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RESUMO

O interesse pelo cultivo de taperebazeiro em escala comercial vem crescendo ultimamente em
todo o Brasil, principalmente, nas regides Norte e Nordeste do pais. Isso se deve a forte
demanda e ao alto valor pela polpa do fruto. No municipio de Itacoatiara a extracdo da polpa é
oriunda do extrativismo e contribui com a renda do produtor familiar. Apesar da importancia
da polpa do fruto do taperebazeiro, verifica-se pouca informacéo referente ao melhoramento
genético desta espécie com caracteristicas agroindustrial e agronémicas disponivel ao
produtor na regido. Este trabalho teve o objetivo de estudar a caracterizacdo morfométrica e
quimica de frutos de taperebd, a fim de obter informacdes que serdo Uteis para iniciar 0s
trabalhos de melhoramento de taperebazeiro na regido, bem como na selecdo de matrizes com
caracteristicas desejavéis pela industria de polpa. Foram localizados 50 taperebazeiros
distribuidos geograficamente e distante entre si no Municipio de Itacoatiara — AM, porém
foram utilizados apenas 48 neste trabalho. Foi coletada uma triplicata de 12 frutos entre
janeiro a abril de 2017 e janeiro a abril de 2018. As variaveis morfologicas foram: diametro
polar do fruto (DPF) em mm, diametro polar do carogco (DPC) em mm, didmetro equatorial do
fruto (DEF) em mm, didmetro equatorial do caroco (DEC) em mm, massa do fruto (MF) em
g, massa do caro¢o (MC) em g, rendimento em polpa (RP) em %, pH da polpa, teor de sélidos
sollveis expresso em °Brix (SS), acidez titulavel em acido organico (AT) em % e relacdo
SSITA. Todas as analises quimicas foram feitas conforme procedimento descrito por Instituto
Adolfo Lutz (IAL, 2008). A andlise univariada de Skott Knott revelou aglomerados de
taperebazeiros nas estacdes de 2017 e 2018, bem como grupos entre as anos. O padrdo de
correlacdo das varidveis morfométricas e quimicas dos frutos foi repetido ao longo das
estacOes de 2017 e 2018 (r*> = 0,95, p-valor <2,2¢%). A dissimilaridade entre os
taperebazeiros registrada pela distancia de Mahalanobis ndo foi totalmente repetida nas
estacOes de 2017 e 2018 (r> = 0,45, valor de p <2,2e%) resultando em alguns grupos
diferentes de taperebazeiros que foi esperada devido a interacdo significativa detectada pela
ANOVA. No entanto, mais investigacdes sdo necessarias para abordar a influéncia de fatores
climaticos na interacdo observada.

Palavras — chaves: Regido Amazonica, pré - melhoramento, diversidade, anélise multivariada



ABSTRACT

The interest in the growing of yellow mombim trees in commercial scale has been growing in
Brazil, mainly in the North and Northeast regions of the country. This is due to the strong
demand and the high value for the pulp of the fruit. In Itacoatiara, pulp extraction originates
from extractivism and contributes to the income of the small farmers. Despite of the
importance of the pulp of yellow mombim fruit, there is few studies about genetic breeding
of this species focus on agronomic and agrindustrial traits for this region. The objective of this
work was to study the morphometric and chemical characterization of yellow mombim fruits
in order to obtain information that will be useful to initiate the breeding work of yellow
mombim, as well as in the selection of matrices with desirable traits by the pulp industry.
Fifty yellow mombim trees geographically distant were located in Itacoatiara - AM, but only
48 were used in this study. A triplicate of 12 fruits was collected between January to April of
2017 and January to April of 2018 and the following morphological and chemical variables
were measured: Polar fruit diameter (PFD, in mm); Polar seed diameter (PSD, in mm);
equatorial fuit diameter (EFD, in mm); equatorial seed diameter (ESD, in mm); fruit weight
(FW, in g); seed weight (SW, in g); pulp yield (PY, in %). Potential of Hydrogen (pH, in pH
units); soluble solids (SS, in °Brix); titrable acidity (TA, in % in citric acid); soluble solids/
titrable acidity (SS/TA , in ratio). All chemical analyzes were performed according to the
procedure described by Instituto Adolfo Lutz (IAL, 2008).The univariate Skott Knott analysis
revealed clusters of yellow mombin trees within 2017 and 2018 seasons as well as clusters of
seasons. The correlation pattern of morphometric and fruit chemical variables were repeated
across 2017 and 2018 seasons (r?> = 0.95, p-value < 2.2e1%). The dissimilarity among yellow
mombin recorded by Mahalanobis distance were not fully repeated across 2017 and 2018
seasons (r? = 0.45, p-value < 2.2e71%) resulting in some different clusters of yellow mombin in
across season, that was expected due the significant interaction detected by ANOVA.
However, further investigation is needed to address the influence of climatics factors on
observed interaction.

Keywords: Amazon region, prebreeding, diversity, multivariate analysis.
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1.INTRODUCAO

A Amazénia Brasileira expressa uma grande diversidade de espécies frutiferas,
relativamente bem conhecidas botanicamente, porém as caracteristicas agronémicas e
agroindustriais sdo pouco estudadas (CARVALHO; MULLER, 2005). A regides brasileiras
que concentram maior biodiversidade frutiferas sdo as regides Norte e Nordeste do pais,
dentre uma infinidade de frutos tropicais encontrados, chama-se a atencdo para o caja
(MATTIETO et al, 2010) ou taperebazeiro.

O taperebazeiro (Spondias mombin L.) pertence ao género Spondias, da familia
Anacardiaceae (SHAW; FORMAN, 1967), que é composta por 18 espécies (LIMA et al,
2016). O taperebazeiro, que no Brasil é popularmente conhecido como caja, caja mirim, é
uma arvore frutifera originaria da regido tropical das Américas (SACRAMENTO; SOUZA,
2009). Pelo seu valor alimenticio foi introduzida em partes da Africa, india e Indonésia (OBI-
EGBEDI et al, 2012).

A literatura reporta algumas utilizacdes do taperebazeiro. A arvore tem sido utilizada
na arborizacdo urbana no estado de Roraima (NETO et al, 2016) e na cidade de Manaus
(MAGALHAES et al, 2013). Devido ao seu elevado porte, tem sido utilizada pelos
produtores de cacau do Espirito Santo, para o sombreamento dos cacaueiros no sistema
conhecido como cabruca (SILVA et al, 2014).

O taperebazeiro tem o fruto apreciado em varias partes do Brasil pelo seu aroma e seu
sabor agradavel e exdtico, aliados as boas caracteristicas para a industria (OLIVEIRA et al.,
2014). Os frutos sdo consumidos in natura ou utilizados na confeccdo de polpas, sucos,
geleias, néctares e sorvetes, de excelente qualidade e alto valor comercial, o que torna viavel a
exploracdo (SACRAMENTO; SOUZA, 2009), despertando o interesse pela sua polpa em

todo o pais (OLIVEIRA et al, 2014).
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Os frutos funcionam como antioxidantes naturais e protegem contra doengas cronicas
degenerativas (MALDONADO-ASTUDILLO et al, 2014). Além disso, as folhas e as cascas
sdo tradicionalmente usadas de varias maneiras para uma variedade de doencas (OLA-
DABVIES et al, 2014). As folhas maceradas sdo utilizadas no tratamento de diarreias
(LEMOS et al, 2016). Ja a casca, ela € relatada para reduzir a inflamacéo, aliviar a dor,
reduzir os espasmos, matar fungos, matar bactérias, curar erup¢des cutaneas, curar feridas e
parar 0 sangramento (OLA-DABVIES et al, 2014).

O cultivo do taperebazeiro dentro dos modelos agrondmicos modernos requer a
identificacdo de materiais propagativos que apresentem elevada capacidade produtiva e
caracteristicas melhoradas de qualidade dos seus frutos (CARVALHO et al, 2011). Com isso
verifica-se a necessidade de estudos de variabilidade de taperebazeiros para as caracteristicas
dos frutos, a fim de encontrar boas caracteristicas agronémicas e agroindustriais para o
melhoramento da espécie.

Alguns estudos para caracteristicas dos frutos tém reportado variabilidade de
taperebazeiros: No Norte do Espirito Santo, com 14 gendtipos, foram encontrados
variabilidade genética e divergéncia genética entre 0s acessos de taperebazeiros. As
caracteristicas que mais contribuiram para a divergéncia genética foram acidez total titulavel
(33,33%), peso de polpa (28,68%) e o diametro polar (9,80%) (SILVA et al, 2014).

Em Teresina — PI, foi verificada a variabilidade morfologica e quimica dos frutos
mediante a coleta de 14 genotipos de tapereba. O peso dos frutos apresentou media geral de
9,9 g, com minimo 5,7 g e maximo de 16,5 g; a média do comprimento do fruto foi de 33,7
mm, com variacdo de 29,5 a 39,8 mm; o diametro apresentou média de 23,5 mm e amplitude
de 18,3 a 26,8 mm; o rendimento de polpa obteve uma média de 72,6%, com varia¢do de
69,7% a 77,5% (SOARES et al, 2006). Para o teor de solidos soltveis (SS), o valor médio foi

de 14,1° BRIX, com variacdo de 11,2° BRIX e 16,3° BRIX; os valores encontrados para
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acidez titulavel em media variaram de 0,9 a 2,6%, com média de 1,6%. Quanto a relagédo
SS/AT, solidos soluveis (SS) e acidez titulavel (AT), a média obtida foi de 10,5, com variacdo
de 4,9 a 16,7, os gendtipo ZL2 (16,7%), ZL11 (15,8%) e ZLU1 (15,0%) se destacaram, em
contrapartida os genotipos FS2 (4,9%), FS3 (5,3%) e LA2 (5,4%) apresentaram baixas
relacdo de SS/AT (SOARES et al, 2006).

Em lItacoatiara, a exploracdo do taperebazeiro segue a mesma tendéncia extrativista
nacional e pouco se sabe sobre a variabilidade para as caracteristicas dos frutos. Assim, este
projeto teve como objetivo a caracterizagdo morfométrica e quimica de frutos de taperebd, a
fim de fornecer subsidios para iniciar pesquisas direcionadas ao interesse agroindustrial e para
0 melhoramento da espécie na regiao.

Os resultados da pesquisa serdo apresentados em formato de artigo seguindo as
normas da GMR (Genetics and Molecular Research, A2 nacional). Link para normas da

revista: https://www.geneticsmr.com/for-authors.html.
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2.REVISAO DE LITERATURA

2.1. Importancia Socioeconémica

O taperebazeiro € uma frutifera nativa da Amazonia que tem sabor diferenciado por
natureza e tem potencial comercial, todavia a maior parte da producéo ainda é extrativista,
manejadas ou cultivadas em sistemas agroflorestais (SANTANA, 2004). Os frutos maduros
da espécie sdo consumidos in natura e a polpa extraida é utilizada na agroindustria para
preparar sorvetes, bebidas frescas, gelatina e geléias (AYOKA et al, 2008; LORENZI, 2008).
Na Amazobnia, o fruto é usado principalmente para fazer vinho, vendido como “vinho de
taperiba” (AYOKA et al, 2008). No Brasil, a polpa congelada é comercializada em todo o
territério nacional e o suco é apreciado em restaurantes e lanchonetes (MITCHELL; DALY,
2015). Nesse cenario comercial, os frutos destinados as agroindustrias de polpa vém tendo
participacdo positiva na fruticultura, principalmente, das regibes Norte e Nordeste
(SACRAMENTO; SOUZA, 2009). Apesar do potencial econémico, a oferta do fruto é
insuficiente (SACRAMENTO; SOUZA, 2009).

Pesquisas revelam os valores nutricionais e funcionais do fruto de tapereba. O fruto
é muito rico em vitamina C (BORA et al, 1991; SILVA et al, 2009) e, ainda, possui elevados
niveis de potassio, magnésio, fésforo, cobre, compostos fendlicos, antioxidantes e elevado
valores de carotenoide, esses elementos e compostos podem estar associado a prevengdo de
varias doengas (TIBURSKI et al, 2011).

A polpa é ingrediente para a fabricagdo de novas bebidas para comercializagdo. A
producdo de suco de fruta estruturada mista de polpa de caja e de goiaba obeteve aceitacdo
elevada, indicando potencial de consumo, sendo considerados produtos de conveniéncia e
saudaveis, tendo em vista seus teores significativos de carotenoides totais (SILVA et al,
2009). O licor de taperebd apresenta uma alternativa vidvel para agregacdo de valor a fruta,

pois podera ser utilizado por agricultores familiares para o incremento da renda familiar,
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minimizando as perdas pos—colheita (XISTO et al, 2015). A bebida fermentada de caja é
outro produto que obteve boa aceitacdo, podendo ser uma nova fonte de investimento as
industrias ou aos pequenos produtores (DIAS et al, 2003).

A espécie tem outras potencialidades de utilidades ao ser humano. E utilizado para
cercas vivas em terras agricolas ( AYOKA et al, 2008; ADEDOKUN et al, 2010) e no sul da
Bahia para sombrear cacaueiros e servindo de quebra vento (CORREA, 1984; SAMBUICHI
et al, 2012). Entretanto, a madeira é de baixa qualidade e raramente utilizada (AYOKA et al,
2008). O oleo essencial extraido das folhas é um produto promissor a fabricacdo de produto
antimicrobiano e que pode abrir caminho ao desenvolvimento sustentavel, mantendo as
pessoas no local de origem, preservando e reflorestando a espécie (LIMA et al, 2016). Outra
finalidade é o uso do exsudado da planta, que é uma goma, como cola em carpintarias
(DUARTE; PAULL, 2015).

O potencial medicinal e a importancia socioeconémica de outras partes da planta como
folhas, cascas e raizes também sdo relatados (ADEDOKUN et al, 2010). Os extratos de S.
mombin e F. exasperata foram capazes de aliviar a Ulcera gastrica (SABIU et al, 2015). O
extrato de S. mombin e Cola acuminata tiveram efeito protetor contra o déficit de memoria,
podendo ser atribuido as suas propriedades antioxidantes, tornando-o um potencial agente
fitoterapéutico no tratamento de Alzheimer (ISHOLA et al, 2017). Isso torna o extrato de
taperebd um potencial como fonte de novas drogas, parecendo justificar parte de seus
principais usos populares na medicina tradicional (CABRAL et al, 2016).
2.2.Classificacéo e Descri¢ao Botanica

O taperebazeiro (S. mombin L.), sinonimia botanica (Spondias lutea L.
Spondias myrobalunus L. e Spondias aurantiaca Schumach. & Thonn ) (LORENZI, 2008), é
uma frutifera do género Spondias, que possui aproximadamente 18 espéces nativas na

América tropical, Asia e Madagascar, pertecente & familia Anarcadiaceae (MITCHELL;
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DALY, 2015). A espécie estd dispersa notadamente na Amazonia e na Mata Atlantica
(DUCKE, 1946; SOUZA et al, 2000; SACRAMENTO; SOUZA, 2009). No Brasil, em
diferentes regides, o taperebazeiro recebe diferentes nomes comuns, taperiba, cajazeiro, caja-
pequeno, cajazeiro-middo, caja-mirim, acaiba, acaja, acajaiba, imbuzeiro, sendo encontrada
principalmente nas regides Norte e Nordeste (LORENZI, 2008; SACRAMENTO; SOUZA,
2009; OLIVEIRA NETO et al, 2015).

A espécie é uma arvore frondosa, de caule ereto, de 20 a 25 metros de altura, com
tronco cilindrico de 40 a 60 cm de didmetro, revestido por casca acinzentada fendida
(LORENZI, 2008). E perenifélia ou semidecidua, heli6fita e seletiva higrofita, caracteristicas
da mata alta das varzeas de terra firme, também em formacdes secundarias; folhas alternas
espiraladas, sem estipulas, compostas, geralmente, imparipinadas, com 7 — 9 foliolos ovolados
a elipticos (LORENZI, 2008).

A frutifera apresenta flores hermafroditas, masculinas e femininas (LOZANO,
1986). Outrossim, estudos mais recentes registraram apenas flores hermafroditas e
masculinas, sendo a planta considerada andromonoica (RAMOS, 2009; CARNEIRO;
MARTINS, 2012). Essas flores sdo aromaticas, dispostas em grandes paniculas terminais
(CORREA, 1984), medem de 5 a 7 mm de comprimento, de cor verde, com a porc¢do livre
muito pequena e triangular 5 partidas; as 5 pétalas sao brancas, ovoblongos, e o apice € agudo
(JUSTINIANO et al, 2001). O fruto é uma drupa, obovdide para oblongo, de 2,5 a 3 cm de
comprimento, possuindo um exocarpo fino, cor amarelo alaranjada, e um mesocarpo carnudo

que envolve a semente resistente, fibrosa e ndo comestivel (CROAT, 1974b).
2.3. Floracgéo e Frutificacéo

Estudo realizado com clones de cajazeira cultivados na Chapada do Apodi, Cear3,

0S autores observaram que as primeiras plantas entraram na fase reprodutiva aos 36 meses de
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idade, sendo que somente a partir dos 62 meses de idade todos os clones apresentaram plantas
na fase reprodutiva (SOUZA et al, 2012).

A fenofase do taperebazeiro na planta adulta varia de acordo com as diferentes
regides e fatores climaticos (FREITAS et al, 2010; KIILL, 2013). A espécie floresce quase
simultaneamente com a brotacdo das folhas (JUSTINIANO et al, 2001). Nas Antilhas, a
especie floresce principalmente do inverno até ao verdo (FRANCIS, 1992). No Mexico,
inicia-se em fevereiro e termina em abril e a maturacdo dos frutos vai de marco a junho
(LASCURAIN et al, 2010). No panam4, apds a renovacdo das folhas durante no comeco da
estacdo seca (dezembro e janeiro), inicia-se a floracdo que persiste de marco a junho e os
frutos amadurecem de julho a outubro, com pico de maturacdo em agosto e setembro
(CROAT, 1974a).

Em alguns paises da América do Sul, como no Brasil, geralmente, a floracdo ocorre
a partir de agosto junto com o surgimento da nova folhagem, até dezembro e os frutos
amadurecem de outubro a janeiro (LORENZI, 2008), mas isso pode variar com o clima da
regido do pais. Na Bolivia, floresce de outubro a novembro e frutifica de fevereiro a margo
(MOLINA, 2014). Nas proximidades das zonas da linha do Equador a espécie pode produzir
duas floragBes ao ano, visto que nestas areas existem dois periodos secos seguidos por
periodos chuvosos (JUSTINIANO et al., 2001).

Apesar de Lorenzi (2008) registrar as floragédo e frutificagdo no Brasil, no entanto
em virtude das caracteristicas climaticas de cada regido, ocorrem variacbes nessas epocas
como citado baixo. Na regido Nordeste, no estado de Pernambuco, a floracdo tem seu pico
nos meses de novembro e dezembro, com fruificacdo na estagcdo chuvosa, tendo o inicio
janeiro a margo (KIILL, 2013). Na regido Norte, no municipio de Santana, no estado do
Amapa, a floracdo foi observada nos meses de setembro a outubro, correspondendo a época

de seca na regido; ja a frutificacdo persistiu de novembro a marco, iniciando a primeira fase
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no més do periodo chuvoso e a fase final no periodo seco (FREITAS et al, 2010). Os autores
nesse trabalho apontam que o principal regulador da sincronizacdo da floragdo com uma
determinada época do ano pode estar relacionada com a sazonalidade climatica.

Em Santo Antonio do Taua, Para, (RAMOS, 2009) registrou que a floracdo ocorre
nos meses de julho a janeiro, com pico nos meses de agosto e setembro, apresentando
individuos com poucas flores nos meses de dezembro e janeiro depois da mudanca das folhas.
A populacao apresentou floracdo simultanea entre os individuos, com duragdo aproximada de
sete meses, periodo que corresponde a estacdo seca na area de estudo (RAMOS, 2009). A
frutificacdo iniciou-se em setembro, estendendo-se até abril, com o pico de frutificacdo
ocorrendo nos meses de janeiro e fevereiro, periodo em que a maioria dos frutos atingiu a
maturacdo, correspondendo ao inicio do periodo chuvoso na regido (RAMOS, 2009).

No municipio de Santa Barbara, Pard, a intensidade da floracdo ocorre nos meses de
agosto a novembro, periodo mais seco do ano e a frutificacdo ocorre entre novembro e

fevereiro (RODRIGUES et al, 2015).
2.4. Polinizacao

O taperebazeiro é polinizado primordialmente por insetos (JUSTINIANO et al,
2001) e, devido as caracteristicas das flores, por via anemdfila (LOZANO, 1986). E uma
arvore de floracdo sincrona com flores noturnas deiscentes que produzem bastante pdlen e
atraem espécies de abelhas noturnas e diurnas (CARNEIRO; MARTINS, 2012). A oferta de
polen em abundancia e o forte aroma adocicado exalado durante a abertura em massa das
flores sé@o os principais mecanismos de atracdo observados aos visitantes nas flores do
taperebazeiro (RAMOS, 2009).

Dentre os insetos, as abelhas séo consideradas as principais polinizadoras, tendo em
vista a capaciade de visisar um grande namero de flores (CARNEIRO; MARTINS, 2012).

Ramos (2009) relatou que as abelhas Apis mellifera, Tetragona goettei e Trigona hyalinata
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apresentaram maior frequéncia, sugerindo que sdo os principais polinzadores, devido as
caracteristicas dos seus comportamentos em que tocam as partes reprodutivas das flores. A
especie A. Mellifera foi considerada polinizadora secundaria, quando comparadas as
Tetragona goettei e Trigona hyalinata (RAMOS, 2009). Por outro lado, um estudo feito no
estado do Ceard, a abelha A. Mellifera foi a Unica espécie que atendeu os requesitos de
polinizacdo no taperebazeiro, devido ao seu comportamento no forrageio, abundéncia e
frequencia de visitas as flores, apresentando potencial para uso como polinizador,
maximizando a producdo de frutos (OLIVEIRA et al, 2012). No estado da Paraiba, a A.
Mellifera também foi considerada como polinizadora efetiva do taperebazeiro juntamente
com a Scaptotrigona aff. Tubida devido a abundéncia e a habilidade de visitarem um numero

consideravel de flores (CARNEIRO; MARTINS, 2012).
2.5. Sistema Reprodutivo

O taperebazeiro apresenta no seu sistema sexual autoincompatibilidade, por isso
depende de polinizadores para frutificar (CARNEIRO; MARTINS, 2012), obrigatoriamente
xenogamica (RAMOS, 2009; VENTURIERI; VENTURIERI, 2010), podendo ser também um
sistema misto de polinizacao (OLIVEIRA et al, 2012).

Ramos (2009) avaliou o teste de receptividade do estigma e observou que o estigma
estd receptivo cerca de uma hora apo6s a abertura da flor, 0 que caracteriza protandria na
espécie, isto é, depende necessariamente da polinizagdo cruzada para alcangar sucesso
reprodutivo.

No Estado da Paraiba, (CARNEIRO; MARTINS, 2012) estudando a polinizag&o por
abelhas, observaram que o vingamento de frutos € maior em tratamento de polinizagdo
cruzada em plantas ndo clones quando comparadas ao tratamento de polinizagdo cruzada em
plantas clones e, no tratamento de polinizagdo aberta, porém a taxa de sobrevivéncia foi

significativamente maior no tratamento de polinizacdo aberta, tendo em vista a superioridade
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do namero de frutos maduros absolutos, sendo seguido pelo tratamento de plantas ndo clones
e, por ultimo, o tratamento de plantas clones.

O taperebazeiro ndo apresenta apomixia € o vento € um aliado na polinizacéo,
trazendo polen de outras paniculas, ou transferindo-o entre flores da mesma panicula ou
dentro da propria flor, isso s6 é possivel porque o taperebazeiro aceita o proprio polen

necessitando apenas de um agente polinizador (OLIVEIRA et al, 2012).
2.6. Origem e Domesticacao

O taperebazeiro (Spondias mombin L.) foi descrito por Linnaeus em 1753. E uma
espécie frutifera amplamente cultivada nos tropicos umidos (MITCHELL; DALY, 2015), mas
é nativa da América Tropical (CROAT, 1974a), principalmente de florestas imidas, indo do
sul do México ao sudeste do Brasil, podendo ser originario do leste do Brasil (MITCHELL,;
DALY, 2015).

As espécies nativas da Amazonia de interesse agricola vém sofrendo o processo de
domesticacdo e melhoramento de plantas pelos agricultores tradicionais de forma
inconsciente, cuja pratica € uma heranca cultural de seus antepassados (NODA, 2009). Na
Amazonia, Clement (1999) relata que a S. mombin é uma espécie semidomesticada, isto &,
apresenta uma populacdo modificada de forma significante pela selacédo e intervencdo humana
(no minimo ocorrendo numa paisagem manejada), cujo fen6tipo médio provavelmente
extrapola a variagdo encontrada na populag&o silvestre para os caracteres sujeitos a selecéo.

Entre as espécies indicadoras da biodiversidade de Terra Preta de indio, encontra-se
0 taperebazeiro, isso siginifica que a espécie esta no processo de domesticacdo (JUNQUEIRA
et al, 2011), visto que os solos antropogénicos sdo classificados como produto da

domesticacgdo de paisagem (ERICKSON, 2008).
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2.7. Variabilidade Genética

Estudos sobre a diversidade genética e o nivel de diferenciacdo genética entre as
populacdes das espécies sdo essénciais para definir os estoques genéticos e subsidiar politicas
de exploracdo e manejo desses recursos, bem como para tracar estratégias de conservacdo em
escalas regional e geografica, além de manter a capacidade natural de responder as mudancas
climaticas e a todos os tipos de estresses bidticos e abioticos (CRUZ et al, 2011). Além disso,
0 conhecimento e a organizacdo da variabilidade genética de qualquer espécie vegetal
também é uma ferramenta importante para a exploracdo extrativista, para a conservacdo
genética e para 0 melhoramento genético da espécie (MAGALHAES et al, 2013).

Estudos em nivel molecular tém mostrado diversidade entre os taperebazeiros. Em
Manaus, Amazonas, estudando a diversidade entre e dentro de populacdes, observou-se
variabilidades genéticas de 52,8% entre as populacbes e 47,2% entre os individuos nas
populacdes analisadas, indicando que a distribuicdo da diversidade genética é maior entre as
populacdes que dentro das populacdes, sendo necessario para a conservacdo genética das
espécies unirem os individuos de todas as populacdes (MAGALHAES et al, 2013).

No estado do Mato Grosso, em trés regiGes geofraficas, foi relatado 22,62% da
variancia total entre as populacbes e 77, 38% dentro das populacBes, demostrando que a
diversidade genética € maior dentro das populacfes que entre as populagdes nos individuos
estudados e que as populacdes com maior similaridade genética foram as mais proximas
geograficamente, concluindo que ha variabilidade genética em ambas as populacGes e que
nenhum individuo foi considerado muito préximo ou idéntico, e que as populagdes podem
representar fontes de gendtipo para bancos de germoplasmas e para futuras plantacdes

comerciais frutiferas de S. mombin (SILVA et al, 2017).
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3.0BJETIVOS

3.1. Objetivo geral
Caracterizar a variabilidade morfolégica e quimica de frutos de taperebd, a fim de

identificar &rvores com bons atributos de interesse agroindustrial.

3.2. Objetivos especificos

-Averiguar a variabilidade morfolégica e quimicas dos frutos entre os taperebazeiros e
entre as épocas de coletas (anos);

-Verificar se houve a interacdo entre taperebazeiros e épocas de coletas (anos);

- Gerar informac@es para fins de melhoramento da espécie.
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ABSTRACT

Morphometric and chemical fruit characterization of 48 yellow mombin trees
(Spondias mombin L.) was conducted during two consecutives harvested season (2017 and
2018) with the goal to provide information to breeding research in Itacoatiara — AM.
Significance of yellow mombin and season were detected to all morphometric and fruit
chemical variables as well as interaction between yellow mombin and seasons. The univariate
Skott Knott analysis revealed clusters of yellow mombin trees within 2017 and 2018 seasons
as well as clusters of seasons. The correlation pattern of morphometric and fruit chemical
variables were repeated across 2017 and 2018 seasons (r? = 0.95, p-value < 2.2e7%). The
dissimilarity among yellow mombin recorded by Mahalanobis distance were not fully
repeated across 2017 and 2018 seasons (r? = 0.45, p-value < 2.2¢e7%) resulting in some
different clusters of yellow mombin in 2017 and 2018, respectively. The main hypothesis for
observed disturbance among clusters of two seasons may be the significant interaction
detected by ANOVA. However, further investigation is needed to address the role of

environmental factors on observed interaction.

Key words: Amazon Region, pre-breeding, diversity, multivariate analysis

INTRODUCTION
The Anacardiaceae family holds approximately 70 genus and 650 species (The Plant

List, 2010). Eigth of these species belongs to genus Spondias: Spondias dulcis (Parkison,
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1773), Spondias lakonensis (Pierre, 1898), Spondias mombin (Linnaeus, 1753), Spondias
pinnata (Kurz, 1875), Spondias purpurea (Linnaeus, 1762), Spondias radlkoferi (Donnell,
1891), Spondias venulosa (Engler, 1883). Spondias mombin, popularly known as yellow
mombin is a fructiferous tree widespread to rainforest across the world (Orwa et al., 2009). In
Brazil it is mainly found in the north and northeast regions where received the local names of
“Tapereba” or “Caja”.

Different parts of the yellow mombin tree have their use described on folk medicine
and as human food. Decoction of root as purgative, bark as remedy for diarrhea, dysentery,
hemorrhoids and a treatment for gonorrhea. Gums as expectorant and to expel tapeworm. Tea
of leaves and flowers relieves stomachache, biliousness, inflammation. Decoction of the
young leaves is a remedy for diarrhea and dysentery. Juice of fruit as diuretic and febrifuge.
Tea of flower relieves stomachache, biliousness, urethritis, cystitis and eye and throat
inflammation (Ayoka et al., 2008). As human food, the fruits may be eaten fresh or
appreciated in processed products such jellies, drinks and ice cream.

The yellow mombin fruits are ovoid or ellipsoid dupre with diameter of 3-4cm long
per 2-2.5cm width. The mesocarp is yellow or orange with a thin skin surrounding it (Chisom
et al., 2014). Overall, the fruits produce a small amount of pulp in relation to total fruit
volume. Chemical composition analysis carried out on yellow mombin pulp revealed
antioxidant activity of 7.5 mmol TEAC g-1 and total phenolic content of 260 mg galic
acid/100 mg both considered higher than values described for pineapple, papaya, umbu,
soursop, sapodilla. Presence of the carotenoids B-criptoxanthin, lutein, zeinoxanthin, o-
carotene and B-carotene. Proportionally, the B-criptoxanthin represent the majority of
carotenoids content of yellow mombin pulp, which accounting for high levels of pro- vitamim

A acitivity in the pulp (Tiburski et al., 2011).
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The commercial exploration of yellow mombin fruits does not occur under intensive
agriculture model but mainly collected in areas of natural occurrence. In this context, efforts
to better understand its propagation, field management and breeding should be addressed.
Some pre-breeding studies driven to morphological and chemical characterization of yellow
mombin fruits in different regions of Brazil has revealed phenotypic variations (Pinto et al.,
2003; Soares et al., 2006; Silva et al., 2014). Diversity of yellow mombin have been also
explored at molecular level (Magalhaes et al., 2013; Gois et al., 2014; Silva et al., 2017).
These previous results reveal opportunities to be explored by breeding of yellow mombin.

This work has the goal investigate the morphological and chemical characterization of
fruits of 50 yellow mombin trees in Itacoatiara -AM during two consecutive harvest seasons
(2017 and 2018) with the purpose to provide information to breeding in this region.
MATERIAL AND METHODS
Sample collection

Fifty yellow mombin trees located in urban and rural areas in Itacoatiara (state of
Amazonas, Brazil) were subject to morphometric and chemical characterization. The 50
yellow mombin accessions were georeferenced as in Figure 1. Permission to collect the
yellow mombin fruits were granted by the landowner. The yellow mombin trees sampled
were named with letter T, referring to local name of yellow mombin tree, “Tapereba”,
followed by numbers from 1 to 50, in referring to the sampling order. Fruits were sampled for
two consecutive harvests seasons from January to April of 2017 (2017 season) and from
January to April of 2018 (2018 season). A total of thirty-six fruits were sampled per tree.
Fruits were collected on the ground observing the absence of damage and ripeness. The fruits
were maintained in a thermal container and transported to laboratory to carry out

morphometric and chemical measures. Analysis was performed in triplicate.
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Morphometric measures:

The following morphometric fruit variables were measured for each yellow mombin
tree: Polar Fruit Diameter (PFD, in mm): The polar diameter of each fruit was measured
with a digital caliper (precision = 0.001mm). The caliper jaws were positioned on the polar
region of the fruit. Polar Seed Diameter (PSD, in mm): The polar diameter of each seed was
measured with a digital caliper (precision £ 0.001mm). The caliper jaws were positioned on
the polar region of the seed. The reading values were obtained in millimeter (mm). Equatorial
Fruit Diameter (EFD, in mm): The equatorial diameter of each fruit was measured with a
digital caliper (precision = 0.001mm). The caliper jaws were positioned on the equatorial
region of the yellow mombin fruit. Equatorial Seed Diameter (ESD, in mm): The equatorial
diameter of each seed was measured with a digital caliper (precision £ 0.001mm). The caliper
jaws were positioned on the equatorial region of the seed. The reading values were obtained
in millimeter (mm). Fruit Weight (FW, in g): each fruit was weighted on an analytical scale
(precision £ 0.001g). Seed Weight (SW, in g): each seed was weighted on an analytical scale
(precision £ 0.001g). The reading values were obtained in grams (g). Pulp Yield (PY, in %):
The weight of each individual fruit was recorded (FW) followed by manual deseeded. After
that, the weight of the seed (SW) was also measured individually. The results were filled on
the equation 1, to obtain the values of PY.

PY (%) = ((FW-SW)/FW) x100) (Equation 1)
Chemical measures:

A pooled pulp was obtained during the deseeded step for each yellow mombin tree: It
consisted of a mixture of pulp of the 36 fruits per accession, which was used to measure the
chemical variables as follow: Hydrogen Potential (pH, in pH units): the pH was recorded by
pHmeter KASVI (K39-2104B) previously calibrated with standard solutions of pH 4 and 7.

Diluting 10g of pooled pulp in 100 mL of distilled water (Zenebon et al., 2008). Soluble
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Solids (SS, in °Brix); Soluble Solids was determined by refractometry using portable
refractometer Quimis (Q667A1) using one drop of the pooled pulp (Zenebon et al., 2008).
Titrable Acidity (TA, in % citric acid): Titrable acidity was determined by volumetric method
using phenolphthalein as indicator. Five grams of the pooled pulp was diluted in 50 mL
distilled water. Titration was performed using NaOH 0,1M (Zenebon et al., 2008). Ratio
SS/AT (ratio SS/AT): Ratio was obtained dividing the values of Soluble Solids (SS) by
Titrable Acidity (TA).

Data Analysis:

Each of morphometric and the chemical fruit variables were analyzed based on the following
model:

Yik = |+ Ti + Sj + TSij+ sijk (Equation 2)

where W is the overall mean, Tiis the fixed effect of the ith yellow mombin tree, S; is the fixed
effect of the jth season, TSij is the fixed effect of the interaction between the ith yellow
mombin tree and the jth season, and &ijk is the random effect of residuals. The model was
fitted using the package stats v3.5.0 in R (The R Core Team, 2015).

Residual diagnostic plots were used to verify the independence of the residuals of the
fitted models as well as to verify if the residuals of the fitted models were normally
distributed. The Shapiro-Wilk test was also used to verify if the residuals of the fitted models
were normally distributed.

Subsequently, homogenous clusters of yellow mombin tree within each season was
identified for morphometric and chemical variables using the package Scott Knott v1.2.7 in R
(Jelihovschi et al., 2014).

Pearson correlation coefficient was used to measure the strength of association
between all pairs of morphometric and chemical variables for the 2017 season and then for the

2018 season. Significance of correlation was tested with Student's t-test. Subsequently, to
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measure the repeatability of the pairwise of correlation matrix across seasons, the Pearson
correlation coefficient was obtained, and its significance was tested with Student's t-test.

A dissimilarity matrix based on Mahalanobis distance (Mahalanobis, 1936) was
obtained for all pairwise of yellow mombin using the package biotools v3.1 in R (Silva et al.,
2017). The generated matrix was submitted to the UPGMA method (Sneath and Sokal, 1973)
using the package ade4 v1.7-11 in R (Chessel et al., 2004; Dray and Dufour, 2007; Dray et
al., 2007). Additionally, to measure the repeatability of Mahalanobis dissimilarity matrix
across seasons, the Pearson correlation coefficient was obtained, and its significance was

tested with Student's t-test.

RESULTS AND DISCUSSION

Fifty yellow mombin trees were sampled during the 2017 season. However, the
sampling window was missed for two yellow mombin trees (T15 and T28) during 2018
season leading to a reduction to yellow mombin panel to 48 trees.

To eliminate the influence of scale, all variables were Z-corrected by subtracting of
each individual observation its average and then dividing by its standard deviation. The
diagnostic plot performed to each Z-corrected variable indicated independence of residual for
PFD (Figure 2a and 2b), PSD (Figure 2d and 2e), EFD (Figure 3a and 3b), ESD (Figure 3d
and 3e), FW (Figure 4a and 4b), SW (Figure 4d and 4e), PY (Figure 5a and 5b), pH (Figure
6a and 6b), TA (Figure 6d and 4e), SS (Figure 7a and 7b) and ratio SS/TA (Figure 7d and 7e)
as well as normal distribution of residuals for PFD (W = 0.99559, p-value = 0.5918, Figure
3c), PSD (W =0.99551, p-value = 0.5746, Figure 2f), EFD (W = 0.9922, p-value = 0.1345,
Figure 3c), ESD (W =0.99307, p-value = 0.2041, Figure 3f), FW (W = 0.99449, p-value =
0.3862, Figure 4c), SW (W =0.99344, p-value = 0.2426, Figure 4f) and PY (W = 0.99089, p-
value = 0.07079, Figure 5c), whereas departure of normal distribution of residuals were not

observed for pH (W = 0.94505, p-value = 6.783¢e™%, Figure 6c), TA (W = 0.97607, p-value =
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9.53e’%, Figure 6f), SS (W = 0.91356, p-value = 7.91e?, Figure 7c) and ratio SS/TA (W =
0.95253, p-value = 4.748¢ 8, Figure 7).

Significant interactions between yellow mombin trees and seasons were observed for
all morphometric and chemical variables: FW (F = 2.967 , p-value < 8.346e), SW (F =
4.6097 , p-value < 2.435¢*%), PFD (F = 4.0719, p-value < 2.984e'?), PSD (F = 4.7250, p-
value < 8.857e™%), EFD (F = 2.3714, p-value < 2.104e®), ESD (F = 4.6842, p-value <
1.266e%), PY (F = 8.7676, p-value < 2.2e%%), pH (F = 6.0219, p-value < 2.2e%), TA (F =
8.0753, p-value < 2.2e6), SS (F = 11.4884, p-value < 2.2e'*® and ratio SS/TA (F = 5.5418,
p-value < 2.2e71%) (Table 1). It means that the effect of yellow mombin trees and seasons
should not be investigated individually.

For the morphological fruit variables, the Scott Knott clustering procedure revealed
nine groups based on PFD during 2017 (mean = 36.98mm and minimum/maximum of 27.28
and 47.47mm, respectively) and nine groups during 2018 (mean = 36.46mm and
minimum/maximum of 28.78 and 48.06mm, respectively) as well as 14 of 48 yellow mombin
revealed differences from one season to another for PFD. Ten groups based on PSD during
2017 (mean = 30.26mm and minimum/maximum of 22.29 and 38.64mm, respectively) and
eight groups during 2018 (mean = 30.05mm and minimum/maximum of 23.48 and 40.43mm,
respectively) as well as 17 of 48 yellow mombin revealed differences from one season to
another for PSD. Nine groups based on EFD during 2017 (mean = 26.00mm and
minimum/maximum of 19.35 and 31.49mm, respectively) and eight groups during 2018
(mean = 25.32mm and minimum/maximum of 18.68 and 30.09mm, respectively) as well as
14 of 48 yellow mombin revealed differences from one season to another for EFD. Eight
groups based on ESD during 2017 (mean = 18.35mm and minimum/maximum of 14.16 and
22.17mm, respectively) and seven groups during 2018 (mean = 18.37mm and

minimum/maximum of 14.12 and 21.98mm, respectively) as well as 11 of 48 yellow mombin
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revealed differences from one season to another for ESD. Eight groups based on FW during
2017 (mean = 13.87g and minimum/maximum of 6.52 and 23.28g, respectively) and eight
groups during 2018 (mean = 12.38g and minimum/maximum of 6.04 and 22.78g,
respectively) as well as 16 of 48 yellow mombin revealed differences from one season to
another for FW. Nine groups based on SW during 2017 (mean = 6.74g and
minimum/maximum of 3.14 and 12.01g, respectively) and eight groups during 2018 (mean =
6.64g and minimum/maximum of 3.25 and 14.21 g, respectively) as well as 15 of 48 yellow
mombin revealed differences from one season to another for SW. Seven groups based on PY
during 2017 (mean = 50,42% and minimum/maximum of 36.33 and 63.13%, respectively)
and seven groups during 2018 (mean = 45.96% and minimum/maximum of 34.21 and
56.27%, respectively) as well as 31 of 48 yellow mombin revealed differences from one
season to another for PY (Table 2).

For the chemical fruit variables, the Scott Knott clustering procedure revealed four
groups based on pH during 2017 (mean = 3.18 units of pH and minimum/maximum of 2.79
and 3.51 units of pH, respectively) and four groups during 2018 (mean = 2.96 units of pH and
minimum/maximum of 2.48 and 3.60 units of pH, respectively) as well as 22 of 48 yellow
mombin revealed differences from one season to another for pH. Seven groups based on TA
during 2017 (mean = 1.41% and minimum/maximum of 0.68 and 2.35%, respectively) and
five groups during 2018 (mean = 1.22% and minimum/maximum of 0.57 and 1.84%,
respectively) as well as 23 of 48 yellow mombin revealed differences from one season to
another for TA. Seven groups based on SS during 2017 (mean= 12.28 °Brix and
minimum/maximum of 10 and 15.67 °Brix, respectively) and five groups during 2018 (mean=
12.30 °Brix and minimum/maximum of 9.67 and 15 °Brix, respectively) as well as 23 of 48
yellow mombin revealed differences from one season to another for SS. Six groups based on

SS/TA during 2017 (mean = 9.46 and minimum/maximum of 5.28 and 18.2, respectively) and
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six groups during 2018 (mean = 10.76 and minimum/maximum of 6.36 and 17.43,
respectively during 2018) as well as 18 of 48 yellow mombin revealed differences from one
season to another for SS/TA (Table 3).

Phenotypic variation for morphometric and chemical fruit variables of yellow mombin
have been target to investigation in different locations in Brazil: State of Piaui (Soares et al.,
2006), State of Bahia (Pinto et al., 2003), both representing the northeast region of Brazil and
State of Espirito Santo (Silva et al., 2014), representing the Southeast region of Brazil.
Regarding to morphometric variables, the accessions from Itacoatiara exhibited similar
performance compared to genotypes from State of Espirito Santo, which showed PFD (mean=
34.82mm and minimum/maximum 25.73 and 50.85mm, respectively), EFD (mean =
26.32mm and minimum/maximum 19.42 and 37mm, respectively), FW (mean = 14.39¢ and
minimum/maximum 7.25 and 40.51g, respectively). Exception was observed for PY (mean =
58.68% and minimum/maximum 35.43 and 69.42%, respectively). The accessions from
Itacoatiara yielded less pulp than those genotypes from State of Espirito Santo. In general, the
accessions from Itacoatiara exhibited superior performance compared to the genotypes from
State of Piaui: PFD (mean = 33.7mm, and minimum/maximum 29.5 and 39.8mm,
respectively), EFD (mean = 23.5mm and minimum/maximum 18.3 to 26.8mm, respectively),
FW (mean = 9.9g and minimum/maximum 5.7 and 16.5, respectively). Exception was
observed for PY (mean = 72.6% and minimum/maximum 69.7 and 77.5%, respectively). The
accessions from Itacoatiara yielded less pulp than those from State of Piaui. Additionally, the
accessions from Itacoatirara showed pulp yield like genotypes from State of Bahia: PY (mean
= 49.96% and minimum/maximum 27.42 and 61.84%, respectively).

Concerning to the chemical variables assessed, the Brazilian Legislation (Brasil, 2000)
defines the minimum pattern of pH in units of pH of 2.2, SS in °Brix of 9.0, TA in percentage

(%) of 0.9 and ratio SS/TA of 10. For pH and SS, all 48 yellow mombin fitted to minimum
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pattern in both 2017 and 2018 seasons. For the TA, six and seven yellow mombin did not fit
the minimum pattern of 0.9 % in the 2017 and 2018 seasons, respectively, and for the ratio
SS/TA, 30 and 29 yellow mombin did not fit the minimum pattern of 10 in the 2017 and 2018
seasons, respectively.

Comparatively, the values of SS displayed by accessions from Itacoatiara were like the
genotypes from State of Piaui (SS, mean= 14.1 °Brix and minimum/maximum of 11.2 and
16.3 °Brix, respectively), State of Bahia (SS, mean= 11.01 °Brix and minimum/maximum of
7.07 and 14 °Brix, respectively) and State of Espirito Santo (SS, mean=11.39 °Brix and
minimum/maximum of 9.4 and 14.08 °Brix, respectively). The values of Titrable Acidity
displayed by the accessions from Itacoatiara were also like the genotypes from State of Piaui
(TA, mean= 1.6% and minimum/maximum of 0.9 and 2.6%, respectively), State of Bahia
(TA, mean= 1.06% and minimum/maximum of 0.58 and 1.75%, respectively) and State of
Espirito Santo (TA, mean= 1.56% and minimum/maximum of 0.22 and 4.38%, respectively).
Comparing the ratio SS/TA, the values exhibited by accession from Itacoatiara were like the
values presented by genotypes from Satet of Piaui (ratio SS/TA, mean=10.5 and
minimum/maximum of 4.9 and 16.7, respectively), State of Bahia (SS/TA, mean= 11.03 and
minimum/maximum of 7.3 and 21.3%, respectively). The accessions from State of Espirito
Santo showed wide range of ratio SS/TA (SS/TA, mean= 18.52 and minimum/maximum of
3.12 and 59.82).

Studies of association between traits are important step to define breeding strategies.
The correlation matrix between pairwise of morphometric and chemical fruit variables in both
2017 and 2018 seasons were highly correlated (r? = 0.95, p-value < 2.2e’*® Figure 8a), it
means that no significant disturbance was detected between pairwise of correlation estimated
in the 2017 and 2018. Overall, significant correlations were observed between morphometric

fruit variables in 2017 and 2018, except for the pairs PFD-PY, PSD-PY, ESD-PY, FW-PY
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and SW-PY (Table 4). The pair EFD-PY showed low and significant correlation in the 2017
(r? = 0.323, p-value = 0.02503) but not in the 2018 (r> = 0.115, p-value = 0.4356). Especial
attention, on positive and high correlation displayed between PFD-PSD (r? = 0.962, p-value <
2.2e%and r? = 0.970, p-value < 2.2e® in 2017 and 2018, respectively), EFD-ESD (r? =
0.82, p-value = 1.042e1? and r?= 0.865, p-value = 2.109¢*® in 2017 and 2018, respectively),
FW-SW (r? = 0.91, p-value < 2.2e® and r? = 0.926, p-value < 2.2e’*® in 2017 and 2018,
respectively). It means, the selection to increase size and weight of the fruits would lead on
increase of size and weight of the seeds. As consequence, the most morphological variables
were not correlated to pulp yield, except the weak but significant correlation between PY -
EFD (r? = 0.323, p-value = 0.02503 in the 2017). However, this weak but significant pattern
of correlation between PY-EFD was not repeated in the 2018 (r? = 0.115, p-value = 0.4356).
Previous works on morphological attributes of yellow mombin fruits revealed significant
correlation between FW-PFD (r? = 0.77), FW-EFD (r? = 0.90), FW-SW (r? = 0.97), PFD-EFD
(r? = 0.60) PFD-SW (r? = 0.75) whereas no correlation was detected between pulp yield with
either morphological measure of fruit (Soares et al., 2008).

Among chemical fruit variables, positive and significant correlation was observed for
the pair SS-TA (r? = 0.316, p-value = 0.02854 and r?=0.367, p-value = 0.0103 in 2017 and
2018, respectively), negative and significant correlation was observed for the pair TA-ratio
SS/TA (r? = -0.879, p-value < 2.2e*® and r? = -0.922, p-value < 2.2e71® in 2017 and 2018,
respectively) whereas the following pairs do not show significant correlation in 2017 and
2018, pH-TA (r? = -0.649, p-value =5.929¢°" and r? = 0.083, p-value = 0.576 in 2017 and
2018, respectively) and pH-ratio SS/TA (r?> = 0.551, p-value = 4.983e"® and r? = -0.0005, p-
value = 0.9972 in 2017 and 2018, respectively).

Multivariate analysis is an important statistical tool for identification of similar or

closely related objects based on a set of shared attributes. In the current study, data generated
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from 48 yellow mombin tree was used for construction of dendrogram to assess the
relatedness among them. The Mahalanobis dissimilarity matrix between pairwise of yellow
mombin trees based on morphological and fruit chemical variables generated in both 2017
and 2018 seasons displayed positive significant correlation (r? = 0.45, p-value < 2.2e’*® Figure
8b). Although significant, the association between two matrices was weak and result in a
distinct cluster pattern (Figure 9a and 9b).

Based on clustering analysis, the 48 yellow mombin accessions were organized into
seven clustered in 2017 and eight in 2018 season, respectively (Figure 9a and 9b). Cluster 4
consisted of two yellow mombin (T13 e T22) during 2017 and these two yellow mombin
were grouped together in cluster 2 during 2018. The Cluster 1 consisted of single member
group (T34) during 2017 whereas it clustered with 33 others yellow mombin trees of Cluster
6 during 2018. The Cluster 2 consisted of single member group (T30) during 2017 whereas it
clustered with one other yellow mombin tree of Cluster 8 during 2018. The Cluster 3
consisted of three yellow mombin trees (T39, T41 and T42) during 2017, whereas T42
clustered with two others (T40 and T45) of Cluster 5 during 2018 as well as T39 and T41
clustered with 32 others yellow mombin trees of Cluster 6 during 2018. The Cluster 5
consisted of three yellow mombin trees (T16, T7 and T8) during 2017, whereas T16 clustered
with two others yellow mombin trees of Cluster 4 during 2018 as well as T7 and T8 clustered
with 32 others yellow mombin trees of Cluster 6 during 2018. The Cluster 6 consisted of two
yellow mombin trees (T31 and T33) during 2017, whereas T31 clustered with two others
yellow mombin tree (T16 and T21) of Cluster 4 during 2018 and T33 was single member of
Cluster 1 during 2018. Twenty nine of 36 yellow mombin trees of Cluster 7 during 2017 were
also members of Cluster 6 during 2018. The main hypothesis for observed disturbance among

clusters of two seasons may be the significant interaction detected by ANOVA in Table 1.
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Further investigation is needed to address if the climatic factors would be responsible for the

observed interactions among seasons.
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Table 1. Results of the analysis of variance (ANOVA) for morphometric and chemical variables:

PFD PSD EFD ESD FW SwW PY pH TA SS SSITA
- . . . p- - - . p- - -
F p-value F p-value F p-value F p-value F value F  p-value F p-value F p-value F value F p-value F p-value
Yellow mombin 9427 <22e% 10972 <22e' 7754 <22¢% 6051 <22¢ 7035 21;326’ 67,901 ° 21;,,26’ 36,16 <22¢ 1208 <22e% 4822 2“,52e' 28,93 <2 3271 <22e
Year 12,82 0,0004341 1,05 0,3065 6567 6,104 0,09 0,7669 134,17 < 21’526- 2,18 10,1411 296,68 <2,2¢'® 189,80 <2,2¢% 176,16 < 21},28- 0,18 06745 98,79 <22¢%®

Yellow

mombin*Year 407 2,984e*? 473 8,857e™ 2,37 2,104e® 4,68 1266e** 2,97 83e® 461 243 877 <22 602 <226 8,08 <21’628- 11,49 <2.2e’ 554 <227

Polar fruit diameter (PFD, in mm); Polar seed diameter (PSD, in mm); equatorial fuit diameter (EFD, in mm); equatorial seed diameter (ESD, in mm); fruit weight (FW, in
0); seed weight (SW, in g); pulp yield (PY, in %). Potential of Hydrogen (pH, in pH units); soluble solids (SS, in °Brix); titrable acidity (TA, in % in citric acid); soluble
solids/ titrable acidity (SS/TA , in ratio).

Fisher test values and probability level at a threshold of 5%.



Table 2. Means of morphometric variables obtained from 48 yellow mombin trees from Itacoatiara, Amazonas, in 2017 and 2018.

Yellow PFD PSD EFD ESD FW SW PY

mombin 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
T43 4747 a A 4388 b B 3864 a A 3468 b B 3021 b A 2795 b B 2155 a A 178 e B 2163 b A 1726 b B 1040 b A 769 d B 5191 d A 5523 a A
T33 4610 a A 4806 a B 3819 a A 4043 a B 3149 a A 3009 a B 2131 a A 2198 a A 2328 a A 2278 a A 1201 a A 1421 a B 4788 e A 3764 g B
T30 4528 b A 4247 b B 3711 b A 3520 b B 2602 e A 2574 d A 1754 e A 1825 e A 1561 d A 1423 d A 714 e A 728 e A 5469 c A 4848 c B
T40 4423 b A 4090 ¢ B 3604 b A 3446 b B 278 ¢ A 2583 d B 2217 a A 1891 d B 1695 d A 1600 ¢ A 897 ¢ A 778 d B 4640 e A 5130 b B
T20 438 b A 4261 b A 3450 ¢ A 3512 b A 2873 ¢ A 2679 ¢ B 1771 e A 1870 d A 2109 b A 1679 ¢ B 943 ¢ A 930 b A 5509 ¢ A 4451 d A
T44 4381 b A 4363 b A 3641 b A 3550 b A 2970 b A 2965 a A 2171 a A 2031 b B 189 c¢ A 1822 b A 958 b A 794 d A 4893 e A 5627 a B
T45 4151 ¢ A 4121 ¢ A 348 c A 3418 b A 2817 ¢ A 2734 ¢ A 2098 b A 2078 b A 1625 d A 1560 ¢ A 819 d A 773 d A 4731 e A 5013 ¢ A
T2 4111 ¢ A 4118 ¢ A 3473 ¢ A 3511 b A 2575 e A 2558 d A 1829 e A 1953 ¢ B 1506 d A 138 d A 790 d A 769 d A 4738 e A 4446 d A
T22 3976 d A 3832 d A 3140 e A 3149 c A 2963 b A 2781 b B 1842 e A 1841 d A 2035 b A 1594 ¢ B 903 ¢ A 859 ¢ A 5522 ¢ A 4592 d B
T27 3969 d A 3654 e B 3390 d A 3059 d A 2460 e A 2338 f A 1757 e A 1630 f B 1279 e A 1039 f B 630 f A 523 f B 5057 d A 4915 ¢ A
T3 3954 d A 4193 b B 3430 ¢ A 3600 b B 2605 e A 2668 ¢ A 1876 d A 1919 ¢ A 1399 e A 1483 d A 724 e A 831l c B 4780 e A 4231 e B
T34 3941 d A 3833 d A 3143 e A 308 d A 2802 ¢ A 2803 b A 1972 ¢ A 2018 b A 1907 ¢ A 1538 ¢ B 987 b A 884 c B 4662 e A 4243 e B
T32 3914 d A 388 d A 3204 e A 3219 ¢ A 2595 e A 2606 ¢ B 1717 f A 1782 e A 1549 d A 1434 d A 659 f A 758 d B 5645 b A 4765 c B
T18 39.08 d A 3764 e A 3010 f A 2984 e A 3021 b A 2983 a A 2048 b A 2050 b A 2056 b A 1815 b B 917 ¢ A 923 b A 5542 ¢ A 4858 ¢ B
Ti1 3895 d A 3725 e A 3312 d A 3149 ¢ B 2633 e A 2633 ¢ A 2103 b A 2136 a A 1510 d A 1313 e B 871 ¢ A 831 c A 4179 f A 3421 g B
T29 3881 d A 3869 d A 3293 d A 3277 ¢ A 2555 e A 2533 d A 1770 e A 1784 e A 1452 e A 1283 e A 684 e A 700 e A 5243 d A 4510 d B
T4 3849 d A 3718 e A 3364 d A 3215 ¢ B 2312 g A 2229 f B 1704 f A 1653 f A 1033 g A 88 g A 558 g A 477 g A 4597 e A 4566 d A
T46 3842 d A 3825 d A 2964 f A 3074 d A 3064 a A 2991 a A 2041 b A 2150 a A 1868 ¢ A 1811 b A 733 e A 884 c A 6048 a A 5103 b A
T26 3764 e A 3676 e A 3215 e A 3100 d A 2379 f A 2322 f A 1707 f A 1659 f A 1226 f A 1080 f A 602 f A 540 f A 5011 d A 499 c A
T14 3734 e A 3629 e A 3165 e A 3113 d A 2721 d A 2603 ¢ B 2071 b A 2022 b A 1595 d A 1159 e B 833 d A 666 e B 4760 e A 4236 e B
T31 3720 e A 3501 f B 3052 f A 2825 f B 238 f A 2226 f A 1569 g A 1571 f A 1278 e A 982 f B 706 e A 594 f B 4456 e A 3890 f A
T39 3709 e A 3471 f B 3024 f A 2832 f B 2805 ¢ A 2606 ¢ B 1976 ¢ A 1850 d B 1583 d A 118 e B 666 f A 673 e A 5728 b A 4326 e B
T47 3708 e A 3698 e A 2917 f A 2983 e A 2990 b A 2892 b B 2025 ¢ A 2099 b A 1711 d A 1615 ¢ A 701 e A 763 d A 5875 b A 5249 b B
T6 36.88 e A 3517 f A 2950 f A 2907 f A 2679 d A 2515 d B 1882 d A 1841 d A 1332 e A 1146 e B 639 f A 618 f A 5204 d A 4561 d B
T35 3661 e A 3381 g B 3021 f A 2870 f B 2602 e A 2394 e A 1849 e A 1853 d A 1415 e A 999 f B 706 e A 621 f A 4901 e A 3737 g B

44



T50 34.21 A 30.61 B 27.06 A 2455 B 2567 e A 2288 A 16.75 A 1581 A 11.89 A 883 B 579 A 435 B 50.33 A 49.54 A
T17 27.28 A 28.78 A 2229 A 23.68 A 2218 g A 2247 A 16.93 A 17.69 A 6.52 A 6.75 A 3.68 A 395 A 4335 A 4117 A
T1 31.10 A 33.04 A 2554 A 2733 B 2277 g A 2234 A 16.07 A 16.30 A 8.68 A 8.68 A 4.02 A 459 A 53.66 A 47.06 A
T10 36.60 A 4031 A 30.44 A 34.68 B 2562 e A 26.58 A 19.93 A 2185 B 13.54 A 15.04 A 785 A 974 B 41.60 A 34.92 B
T12 30.04 A 30.50 A 2349 A 23.96 A 2473 e A 2463 A 17.44 A 17.32 A 10.64 A 956 A 513 A 468 A 5157 A 51.02 A
T13 35.36 A 3355 B 30.14 A 28.60 B 2698 d A 2516 B 18.92 A 18.09 A 1420 A 10.53 B 764 A 581 B 45.06 A 4441 A
T16 32.40 A 3221 A 2734 A 2837 A 1935 i A 18.68 B 14.16 A 1412 A 786 A  6.04 B 458 A 410 A 37.88 A 36.36 A
T19 33.07 A 3237 A 2511 A 2471 A 2576 e A 2442 B 16.54 A 16.53 A 1219 A 10.26 B 488 A 483 A 59.63 A 52.66 B
T21 35.08 A 35.08 A 26.90 A 27.87 A 2610 e A 25.02 A 16.93 A 17.85 A 13.75 A 1294 A 651 A 711 A 52.36 A 4490 B
T23 35.83 A 3631 A 2177 A 29.45 B 2589 e A 2492 A 17.65 A 19.27 B 12.96 A 11.84 A 572 A 687 B 55.89 A 4219 B
T24 29.84 A 2911 A 2387 A 2348 A 2069 h A 2047 A 1444 A 1452 A 720 A 6.26 A 347 A 325 A 5175 A 48.07 B
T25 36.34 A 3493 A 30.94 A 29.68 A 2312 g A 2318 A 16.74 A 16.20 A 10.77 A 971 A 548 A 482 A 48.93 A 50.26 A
T36 34.34 A 33.80 A 2758 A 2817 A 2601 e A 2543 A 1857 A 1872 A 1241 A 1114 A 599 A 654 A 5151 A 4115 B
T37 35.05 A 3512 A 2921 A 2873 A 2726 d A 26.65 A 2017 A 19.76 A 1279 A 12.08 A 734 A 721 A 4215 A 40.26 A
T38 34.42 A 3347 A 27.07 A 26.76 A 2519 e A 2518 A 18.23 A 18.68 A 11.76 A 10.84 A 528 A 5.66 A 53.49 A 4773 B
T41 34.43 A 3541 A 2713 A 28.01 A 2516 e A 2501 A 16.68 A 17.27 A 12.16 A 1132 A 434 A 546 B 63.13 A 5171 B
T42 30.43 A 3312 B 24.04 A 26.19 B 2231 g A 23.03 A 1483 A 16.29 B 829 A 972 A 314 A 446 B 6141 A 5420 B
T48 36.45 A 35.68 A 28.04 A 2830 A 2998 b A 2881 A 19.86 A 2043 A 1711 A 1547 A 630 A 721 A 6281 A 53.05 B
T49 34.65 A 36.67 B 27.77 A 29.15 A 2395 f A 2373 A 15.60 A 16.93 B 10.00 A 994 A 426 A 478 A 56.71 A 51.68 B
T5 34.53 A 3459 A 2911 A 29.14 A 2541 e A 2572 A 1971 A 20.50 A 1152 A 10.36 A 674 A 649 A 4141 A 3721 B
T7 31.15 A 3248 A 2594 A 26.80 A 2144 h A 2098 A 16.08 A 1487 B 713 A 681 A 388 A 336 A 4519 A 50.21 B
T8 29.47 A 3270 B 2492 A 26.75 B 2259 g A 2413 A 17.28 A 1753 A 805 A 961 A 5.09 A 518 A 36.33 A 4573 B
T9 34.75 A 3433 A 29.15 A 28.70 A 2641 e A 2556 A 2071 A 2019 A 1299 A 11.92 A 749 A 7.08 A 4210 A 4041 B
Médias  36.90 36.46 30.15 30.05 26.00 25.32 18.35 18.37 13.87 12.38 6.74 6.64 50.42 45.96

Polar fruit diameter (PFD, in mm); Polar seed diameter (PSD,

0); seed weight (SW, in g); pulp yield (PY, in %).
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in mm); equatorial fuit diameter (EFD, in mm); equatorial seed diameter (ESD, in mm); fruit weight (FW, in

Means with same capital letter in the lines and lowercase letter in columns belong to the same homogeneous cluster by Skott—Knott test (p < 0.05).



Table 3. Means of chemical variables obtained from 48 yellow mombin trees from Itacoatiara, Amazonas, in 2017 and 2018.

pH AT SS SS/IAT
Yellow mombin
2017 2018 2017 2018 2017 2018 2017 2018

T43 303 d A 291 ¢ A 122 ¢ A 098 b A 1333 ¢ A 1267 b A 1140 d A 1412 b B
T33 312 ¢ A 255 d B 131 f A 136 ¢ A 1100 f A 1167 ¢ A 842 ¢ A 858 e A
T30 313 ¢ A 255 d B 188 g A 158 e A 1000 g A 1000 e A 532 f A 636 f A
T40 294 d A 284 ¢ A 198 d A 094 a B 1300 d A 1400 a B 660 f A 1491 b B
T20 316 ¢ A 251 d B 124 g A 125 e A 1000 g A 1000 e A 813 e A 799 e A
T44 324 b A 331 A 095 e A 082 c A 1200 e A 1200 ¢ A 1268 ¢ A 1473 b B
T45 317 ¢ A 302 b A 095 e A 074 ¢ A 1167 e A 1167 ¢ A 1227 ¢ A 1591 a B
T2 332 b A 327 a A 141 e A 112 b B 1233 e A 1333 b B 876 e A 1199 ¢ B
T22 349 a A 273 ¢ B 080 e A 079 b A 1233 e A 1300 b A 1535 b A 1677 a A
T27 334 a A 321 a A 118 e A 120 ¢ A 1200 e A 1233 ¢ A 1020 d A 1032 d A
T3 316 ¢ A 308 b A 158 d A 137 b A 1300 d A 1333 b A 828 e A 971 d A
T34 291 d A 268 d B 222 e A 166 d A 1167 e A 1100 d A 528 f A 663 f A
T32 293 d A 264 d B 149 e A 168 ¢ A 1200 e A 1167 ¢ A 813 e A 697 f A
T18 307 ¢ A 255 d B 144 e A 126 b B 1200 e A 1300 b B 838 e A 1028 d B
T11 325 b A 326 a A 157 d A 167 a B 1267 d A 1467 a B 815 e A 885 e A
T29 329 b A 327 a A 107 A 09 c A 1133 A 1200 ¢ A 1057 d A 1256 c B
T4 331 b A 338 a A 154 f A 143 ¢ B 1100 f A 1200 ¢ B 714 f A 854 e A
T46 298 d A 266 d A 157 f A 09 ¢ A 1100 f A 1200 ¢ A 701 f A 1248 c A
T26 341 a A 325 a A 109 e A 136 ¢ A 1200 e A 1200 ¢ A 1103 d A 898 e B
T14 318 ¢ A 258 d B 110 ¢ A 09 d B 1367 A 1100 d B 1242 ¢ A 1151 ¢ A
T31 291 d A 302 b A 179 f A 121 ¢ B 1100 f A 1233 ¢ B 619 f A 1036 d B
T39 341 a A 320 a A 068 e A 076 e B 1233 e A 967 e B 1820 a A 1274 ¢ B
T47 301 d A 280 ¢ A 133 f A 107 ¢ B 1100 f A 1200 ¢ B 830 e A 1121 d B
T6 279 d A 291 ¢ A 235 b A 162 b A 1400 b A 1333 b A 597 f A 822 ¢ B
T35 351 a A 360 a A 118 e A 133 a B 1200 e A 1467 a B 1025 d A 1124 d A



T50 296 d A 262 d B 189 ¢ A 129 a A 1367 ¢ A 1400 a A 728 f A 1094 d B
T17 343 a A 302 b B 136 ¢ A 112 b A 1367 ¢ A 1333 b A 1012 d A 1195 ¢ A
Tl 322 b A 333 a A 202 e A 175 ¢ A 1233 e A 1233 ¢ A 6.10 A 717 f A
T10 323 b A 323 a A 177 a A 150 ¢ B 1567 a A 1167 ¢ B 88 e A 778 e A
T12 307 ¢ A 272 ¢ B 138 e A 106 ¢ A 1200 e A 1133 ¢ A 869 e A 1080 d B
T13 345 a A 332 a A 070 g A 057 e A 1033 g A 1000 e A 1494 b A 1743 a B
T16 321 b A 327 a A 127 d A 124 b A 1267 d A 1283 b A 1002 d A 1042 d A
T19 316 ¢ A 253 d B 118 d A 116 b A 1300 d A 1333 b A 1107 d A 1158 c A
T21 341 a A 280 c¢c B 141 f A 103 ¢ B 1067 f A 1200 ¢ B 758 e A 1172 ¢ B
T23 320 b A 257 d B 125 d A 139 a B 1300 d A 1433 a B 1033 d A 1031 d A
T24 323 b A 319 a A 169 b A 151 b B 1433 b A 1333 b B 849 e A 882 e A
T25 346 a A 307 b B 127 f A 133 ¢ A 1067 f A 1133 ¢ A 839 e A 850 e A
T36 312 ¢ A 301 b A 172 b A 163 B 1467 b A 1333 b B 852 e A 822 e A
T37 324 b A 270 ¢ B 167 d A 150 ¢ A 1300 d A 1233 ¢ A 781 e A 824 e A
T38 316 ¢ A 300 b A 135 e A 104 ¢ A 1167 e A 1133 ¢ A 867 e A 1101 d B
T41 335 a A 297 b B 078 e A 074 d B 1200 e A 1100 d B 1536 b A 1486 b A
T42 323 b A 248 d B 076 e A 073 d B 1233 ¢ A 1100 d B 1629 b A 1510 b A
T48 317 ¢ A 271 ¢ B 119 e A 115 b B 1200 e A 1300 b B 1008 d A 1127 d A
T49 313 ¢ A 286 ¢ B 155 b A 08 d B 1433 b A 1100 d B 930 d A 1304 c B
T5 337 a A 336 a A 115 g A 108 ¢ B 1000 g A 1200 ¢ B 868 e A 1110 d B
T7 296 d A 277 ¢ A 167 ¢ A 154 a B 1333 ¢ A 1500 a B 8.02 A 983 d A
T8 302 d A 33 a B 197 ¢ A 164 ¢ B 1367 ¢ A 1200 ¢ B 697 f A 737 f A
T9 296 d A 329 a B 153 e A 18 b B 1200 e A 1333 b B 782 e A 729 f A
Média 3.18 2.96 1.41 1.22 12.28 12.30 9.46 10.76

Potential of Hydrogen (pH, in pH units); soluble solids (SS, in °Brix); titrable acidity (TA, in % in citric acid); soluble solids/ titrable acidity (SS/TA , in ratio).

Means with same capital letter in the lines and lowercase letter in columns belong to the same homogeneous cluster by Skott—Knott test (p < 0.05).



Pairwise of correlation matrix of the 2017 season

Figure 8. Scatted plot of pairwise of correlation matrix of 2017 and 2018 seasons (a) and pairwise of Mahalanobis dissmilarity matrix of 2017 and 2018 season (b)
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Table 4. Estimates of correlation between morfometric and chemical and variables obtained from 48 yellow mombin trees in Itacoatiara,
Amazonas in 2017 (bellow diagonal) and in 2018 (above diagonal).

PFD
PSD
EFD
ESD
FW
SW
PY
pH
TA
SS
SSITA

PFD PSD EFD ESD FW SW PY pH TA SS SSITA

1 0.970%** 0.669*** 0.553* 0.856*** 0.816*** 0.035™ -0.161™ -0.088™ -0.210™ 0.044"
0.962*** 1 0.565* 0.529*** 0.765*** 0.782*** -0.112™ -0.019™ -0.024™ -0.175™ -0.012"™
0.688*** 0.55%** 1 0.865*** 0.923*** 0.837*** 0.115™ -0.332* -0.188™ -0.191™ 0.154™
0.604 *** 0.577*** 0.820*** 1 0.759*** 0.808*** -0.112™ -0.019™ -0.024™ -0.175™ -0.012"™
0.844*** 0.722%** 0.930*** 0.727*** 1 0.926*** 0.104™ -0.353* -0.149™ -0.171™ 0.115™
0.839*** 0.79%*** 0.809*** 0.796*** 0.910*** 1 -0.261™ -0.260™ 0.015™ -0.134™ -0.055™
0.090™ -0.101™ 0.323* -0.101™ 0.254ns -0.151ns 1 -0.324* -0.393** -0.155™ 0.382**
-0.113™ -0.030™ -0.169ns -0.030™ -0.145ns -0.138ns -0.011ns 1 0.083™ 0.128™ -0.001™
-0.066™ -0.072" -0.162™ -0.072™ -0.161ns -0.030ns -0.304* -0.649*** 1 0.367*  -0.922***
-0.338* -0.319* -0.255™ -0.319* -0.328* -0.260ns -0.149ns -0.204ns 0.316* 1 -0.078™
-0.047™ -0.044™ 0.099™ -0.044 " 0.069ns -0.057ns 0.309* 0.551***  -0.8790*** 0,024 ™ 1

Polar fruit diameter (PFD, in mm); polar seed diameter (PSD, in mm); equatorial fuit diameter (EFD, in mm); equatorial seed diameter (ESD, in mm); fruit weight (FW, in
0); seed weight (SW, in g); pulp yield (PY, in %); potential of Hydrogen (pH, in pH units); titrable acidity (TA, in % in citric acid); soluble solids (SS, in °Brix); soluble

solids/ titrable acidity (SS/TA , in ratio).

* xx *xx%Significant at 5% (p < 0.05); 1% (p < 0.01); 0.1% (p < 0,001) by t-test , respectively and ™ (no significance).
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Figure 9. Dendogram obtained by UPGMA method based on Mahalanobis distance among chemical and morphometric variables from 48 yellow mombin trees in Itacoatiara,

Amazonas in 2017 (a) and 2018 (b).Grupos: G1, G2, G3, G4, G5, G6, G7 and G8.
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