recebendo solucédo
nutritiva a 50% da concentracdo de nutrientes (HOAGLAND; ARNON, 1950) e apos este

periodo, foram submetidas aos seus respectivos tratamentos.

Durante o experimento, as solugdes nutritivas foram oxigenadas através da drenagem
da solucdo no final da tarde e reposicdo no inicio da manhd, diariamente. As soluc6es foram
renovadas semanalmente, sendo a dgua perdida no processo de evapotranspiracdo reposta,
afim de manter um volume diario de 400 mL por vaso. O pH das solugdes foi monitorado
diariamente por peagametro de bolso e mantido na faixa de 5,5 a 6,5. Quando necessario,
realizou-se a correcao deste mediante 0 uso de NaOH a 1N ou com acido citrico (C¢HgO7) a
IN.

Medic&o da producéo de massa

As plantas foram colhidas aos 56 DAS, separadas em raiz, parte aérea (caule e folhas)
e inflorescéncias, para serem analisadas as seguintes caracteristicas: a) massa fresca da
parte aérea (MFPA); b) massa seca da parte aérea (MSPA); ¢) massa fresca da raiz (MFR);
d) massa seca da raiz (MSR); e) massa fresca das inflorescéncias (MFI); e f) massa seca das

inflorescéncias (MSI).
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As massas frescas foram determinadas a partir da separagdo de cada parte, sendo
pesadas em balanca de precisdo. Para determinacdo da massa seca, as amostras de cada
parte foram colocadas em sacos de papel e levadas para uma estufa com circulacdo de ar

forcada a 65 °C por 72 h, momento que atingiram massa constante.
Determinacéo do teor de N foliar

Para a determinacdo do teor de N total, as amostras secas de folhas do jambu foram
trituradas em moinho do tipo Willey, passadas em peneiradas de 20 mesh e armazenadas em
sacos de papel. O método utilizado para a analise foi por digestéo sulfurica, sendo o teor de N
determinado pelo método Kjeldahl (SILVA, 2009).

Determinacdo dos pigmentos fotossintéticos

Para analises de clorofilas e carotenoides, folhas frescas foram destacadas das plantas
e, em sala sem exposicdo a luz solar, realizou-se a pesagem de 0,1 g das amostras. Logo apos,
estas foram maceradas em almofariz contendo 5 mL de acetona 80% e CaCOs;, sendo o
extrato obtido neste processo filtrado para balGes volumétricos de 25 mL que, posteriormente,
completados com 20 mL de acetona 80%, conforme a metodologia de Lichthenthaler (1987).
Apbs isso, foi retirada uma aliquota e procedeu-se com a leitura da absorbancia nos
comprimentos de 470, 646,8 e 663,2 nm para quantificacdo de carotendides, clorofila ‘a’ e
clorofila ‘b’, respectivamente, sendo os resultados dos teores expressos em base de massa de
matéria fresca (mg g™ MF).

Procedimento de extracéo e quantificacdo do espilantol
Producdo do extrato etanolico

Plantas de jambu foram lavadas sob agua corrente abundante e depois com agua
destilada. Em seguida, foram separadas em parte aérea (folhas e caule), raizes e flores e,
posteriormente, congeladas e liofilizadas. Apds a liofilizacdo, as amostras foram moidas em
moinho de faca Willy e equipado com abertura de peneira de 10 mesh. Cada extragdo foi
realizada em frasco de vidro com 95% de etanol (1:9, p/p) a 55 °C durante 1 h fechado com
uma tampa de rosca (BAE et al., 2010). O sobrenadante foi removido apds centrifugacao
(4.500 rpm, 4 °C durante 15 min), saturado com N; e armazenado a -22 ° C até a realizagéo de

etapa de remocéo de clorofila.

A remocdo da clorofila dos extratos de jambu foi realizada com base na influéncia
relativa de ions salinos na desestabilizacdo do pigmento (GRUSKIN, 1942; REBECCA et al.,
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2014). Desse modo, uma extracdo exaustiva foi realizada na razdo de 1:9 v/v com solucdo
NaCl 0,16 M sob homogeneizagdo constante por 30 segundos a 2800 rpm e centrifugagéo
(14.000 rpm, 20 min a 25° C). Os sobrenadantes resultantes foram unificados, saturados com

N, e armazenados a -22° C até a quantificacdo de espilantol por HPLC.
Quantificacao de espilantol por HPLC

A identificacéo e quantificacdo do espilantol foi realizada em sistema UHPLC Thermo
Scientific Ultimate 3000 (San José, CA, EUA) equipado com detector UV-VIS com faixa de

varredura entre 200 - 400 nm, sendo 229 nm o comprimento de absor¢cdo maxima.

Os extratos foram filtrados em filtro de seringa de 0,22 um (PVDF) e em seguida 5 pL
injetados em coluna Kinetex EVO C18 100 A, 1,7 um 100 x 2,1 mm (Phenomenex, Torrance,
CA,EUA). A fase movel foi composta por agua ultrapura (Solucdo A) e acetonitrila
(Solucéo B), ambas filtradas em membrana de 0,22 um (nylon). A eluicdo foi realizada em

modo isocratico, com de 30% de solucdo B constante por 30 min.

Uma solucio estoque de espilantol a 1 mg mL™ foi preparada diluindo o composto
isolado com pureza de 96% (BAE et al., 2010) em 80 % metanol. A partir da solucéo estoque,
uma curva de calibragdo foi construida para a quantificacdo de espilantol nas amostras de
jambu. O limite de deteccdo (LD), limite de quantificacdo (LQ) e o coeficiente de
determinacdo da curva analitica (R®) foram calculados a partir dos coeficientes linear e
angular (RIBANI et al., 2004).

Analise estatistica

Os dados foram submetidos a analise de variancia pelo teste F a 5% de significancia e,
quando significativo, ajustaram-se modelos de regressdo para concentracdes de N na
solugéo nutritiva. As analises foram efetuadas por meio do software Sisvar® (FERREIRA,
2011). A escolha de cada modelo de regressdo foi feita com base na significadncia dos

parametros via teste ‘t-student’ e no coeficiente de determinacao (R2 >0,70).

5.3 RESULTADOS E DISCUSSAO

O suprimento de N em plantas de jambu afetou consideravelmente o acumulo de
biomassa da parte aérea e inflorescéncia, porém a massa fresca e seca da raiz ndo foram
influenciadas pelas concentracdes de N, verificando-se valores medios da ordem de 16,31 e

1,87 g planta™, respectivamente (Figura 1C e 1D).
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Figura 1 — Massa fresca da parte aérea (A), massa seca da parte aérea (B), massa fresca da raiz (C),
massa seca da raiz (D), massa fresca das inflorescéncias (E) e massa seca das inflorescéncias (F) de
plantas de jambu em funcdo do aumento da concentracdo de nitrogénio na solucdo nutritiva. **
significativo a 1% de probabilidade; * significativo a 5% de probabilidade pelo teste t. A barra
representa o erro padrdo (n = 4).
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A MFPA e MSPA, ajustaram-se a um modelo de regresséo linear crescente em fungéo

do aumento da concentracdo de N na solugé@o nutritiva, sendo as maiores respostas obtidas

(109,4 e 12,4 g planta™, respectivamente) na concentracio de 21 mmol L™ de N (Figura 1A,

B).
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De modo semelhante, a MFI e MSI cresceram proporcionalmente com aumento da
concentracdo de N na solugédo nutritiva, sendo observado maiores massas (57,3 e 7,8 ¢
planta®, respectivamente) na concentragdo de 21 mmol L™ (Figura 1 E, F). Além disso,
observou-se que sob baixas concentracdes de N na solucdo (11 mmol L™) ocorrem reducées
significativas de 23,1 e 31,9% no acimulo de MFPA e MSPA e de 55,2 e 49,3% na MFI e
MSI, respectivamente, em comparacdo a maior concentracdo de N testada (Figura 1).
Assim, verifica-se que as respostas observadas na producdo da biomassa fresca e seca da
parte aérea e das inflorescéncias neste estudo foram intimamente relacionadas a

disponibilidade de N na solugéo nutritiva.

Estudos anteriores demonstraram que a suplementacdo de N em cultivo em solo afeta
significativamente acimulo de biomassa vegetativa e reprodutiva do jambu (BORGES et
al., 2013; RODRIGUES et al., 2014; SOUTO et al., 2018; COSTA et al., 2020). Em geral,
estes estudos observaram aumentos na massa fresca e seca da parte aérea e das
inflorescéncias no jambu a medida que se elevou a disponibilidade de N. Esses resultados,
corroboram com os observados neste trabalho, demonstrando a importancia do N na

elevacdo do rendimento da cultura tanto na fase vegetativa como na reprodutiva.

O N € considerado o nutriente mais limitante para crescimento e desenvolvimento das
plantas, devido ser substrato para sintese de compostos, como clorofilas, proteinas e acidos
nucléicos (UEDA et al., 2017). Deste modo, deficiéncia de N nos tecidos vegetais resulta
na escassez desses metabolitos-chave, o que ocasiona reducdo dos processos metabolicos
vitais para os vegetais (SALONER; BERNSTEIN, 2020). Portanto, tais func@es justificam
que alteracbes quanto ao fornecimento de N tenham afetado consideravelmente o

crescimento vegetativo e reprodutivo do jambu neste trabalho.

O contetdo de clorofila‘a’, clorofila‘b’>e carotenoides aumentaram

significativamente com a elevacgédo do suprimento de N na solucgéo nutritiva, observando-se

maiores respostas na concentra¢do de 21 mmol L1 (Figura 2).
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Figura 2 — Conteudo de clorofila ‘a’ (A), clorofila ‘b’ (B) e carotenoides (C) de folhas de jambu
cultivada em hidroponia em funcdo do aumento da concentracdo de nitrogénio na solugdo nutritiva.
** significativo a 1% de probabilidade; * significativo a 5% de probabilidade pelo teste t. A barra
representa o erro padréo (n = 4).
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A sintese de clorofilas e carotenoides sdo dependentes da nutricdo mineral (UEDA et al.,
2017), destacando-se a disponibilidade de N por ser vital na divisdo celular e formacéo de

pigmentos fotossintéticos ativos, na sintese de proteinas no estroma e tilacoide nas folhas,
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assim como na formacdo de cloroplastos durante o crescimento da folha (SALONER,;
BERNSTEIN, 2020).

O aumento no fornecimento de N estimulou a producdo dos pigmentos fotossintéticos
no jambu (Figura 2), semelhantemente ao demonstrado para varias espécies de plantas
(MAMPHOLDO et al., 2018; LEE et al., 2019; SAMPAIO et al., 2020). Assim, a elevacédo
dos pigmentos fotossintéticos com maiores suprimentos de N na solugdo nutritiva pode ter
atuado positivamente no aumento da capacidade fotossintética das plantas do jambu, o que
consequentemente, resultou em maior acimulo de biomassa da parte aérea (Figura 1A, B) e
de inflorescéncia (Figura 1E, F) observados neste trabalho. Resultados semelhantes foram
observados por Saloner e Bernstein (2020) que demonstraram haver correlacdo positiva
entre os teores de pigmentos e o aumento da capacidade fotossintética da planta de
cannabis, o que promoveu maior fixacdo de carbono e, consequentemente, acimulo de

massa na planta.

Como demonstrado para o acumulo de massa e de pigmentos fotossintéticos, o
aumento da concentracdo de N na solucdo nutritiva resultou em maior teor de N total nas
folhas do jambu. Como resultado, plantas cultivadas na concentragdo de 21 mmol L™ de N

possuem conteudo de N total nas folhas 34,8% maior que o encontrado em plantas

-1
cultivadas com 11 mmol L de N (Figura 3).

Figura 3 — Teor de N em folhas de jambu em funcdo do aumento da concentracdo de nitrogénio na
solucdo nutritiva. ** significativo a 1% de probabilidade; * significativo a 5% de probabilidade pelo
teste t. A barra representa o erro padrdo (n = 4).
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Assim, verificou-se que neste trabalho o maior teor de N total nas folhas se relacionou
fortemente com a sintese de pigmentos fotossintéticos (Figura 2) e a producdo de biomassa
do jambu (Figura 1). O N fornecido em concentracdes adequadas promoveram aumentos
significativos na quantidade de pigmentos fotossintéticos e nas trocas gasosas nas folhas do
jambu (SAMPAIO et al., 2020; COSTA et al., 2020).

Foi possivel verificar a presenca de espilantol nos 6rgdos das plantas de jambu
(inflorescéncias, parte aérea e raiz) cultivadas em hidroponia, observando-se variagdes
significativas quanto ao teor de espilantol sob suplementacdo de N na solucdo nutritiva
(Figura 4).
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Figura 4 - Concentracdo de espilantol na inflorescéncia (A), na parte aérea (B) e raiz (C) de plantas de
jambu em funcdo do aumento da concentracdo de nitrogénio na solucdo nutritiva. ** significativo a
1% de probabilidade; * significativo a 5% de probabilidade pelo teste t. A barra representa o erro

padrdo (n = 4).
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O contéudo de espilantol nos 6rgdos da planta aumentou com a disponibilidade de N

na solucdo nutritiva, com méaximo de 40,2; 9,0; e 4,9 mg g matéria seca na inflorescéncia,

caule e raiz, respectivamente (Figura 4A, B, C). Além disso, verificou-se que menores
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suprimentos de N na solugdo nutritiva () reduziram significativamente as

concentracdes de espilantol na planta de jambu independente do 6rgéo.

O metabolismo primario € uma fonte importante de precursores para a sintese de
metabdlitos secundarios, sendo este estimulado positivamente pelo suprimento de nutrientes
(BECHER et al., 2015; LU et al., 2017; SALONER; BERNSTEIN, 2020). Contudo, quando
este metabolismo central destina altos niveis de recursos para 0 crescimento e
desenvolvimento da planta, como observado nas respostas produtivas do jambu (Figura
1), a sintese de metabdlitos secundarios pode ser limitada por auséncia de substrato e/ou
energia (LU et al., 2017), como é o caso do espilantol.

Portanto, condicdes de deficiéncia ou 0 excesso de nutrientes podem promover
menor ou maior producdo de compostos relacionados ao metabolismo primério da
planta, como proteinas e carboidratos, com efeitos diretos na sintese de
metabolitos secundarios, como observado por Becker et al. (2015) em plantas de
alface (Lactuca sativa L.). Assim, os resultados obtidos neste trabalho, demonstram a
importancia do manejo nutricional para cultura do jambu na elevacdo da producdo de
biomassa (BORGES et al., 2013; SOUTO et al., 2018; SAMPAIO et al., 2020; SILVA et
al., 2020) e no aumento da concentracdo de compostos bioativos, como o espilantol, nos
Orgdos da planta. Portanto, suprimentos adequados de N devem ser considerados como uma
ferramenta indispensavel para o manejo nutricional do jambu. Além disso, em ultima
andlise, a influéncia do N para o jambu demonstrada neste estudo constitui um pano de
fundo para realizacdo de novas pesquisas para entender quais mecanismos fisiologicos e
bioquimicos sdo afetados em condicdes de deficiéncia e/ou excesso de N e sua relacdo

quanto a sintese de espilantol.

Quanto a distribuicdo do conteudo de espilantol nos diferentes 6rgdos da planta de
jambu, verificou-se que os valores decresceram da seguinte forma: inflorescéncias > parte
aérea (folha e caule) > raiz. Estudos anteriores tém demonstrado que as inflorescéncias do
jambu possuem maior concentragéo de espilantol do que folha e o caule (BARBOSA et al.,
2016; BALIEIRO et al., 2020; DIAS et al., 2012). Contudo, vale destacar que ha poucos
estudos que mencionem a presenca do espilantol na raiz da planta. Neste sentido, verificou-
se que neste trabalho a raiz respondeu por aproximadamente 10,1% do contetdo total
presente na planta tendo por base as respostas obtidas nas inflorescéncias, parte aérea e raiz
(31,5, 7,9, e 4,5 mg de espilantol g™ matéria seca, respectivamente) na maior concentragio
de N. Assim, embora o jambu seja comercializado com raiz e inflorescéncias (SAMPAIQO et



81

al., 2018), muitos pratos tipicos da regido norte do Brasil utilizam apenas as folhas e os
caules (parte aérea), ocorrendo, muitas vezes, descarte total das raizes e parcial das flores
devido ao maior contetdo de espilantol presente (fato que mascara o sabor da comida).
Portanto, esses resultados podem contribuir para um maior aproveitamento da espécie, pois

indicam potencial do uso de toda a planta pela industria (BALIEIRO et al., 2020).

5.4 CONCLUSOES

O suprimento de N na solucgéo nutritiva afeta o desempenho produtivo e qualitativo no
jambu. Assim, a concentracdo de 21 mmol L™ de N na solucdo nutritiva, resultou em maior
producdo de biomassa da parte aérea e inflorescéncias, teor de N nas folhas, pigmentos

fotossintéticos e espilantol no jambu.
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6. AVALIACAO DA EFICIENCIA DO METODO NAO DESTRUTIVO PARA
ESTIMAR O CONTEUDO DE NITROGENIO EM PLANTAS DE JAMBU
CRESCIDAS EM SISTEMA HIDROPONICO

Artigo publicado na Journal Of Agricultural Studies, v. 8, n. 2, 2020
DOI: 10.5296/jas.v8i2.16380

ABSTRACT
O jambu é considerado uma hortalica folhosa com expressiva relevancia nas regides que
compdem a Amazodnia brasileira. No entanto, existem desafios quanto ao seu cultivo,
principalmente para o manejo nutricional, visto que existem poucas informacdes técnicas que
permitam um aumento na eficiéncia de sua producdo. Nesse sentido, o nitrogénio (N) ganha
destaque, visto que estd relacionado ao aumento da produtividade e da qualidade das
hortalicas folhosas, sendo necessario, portanto, seu monitoramento. O objetivo deste trabalho
foi avaliar a eficiéncia da utilizacdo do indice SPAD para estimar o teor de N das folhas de
jambu, a concentracdo de clorofila total, bem como sua relagdo com o acumulo de massa seca
devido ao aumento da concentracdo de nitrogénio na solucdo nutritiva. O delineamento
utilizado foi inteiramente casualizado com oito repeticdes. Os tratamentos foram seis
concentracdes de nitrogénio na solucdo nutritiva (11, 13, 15, 17, 19 e 21 mmol L-%). Apéds 21
dias do transplante, o indice SPAD foi medido. Em seguida, essas plantas foram coletadas
para quantificar o teor de clorofila total, massa seca e nitrogénio. Em geral, as variaveis foram
explicadas por modelos lineares crescentes. Houve correlacdo positiva entre o indice SPAD e
as demais caracteristicas avaliadas. Com base nos resultados, destaca-se a melhor resposta na
concentracdo de 21 mmol L-! na solucdo nutritiva. Além disso, o indice SPAD tem potencial

para ser usado no diagnéstico do estado de nitrogénio em folhas de jambu.

Keywords: Acmella oleracea (L.), Hortalica folhosa, Manejo nutricional, indice SPAD,

Status de Nitrogénio
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6. EVALUATION OF THE NON-DESTRUCTIVE METHOD EFFICIENCY OF
ESTIMATING NITROGEN CONTENT IN JAMBU PLANTS GROWN IN
HYDROPONIC SYSTEM

ABSTRACT
Jambu is considered a leafy vegetable with expressive relevance in the regions that compose
the Brazilian Amazon. However, there are challenges regarding its cultivation, particularly for
the nutritional management, since there is little technical information that allows an increase
in the efficiency of its production. In this sense, nitrogen (N) gains prominence, since it is
related to the increased yield and quality of leafy vegetables, therefore its monitoring of N
content in plants is necessary. The objective of this study was to evaluate the efficiency of
using the SPAD index to estimate the N content of jambu leaves, total chlorophyll
concentration, as well as its relationship with dry mass accumulation due to the increase of
nitrogen concentration in the nutrient solution. The design used was completely randomized
with eight replications. The treatments were six nitrogen concentrations in the nutrient
solution (11, 13, 15, 17, 19 and 21 mmol L7). After 21 days of transplantation, the SPAD
index was measured. Then, these plants were collected to quantify the total chlorophyll, dry
mass and nitrogen content. In general, the variables were explained by increasing linear
models. There was a positive correlation between the SPAD index and the other
characteristics evaluated. Based on the results, the best response at the concentration of 21
mmol L™ in the nutrient solution stands out. In addition, the SPAD index has potential to be

used in the diagnosis of nitrogen status in jambu leaves.

Keywords: Acmella oleracea (L.), Leafy Vegetable, Nutrient Management, SPAD index,
Nitrogen Status
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6.1 INTRODUCTION

Belonging to Asteraceae family, the jambu (Acmella oleracea (L.) R.K Jansen) it is
considered a leafy vegetables of significant importance at the regions that compose the
Brazilian Amazon, mainly the Pard State, and is gaining importance in national and
international scale due to your peculiar properties, as the momentary anesthesic sensation, due
to the bioactive compound named spilanthol whose has been a target of many patents to the
production of products for both the pharmaceutical and cosmetics industry (GUSMAO;
GUSMAO, 2013).

Albeit, there are challenges in relation of jambu cultivation, once that the technical
information about your management are scarce, mainly to nutritional aspect (SAMPAIO et
al., 2018). In this sense, the nitrogen (N) stands out, once that it possesses relation with the
production increase and the quality of leafy vegetables (FILGUEIRA, 2013). This is due to
the nutrient be found in many organics compounds from the plants, as the amino acids and
nucleic acids (DNA and RNA), being a core element at chlorophyll biosynthesis, which
involves the photosynthesis directly. Therewithal, it’s participated of many physiologic
processes of vegetable circle of life, as well as the elements absorption, cellular breathing,
multiplication and differentiation (TAIZ et al., 2017).

Research with many cultures has been revealed that the increase on N availability in
plants promote higher productivity and quality (MILHOMENS et al., 2015; ROS et al.,
2016). Studies with jambu culture (BORGES et al., 2013; RODRIGUES et al., 2014; SOUTO
et al., 2018) shown favourable response to nitrogen supplementation through soil,
demonstrating high demand of N to production maintenance and quality. Although studies
with jambu, linking the variation in N supply with the production of dry mass at the aerial and
inflorescence part on systems more technics, as in hydroponics, which use nutritive solution
instead of soil (KHAN et al., 2018), are inexistent. For this reason, independent of the
production system, the monitoring of N contents become indispensable. However, the
determination of N predominantly occurs by laboratory methods which, although accurate, are

destructive, time-consuming and relatively costly (LEE et al., 2019).

In this regard, the monitoring of N content in the plants through the SPAD index has
been largely used in many cultures for being a cheap method, fast  and non-
invasive (LEE et al., 2019; MENDONZA-TAFOLLA et al., 2019). The SPAD index
indirectly quantifies the chlorophyll contents in leaves in
loco (MILAGRES et al., 2019). Studies have demonstrated that SPAD units possess direct
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relation  with N and  chlorophyll contents in leaves of ~ vegetables  cultures,

as potato (COELHO et al., 2012), the zucchini (PORTO et al., 2011) and
the lettuce (MENDONZA-TAFOLLA et al., 2019). Thus, proving that the N content has been
estimated by SPAD units in plants (LEE et al., 2019; MENDONZA-

TAFOLLA etal., 2019), it is proposed as a primary hypothesis that the SPAD index
can be a value that evaluates the status of N in jambu leaves. Therefore, it was aimed to
evaluate the efficiency of the SPAD index to estimate the N content in jambu leaves, the total
chlorophyll contents, as well as its relation with the dry mass accumulation as a function of

the increased N concentration in the nutritive solution.

6.2 MATERIALS AND METHODS
Experimental Area

The experiment was conducted at the green house, located at the Soil Science Area of
the Agricultural Sciences Institute of Federal Rural University of Amazon, Belém campus.
The region weather is classified as Af according to Koppen classification (ALVARES et al.,
2013).

During the execution of the experiment the temperature and humidity were determined
daily through hygrometer term installed in the green house. The averages markings obtained
showed averages of 35.3 °C and 28.1 °C as maximum and minimum, respectively, the

average humidity during the period was 77.1%.
Seedling Production

It was used the variety yellow flower of the jambu (A. oleracea) (GUSMAO;
GUSMAO, 2013), which was obtained in the active germplasm database of the Federal Rural
University of Amazon, Belém campus, in the horticulture sector of the Agrarian Sciences
Institute (ASI).

The seedlings were produced in polystyrene trays of 128 cells filled with coconut
powder substrate, and then the seeds were sown at a density of six to eight seeds per cell.
After the germination, the trays were transferred to benches, where they were watered with
nutritive solution proposed by Hoagland and Arnon (1950) in 25% of ionic force every two
days. With seven days after the germination it was made the thinning, leaving one plant per

cell.

With 21 days after the germination, it was made the transplantation to vases filled with

sterile ground silica. After the transplantation, the jambu plants went through a seven-day
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period of acclimatization to the hydroponic system, receiving as source of water and nutrients,
the solution of Hoagland and Arnon (1950), in half of ionic force. After this period, the plants
were submitted to your respective treatments. The experimental units consisted in plastic

vases with 2 L of capacity containing one seedling of jambu.

Experimental Design and Nutritive Solutions

The experimental design adopted was of completely randomized, composed of six
concentrations of N in the nutritive solution (11, 13, 15, 17, 19 and 21 mmol L) with eight
repetitions. It has been used the standard solution 2 of Hoagland and Arnon (1950) which

contains 15 mmol L™, where the compositions of each treatment presented in table 1.

Table 1. Composition of nutritive solutions (ml L™) used to prepare the treatments

Treatments (mmol L™)

Stock Solution (1 M)

11 13 15 17 19 21
NH,H,PO, 1 1 1 1 1 1
KNO; 2 4 6 6 6 6
Ca(NOy), 4 4 4 4 5 4
MgSO, 2 2 2 2 2 2
KCI 4 2 - ] ) ]
NaNO; - - - - 2 4
NH,NO; - - - 1 1 1
Microt 1 1 1 1 1 1
Fe-EDTA? 1 1 1 1 1 1

'Stock solution of Micronutrients: 2.86 g L™ of HsBOs5, 1.81 g L™ of MnCl,. 4H,0, 0.22 g L™ of
ZnS0O,. 5H,0, 0.08 g L™ of CuS0,.5H,0, and 0.02 g L™ of H,M00,.H,0.

Fe-EDTA: 21.6 g L' of EDTA, 286 ml L™ of KOH 1M and 24.9 g L™ FeS0O,.7H.0.
Source: Author (2019).

During the experiment, the nutritive solutions were oxygenated, through the drainage
of the solution at the afternoons end and reposition at the beginning of morning, this
procedure was made daily. The solutions were renewed weekly. The pH of the solutions was
daily monitored through the use of a pocket PH-meter model GroLine — HI98118 from

HANNA company and maintained in range of 5.5 to 6.5. When necessary, it was made the
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correction, by using a solution of NaOH 1N or with citric acid (C¢HsO7) 1N. In addition, the
evaporated water was daily replaced, by the use of distilled water.

Evaluated Parameters
SPAD Index Readings and Total Chlorophyll Content

After 21 days of the transplantation, occasion that the plants were in the beginning of
flowering phase, between 7 and 9 A.M, it was made the measurement of SPAD index, using
the portable chlorophilometer 502 from Minolta company. The measurements were made in
the second pair of leaves of the main stem from the apex, measuring 20 readings in long of the
leaf, avoiding the central rib, and the average of the readings represented the repetition.

Following, were collected and stored to total chlorophyll quantification.

To the determination of total chlorophyll, it was performed the homogenization in the
dark of 0,1 of leaf tissue in in mortar with 5 ml of 80% acetone, the extract obtained in this
process being filtered into 25 ml volumetric flasks, the volume of the flask being completed
by the addition of 20 ml of 80% acetone. Right after, the pigments were quantified using a
spectrophotometer (Femto, model 700 S), according to the methodology of Lichthenthaler
(1987). The results were expressed on the basis of fresh matter mass (mg g™ MF).

Leaf Dry Mass

To determine the dry mass accumulation of the leaves, the seedlings were removed
from the pots and separated into aerial part and roots. Then, the leaves of the plants were
washed with deionized water and dried with paper towels. From there they were placed in
paper bags and then taken to the greenhouse at 65+5 °C for about 72 hours, when the plants

achieved constant weight. After that, the dry material weighed on a precision scale (0.001 g).

Total N and N Accumulation

The leaf samples were crushed in a Wiley type mill, passed through a 20 mesh sieve
and stored in paper bags to determine the total nitrogen content according to Silva (2009). The
accumulation of N was performed based on the product calculation of the dry mass of the

sheets and the N content in the jambu sheets.

Statistical Analysis
The data were submitted to variance analysis by the F test at 5% of probability and,
when it’s significant, it was adjusted the regression models to N concentrations in the

nutritive solution, being the model and your coefficients tested by the ‘¢ — student’ test. It was
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conducted the study of correlation between the SPAD index and others analyzed variables as
well. The analysis were made through the statistical program SAS (SAS INSTITUTE, 2001).

6.3 RESULTS AND DISCUSSION
The increase in N concentration in the nutrient solution influenced (p <0.05) the dry
mass of the leaf, the N content and accumulation, the SPAD index and the total chlorophyll

content. In addition, the responses to N concentration in the solution were adjusted to a

positive linear model.

Leaf Dry Mass

The leaves dry mass increased linearly with the elevation of N concentration in the
nutritive solution. The largest accumulation of dry mass was observed in the largest N

concentration (21 mmol L) (Figure 1).

Figure 1 - Leaf dry mass of jambu in function of the increase of the nitrogen concentration in nutritive
solution ** significant in 1% of probability; * significant in 5% of probability through t test.

§=2.05%+ 0.132%k ; R?*=0.94
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Source: Author (2019).
The N are related to various plant physiological process, acting in significant manner

at the photosynthesis, respiration, ionic absorption and other process related to growing and
development vegetal (MAHLANGU et al., 2016; MARSCHNER, 2012; TAIZ et al., 2017).
In general, vegetables have large necessity of N due to your short cycle, as demonstrated in

lettuce studies, jambu same family specie (MAHLANGU et al., 2016).
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Results from researches have revealed that the increase of N disponibility to plants
promote more accumulation of biomass (MILHOMENS et al., 2015; ROS et al., 2016). To
jambu, Borges et al. (2013) and Rodrigues et al. (2014) observed significant answers at the
production, in function of the increase of nitrogen fertilization in soil. In this context, the
linear increase of biomass production suggests that the specie can still respond to higher
concentrations of this nutrient in nutritive solution, which indicates high responsiveness from

plant to element.

Total N Content and N accumulation in Leave

About the level and accumulation of N, it was verified that both adjusted to a linear
positive model in function of N concentration increase in the nutritive solution. As the
concentration of N was elevated in the nutritive solution, there was an increase in N levels in
the jambu leaves, with the maximum level being (43.7 g kg™) determined in concentration of
21 mmol L™. To the N accumulation variable, as observed to leaf dry mass accumulation
(Figure 1), it was noted an increase in the N accumulation rates as the N concentration in
solution increased, observing the order variation from 99.1 to 211.6 mg plant™ in relation to
minor (11 mmol L) to the larger dose of N (21 mmol L), respectively (Figure 2A and 2B).

Figure 2 - Content (A) and N accumulation (B) in jambu leaves in function of the increase of nitrogen
concentration in the nutritive solution ** significant to 1% of probability; * significant to 5% of
probability by t test.
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Source: Author (2019).
It was verified, also, the concentrations below of 15 mmol L™, the leaves have
expressed generalized chlorosis, becoming yellowish green, first on the older leaves (Figure

3) and then on all the leaves of the plant.
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Figure 3 - Jambu leaf pigmentation levels taken of the second pair of leaves from the apex to basis of
the main stem at the end of the vegetative phase.
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Source: Author (2019).

This fact is due to N be a nutrient that possess high mobility in the plant phloem and,
when in deficiency, is easily redistributed from the oldest leaves to the newest leaves, which
are beginning their metabolic process (MARSCHNER, 2012). It is also observed in the figure
3, a pigmentation gradient, as the concentration of N in the nutritive solution has increased,
which indicates that in concentrations under 210 mg L™ (15 mmol L) in the nutritive
solution will occur N deficiency in the plants. Such hypothesis is not only sustained by
symptom manifestation itself, as well as the differences in the levels and accumulation of N in
the leaves (Figures 2A and 2B), as the dry mass accumulation (Figure 1), which obtained

significant decrease in compare of 15 mmol L™ concentrations.

Similarly with the symptoms found on this work, Pecanha et al. (2019), working with
omission of macro and micro nutrients in jambu plants in nutritive solution, observed
generalized chlorosis in old leaves of that vegetable, in addition to significant reductions in
the inflorescence numbers, leaves number, leaf area and root dry mass, presenting average
levels of N in the leaves of 26.6 g kg™, values close to those found in these study to 11 mmol

L™ (29 g kg™) concentrations.
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The relation of nitrogen fertilization and the N accumulation in jambu plants was
demonstrated for Borges et al. (2013), where it was observed increasing of N accumulation
when it was elevated the doses of urea in soil. In vegetables, N supports the vegetative
development, resulting in leaf area expansion, in addition of influence the productive potential
(FILGUEIRA, 2013).

SPAD Index and Total Chlorophyll

Regarding the SPAD values, obtained in function of the total chlorophyll
concentration in the jambu leaves (Figure 4A and 4B), similar to that observed for the other
variables, it was verified that there was a linear increase with the elevation of N concentration

in nutritive solution.

Figure 4 - SPAD index (A) and total chlorophyll content (B) of jambu plants as a function of increased
nitrogen concentration in the nutrient solution. ** significant at 1% probability; * significant at 5%
probability by t-test.
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Source: Author (2019).

The SPAD index varied from 32 to 54 units. When comparing the lower concentration
of N (11 mmol L) with the higher concentration (21 mmol L) it can be seen that the
increase in N supply promoted an increase of approximately 69% in SPAD units (Figure 4A).
Similarly, the total chlorophyll content varied with respect to the lower (11 mmol L™) and the
higher N dose (21 mmol L), and plants submitted to higher concentrations had higher total
chlorophyll content (Figure 4B), a result that indicates the potential of the chlorophyll meter
in determining the chlorophyll and total N contents in jambu leaves.

The leaf is the organ in which a large amount of nitrogen compounds, such as proteins
and pigments, are concentrated, like chlorophyll (TAIZ et al., 2017). Thus, early diagnosis, in
real time, provided by the SPAD values, is important, because it enables the decision on
adjustments as the application of N both via soil and in the nutritive solution, reducing the
probability of compromising production (MILAGRES et al., 2018).
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Moreover, the results for the adopted cultivation system suggest that values below 46
SPAD units indicate total chlorophyll and N levels below the ideal for the culture, thus
allowing the detection of nitrogen deficiency in jambu leaves (Figure 3). In research
developed by Porto et al. (2014), involving nitrogen fertilization in tomatoes, it was noted a
trend of linear increase in the SPAD index as a function of the N doses applied. Other studies
present results similar to those obtained in this research for this variable, in some crops, such
as lettuce (MENDONZA-TAFOLLA et al., 2019) and kaki (CHOI et al., 2011) and potato
(COELHO et al., 2012).

Mampholo et al. (2018), when working with two lettuce cultivars, observed that the
total chlorophyll content in the leaves of these vegetable crops increased as the N supply in
the soil increased. This is due to the structural function of N, which is required for the
synthesis of chlorophyll molecules; therefore, larger supplies of N favor the production of
chlorophylls (LEE et al., 2019).

Correlation of the SPAD index, leaf dry mass, total Chlorophyll, N content and N

Acumulation

In relation between the SPAD unit values and others variables, it was observed

positive significant correlation (Figure 5).

Figure 5 - Pearson correlation between SPAD indices and leaf dry mass (A), total chlorophyll (B), N
content (C) and N accumulation (D). ** Significant at 1% of probability by t test.
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It was observed high linear positive correlation (r = 0.93) between the variables of leaf
dry mass an SPAD units (Figure 5A). Madakadze et al. (1999), observed a positive
correlation between SPAD units and leaf dry mass accumulation in Panicum virgatum, thus

demonstrating the potential of SPAD units to determine leaf dry mass accumulation.

For total chlorophyll, there was a strong correlation with SPAD units (r = 0.81)
(Figure 5B). This proves the efficiency of measuring total chlorophyll using a SPAD
chlorophyll meter in estimating the chlorophyll content of leaves. Results reported by
Mendoza-Tafolla et al. (2019) working with lettuce observed a correlation between SPAD

units and the chlorophyll content in the leaves of this species.

The association between total chlorophyll content and dry mass accumulation occurs
due to the role of chlorophyll in photosynthesis; thus, the higher the chlorophyll index the
greater the capacity of the plant to perform photosynthesis and, consequently, higher biomass
production (TAIZ et al., 2017), as observed by Shadchina and Dmitrieva (1995), which
showed a correlation between the chlorophyll content in the leaves and the dry matter of

wheat plants.
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The N content in the leaf presented a positive correlation with SPAD units (r= 0.76),
with the highest value obtained (58 units) coinciding with the highest N content (43.7 g kg™*)
(Figure 5C). Since N is an important component of the chlorophyll molecule, the lack of this
element causes a decrease in the green intensity of the leaves of the plants, interfering in the
process of photosynthesis, being characterized by chlorosis (PORTO et al., 2014),
relationships observed in this study, observing characteristic symptoms of N deficiency in
levels below 33.0 g kg™ N and 46 SPAD units (Figure 2).

A study by Mendoza-Tafolla et al. (2019) showed a high correlation (r= 0.95) between
N contents in Roman lettuce leaf and SPAD units. In other plant species, high correlation
between the two variables was demonstrated, as in oregano (r= 0.64) (MEDELLIN et al.,
2016) and kaki (r= 0.97) (CHOI et al., 2011). In general, these studies proved that SPAD has
strong correlations with the N content in the leaf, which correlated with increased
photosynthesis and productivity, as observed by Mahlangu et al. (2016). This reaffirms the
efficiency of the SPAD chlorophyll meter for diagnosing the N level in jambu plants, as well

as for predicting yield, as observed by Milagres et al. (2018) in potato cultivation.

For the accumulation of N high linear correlation with SPAD units was observed (r=
0.82). This relationship can be established due to the role played by N as a structural element,
composing amino acids and proteins (TAIZ et al., 2017), as well as being directly linked to
chlorophyll synthesis, as proven in this study and other studies (MEDELLIN et al., 2016;
MENDOZA-TAFOLLA et al., 2019). Due to this, when this element is deficient,
physiological disorders occur in chloroplasts, causing leaf chlorosis (TAIZ et al., 2017). This
relationship is mainly due to the fact that more than 70% of the total N of the leaves integrate
enzymes associated with chloroplasts (DANTAS et al., 2012), where the chlorophylls are

inserted.

6.4 CONCLUSIONS

The N concentrations in the nutrient solution influence the variables evaluated, and the
21 mmol L™ concentration of N promoted the best response. In addition, the SPAD index is
indicated to indirectly estimate the chlorophyll content, the N content and the amount of N

accumulated in jambu leaves.
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CONCLUSOES GERAIS

Os gendtipos de jambu demonstraram bom desempenho no sistema hidropdnico, bem
como observou-se que a elevacdo da concentragdo i6nica da solugdo nutritiva aumenta a
produtividade do jambu. Além disso, o N afeta significativamente a producéo, qualidade pos-
colheita e acimulo de espilantol nos 6rgaos da espécie. Assim, para obter alta producéo tanto
no crescimento do jambu quanto no acimulo de metabolitos secundérios, deve ser feito o

fornecimento de N em nivel adequado na solugdo nutritiva.

O indice SPAD possui potencial na predicao do status de nitrogénio nas plantas, bem

como em prognosticar o desempenho produtivo da cultura em sistema hidroponico de cultivo.

Portanto, os resultados obtidos nesta pesquisa fornecem informacdes significativas

para o cultivo hidropénico do jambu com alta producéo e boa qualidade das plantas.



