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“... Tudo tem o seu tempo determinado, e todo proposito debaixo do céu
Tem o seu tempo: Ha tempo de nascer, e tempo de morrer;

tempo de plantar, e tempo de colher

o que se plantou...” Eclesiastes 3: 1e2
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RESUMO GERAL

Esta tese € composta por quatro capitulos de estudos da diversidade genética de gen6tipos
de robustas e conilons cultivados em Ronddnia e no Espirito Santo. Os Capitulos 1,2 e 3
tem como objetivo estudar o sistema radicular, aspectos nutricionais de folhas em duas
épocas de amostragens, flores, frutos, grdos e palha, identificar o acimulo de nutrientes
em palha, gréos e frutos e identificar o peso dos frutos secos e a relagéo palha/gréos de
cada individuo em um grupo de 16 gendtipos de Coffea Canephora cultivados em
Rondonia. No Capitulo 1, Foi coletado o volume de 27 cm?® de solo e raizes a cada 10 cm
separadamente até os 60 cm de profundidade e retirado a uma distancia padrao de 30 cm
do caule da planta na linha de plantio. As raizes foram coletadas, lavadas, digitalizadas e
processadas no programa Safira, quantificou-se volume de raiz por volume de solo, area
superficial, didmetro e comprimento das raizes. Em seguida foram agrupados pelo
método hierarquico UPGMA e Toucher. As caracteristicas da parte aérea da planta foram
avaliadas e correlacionadas com as caracteristicas das raizes. O sistema radicular dos 16
gendtipos concentrou-se principalmente na camada 0 — 30 cm do solo, compreendendo
em 80% do volume das raizes. Foram observadas correlacdes positivas entre as
caracteristicas do sistema radicular. O sistema radicular dos 16 gendtipos avaliados se
concentraram principalmente na camada 0 — 30 cm do solo, compreendendo em 80% do
volume das raizes. No entanto, nove genotipos podem ser considerados promissores para
o melhoramento genético visando a tolerancia ao déficit hidrico, por apresentarem
maiores volumes de raizes nas camadas mais profundas do solo, agruparam-se em um
grupo pela anélise de diversidade. No Capitulo 2 pretendeu-se quantificar o acumulo de
nutrientes em grao e palha, bem como indicar a dissimilaridade entre 16 genotipos de
Coffea canephora cultivado na Amazonia brasileira podendo auxiliar na recomendacéo
de adubacdo. A coleta de frutos foi realizada maio a junho de 2020. Para o0 acimulo de
nutrientes coletou-se amostras de 2 litros frescos e secados a pleno sol, foi realizado o
beneficiamento, separado os grédos, as palhas e submetido as analises quimicas. Para a
relacdo grdos e palha foram coletados total de 60 frutos de cada gendtipo para o
beneficiamento, foram submetidos a analise de variancia, teste de Scott-Knott para
comparacao de médias. Para o estudo da diversidade genética, a dissimilaridade da matriz
de distancia generalizada de Mahalanobis (D?) e realizou-se o agrupamento pelo método
hierarquico UPGMA, método de Tocher e a importancia relativa dos acimulos de
nutrientes, porcentagem de grao/palha para predicdo de diversidade genética de acordo
com Singh. O gen6tipo ZD156 foi o que mais acumulou K no grdo. Os genotipos
dividiram-se em quatro grupos, com o AS10 permanecendo isolado. LB080 obteve o
menor peso de fruto seco e a menor porcentagem de grédos em relagdo a palha. O grupo
de genotipos AS4, AS10, VP06, A106, AS7 possuem porcentagens de grdos em relacédo
a palha similares. Os nutrientes N, K, Ca e P sdo acumulados em maior quantidade,
havendo necessidade de calibrar as dosagens de adubacdo mineral e os parcelamentos.
No Capitulo 3 o objetivo deste trabalho foi avaliar as concentragbes de nutrientes nas
flores, folhas (pré-florescimento e enchimento de grdos), grdos e casca de genotipos de
café Robusta cultivados na regido amazodnica, bem como identificar sua diversidade
genética. As concentracdes de nutrientes dos diferentes 6rgdos avaliados foram
submetidas a andlise de variancia pelo teste F (p<0,01) e os parametros genéticos foram
estimados. Para determinar a diversidade genética, os gendétipos foram agrupados pelo
método hierarquico UPGMA e para predizé-la, foi analisada a importancia relativa dos
caracteres. As concentracdes médias de nutrientes nos dois periodos de amostragem foliar



superaram 0s padrdes relatados na literatura. Para um diagnostico nutricional, é
importante levar em consideracdo comparacdes da diversidade genética e periodos de
avaliacdo. O Capitulo 4 é um estudo sistemético do sistema radicular de seis genotipos
apos cinco safra consecutivas sem interferéncia de poda programada de ciclo. objetivo
avaliar a variabilidade na distribuicdo do sistema radicular entre genotipos de C.
canephora cv. Conilon e indicam estratégias de manejo para uma adubacdo mineral mais
eficientes. No total, foram avaliadas 1296 amostras de raizes. As raizes foram lavadas,
digitalizadas e processadas para quantificar a densidade de comprimento, volume, area
superficial e didmetro. A distribuicdo do sistema radicular foi caracterizada por
semivariogramas. Houve variacéo na distribuicao do sistema radicular entre os genotipos.
Em geral, o sistema radicular concentra-se a uma profundidade de 0 a 20 cm no solo, em
distancias de até 50 cm na linha de plantio e até 60 cm nas entrelinhas. Portanto, a maior
eficiéncia no manejo nutricional pode ser alcangada com a aplicacdo de fertilizantes em
um raio de 50 cm ao redor da planta.

Palavras-chave: melhoramento de plantas, diversidade genética, café robusta.



OVERVIEW
This thesis is composed of four chapters of studies on the genetic diversity of robusta and
conilon genotypes cultivated in Rond6nia and Espirito Santo. Chapters 1, 2 and 3 aim to
study the root system, nutritional aspects of leaves at two sampling times, flowers, fruits,
grains and straw, identify the accumulation of nutrients in straw, grains and fruits and
identify the fruit weight. and the straw/grain ratio of each individual in a group of 16
genotypes of Coffea Canephora cultivated in Ronddnia. In Chapter 1, the volume of 27
cm3 of soil and roots was collected every 10 cm separately up to 60 cm in depth and
removed at a standard distance of 30 cm from the plant stem in the planting row. The
roots were collected, washed, digitized and processed in the program Sapphire,
quantifying root volume by soil volume, surface area, diameter and length of the roots.
Then they were grouped by the hierarchical method UPGMA and Toucher. The
characteristics of the aerial part of the plant were evaluated and correlated with the
characteristics of the roots. The root system of the 16 genotypes was mainly concentrated
in the layer 0 — 30 cm of the soil, comprising 80% of the root volume. Positive correlations
were observed between the characteristics of the root system. The root system of the 16
evaluated genotypes was mainly concentrated in the 0 — 30 cm layer of the soil,
comprising 80% of the root volume. However, nine genotypes can be considered
promising for genetic improvement aiming at tolerance to water deficit, because they
present larger volumes of roots in the deeper layers of the soil, they were grouped in a
group by the diversity analysis. In Chapter 2, it was intended to quantify the accumulation
of nutrients in grain and straw, as well as to indicate the dissimilarity between 16
genotypes of Coffea canephora cultivated in the Brazilian Amazon, which may help in
the recommendation of fertilization. Fruit collection was carried out from May to June
2020. For the accumulation of nutrients, fresh 2-liter samples were collected and dried in
full sun, processing was carried out, grains and straws were separated and subjected to
chemical analysis. For the relationship between grains and straw, a total of 60 fruits of
each genotype were collected for processing, they were subjected to analysis of variance,
Scott-Knott test for comparison of means. For the study of genetic diversity, the
dissimilarity of the generalized distance matrix of Mahalanobis (D2) and the grouping by
the hierarchical method UPGMA, the Tocher method and the relative importance of the
accumulation of nutrients, percentage of grain/straw for prediction of genetic diversity
according to Singh. The ZD156 genotype was the one that accumulated the most K in the
grain. The genotypes were divided into four groups, with AS10 remaining isolated.
LB080 had the lowest dry fruit weight and the lowest percentage of grains in relation to
straw. The group of genotypes AS4, AS10, VP06, A106, AS7 have similar percentages
of grains in relation to straw. Nutrients N, K, Ca and P are accumulated in greater
amounts, making it necessary to calibrate the doses of mineral fertilization and the
installments. In Chapter 3, the objective of this work was to evaluate nutrient
concentrations in flowers, leaves (pre-flowering and grain filling), beans and husks of
Robusta coffee genotypes grown in the Amazon region, as well as to identify their genetic
diversity. The nutrient concentrations of the different organs evaluated were submitted to
analysis of variance by the F test (p<0.01) and the genetic parameters were estimated. To
determine the genetic diversity, the genotypes were grouped using the UPGMA
hierarchical method and to predict it, the relative importance of the characters was
analyzed. The average nutrient concentrations in the two leaf sampling periods exceeded
the standards reported in the literature. For a nutritional diagnosis, it is important to
consider genetic diversity comparisons and evaluation periods. Chapter 4 is a systematic
study of the root system of six genotypes after five consecutive seasons without
interference from programmed cycle pruning. objective to evaluate the variability in the
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distribution of the root system among genotypes of C. canephora cv. Conilon and indicate
management strategies for more efficient mineral fertilization. In total, 1296 root samples
were evaluated. The roots were washed, digitized and processed to quantify the density
of length, volume, surface area and diameter. The distribution of the root system was
characterized by semivariograms. There was variation in the distribution of the root
system among the genotypes. In general, the root system is concentrated at a depth of 0
to 20 cm in the soil, at distances of up to 50 cm in the planting row and up to 60 cm
between the rows. Therefore, the greatest efficiency in nutritional management can be
achieved by applying fertilizers within a radius of 50 cm around the plant.
Keywords: plant breeding, genetic diversity, robusta coffee.
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INTRODUCAO GERAL

O género Coffea totaliza 124 espécies, incluindo a Coffea canephora Pierre ex
Froehner, que sdo diploides 2n =22 cromossomos e uma poliploide 2n =44 cromossomos
— Coffea arabia L. (DAVIS et al., 2011; ADRIANASOLO et al., 2013). Essas espécies
estdo subdivididas em quatro secdes Paracoffea, Argocoffea, Mascarocoffea e Eucoffea
sendo que a secdo Eucoffea detém cinco subsecdes onde se enquadram as duas espécies
de maior relevancia econdmica: C. arabica e C.canephora (ADRIANASOLO etal., 2013;
DAVIS et al., 2011).

O Brasil é o maior produtor e exportador de café, a estimativa de safra é 53,43
milhGes de sacas entre as espécies C. arabica e C. canephora (CONAB, 2022). Desse
montante 17,7 milhdes sacas de café beneficiado advém da espécie C. canephora. No
Espirito Santo produz as duas espécies, café Conilon e café Arabica cultiva-se 402 mil
hectares e cerca de 16, 5 milhdes de sacas de 60 kg de café beneficiado. Em Rondonia
por sua vez, predomina-se o cultivo da espécie C. canephora em cerca de 65 mil hectares,
a producdo estimada em 2022 seré de 2,6 milhdes de sacas (CONAB, 2022).

A espécie C. canephora é nativa das florestas baixas da Africa equatorial
(ADRIANASOLDO et al., 2013). Esta presente em dois grupos geograficamente distintos
através de seus fendtipos e formas de adaptacéo genotipicas. Sao eles 0s grupos guineano
e 0 congolés. Em 1990 o grupo congolés foi dividido em dois subgrupos. No subgrupo
SG1 estdo presentes as plantas com caracteristicas davariedade Conilon (derivado da
designacdo original:‘Kouillou’) e no subgrupo SG2 as plantascom caracteristicas da
variedade Robusta (ALVES et al., 2017).

A variedade Conilon € caracterizada por plantas multicaule de porte baixo, folhas
menores e graos abaixo da peneiras 15, por sua vez é uma planta resistente a extresse
hidrico e suceptivel a nematdide (melodogyne spp) e ferrugem (Hemileia vastatrix), a
variedade robusta, no entanto, sdo plantas multicaules de porte elevado, ereto, folhas
maiores e de verde escuro intenso, frutos grandes e de melhor qualidade em comparacao
-a0 conilon (FERRAO et al., 2017; SILVA et al., 2017; GILES et al., 2019; PARTELLI
etal., 2021). Contudo, a observacao destas caracteristicas em campo e através de analises
laboratoriais estdo sendo cada vez mais Uteis para distinguir a fisiologia, os efeitos
genotipicos e ambientais nas plantas (SILVA et al., 2017; MARTINS et al.,2019).

O cafeeiro Robusta é uma planta alogama e com sistema de autoincompatibilidade
do tipo gametofitica, monogénica controlada pelo alelo S (CONAGIN; MENDES, 1961;
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ASQUINI et al., 2011; MORAES et al., 2019). Estes mecanismos de reproducdo sao
responsaveis por aumentar a heterogeneidade da espécie podendo gerar infinitas
possibilidades de combinacdes entre os dois subgrupos. (MARTINS et al.,, 2019;
STARLING et al.,, 2019). Nos programas de melhoramento a ampliacdo do
conhecimento da base genética selvagem é fundamental para o desenvolvimento de
novas cultivares mais produtivas e tolerantes a factores ambientais limitantes
(ADRIANASOLO et al., 2013; DAVIS et al., 2019).

AvaliagBes em campo para novos gendétipos ocorrem, principalmente, nas duas
espécies comercialmente exploradas (C. arabica e C. canephora). Neste sentido novos
gendtipos sdo indispensaveis para incrementar aos ensaios de pré - melhoramento
(SCHMILDT et al., 2018). Entre as caracteristicas mais utilizadas e, portanto, de maior
relevancia, estdo a arquitetura de planta, aspectos morfo-anatémicos foliares, capacidade
produtiva, distribuicdo e dimensdo do sistema radicular, capacidade produtiva da planta
(GUEDES et al., 2013; ESPINDULA et al., 2018; GILES et al., 2019).

Na cafeicultura, assim como em outras culturas altamente rentaveis a demanda
por gendtipos superiores e com capacidade de producéo elevada (SANTOS et al., 2021,
SENRA et al., 2020). Em geral, gendtipos com perfil produtivo séo altamente exigentes
em nutrientes, agua e a dindmica de absorcao e acumulo de nutrientes esta diretamente
relacionada a diversidade genética (COVRE et al., 2016; SILVA et al., 2020; SANTOS
et al., 2021). Nutrientes como N, Ca, K s&o altamente exigidos pelo cafeeiro, enquanto
que P, Mg e S, embora menos requeridos sdo tambeém considerados essenciais, ja que a
planta necessita de todos eles para suas fun¢Ges metabdlicas e produtivas (MARTINS et
al., 2020; KOLLN et al., 2022).

A dindmica de absorcao de nutrientes pode ser influenciada pela distribuigéo do
sistema radicular, no cafeeiro ha distintas caracteristicas entre as espécies C. canephora
e C. arabica e pelo tipo de propagacéo (sexuada ou assexuada) da planta (PARTELLI et
al., 2021; SILVA 2020). Assim, apesar de ser um processo demorado e oneroso, a
caracterizagdo do sistema radicular através do uso de ferramentas tecnologicas como
mensuracdo por imagem de amostras de raizes tem sido empregado para otimizagéo da
distribuicdo do sistema radicular (VOSS-FELS et al., 2018; PARTELLI et al., 2014).

Neste contexto, o objetivo de trabalho conhecer o comportamento sistema
radicular de 16 genotipos de C. canephora regido da zona da mata rondoniense. Detalhar
a concentracdo e acumulo de nutrientes em diferentes orgdos do cafeeiro robusta.

Caracterizar a capacidade produtiva atraves do volume de palha e grdo de gendtipos
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superiores na regido da zona da mata rondoniense para selecdo de gendtipos da zona da
mata rondoniense. Complementarmente, outra linha de pesquisa pretende avaliar a
distribuicdo do sistema radicular de genotipos superiores agrupando-os através de

dissimilaridade de genotipos adaptados no norte do Espirito Santo.
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CAPITULO 1

DIVERSIDADE GENETICA NO SISTEMA RADICULAR DE GENOTIPOS
DE Coffea canephora

Resumo - O objetivo deste trabalho foi estudar o sistema radicular no perfil de solo de
16 genotipos de café robusta cultivados na Amaz6nia brasileira e estimar os parametros
genéticos. As avaliagdes ocorreram em Alta Floresta D’Oeste, Rondonia, Brasil. Foi
coletado separadamente o volume de 27 cm®de solo e raizes a cada 10 cm de profundidade
até os 60 cm, e retirado a uma distancia padrao de 30 cm do caule da planta na linha de
plantio de 16 genotipos de café robusta. As raizes obtidas foram lavadas, digitalizadas e
processadas no programa Safira, tendo-se quantificado o volume de raiz por volume de
solo, area superficial, didmetro e comprimento das raizes. Em seguida foram agrupados
pelo método hierarquico UPGMA e Toucher. As caracteristicas da parte aérea da planta
foram avaliadas e correlacionadas com as caracteristicas das raizes. O sistema radicular
dos 16 genotipos concentrou-se principalmente na camada 0 — 30 cm do solo,
compreendendo em 80% do volume das raizes. O gendtipo LBO015 apresentou maior
volume de raiz nas camadas até 30-40 cm. Os maiores volumes apresentados na camada
de 50-60 cm foram dos gendtipos AS10 e AS4 com os valores 36.24 e 55.13 (mm3 cm-
3), respectivamente. Os indices de herdabilidade (h?) obtiveram valores proximos de
100%. Atraveés das analises de UPGMA e Toucher foi possivel agrupar os genoétipos em
quatro grupos, sendo que LB015 permaneceu isolado (grupo IV). Foram observadas
correlacdes positivas entre as caracteristicas do sistema radicular. O sistema radicular dos
16 gendtipos avaliados se concentraram principalmente na camada 0 — 30 cm do solo,
compreendendo em 80% do volume das raizes. No entanto, nove genotipos podem ser
considerados promissores para 0 melhoramento genético visando a tolerancia ao déficit
hidrico, por apresentarem maiores volumes de raizes nas camadas mais profundas do solo,
tendo ficado agrupados num grupo separado da analise de diversidade.

Palavras-chaves: Coffea canephora, raizes, melhoramento genético, agrupamentos.

GENETIC DIVERSITY IN THE GENOTYPE ROOT SYSTEM
FROM Coffea canephora
Abstract - The objective of this work was to study the root system in the soil profile of
16 robusta coffee genotypes cultivated in the Brazilian Amazon and to estimate the
genetic parameters. The evaluations took place in Alta Floresta D'Oeste, Rondonia,
Brazil. A volume of 27 cm3 of soil and roots was collected separately at every 10 cm
depth up to 60 cm, and removed at a standard distance of 30 cm from the plant stem in
the planting row of 16 robusta coffee genotypes. The roots obtained were washed,
digitized and processed in the Sapphire program, and the root volume per soil volume,
surface area, diameter and length of the roots were quantified. Then they were grouped
by the hierarchical method UPGMA and Toucher. The characteristics of the aerial part of
the plant were evaluated and correlated with the characteristics of the roots. The root
system of the 16 genotypes was mainly concentrated in the layer 0 — 30 cm of the soil,
comprising 80% of the root volume. The LBO15 genotype showed greater root volume in
the layers up to 30-40 cm. The largest volumes presented in the 50-60 cm layer were from
the AS10 and AS4 genotypes with values 36.24 and 55.13 (mm?3 cm-3), respectively. The
heritability indexes (h?) obtained values close to 100%. Through UPGMA and Toucher
analysis, it was possible to group the genotypes into four groups, with LB015 remaining
isolated (group 1V). Positive correlations were observed between the characteristics of
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the root system. The root system of the 16 evaluated genotypes was mainly concentrated
in the 0 — 30 cm layer of the soil, comprising 80% of the root volume. However, nine
genotypes can be considered promising for genetic improvement aiming at tolerance to
water deficit, as they present greater volumes of roots in the deeper layers of the soil,
having been grouped in a separate group of the diversity analysis.

Index terms: Coffea canephora, roots, genetic improvement, grouping.

1. INTRODUCAO

A espécie Coffea canephora é aldgama com incompatibilidade genética do tipo
gametofitica, o que promove um alto grau de heterogeneidade dentro das lavouras de
origem seminal (DAVIS et al., 2011; MORAES et al., 2019). Dessa forma, a selecéo de
gendtipos superiores dentro de lavouras ou bancos de acessos € um importante processo
no melhoramento genético e para evolucdo da cafeicultura (CONAGIN; MENDES, 1961;
OLIVEIRA et al., 2018).

C. canephora possui grupos boténicos distintos. Um dos grupos, o congolés, é
dividido nos subgrupos SG1 (Conilon) e SG2 (Robusta) (MONTAGNON et al., 2012;
RAMALHO et al., 2016). As plantas do subgrupo SG1, que contém a variedade Conilon,
apresentam crescimento arbustivo pequeno a médio, floragdo precoce, folhas alongadas,
resisténcia a seca e maior suscetibilidade a doencas. J& as plantas do subgrupo SG2, que
contém a variedade Robusta, apresenta porte arbustivo grande, folhas e frutos maiores,
maturacao tardia, menor tolerancia ao déficit hidrico e maior resisténcia a doencas
(MONTAGNON et al., 2012; SENRA et al., 2020).

No Brasil as areas plantadas de C. canephora encontram-se em expansdo e
renovacgéo, sendo os estados Espirito Santo, Rondbnia e Bahia os principais produtores
desta espécie (CONAB, 2021). Em Rondo6nia os principais genotipos cultivados no
parque cafeeiro sdo oriundos de selecdo empirica de produtores, com os genotipos GJO3,
GJ08, GJ25 a estarem presentes em mais de 80% das propriedades cafeeiras (DALAZEN
et al., 2019). Esses materiais s@o considerados hibridos obtidos de cruzamentos naturais
das lavouras seminais trazidos de varias regides do Brasil a partir de 1980 (DALAZEN
et al., 2020). Ao longo dos anos varios novos genotipos vém surgindo no mercado,
havendo necessidade de uma avaliagdo mais criteriosa da diversidade genética e
capacidade produtiva das varias cultivares de C. canephora (VIEIRA et al., 2019;
TEIXEIRA et al., 2020).

Plantas cafeeiras de Conilon possuem caracteristicas que suportam o periodo de

estiagem e aumentos graduais de temperaturas tornando-se objetos de estudo no
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melhoramento genético para condicfes climaticas futuras, particularmente de aumento de
temperatura e limitacdo de disponibilidade hidrica. Contudo, tais trabalhos focam em
especial a resiliéncia ao nivel do metabolismo foliar, nomeadamente do desempenho
fotossintético e mecanismos de protecdo (DUBBERSTEIN et al., 2020a; SEMEDO et al.,
2021). Entre as estruturas das plantas, o sistema radicular exerce papel fundamental na
tolerancia ao déficit hidrico (COVRE et al., 2015; SILVA et al., 2020). A emissdo das
raizes pode ser influenciada pelo sistema de irrigacdo e o manejo de adubacédo adotado.
Assim, métodos de irrigacdo localizada e fertirrigacdo atuam diretamente na qualidade e
desenvolvimento das raizes (RONCHI et al., 2015; VICENTE et al., 2017; SOUZA et al.,
2018).

A dinamica da distribuicdo do sistema radicular das plantas esta ainda
insuficientemente caracterizada (VOSS-FELS et al. 2018). Estudos relacionados sobre
rendimentos das culturas agricolas sdo realizados a partir da parte aérea das plantas
(DUBBERSTEIN et al., 2020b; PARTELLI et al., 2021). Principalmente, quando se trata
de culturas perenes como o café, onde 0 acesso ao sistema radicular, de modo a preservar
a planta, é limitado (PARTELLI et al., 2014).

Além das intempéries ambientais, caracteristicas inerentes a genética da planta
também interferem no desenvolvimento radicular que pode ser controlado por diversos
genes que atuam na capacidade de emissdo de raizes, tornando singular a resposta de cada
individuo (PARTELLI et al.,, 2020; SILVA et al., 2020; TRACY et al., 2020).
Consequentemente, compreender a dindmica da distribuicdo do sistema radicular do café
é uma tarefa desafiadora (COVRE et al., 2015; RONCHlI et al., 2015; SILVA et al., 2020).

Atualmente, tecnologias tém sido utilizadas para avancar no conhecimento desse
ambiente radicular imerso ao solo. Em culturas de ciclo curto, a fenotipagem e o uso de
microcadmeras na profundidade do solo tem sido substancialmente utilizado. No entanto,
essas técnicas dependem de materiais sofisticados e experiéncia com programas e
equipamentos de interpretacdo de imagens (VOSS-FELS et al., 2018; TRACY et al.,
2020). No Brasil, o uso de programas de interpretacdo de imagens de raizes tem sido
empregado para mensurar e caracterizar o arranjo espacial das raizes ao longo do perfil
do solo, gerando informag6es importantes para 0 melhoramento genético (PARTELLI et
al., 2014; COVRE et al., 2015; SILVA et al., 2020). Neste contexto, o objetivo deste
trabalho foi estudar a distribuicdo do sistema radicular no perfil de solo, relativo a
diversos gendtipos de C. canephora do grupo Robusta, cultivados na Amazonia e estimar
0s par@metros genéticos a eles associados.
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2. MATERIAIS E METODOS

2.1 - Instalacéo do experimento, caracterizagdo da area e materiais genéticos

O experimento foi instalado em propriedade particular, localizado em Alta
Floresta D’Oeste - Ronddnia, Brasil. A latitude 12°08°51,86 S longitude 62°04°95,03” W
e a 440 metros de altitude, com temperatura média anual de 26° C. A regido possui clima
tropical, caracterizado por duas épocas distintas: o periodo de estiagem entre os meses de
junho a outubro considerado o verdo amazonico e o periodo chuvoso entre 0s meses de
novembro a maio considerado como inverno amazonico, classificado como Aw, de
acordo com a classificacdo de Koppen (ALVARES et al., 2013). O solo da regido é
caracterizado como Latossolo vermelho eutr6fico (SANTOS et al., 2018), cujas

caracteristicas quimicas e fisicas estdo descritas na Tabela 1.

Tabela 1 - Caracteristicas granulométricas e quimicas de seis profundidades do solo em
area cultivada com cafeeiro (C. canephora) irrigado, em Alta Floresta D’Oeste,

Rondonia, Brasil.

Camadas do Solo (cm)
0-10 10-20 20-30 30-40 40-50 50-60

Fracdes granulométrica

Areia total (g kg™) 172 180 180 174 174 198
Silte (g kg™ 428 400 440 406 386 342
argila (g kg ) 400 420 380 420 440 460

Camadas do Solo (cm)
0-10 10-20 20-30 30-40 40-50 50-60

Atributos quimicos

P (mg kg?) 3 11 5 3 2 14
K (mg kg™ 44 87 72 60 48 13
S (mg kg %) 5 10 7 7 4 8
Ca (cmol kg?) 4.4 4,7 48 4.4 45 4,8
Mg (cmol kg %) 07 08 0,7 07 07 0,9
Al (cmol kg™) 0,0 0,3 0,1 0,0 0,0 0,5
H + Al (cmol dm™) 31 4,2 3,6 3,3 3,3 5,0
pH-H.0 58 53 5,6 58 59 55
MOS (dag kg™) 2.1 2,5 25 2.1 2,4 31
Fe (mg kgL 111 80 99 96 92 78
Zn (mg kg™) 1,2 9,9 1,7 1,8 15 8,8
Cu (mg kg?) 2.4 28 2,8 2.8 2,4 4,7
Mn (mg kg %) 184 208 196 207 168 287
B (mg kg™ 025 058 0,62 0,83 0,51 071
Na (mg kg ) 6,0 7,0 5,0 6,0 5,0 9,0
CTC (cmol kg™ 8,34 9,95 9,31 8,58 8,64 11,07

H + Al: Acidez potencial no solo; MOS: matéria organica do solo; CTC: capacidade de
troca cationica.

A lavoura foi implantada em abril de 2018 no espacamento de 3,30 m entre linhas
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por 0,8 m entre plantas, o que equivale a uma densidade de 3,700 plantas ha™. Os
gendtipos de robusta estudados sdo oriundos de propagacdo clonal via estaquia e estdo
dispostos em linhas e cada linha representa um bloco.

As plantas foram conduzidas com duas hastes (aproximadamente 7 mil hastes ha
1. Os tratos culturais foram conduzidos conforme as orientag@es técnicas para cultura,
objetivando o manejo fitossanitario e nutricional da lavoura, sendo toda area irrigada por
gotejamento. O delineamento utilizado foi blocos casualizados com quatro repeticdes, no
esquema fatorial 6 x 16, considerando seis niveis de profundidade (10 em 10 cm até 60
cm de profundidade, Tab. 1), e dezesseis genotipos.

Os gendtipos utilizados foram selecionados empiricamente pelos produtores e
viveiristas de Rondbnia, com base na capacidade produtiva da planta. A denominacdo dos
gendtipos trata-se da iniciais dos nomes dos produtores que os selecionaram juntamente
com a numeracdo, a saber A106, AS2, GJ25, VP06, AS1, AS7, SN41, AS6, ZD156,
AS10, AS4, L140, GJO8, LB080, LB015 e GJO3.

2.2 - Coletas das raizes, estudo da distribuicao do sistema radicular e avaliacdo da parte
area

As coletas dos mondlitos de solo com raizes foram realizadas em fevereiro de
2020, ou seja, cerca de 22 meses ap0s o transplante das plantas para o campo. Para a
coleta utilizou-se um trado tipo sonda e foi coletado um volume de 27 c¢cm?® de solo
separadamente para cada uma das 6 camadas em estudo: 0-10; 10-20; 20-30; 30-40; 40-
50; 50-60 cm. O solo foi retirado a uma distancia padrdo de 30 cm do caule da planta no
sentido da linha de plantio, onde ha maior concentracao de raizes (COVRE et al., 2015;
SILVA et al., 2020).

As amostras coletadas foram acondicionadas em sacos plasticos, devidamente
identificados e mantidas em camara fria, a aproximadamente -10°C até a lavagem sob
agua corrente, em peneira de 30 mesh, para separacdo das raizes. As raizes foram
digitalizadas com camera de celular tipo smartphone semiprofissional de 18 megapixels,
e posteriormente, analisadas pelo programa Safira - Sistema de Andlise de Fibras e Raizes
(JORGE; SILVA, 2010). Pelo programa Safira quantificou-se o volume de raizes por
volume de solo (mm® cm?®), a area superficial (mm? cm®), o didmetro (mm) e o
comprimento das raizes (mm cm).

Para as caracteristicas relacionadas ao desenvolvimento vegetativo foram

avaliados a altura de planta (cm) medindo-se desde a base até o topo, comprimento do
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ramo plagiotropico (cm) de ramos localizados no ter¢co médio das plantas e didmetro da
copa (cm). Todas as caracteristicas descritas anteriormente foram medidas com o auxilio
de uma trena graduada. Também foi avaliado o nimero de rosetas e a capacidade
produtiva em litros por planta. As caracteristicas da parte aérea foram correlacionadas
com as caracteristicas das raizes (&rea superficial, comprimento de raiz, didmetro de raiz,

e volume de raiz por volume de solo).

2.3 - Anélise estatistica

Os dados foram submetidos aos testes de normalidade e homogeneidade de
variancia a fim de saber se os dados atendiam as pressuposi¢cdes para analise de variancia
multivariada. Através dos testes de Shapiro Wilk e Bartlett ao nivel de 5% de
significancia, foi possivel constatar que os dados de volume, area superficial, diametro e
comprimento das raizes atendiam as pressuposicdes exigidas para analise.

Realizou-se analise de variancia pelo teste F (p<0,05). Os seguintes parametros
genéticos foram avaliados por meio dos componentes de variancia de cada caracteristica
avaliada: coeficiente de variacdo genética (VCg), coeficiente de variacdo ambiental
(VCe), indice de variacdo (VI) e herdabilidade (h?). Apos identificar diferencas
significativas entre os gendtipos, as médias foram agrupadas pelo teste de Scott-Knott
utilizando nivel de significancia de 5%.

Para agrupar os gendtipos de café usando os dados das caracteristicas avaliadas,
foi calculada a distancia de Mahalanobis e usada como medida de dissimilaridade. A
andlise de agrupamento foi entdo realizada por dois métodos, pelo método de otimizacéao
de Tocher (RAO, 1952) e pelo método hierarquico Unweighted Pair Group Method using
Arithmetic Averages (UPGMA) (SOKAL; MICHENER, 1958). A contribuicéo relativa
de cada caracteristica para a diversidade dentro dos 16 gen6tipos foi analisada de acordo
com o0 metodo de Singh (SINGH, 1981). Estas analises foram realizadas no software
Genes (CRUZ, 2013). Além disso, a correlacdo de Pearson entre as caracteristicas da raiz
e a altura da planta e a producdo dos gendtipos foram calculadas. As analises de

correlacdo foram conduzidas com auxilio do software R.

3. RESULTADOS

3.1- Caracterizacdo das raizes através dos genotipos e perfil do solo

Por meio da analise de variancia (p<0,05) observou-se que houve diferenca
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significativa entre os 16 gendtipos de C. canephora cv. Robusta para as caracteristicas
radiculares avaliadas e entre as seis profundidades. Também foi observado interaces
significativas entre os genotipos e as profundidades para todos as caracteristicas avaliadas
(Tabela 2).

Tabela 2 - Andlise de variancia para as caracteristicas radiculares de 16 genétipos de C.
canephora cultivados em Alta Floresta D’Oeste, Rondénia, Brasil.

Variaveis Quadrados Médios
radiculares Média  GenGtipo Prof Genx Prof Residuo  CV%
Volume 101,17 17576,46** 369305,97** 1714,25** 222,51 14,74
Area Superficial 583,74 585100,70** 5442138,15** 4645587** 607,33 7,99
Diametro 0,64 0,076** 0,80** 0,009** 0,00036 2,97

Comprimento 557,88  219919,21**  5028328,42**  26059,34** 1461,76 6,85

** Significativo a 5% pelo teste F; Profundidade (Prof), Interacdo Genotipo X
Profundidade (Gen x Prof).

Os genotipos de café apresentaram respostas diferentes a cada camada de
profundidade do solo e para todas as caracteristicas radiculares avaliadas. De modo geral,
todos os gendtipos apresentaram maior volume de raiz nas camadas de 0-10, 10-20 e 20-
30 cm de profundidade. A partir da camada3 de 30-40 cm, genoétipos como GJ25, VP06,
AS10 ndo apresentaram diferencas em suas médias nas camadas mais profundas (Tabela
3). De entre todos os geno6tipos, LB015 apresentou o maior volume de raiz por volume
de solo nas camadas 0-10 cm; 10-20 cm; 20-30 cm; 30-40 cm. Na camada de 0-10 cm 0s
gendtipos VP06, L140, GJO8, LB080, GJO3 apresentaram o segundo maior valor,
enquanton SV41 e AS6 o menor valor. Os maiores volumes entre 50-60 cm foram

registados nos gendtipos AS10 e AS4 (Tabela 3).

Tabela 3 - Valores médios da caracteristica volume radicular por volume de solo, em 16
genotipos C. canephora e entre seis profundidades, cultivados em Alta Floresta D’Oeste,
Rondénia, Brasil.

Volume (mm3cm®)

Gendétipo 0-10 cm 10-20 cm 20-30 cm 30-40cm  40-50 cm 50-60 cm
A106 196,36Da 118,33 Db 79,42 Dc 62,54 Dc 27,53 Dd 16,47 Bd
AS2 192,65 Da 89,61 Eb 46,64 Ec 39,04 Ec 27,23 Dc 21,77 Bc
GJ25 221,00 Ca 129,43 Db 57,02 Ec 32,99 Ed 23,76 Dd 15,45 Bd
VP06 259,41Ba 139,11 Db 92,53 Dc 37,74 Ed 26,94 Dd 15,18 Bd
AS1 190,35Da 133,25 Db 53,41 Ec 34,27 Ed 23,45 Dd 16,92 Bd
AS7 188,50 Da 127,13 Db 59,87 Ec 44,57 Ec 25,08 Dd 16,20 Bd
SV41 167,11 Ea 77,30 Eb 70,73 Eb 47,89 Ec 26,19 Dd 16,44 Bd
AS6 176,49 Ea 137,68 Db 88,18 Dc 63,19 Dd 30,22 De 16,30 Bd

ZD156 224,89 Ca 183,57 Bb 116,40 Cc 64,46 Dd 58,03 Bd 23,55 Be
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AS10 214,02 Ca 164,78 Cb 113,52 Cc 63,55 Dd 49,05 Cd 36,24 Ad
AS4 217,86 Ca 163,49 Ch 139,63 Bc  118,74Bd 90,88 Ae 55,13 Af
L140 263,79 Ba 199,24 Bb 140,25 Bc 84,07 Cd 39,06 Ce 24,30 Be
GJos 255,12 Ba 166,45 Ch 104,54 Cc 87,17 Cc 38,58 Cd 19,70 Bd
LB80 268,95 Ba 169,19 Cb 115,73 Cc 72,41 Dd 47,24 Ce 24,28 Bf
LBO15 296,40 Aa 255,65 Ab 199,57 Ac 151,80 Ad 78,68 Ae 22,89 Bf
GJo3 274,72 Ba 173,20 Cb 93,86 Dc 68,70 Dd 55,84 Bd 24,07Be

Diferentes letras maiusculas na mesma coluna e diferentes letras mindsculas na mesma
linha diferem estatisticamente entre si de acordo com o agrupamento de médias pelo teste
de Scott-Knott (p <0,05).

Tal como para o volume de raizes por volume de solo, a area superficial de raizes
apresentou o maior valor na profundidade 0-10 cm em todos 0s genotipos, com 0 maior
valor a ser observado nas plantas de GJO3. Na camada de 10-20 cm os gendtipos AS10 e
LBO015 apresentaram maior area superficial, enquanto nas camadas entre 30 e 60 cm de
profundidade o gen6tipo AS4 apresentou os maiores valores (Tabela 4).

Tabela 4 - Valores médios da caracteristica area superficial radicular em 16 genétipos de
C. canephora entre seis profundidades cultivados em Alta Floresta D’Oeste, Rondonia,
Brasil.

Area Superficial (mm?2 cm-3)

Gendtipo 0-10 cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm 50-60 cm
A106 761,12 Fa 564,82 Gc 44530 Fc  337,04Ed 257,42 De 139,97 Df
AS2 836,03 Ea 644,72 Fb 249,59 Fc 241,42 Fc 169,04 Ed 189,03 Cd
JG25 777,78 Fa 414,98 Hb 337,79Gc  320,10Ec  264,07Dc 144,18 Dd
VP06 727,57 Fa 460,81 Hb 42435Fb  335,02Ec 190,22 Ed 193,08 Cd
AS1 727,21 Fa 643,85 Fb 522,64 Ec  425,04Dd 167,78 Ee 151,51 De
AS7 844,94 Ea 610,15 Fb 546,31 Eb  421,79Dc 267,38 Dd 143,76 De
Sv4l 841,98 Ea 752,61 Eb 720,03Cb  611,73Cc 26542Dd 166,94 De
AS6 925,89 Da 849,68 Db 638,96 Dc 612,81 Cc 24553Dd 226,44 Cd

ZD156 1173,14 Ba 950,50 Ch 573,37 Ec 463,88 Dd 324,22 Ce 228,67 Cf
AS10 1179,54Ba 1185,08 Aa  1072,81 Ab 651,50 Bc 361,22 Cd 249,37 Ce
AS4 1041,32 Ca 959,53 Ch 878,06 Bc 790,90 Ad 663,62 Ae 424,84 Af
L140 936,91 Da 774,58 Eb 645,66 Dc 557,24 Cd 300,79 Ce 170,12 Df
GJo8 1195,93 Ba 1011,41Cb 709,14 Cc  658,95Bc 443,08 Bd 137,00 De

LB80 1207,87 Ba 1115,73Bb  842,38Bc 657,97 Bd 451,98Be 349,92 Bf

LB015 1077,79Ca 1096,64 Ba 869,66 Bb 666,67 Bc 479,54Bd 172,70 De

GJo3 1355,25 Aa 1202,38 Ab  72335Cc  627,64Bd 45436 Be 219,25 Cf
Diferentes letras maiUsculas na mesma coluna e diferentes letras mindsculas na mesma

linha diferem estatisticamente entre si de acordo com o agrupamento de médias pelo teste
de Scott-Knott (p <0,05).

Para a caracteristica diametro das raizes observaram-se valores inferiores a 1 mm
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em todas as profundidades e genotipos, assim como raizes esbranquigadas. Os maiores
didmetros foram observados nas camadas mais superficiais do solo normalmente até 20
cm, considerada a camada fértil do solo. Os menores valores de didmetro foram
observados nas camadas mais profundas do solo e para os gendtipos AS1, SV41, AS10,
AS4, GJO3 (Tabela 5).

Tabela 5 - Valores médios da caracteristica diametro radicular em 16 gendtipos C.
canephora entre seis profundidades cultivados em Alta Floresta D’Oeste, Rondonia,
Brasil.

Diametro (mm)

Genotipo 0-10 cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm 50-60 cm
A106 0,74 Ca 0,71Ca 0,71 Bb 0,71 Bb 0,65 Bc 0,65 Ac
AS2 0,62 Da 0,59 Eb 0,52 Ec 0,47 Fd 0,44 Fe 0,44 De
GJ25 0,65 Da 0,56 Fa 0,55 Eb 0,53 Eb 0,51 Ec 0,45 Cd
V06 0,75 Ca 0,74 Bb 0,67 Cb 0,65 Chb 0,61 Cc 0,54 Bd
AS1 0,85 Aa 0,75 Bb 0,71 Bc 0,63 Cd 0,57 De 0,44 Df
AS7 0,73 Ca 0,74 Bb 0,66 Ch 0,64 Cb 0,54 Dc 0,45 Cd
SV41 0,83 Ba 0,75 Bb 0,67 Cc 0,64 Cd 0,53 De 0,46 Cf
AS6 0,73 Ca 0,66 Db 0,63 Dd 0,57 Dd 0,51 Ee 0,43 Df

ZD156 0,82 Ba 0,76 Bb 0,63 Dd 0,62 Cd 0,74 Ac 0,56 Be
AS10 0,87 Aa 0,83 Ab 0,73 Bc 0,64 Cd 0,52 Ee 0,47 Cf
AS4 0,81 Ba 0,73Ch 0,64 Db 0,58 Dd 0,45 Fe 0,41 Df
L140 0,75 Ca 0,74 Ba 0,64 Db 0,63 Ch 0,51 Ec 0,44 Dd
GJo8 0,75 Ca 0,75 Ba 0,65 Db 0,61 Cc 0,56 Dd 0,46 Ce
LB80 0,86 Aa 0,71Chb 0,65 Cc 0,54 Ed 0,52 Ed 0,44 De
LB015 0,87 Aa 0,82 Ab 0,80 Ab 0,74 Ac 0,65 Bd 0,53 Be
GJo3 0,84 Aa 0,77 Bb 0,65 Dc 0,54 Ed 0,51 Ee 0,44 Df

Diferentes letras mailsculas na mesma coluna e diferentes letras minlsculas na mesma linha diferem
estatisticamente entre si de acordo com o agrupamento de médias pelo teste de Scott-Knott (p <0,05).

Para caracteristica comprimento foram observados perfis similares a caracteristica
volume de raiz, onde os 16 geno6tipos mostraram maiores valores nas camadas de 0-10 e
10-20 cm. Os genotipos ZD156, AS10, GJ08, LB80 e LB015 apresentaram 0s maiores
comprimentos de raizes na camada superficial do solo 0-10 cm. Para as camadas mais
profundas os genotipos AS4 e GJO8 foram 0s genotipos que apresentaram as raizes mais

compridas na camada mais profunda 50-60 cm (Tabela 6).

Tabela 6 - Valores médios da caracteristica comprimento radicular em 16 genotipos de
C. canephora entre seis profundidades cultivados em Alta Floresta D’Oeste, Rondonia,

Brasil.

Comprimento (mm cm3)
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Genotipo  0-10 cm 10-20 cm 20-30 cm 30-40cm  40-50cm 50-60 cm
A106 852,19 Ca 660,00 Eb 545,30 Dc 263,41 Fd 273,06Ed 157,92 Ce
AS2 991,27 Ba 840,73 Cb 622,14 Cc 413,78 Dd 173,17Ge 159,76 Ce
GJ25 853,03 Ca 574,49 Fb 346,75 Fc 319,77 Ed 270,24 Ed 146,28 Ce
VP06 754,60 Da 562,26 Fb 439,17 Ec 336,77 Ed 283,83Ed 227,09 Be
AS1 728,72 Da 634,52 Eb 538,93 Dc 420,98 Dd 192,08Ge 144,51 Ce
AS7 877,20 Ca 415,58 Gc 492,83 Db 448,61 Dc 236,03Fd 180,51 Ce
Sv4l 941,09 Ba 839,93 Cb 638,62 Cc 510,25 Cd 230,27 Fe 150,83 Cf
AS6 939,31 Ba 743,65 Db 678,19 Bc 510,89 Cd 341,30 De 242,62 Bf

ZD156 1055,40 Aa 940,20 Bb 638,14 Cc 547,19 Bd 265,13Ee 189,49 Cf
AS10 1033,33 Aa 944,19 Bb 815,83 Ac 650,70 Ad 348,46 De 165,84 Cf

AS4 974,11 Ba 828,07 Cb 723,62 Bc 690,76 Ac 605,82 Ad 349,30 Ae
L140 966,12 Ba 819,06 Ch 658,49 Cc 488,09 Cd 413,09Ce 158,94 Cf
GJog 1093,51 Aa 866,59 Cb 700,44 Bc 57595Bd 531,82Bd 335,86 Ae

LB80 1058,93 Aa 845,65 Cb 678,41 Bc 474,72Cd 432,01Cd 168,33 Ce
LBO15 1071,28 Aa 1014,67 Ab 786,97 Ac 568,85 Bd 474,44Ce 150,18 Cf
GJo3 962,42 Ba 836,51 Cb 710,60 Bc 381,78 Dd 271,35Ee 15199 Cf

Diferentes letras maitsculas na mesma coluna e diferentes letras mindsculas na mesma

linha diferem estatisticamente entre si de acordo com o teste de Scott-Knott (p <0,05).

3.1- Parametros e diversidade genética
O coeficiente de variagcdo genético (CVVg) para as caracteristicas volume e area
superficial obtiveram os maiores valores 25,41 e 25,66 % respectivamente, enquanto a
caracteristica didmetro das raizes se destaca com o menor valor (8,29%), enquanto o
comprimento das raizes obteve um valor intermédio (16,10%). Os indices de variacdo IV
(IV = CVg / CVe) apresentaram valores claramente acima de um, destacando-se a area

superficial radicucal (3,21) (Tabela 7).

Tabela 7 - Estimativa dos pardmetros genéticos e ambiental entre 16 genotipos de C.
canephora cultivados em Alta Floresta D’Oeste, Rondénia, Brasil.

Variaveis Parametros Genéticos
CVe (%) CVg (%) \Y h2 (%)
Volume 14,74 25,41 1,72 90,24
Area Superficial 7,99 25,66 3,21 92,06
Diametro 2,97 8,29 2,79 88,21
Comprimento 6,85 16,10 2,35 88,15

Coeficiente de variacdo ambiental (CVe), Coeficiente de variagdo genético (CVg), indice
de variacéo (I1V), Herdabilidade (h?); Comprimento, Volume, Area superficial, Diametro.

O indice de herdabilidade (h?) mostrou valores préximos, entre 88,15
(Comprimento) e 92,06% (Area Superficial), indicando que a maior parte da variabilidade

fenotipica destas caracteristicas radiculares se deve a efeitos genéticos que podem assim
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ser reproduzidos nas proximas geracGes (Tabela 7).

3.2- Analise de grupos

De acordo com a matriz de distancia utilizada pelo método de agrupamento
hier&rquico os gendtipos foram agrupados em quatro grupos considerando um ponto de
corte de fusdo maximo em 60% de dissimilaridade no dendrograma (figura 1). O grupo |
foi composto pelos gendtipos: VP06, AS1, A106, AS7, o grupo Il pelos gendtipos AS2 e
GJ25, o grupo Il composto pelos genotipos LB080, GJ03, AS10, GJO8, AS54, AS6,
L140, SN41, ZD156 e o grupo IV apenas pelo gendtipo LB015.

Através das caracteristicas avaliadas, 0s genttipos VP06 e AS1 sdo os individuos
mais similares e apresentaram a distancia genética de 12,67 (Distancia de Mahalanobis).
Pelo contrério, os gendtipos VP06 e LB015 séo os mais dissimilares e a maior distancia
foi entre os grupos | e Il, com os grupos Il e 1V (538,09).

Considerando a contribuicéo relativa das caracteristicas, o comprimento radicular
foi a que menos contribuiu (11,04%) para o estudo de diversidade com base na

distribuicéo radicular dos robustas amazonicos (Figura 2).
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L140
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Figura 1 - Dissimilaridade dentro de 16 gendtipos de C. canephora utilizando a distancia
de Mahalanobis e Método de Grupo de Pares Nao Ponderados usando Médias Aritméticas
(UPGMA) considerando quatro caracteristicas de raiz (volume da raiz, area superficial
da raiz, didmetro da raiz e densidade do comprimento de raiz) e seis profundidades do
solo (0-10, 10-20, 20-30, 3040, 40-50 e 50-60 cm). Os grupos estdo destacados com

cores diferentes: vermelho (grupo 1), verde (grupo 1), azul (grupo I11) e preto (grupo 1V).
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A fim de melhor compreender as possiveis diferencas que tenham levado a
formagdo dos grupos, pela a matriz de distancia utilizada no método de agrupamento
hierarquico método UPGMA foram calculados os percentuais e os valores médios por
grupo das quatro caracteristicas. No grupo | estdo os gendtipos que apresentaram menores
valores médios de comprimento radicular, sendo a camada de 0-10 cm responsavel por
30,12% do comprimento radicular (Figura 2 — G e H). Os gendtipos que formaram o
grupo Il apresentaram menores diametros das raizes nas camadas de 0-10, 10-20, 20-30
e 30-40 cm (Figura 2 — E). Em torno de 10% das raizes de ambos 0s grupos apresentaram
0s menores diametros na profundidade de 50-60 cm (Figura 2 — F).

O grupo Il foi constituido por 56,25% dos genotipos, 0s quais apresentaram
volume radicular, ao longo de todo o perfil do solo, mais proximo a média, diferindo em
apenas 1.89% (Figura 2 — A e B).

Ja o grupo IV constituido por apenas um genotipo se destacou por apresentar
maiores valores para volume de raiz, principalmente nas camadas mais superficiais do
solo (Figura 2- A). Entretanto, apds a camada de 40-50 cm houve decréscimo significativo
no volume radicular. Este grupo também apresentou a maior area superficial nas camadas
superficiais do solo (Figura 2 — C) apresentando 60% da area superficial nas camadas

superficiais até 40 cm (Figura 2 — D).
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Figura 2 - Valores em distribuicao relativa dentro de cada grupo e valores médios (A, C,

E e G), valores em porcentagens e valores médios (B, D, F e H) para densidade do volume

daraiz (A, B), &rea superficial da raiz (C, D) e didametro da raiz (E, F) e comprimento da
raiz (G, H) em seis profundidades de solo (0-10, 10-20, 20-30, 3040, 40-50 e 50-60

cm).

Pequenas diferencas foram observadas entre os métodos de agrupamento. Pelo

método de Tocher apenas um grupo a mais foi formado, o qual foi constituido apenas

pelo ZD156 (que assim se separou dos outros genotipos integrantes do grupo Il pelo
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método UPGMA) e o0 gen6tipo SN41 que transitou do grupo Il pelo método UPGMA
para o grupo | pelo método de Tocher (Tabela 8).

Tabela 8 - Comparacdo entre 0os métodos de agrupamentos usando a distancia de
Mahalanobis (métodos UPGMA e de Tocher) de 16 genotipos de C. canephora
considerando quatro caracteristicas de raiz (volume da raiz, area superficial da raiz,
didametro da raiz e a densidade do comprimento da raiz) e seis profundidades do solo (0—
10, 10-20, 20-30, 30-40, 40-50 e 50-60 cm).

Grupos Gendtipos Grupos correspondentes
(Tocher) (UPGMA)

I VP06, AS1, A106, AS7, SN41 I

i AS2, GJ25 ]

I LB080, GJ03, GJ08, AS10, AS4, Il

L140, AS6
v ZD156
\ LB015 v

3.3- Correlacgao entre as caracteristicas das raizes e as caracteristicas da

parte aérea das plantas

Os coeficientes de correlagcdo de Pearson evidenciaram correlac@es significativas
entre as caracteristicas radiculares, vegetativas e de produgdo. Correlacdes positivas e
significativas foram evidenciadas apenas entre as caracteristicas radiculares, sendo o
maior coeficiente em area superficial com comprimento das raizes (r=0,86***), entre as
caracteristicas vegetativas Comprimento de ramos plagiotropicos (Cplag) e diametro de
copa (Dcop) (r=0,78***) e entre Cplag com rendimento de graos (r=0,53*) e Dcopa com
rendimento de grdos (r=0,67**). A Unica correlacdo positiva, entretanto, baixa entre as
caracteristicas radiculares e a parte aérea das plantas foi entre diametro radicular e altura

da planta (r=0,12), todas as outras foram negativas (Figura 3).
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Figura 3. Correlacdo da densidade do volume da raiz, area superficial da raiz, didmetro
da raiz, comprimento da raiz, altura da planta, comprimento do ramo plagiotropicos,
didmetro de copa e produtividade da cultura de 16 genotipos de c. canephora.*
significativo em p < 0,1, ** significativo em p < 0,05, *** significativo em p < 0,01. As
linhas vermelhas indicam as linhas de tendéncia entre as variaveis. (Vol: volume da raiz),
(Arsup: area superficial da raiz), (Diam: didmetro da raiz), (Comp: comprimento da raiz),
(Alt: altura da planta), (Cplag: comprimento do ramo plagiotropicos), (Dcopa: Diametro
de copa) e (Plp: producdo em litros por planta).

4. DISCUSSAO
4.1- Caracterizacao das raizes através dos gendtipos e perfil do solo
A fim de se explorar a capacidade produtiva e garantir o suporte da parte aérea
das plantas, sistemas radiculares profundos e bem distribuidos sdo fundamentais para as
culturas comercialmente utilizadas (VOSS-FELS; SNOWDON; HICKEY et al., 2018;

NUNES et al., 2021), principalmente para as espécies perenes. Plantas de café robusta
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tem como caracteristica serem plantas de maior porte arbustivo e com resisténcia superior
em relacdo aos cafés conilon e ardbica em varios aspectos como pragas, doencas
(MONTAGNON et al., 2012; MORAES et al., 2019; STARLING et al., 2019). O estudo
do desenvolvimento sistema radicular é fundamental nos programas de melhoramento
genético de cafeeiros, e vem sido abordado tanto no plano horizontal como no vertical
(em profundidade) (RONCHI et al., 2015, COVRE et al., 2015). Lavouras oriundas de
multiplicacao clonal por estaquia tendem a ter o desenvolvimento lateral proeminente em
relacdo a direcdo vertical no perfil do solo (PARTELLI et al., 2014; 2020) principalmente
nos primeiros anos pos plantio. Dos 16 gendtipos de café robusta na Amazonia estudados,
dois gendtipos (AS10 e AS4) apresentaram sistema radicular mais desenvolvidos no
subsolo (50 - 60 cm).

O desenvolvimento de raizes nas camadas mais profundas do solo pode ser uma
estratégia adaptativa desenvolvida pelas plantas, nomeadamente face a condicdes de
déficit hidrico (SILVA et al., 2020; VOSS-FELS; SNOWDON; HICKEY et al., 2018),
embora seja necessario perceber e quantificar o contributo que raizes mais profundas
possam ter na captacdo de agua de camadas mais profundas e assim atrasar a imposicao
de défice hidrico na planta. Porém com a evolugdo e constancia das alteracdes climéticas
torna-se essencial o estudo de variedades hibridas tolerantes a estresses hidricos e
ambientais (DUBBERSTEIN et al., 2020b). Por outro lado, observou-se que as camadas
até 30 cm de perfil do solo (Figura 2- A), as raizes superficiais finas e médias, séo as
principais responsaveis pela absor¢do de nutrientes, concentrando-se na regido do bulbo
umido da irrigacdo, principalmente quando é localizada préximo a planta (COVRE et al.,
2015; SOUZA et al., 2018; PARTELLI et al., 2020; NUNES et al., 2021).

Um sistema radicular bem desenvolvido € importante para o desenvolvimento da
planta de forma geral. Quando aliado a solos com boa estrutura e fertilidade influenciara
diretamente na capacidade produtiva da planta (SOUZA et al., 2018; SILVA et al., 2020).
Em contrapartida solos com baixa fertilidade e acidez potencial alta, dificultara a absor¢éo
de nutrientes e consequentemente afetard a capacidade produtiva da cultura (THORUP-
KRISTENSEN et al., 2020). A regido amazonica é conhecida por seus solos com alta
intemperizagdo e naturalmente empobrecidos, principalmente com baixos teores de
fosforo, matéria orgénica e que sofre facilmente processos de compactacdo por seus
cultivos com baixo nivel tecnolégicos agregados (MIKOS et al., 2018).

A diversidade genética pode ser observada por varios aspectos, principalmente em
espécies como C. canephora por se tratar de uma espécie aldgama e autoincompativel
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(MORAES et al., 2019). E possivel que o efeito ambiental mascare os efeitos genéticos
dos individuos, de forma que estudar os parametros genéticos é imprescindivel em
programas de melhoramento genético de C. canephora (MONTAGNON et al., 2012).

Neste caso o sistema radicular do cafeeiro pode variar devido a influéncias
ambientais e genéticas. O coeficiente de variacdo genético (CVg) expressa 0 quanto
aquela caracteristica esta ligada a base genética (FERRAO et al., 2008; GILES et al.,
2018). Ja o indice de variacdo genética (a relacdo entre os coeficientes genético e
ambiental) indica o nivel de influencia genética para uma dada caracteristica. Este
pardmetro é importante para o melhoramento genético, pois a partir dele é possivel
mensurar a influéncia genética ou ambiental sobre o fenétipo (FERRAO et al., 2008;
MONTAGNON et al., 2012).

As caracteristicas estudadas apresentaram valores proximos ou acima de um,
portanto, considerados adequados para estratégias de programas de melhoramento.
Adicionalmente, a herdabilidade (H?) estabelece a relacio entre o fenétipo e o gendtipo,
quanto mais préximo a 100% o valor da relagdo, maior é a influéncia da componente
genética sobre o fenotipo (MONTAGNON et al., 2012; SENRA et al.,, 2020). A
herdabilidade ndo deve ser interpretada como valor absoluto, variando conforme a
espécie, condicBes ambientais e o tipo de caracteristica avaliada. Nas quatro
caracteristicas radiculares avaliadas, a herdabilidade ficou sempre préxima a 90%, o que
sugere elevada influéncia genética sobre essas caracteristicas fenotipicas, pelo que é
crivel que apresentem um comportamento semelhante em cultivo destes cafeeiros noutros
ambientes (GILES et al., 2018; SILVA et al., 2020). Logo, estes genétipos séo
considerados potenciais para a composicdo de uma populacdo com caracteristicas
promissoras para tolerancia ao déficit hidrico (SANTIN et al., 2019; YAN et al., 2019).

4.2- Andlise de grupos
As andlises de Cluster podem ser realizadas de formas hierarquicas e néo-
hierarquicas (HAIR Jr et al., 2014; DUBBERSTEIN et al., 2020a; SILVA et al., 2020).
Tém como finalidade usar as informagdes dos genoétipos e agrupa-los por meio da
similaridade dos que mais se assemelham. E para os genétipos com caracteristicas
distintas com maiores dissimilaridades sao criados novos grupos (HAIR Jr et al., 2014).
De acordo com o método hierarquico UPGMA e utilizando como medida de
dissimilaridade genética, a distancia generalizada de Mahalanobis foi possivel observar a
formacdo de quatro grupos distintos. Estudos com 43 gendtipos de C. canephora
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obtiveram cinco grupos baseados em caracteristicas foliares e a capacidade produtiva
(Dubberstein et al., 2020a) e quatro grupos quando baseados em caracteristicas do sistema
radicular (Silva et al., 2020).

O gendtipo que constituiu o grupo IV teve mais raizes na superficie do solo, ou
seja, em regides onde a disponibilidade de dgua e nutrientes ndo é limitada (SOUZA et
al., 2018). Por outro lado, os gendtipos que constituem o grupo Il apresentaram mais
raizes no subsolo, quando comparado aos demais genotipos e nas mesmas profundidades.
Genotipos de conilon com sistemas radiculares mais profundos possivelmente sdo mais
tolerantes ao déficit hidrico (SILVA et a., 2020). Desta forma, 0os genotipos pertencentes
grupo 111 poderdo ser mais adequados para programas de melhoramento cujo objetivo € a
obtencdo de cultivares mais tolerantes ao déficit hidrico.

Através do método de otimizacdo de Tocher os genétipos foram distribuidos em
seis grupos distintos, enquanto que pelo método hierarquico UPGMA foram obtidos
quatro grupos, com bastante semelhangca na composi¢do dos grupos obtidos pelos dois
métodos. Resultados semelhantes na estrutura dos grupos, a depender do método de
agrupamento foram observadas em outros estudos (DUBBERSTEIN et al., 2020a;
SILVA et al., 2020; GILES et a., 2019). Quanto mais semelhante for o agrupamento,
independentemente do método utilizado, maior seguranga o melhorista terd sobre a

formacéo dos grupos e as distancias genéticas.

4.3- Correlacdo entre as caracteristicas das raizes e as caracteristicas da
planta
Para esse estudo nédo foi observada correlacéo positiva entre o sistema radicular e
a capacidade produtiva da planta na primeira safra. Silva et al. (2020) observaram
correlacdo positiva entre as caracteristicas radiculares com a capacidade produtiva da
planta em gendtipos com aproximadamente 60 meses (média de trés safras comerciais).
Braganga et al. (2010) relataram que as maiores taxas de crescimento absoluto e acimulo
de matéria seca tanto para o sistema radicular e a parte aérea ocorreram entre 0s 36° a 76°

meses.

5. CONCLUSOES
O sistema radicular dos 16 gendtipos avaliados se concentraram principalmente
na camada 0 — 30 cm do solo, compreendendo em 80% do volume das raizes. No entanto,

nove genotipos podem ser considerados promissores para 0 melhoramento genético
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visando a tolerancia ao déficit hidrico, por apresentarem maiores volumes de raizes nas

camadas mais profundas do solo, agruparam-se em um grupo pela andlise de diversidade.
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CAPITULO 2 _
ACUMULO DE NUTRIENTES E A RELACAO ENTRE FRUTO, PALHA E
GRAOS DE GENOTIPOS DE Coffea canephora CULTIVADO NA AMAZONIA

RESUMO - Os genotipos cultivados em Rond6nia, regido Amazdnica, tém conquistado
cada vez mais espaco nos campos cafeeiros do Brasil. Esses materiais genéticos foram
selecionados por produtores, com base principalmente na producdo e arquitetura das
plantas. O objetivo desse trabalho foi quantificar o acimulo de nutrientes em gréo e palha,
bem como indicar a dissimilaridade entre 16 gen6tipos de Coffea canephora cultivado na
Amazonia brasileira de forma a poder auxiliar na recomendacdo da adubacdo. O
experimento foi instalado em propriedade particular em Alta Floresta D’Oeste -
Rond6nia, Brasil. Para o estudo do acumulo de nutrientes, colectaram-se amostras de 2
litros frescos de frutos de maio a junho de 2020. Estes foram secos a pleno sol,
beneficiados, separado os graos e as palhas e submetidos a andlises quimicas. Para a
relacdo grdos e palha foram coletados total de 60 frutos de cada genotipo para o
beneficiamento. Foram submetidos a analise de variancia pelo teste F (p <0,01) para obter
0S parametros geneéticos, e ao teste de Scott-Knott (p < 0,05) para avaliacdo das
porcentagens de grdo e palha nos frutos. Para o estudo da diversidade genética, a
dissimilaridade da matriz de distancia generalizada de Mahalanobis (D?) e realizou-se o
agrupamento pelo método hierdrquico UPGMA, método de Tocher e a importancia
relativa dos acumulos de nutrientes, porcentagem de grdo/palha para predicdo de
diversidade genética de acordo com Singh (1981). O ZD156 foi o que mais acumulou K
no gréo. Os gendtipos dividiram-se em quatro grupos, o AS10 permaneceu isolado no
grupo. LB080 obteve o menor peso de fruto seco e a menor porcentagem de grdos em
relacdo a palha. O grupo de gendtipos AS4, AS10, VP06, A106, AS7 possuem
porcentagens de grdos em relagdo a palha similares. Os nutrientes N, K, Ca e P sdo
acumulados em maior quantidade, havendo necessidade de calibrar as dosagens e
parcelamento de adubag&o mineral.

PALAVRAS-CHAVE: Café robusta, melhoramento genético, produtividade e
divergéncia genética.

NUTRIENT ACCUMULATION AND THE RELATIONSHIP BETWEEN FRUIT,
STRAW AND GRAINS IN GENOTYPES OF Coffea canephora CULTIVATED IN
THE AMAZON

ABSTRACT - The genotypes cultivated in the Amazon region of Rond6nia, have
conquered more and more space in the coffee fields of Brazil. These genetic materials
were selected by producers, based on production in the architecture of the plants. The
objective of this work was to quantify the accumulation of nutrients in grain and straw,
as well as to indicate a dissimilarity 16 genotypes of Coffea canephora grown in the
Brazilian Amazon, assured in the fertilization. The experiment installed on a private
property in Alta Floresta D'Oeste - Ronddnia, Brazil. The collection of fruits was carried
out from 2020 for the accumulation of nutrients, it was collected from 2020 collected in
the sun, the processing was carried out, the grains were separated as harvests and harvests
in June. For the grain and straw were total of each genotype 60 fruits for processing.
Analysis of variance was performed using the F test (p<0.01) to obtain the genetic
parameters. The Scott Knott test (p < 0.05) to evaluate the percentages of grain and straw
in the fruits. hierarchically UPGMA, of method to obtain greater relative importance of
the accumulations of genetic nutrients, of grain/straw for prediction of diversity according
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to Singh (1981). ZD156 was the genotype that most accumulated K in the grain. The
genotypes were divided into four, or AS10 grouped isolated in the group. LB080 had the
lowest dry fruit weight and the lowest grains in relation to straw. The group of genotypes
AS4, AS10, VP06, A106, AS7 have similar percentages of grains in relation to straw.
Nutrients N, K, Ca and P are accumulated in greater amounts, making it necessary to
calibrate the doses of mineral fertilization and the installments.

KEYWORDS: Robusta coffee, genetic improvement, productivity and genetic
divergence

1. INTRODUCAO

Coffea canephora é uma espécie alégama (com reproducdo via fecundacdo
cruzada) o mecanismo de auto-incompatibilidade gametofitica favorece e aumenta a
variabilidade genética entre plantas desta espécie (BERTHAUD et al., 1989; MORAES
et al., 2018). Essa variabilidade genética, pode ser observada facilmente em campos
nativos (DAVIS et al., 2011), em lavouras de plantas seminais e em estudos de bancos de
germoplasma (STARLING et al., 2019; FERRAO et al., 2021). Para fins comerciais tem-
se realizado a selecéo genética e reproducdo assexuada por meio de estaquia de materiais
que se sobressaem principalmente em caracteristicas de producédo elevada, resisténcia a
pragas, doencas e a altas temperaturas (GILES et al., 2019; DUBBERSTEIN et al., 2020;
PARTELLI et al., 2020; PARTELLI et al., 2021).

Cada genotipo tem particularidades no seu ciclo de vida, como a resisténcia a
estresse hidrico, ciclo de maturagdo dos frutos, a necessidade nutricional, atividade
metabdlica (PARTELLI et al., 2014; SCHMIDT et al., 2022a). Assim quando tratamos
de forma similar um grupo de genotipos pode-se desequilibrar uma série de reacfes na
planta, principalmente desequilibrios nutricionais (TORRES et al., 2022).

O sucesso de uma lavoura depende de varios fatores como a genética das plantas,
instalacdo e tratos culturais bem executados (ESPINDULA et al, 2021), colheita quando
atingir a maturacéo fruto cereja e a secagem bem realizada (OLIOSI et al., 2020). Fatores
como a adubacdo e o periodo de colheita interferem diretamente no rendimento e
qualidade das plantas/geno6tipos, principalmente, no peso dos frutos como produto final
(TORRES et al., 2022). A limitagdo no peso dos frutos esté diretamente relacionada com
a disponibilidade de nutrientes para as plantas (SANTOS et al., 2021; SCHMIDT et al.,
2022a), onde cada nutriente tem sua disponibilidade no solo e cada gendtipo a exigéncia
singular (SCHMIDT et al., 2022a).
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O cafeeiro se adapta muito bem a varios tipos de solos, mas € uma cultura de alta
exigéncia nutricional. A falta ou a indisponibilidades de nutrientes no solo, pode provocar
sintomas na planta, como a perda de tecido fotossintético, a diminuicdo da parte area e,
consequentemente, diminuir a capacidade produtiva da planta (CARVALHO et al., 2010)
e aumentar a susceptibilidade a pragas e doencas (SILVA et al., 2020). Quantificar o
acumulo de nutrientes no fruto, palha e grao é importante, pois através desses resultados
podem ser adotadas préticas de fertilidade, como a devolucgéo da palha aos plantios para
melhorias do solo e ciclagem de nutrientes (COVRE et al., 2016; SANTOS et al.,2021) e
otimizar uma adubagdo que reponha os niveis de nutrientes que foram retirados com a
colheita dos frutos e de podas.

Os genotipos cultivados em Rondonia regido Amazonica, tem conquistado cada
vez mais espaco nos campos cafeeiros do Brasil. Porém, a exceléncia desses materiais
depende de como sdo manejados devido a sua alta exigéncia nutricional e demanda
hidrica (SCHMIDT et al., 2022a). Muitos desses materiais genéticos foram selecionados
por produtores, com base, principalmente, na produgdo e na arquitetura das plantas
(SILVA et al.,, 2019). O rendimento no beneficiamento é um dos pilares para a
permanéncia do gen6tipo no campo, aqueles que possuem baixo rendimento geralmente
sdo descartados de plantios comerciais (PARTELLI et al., 2021). Dessa forma, torna-se
fundamental para o melhoramento genético a obtencdo de informacGes relativas ao
acumulo de nutrientes nos frutos, grdos e palha dos diferentes materiais genéticos. Neste
contexto, o objetivo desse trabalho foi quantificar o acimulo de nutrientes no grao e na
palha, bem como indicar a dissimilaridade entre 16 genétipos de Coffea canephora cv.
Robusta, cultivado na Amazonia brasileira, de forma a poder auxiliar na recomendacao

de adubacéo.

2. MATERIAIS E METODOS

2.1- Instalacéo do experimento, caracterizacao da area e materiais genéticos
O trabalho foi realizado em Alta Floresta D’Oeste - Rondonia, Brasil (regido
Amazonica). A latitude 12°08°51,86 S longitude 62°04°95,03” W e a 440 metros de
altitude, com temperatura média anual de 26° C. A regido possui clima tropical, com duas
épocas distintas sendo um periodo de estiagem entre 0os meses de junho a outubro
considerado o verdo amazo6nico e o periodo chuvoso entre 0s meses de novembro a maio

considerado como inverno amazénico, classificado como Aw3,0312, de acordo com a
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classificacdo de Koppen (ALVARES et al., 2013). O solo é caracterizado como Latossolo
vermelho eutrofico (SANTOS et al., 2018), cujos atributos quimicos e fisicos estdo

descritos na Tabela 1.

Tabela 1 — Caracteristicas granulométricas e quimicas de seis profundidades do solo em
area cultivada com cafeeiro (C. canephora) irrigado, em Alta Floresta D’Oeste,

Rondonia, Brasil.

Camadas do Solo (cm)
0-10 10-20 20-30 30-40 40-50 50-60

Fracgdes granulométrica

Areia total (g kg™) 172 180 180 174 174 198
Silte (g kg™?) 428 400 440 406 386 342
argila (g kg™ 400 420 380 420 440 460

Camadas do Solo (cm)

Atributos quimicos
0-10 10-20 20-30 30-40 40-50 50-60

P (mgkg™ 3 11 5 3 2 14
K (mg kg ) 44 87 72 60 48 13
S (mg kg™ 5 10 7 7 4 8
Ca (cmol kg?) 4.4 4,7 4,8 4.4 4,5 4,8
Mg (cmol kg ™) 0,7 0,8 0,7 0,7 0,7 0,9
Al (cmol kg™ 0,0 03 0,1 0,0 0,0 05
H + Al (cmol dm™3) 3,1 4,2 3,6 3,3 3,3 50
pH-H-0 5,8 53 5,6 5,8 59 55
MOS (dag kg ) 2,1 2,5 2,5 2,1 2,4 31
Fe (mg kg™) 111 80 99 96 92 78
Zn (mg kg?) 1.2 9,9 17 18 15 8,8
Cu (mg kg™ 2,4 2.8 2.8 2.8 2.4 4,7
Mn (mg kg ) 184 208 196 207 168 287
B (mg kg™ 0,25 0,58 0,62 0,83 0,51 0,71
Na (mg kg™ 6,0 7.0 5,0 6,0 50 9,0
CTC (cmol kg™) 8,34 9,95 9,31 8,58 8,64 11,07

H + Al: Acidez potencial no solo; MOS: matéria organica do solo; CTC: capacidade de
troca catibnica.

A lavoura foi instalada em abril de 2018, adotando o espacamento de 3.30 metros
entre linha por 0.8 metros entre plantas, o que equivale a uma densidade de 3.700 plantas
ha’. Os gendtipos de robusta amazonicos estudados estdo dispostos em linhas e cada linha
representa um bloco. As plantas foram conduzidas com duas hastes (aproximadamente
7.400 mil hastes ha!). Os tratos culturais foram realizados conforme a necessidade da
cultura, objetivando o manejo fitossanitario e nutricional da lavoura, sendo utilizada

irrigacdo por gotejamento para suprir a demanda hidrica. As plantas receberam 400, 100
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e 300 kg ha! de N, P20s e K20, respectivamente, o parcelamento ocorreu em fungéo das
exigéncias da planta e dos estadios fenoldgicos.

Os gendtipos de Coffea canephora Pierre ex Froehner utilizados foram: A106,
AS2, GJ25, VP06, AS1, AS7, SN41, AS6, ZD156, AS10, AS4, L140, GJ08, LB08O,
LB015 e GJO03. Esses genotipos foram selecionados pelos produtores e viveiristas de
Rondonia, com base na capacidade produtiva da planta.

2.2.1- Coleta de frutos

O experimento instalado em blocos casualizados com trés repeticGes. A coleta de
frutos foi feita no periodo da colheita em maio a junho de 2020, quando apresentavam
mais de 80% de maturacdo. Para o0 acumulo de nutrientes coletou-se amostras de 2 litros
fresco, no qual foram secos a pleno sol. Posteriormente foi realizado o beneficiamento,
separado os gréos e as palhas.

As amostras foram armazenadas em sacos de papel devidamente identificados,
acondicionadas em caixas térmicas e levadas para o laboratdrio. Posteriormente,
completou-se a secagem do material vegetal em estufa de circulagédo de ar forcado a 50°
C até atingir o peso constante. As amostras foram beneficiadas e separados os graos e
palha. Os grdos foram passados por calibragem de umidade e ajustado a 12 °C. As
amostras foram entdo submetidas a analises quimicas para a determinagdo do acimulo de
diversos minerais, a saber nitrogénio (N), fosforo (P), potassio (K), calcio (Ca), magnésio
(Mg), enxofre (S), ferro (Fe), zinco (Zn), cobre (Cu), manganés (Mn) e Boro (B), segundo
a metodologia descrita por Silva (2009).

2.2.2- Relacéo grao e palha
Para a relagdo grdos e palha coletou-se amostras de 200 gramas de peso
fresco, no qual foram secos a pleno sol. Posteriormente foi realizado o beneficiamento,
separado os gréos e as palhas. O delineamento foi inteiramente casualizados onde foram
coletados 20 frutos por genotipo para o beneficiamento, considerando trés repeticdes
foram coletados no total 60 frutos por gendtipo. Apos a secagem em estufa de circulagao
de ar forgado a 50° C até atingir o peso constante, os graos foram beneficiados e separados
0s graos e as palhas, que foram pesados separadamente.
2.3- Analise estatistica
Os valores de acumulo de nutrientes nos frutos, graos e palha foram submetidos a

analise de variancia pelo teste F (p <0,01) para verificacdo de variacdo genética entre os
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gendtipos. Foram estimados para o0 acimulo nos frutos, graos e palha de cada nutriente,
o coeficiente de variagdo experimental (CVe), o coeficiente de varia¢do genético (CVQ)
e o coeficiente de determinacdo genotipico (H?). O teste de Scott-Knott (p < 0,05) para
avaliacdo da relacdo entre grdo e palha nos frutos de 16 genotipos de C. canephora.

Para o estudo da diversidade genética, foi estabelecido como medida de
dissimilaridade a matriz de distancia generalizada de Mahalanobis (D?) e realizou-se 0
agrupamento dos genotipos pelo método hierarquico Unweighted Pair Group Method
using Arithmetic Averages (UPGMA) e pelo método de Tocher. Foi aplicado também o
estudo da importéncia relativa dos acimulos de nutrientes e porcentagem de gréo/palha
para predicdo de diversidade genética de acordo com Singh (1981). Além disso,
coeficientes de correlacdo de Spearman para 0 acimulo de nutrientes em gréos, palha e
frutos, porcentagem de grdo e palha nos frutos e peso dos frutos. As analises estatisticas

foram realizadas utilizando o software Genes (CRUZ, 2016).

3. RESULTADOS

3.1- Parametros e diversidade genética
Por meio do teste F foi possivel estimar o coeficiente de variagdo experimental
(CVe), que apresentou valores abaixo de 13% para a maioria dos minerais, exceto para o
Fe (27,27%) e o B (20,01%) (Tabela 2). Para o coeficiente de variacdo genético (CVQ)
foram obtidos valores acima de 10% para o acumulo de todos 0s nutrientes exceto de N
(7,9%), e ainda para a relagéo entre grao e palha (7,4%) (Tabela 02).

Tabela 2 — Estimativas do coeficiente de variacdo experimental (CVe), coeficiente de
variacdo genético (CVQ) e coeficiente de determinacdo genotipico (H2) para o acimulo
de nutrientes nos frutos de 16 gendtipos de Coffea canephora considerando a produgéo
de uma tonelada de grdos e a relacdo de grao/palha nos frutos. Alta Floresta D’Oeste, RO
- Brasil.

Varidveis CVe (%) CVg (%) H2 (%)
Acumulo de nitrogénio 9,2 7,9 69,2
Acumulo de fésforo 9,2 13,8 86,9
Acumulo de potassio 10,2 16,5 88,6
Actmulo de célcio 12,7 18,0 85,8
Acumulo de magnésio 8,1 14,5 90,6
Acumulo de enxofre 8,5 17,1 92,4
Actmulo de cobre 11,5 15,9 85,2
Acumulo de ferro 27,3 12,1 37,4
AcUmulo de manganés 7,3 19,9 95,7
Acimulo de zinco 12,2 17,3 85,7
Actmulo de boro 20,0 12,7 54,6

Relacdo de grdo/palha 3,7 7,4 92,4
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O acumulo de Mn foi 0 que apresentou maior indice de herdabilidade (95,74%),
seguido do Enxofre (92,44%). Todos os restantes apresentaram indices superiores a 69%
com excepcao do acimulo de Fe (37,38%) e B (54,57%). A relacédo de gréo/palha obteve
expressivo indice de 92,42% (Tabela 2).

3.2- Agrupamentos de genotipos e contribuicdo genética

Considerando o acumulo de nutrientes nos frutos e a porcentagem de gréos nos
frutos (café beneficiado) foi proposto o agrupamento dos genétipos pelo método UPGMA
utilizando a distancia euclidiana dos mesmos. Foi possivel formar quatro grupos distintos
formado por diversos gemétipos, a saber: 1) grupo | - VP06 e AS4; 2) Grupo Il -SN41,
GJ08, L140, AS1, ZD156, LB080; 3) Grupo Ill (com o maior numero de genotipos) -
AS2, GJ03, AS6, AS7, LB015, A106, GJ25; 4) grupo IV - AS10 (Figura 1).
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Figura 1 — Dendrograma representativo da dissimilaridade entre 16 genoétipos de C.
canephora obtido pelo método UPGMA utilizando a distancia Euclidiana, considerando
0 acumulo de nutrientes e porcentagem de grao nos frutos. Correlagdo cofenética: 0,77.
Alta Floresta D’Oeste, RO - Brasil.

Pelo método de Tocher com base na distancia euclidiana foram igualmente
obtidos 4 grupos (Tabela 3), mas distintos dos obtidos pelo método IPGMA. O grupo |
englobou a maioria dos genotipos, incluindo 11 dos 16 geno6tipos (AS2, GJ03, AS6, GJ25,
AS7, AS1, LB015, ZD156, SN41, GJ08, L140). O grupo Il incluiu dois genétipos (VPO6,



46

AS4), o grupo IlI dois gendtipos (A106, AS10) e o grupo IV apenas um genotipo
(LB080).

Tabela 3 — Agrupamentos entre 16 gendtipos de C. canephora obtido pelo método de
Tocher com base na distancia Euclidiana, considerando o acimulo de nutrientes nos
frutos e a porcentagem de palha/gréo no fruto. Alta Floresta D’Oeste, RO - Brasil.

Grupos Genotipos

AS2, GJ03, AS6, GJ25, AS7, AS1, LB015, ZD156, SN41, GJO8,
L140

I VP06, AS4
Il A106, AS10
v LB080

A contribuig8o relativa das caracteristicas acimulo de nutrientes nos frutos e a
porcentagem palha/gréos foi calculada pelo método de Singh (Tabela 4). Foi observado
uma amplitude de 23.39% a 0.10% entre as caracteristicas e 0 acimulo de B (23,39%) foi
a contribuicdo mais significativa para a diversidade genética entre os 16 genotipos

estudados, enquanto a relagéo entre gréo e palha contribuiu com 18.68%.

Tabela 4 — Contribuig&o relativa do acimulo de nutrientes nos frutos e porcentagem de
grdo/palha, para a diversidade genética em 16 genétipos de C. canephora, conforme
método de Singh (1981). Alta Floresta D’Oeste, RO - Brasil.

Variaveis S.jt Valor (%) Valor acumulado (%)
Acumulo de boro 5843,6 23,4 23,4
Acumulo de potassio 5472,4 21,9 45,3
Relacdo gréo/palha 4665,7 18,7 63,9
Acumulo de manganés 3889,5 15,6 79,5
Acumulo de cobre 2417,0 9,7 89,2
Acumulo de nitrogénio 1584,9 6,3 95,6
Acumulo de zinco 693,4 2,8 98,3
Acumulo de célcio 242,1 0,9 99,3
Acumulo de enxofre 105,6 0,4 99,7
Acumulo de fosforo 43,5 0,2 99,9
Acumulo de magnésio 25,9 0,1 100,0

1S.j (Singh, 1981).

3.3- Acumulo de nutrientes em fruto, gréo e palha

Os gendtipos VP06, AS10 e AS4 acumularam N no fruto semelhantemente em
maior quantidade. O gendétipo AS10 foi o que mais acumulou P e Zn. Para todos os
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gendtipos o acumulo dos micronutrientes Fe e B foram iguais. O genotipo VP06
acumulou em maiores teores os nutrientes N, K, Ca, Mg, S e Mn, caracterizando como o
gendtipo altamente exigente nutricionalmente. O Genotipo GJ25 teve maior acumulo
de K semelhante ao VP06. Diferentemente, os genétipos que menos acumularam K foram
L140, GJ08, LB080, LB015. Os gendtipos L140, GJO8, LB080 também acumulou menos
P e Ca em seus frutos (Tabela 5).

Tabela 5 — Acumulo de nutrientes nos frutos (grdo + palha) de 16 genétipos de C.
canephora para a producéo de uma tonelada de café beneficiado a 12% de umidade. Alta
Floresta D’Oeste — RO, Brasil.

P K Ca Mg S Cu Fe Mn Zn B

Genotipos = )
kg.tont ———M —¢gtont——
A106 265b 29b 287b 53b 23b 41b 264a 508a 194d 11,0b 31,2a
AS2 236b 2,7c 273b 55b 22b 39b 196b 446a 194d 89c 295a
GJ25 243b 31b 331a 52b 20c 38b 219b 432a 212c 97c 317a
VP06 329a 25c 376a 68a 28a 52a 197b 409a 293a 108b 36,8a
AS1 271b 25c¢ 271b 44c 21b 33c 16,2c 51,8a 205c 7,7¢ 271a
AS7 268b 26c 27,7b 49c¢c 22b 44b 179c 395a 188d 89c 333a
SN41 249b 27c¢c 279b 41c¢c 15d 39b 169c 394a 144e 7,6c 286a
AS6 281b 29b 28,1b 57b 20c 3,7b 184c 480a 215c¢c 7,1c 231a
ZD156 275b 32b 303b 40c 23b 31c 186c 30,3a 172d 9,1c 23,8a
AS10 29,1a 41a 308b 58b 23b 39b 211b 370a 19,3d 13,1a 248a
AS4 30,6a 32b 287b 68a 26a 44b 198b 359a 259b 88c 393a
L140 232b 23c 215c¢c 40c 18c 32¢c 152c 298a 150e 8,2c 292a
GJo8 262b 26c 230c 41c 1,7d 31c 129c 36,5a 16,2e 7,7c 268a

LB080 258b 24c 181c 37c¢c 17d 23d 147c 268a 144e 69c 204a
LB015 249b 28b 209c 57b 23b 32c 171c 30,0a 212c 113b 274a
GJ0o3 26,lb 29b 258b 59b 21b 37b 174c 323a 224c 86c 271a
Resumo andlise de varincia
Genotipos 3,3 7,8™ 88" 7,0™ 109" 132" 6,77 16" 2357 7,07 22"
CV (%) 9,2 92 102 127 8,0 8,5 115 273 7.3 122 20,0
Média 26,7 28 2713 51 2,2 3,7 184 386 198 91 287
Médias seguidas pela mesma letra na coluna ndo diferem entre si pelo teste de Scott-Knot a 5% de

probabilidade.

Os Gendtipos VP06, AS1, AS6, ZD156, AS10, AS4, GJ08, LB080 tiveram
acumulo semelhante para o nutriente N. Para 0 acumulo de nutrientes no grdo nao houve
diferenca estatistica entre os genotipos para os nutrientes P, Fe e B. Quando se observa o
acumulo de todos os nutrientes para cada genotipo, é possivel destacar que o VP06 e o
AS4 séo os genotipos que mais acumulam nutrientes. O ZD156 foi 0 genétipo que mais
acumulou K no gréo e os genotipos AS10, L140, GJ08, LB80, LB015 foram 0s que menos
acumularam K no grdo (Tabela 6).
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Tabela 6 — Acumulo de nutrientes nos graos de 16 genotipos de C. canephora para a
producdo de uma tonelada de café beneficiado a 12% de umidade. Alta Floresta D’Oeste
— RO, Brasil.

. N P K Ca Mg S Cu Fe Mn Zn B
Genotipos
kg.tont g.ton?
A106 192b 15a 122b 19c¢ 13a 15b 133a 194a 11,8a 58a 11,3a
AS2 192b 1,7a 129b 22b 13a 1,7b 11,8a 157a 121a 44b 136a
GJ25 182b 20a 143b 23b 13a 16b 126a 171a 128a 53b 151a
VP06 203a 18a 128b 26a 16a 21a 112a 174a 134a 6,7a 1l1,7a
AS1 215a 18a 135b 22b 14a 16b 115a 206a 129a 52b 129a
AS7 199b 1,7a 123b 19c¢ 13a 20a 104a 169a 11,1b 48b 165a
SN41 184b 17a 118b 17¢c 09b 14b 93b 184a 89b 33b 119a
AS6 222a 18a 119b 21b 13a 15b 97b 194a 11,1b 44b 129a
ZD156 214a 20a 176a 19c¢c 12a 12c 116a 189a 105b 44b 139a
AS10 204a 22a 104c 18c 13a 11c 96b 19,7a 11,1b 49b 16,7a
AS4 211a 18a 126b 24a 13a 14b 10,7a 182a 125a 44b 116a
L140 186b 15a 99c 18c 12a 14c 86b 168a 97b 6,2a 1l45a
GJo8 211a 17a 109c¢c 16c¢c 10b 11c 65b 206a 97b 39b 168a
LB080 219a 1,7a 10,1c 19c¢ 13a 17b 92b 179a 10,3b 48b 118a
LB015 189b 1,7a 109c¢ 22b 11b 1,17c 86b 181a 122a 6,45a 11,3a
GJ03 199b 18a 132b 24a 14a 136c 106a 194a 122a 5,13b 10,7a
Resumo analise de variancia

Genétipos 2,51 1,95™ 5,73 9,29™ 5417 6,29™ 4,03™ 1,17 4,98™ 4,00 1,46™
CV (%) 6,95 126 11,1 747 933 141 144 121 9,02 156 224
Média 202 1,79 123 205 128 152 103 184 11,4 502 134

Médias seguidas pela mesma letra na coluna ndo diferem entre si pelo teste de Scott-Knot a 5% de

probabilidade.

Para palha somente o Fe ndo houve diferenca entre os nutrientes. O genotipo VP06
os nutrientes N, K, Ca, Mg, S, Cu, Fe, Mn, B sendo o gendtipo com maiores teores de
acmulo na palha, sendo este com o maior acimulo de N, K e Mn em sua palhada. O
segundo gendtipo AS10 acumulou em maiores niveis 0s nutrientes P, Ca, Mg, S, Cu, Fe,
Zn, sendo este 0 gendtipo com o maior acumulo de P e Zn em sua palha do fruto (Tabela
7).

Tabela 7 — Acumulo de nutrientes na palha do fruto de 16 gen6tipos de C. canephora
considerando a producgdo de uma tonelada de café beneficiado a 12% de umidade. Alta
Floresta D’Oeste — RO, Brasil.

N P K Ca Mg S Cu Fe Mn Zn B
Genotipos
kg.ton! g.ton*t

A106 73c 142b 165c 34a 1l1la 261b 130a 314a 7,7d 51b 199a
AS2 44c 107c 145c 34a 09b 223c 784b 289a 73d 45b 159b
GJ25 61c 1,10c 188b 29b 07b 22c 93b 261la 83d 48b 16,7b
VP06 126a 080d 248a 43a 12a 31la 84b 235a 159a 41b 251a
AS1 56c¢c 07d 137c 22b 08b 17d 47b 312a 75d 25c 142b
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AS7 69c 09c 153c 30b 09a 24b 75b 225a 7,7d 41b 168D
SN41 66c 10c 162c 24b 06b 22c 76b 209a 55e 43b 166b
AS6 59c¢ 11c 161c 37a 07b 22c 87b 286a 104c 27c 10,2c
ZD156 6,lc 11c 126d 21b 11a 19d 70b 115a 68e 47b 99c
AS10 88b 19a 204b 41a 1ll1a 29a 115a 174a 82d 82a 82c
AS4 95b 14b 161c 45a 13a 27b 91b 176a 134b 44Db 278a
L140 43c 08d 11,7d 22b 07b 18d 6,7b 131a 53e 22c 143D
GJos 51c¢ 09c 121d 26b 07b 21c 65b 159a 65e 38b 99c

LB080 39¢ 07d 81d 19b 05b 07e 55b 89a 42e 21c 8,77c

LB015 59¢ 11c¢c 100d 36a 12a 21c 86b 120a 89 49b 16,1b

GJ03 62c 11c 127d 36a 08b 24b 69b 129a 10,2c 35b 164b
Resumo analise de variancia

Genétipos 4,28 14,9 7,1 54T 89 183" 38" 16 205" 98" 527
CV (%) 280 125 17,7 197 159 99 234 519 136 19,7 27,4
Média 657 108 149 312 09 2,2 8,1 20,2 8,4 41 154
Médias seguidas pela mesma letra na coluna ndo diferem entre si pelo teste de Scott-Knot a 5% de

probabilidade.

3.4- Peso de fruto e relacdo de palha e gréo

Foi observado que os gendtipos apresentaram AS10, AS4, VP06, A106, AS7 0s
maiores peso de amostra e ndo houve diferenca estatistica no peso dos seus frutos seco
sem beneficiamento. J& os gendtipos L140, AS1, ZD156, LB080 os menores pesos e
menores médias em amostras de café seco sem beneficiamento. E 0 maior nimero de
genotipos GJ03, GJ08, GJ25, SN41, LB015, AS6, AS2 obtiveram médias semelhantes
quanto a peso do fruto seco (Figura 2).

GJog ©I25 SN41 pyes
GJo3 ! ' AS6
Y /
AS7 — AS2
\ b b 7
A106 _ a b. o & O e b ,L140
a @ ® b
VP06 @ o . As1
C
a. P
AS4 c . ZD156
a ®
o oc
AS10- 5 @ - LB080
@c

| ] J 1 1 ] ! 1
T T T T T T T T

2000 1500 1000 500 500 1000 1500 2000

@® Peso dos frutos secos (kg)

Figura 2 — Peso de frutos secos de 16 gendtipos de Coffea canephora considerando a
producdo de uma tonelada de graos beneficiados a 12%. Médias seguidas pela mesma
letra entre os gendtipos nao diferem estatisticamente pelo teste de Scott-Knot a 5% de
probabilidade. Alta Floresta D’Oeste, RO - Brasil.
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Figura 3 — Porcentagem de grdo e palha nos frutos de 16 gendtipos de Coffea canephora.
Médias seguidas pela mesma letra entre os gendtipos ndo diferem estatisticamente pelo
teste de Scott-Knot a 5% de probabilidade. Alta Floresta D’Oeste, RO - Brasil.

Os gendtipos LB80, ZD156, AS1, L140, AS2 constituem o grupo que apresentou
a melhor relacdo grdo/palha, onde de 60 a 70% do peso do fruto é composto por grao.
Seguido do grupo de genotipos AS6, LB015, SN41, GJ25, foi possivel observar que entre
60 e 50% do peso do fruto é composto pelo grdo. Os gendtipos GJO8, GJ03, AS7 tiveram
a porcentagem em torno de 55 a 50% do fruto em relacdo a peso total do fruto. Os
gendtipos A 106, VP06 E AS10, proximo a 50% e o gendtipo AS4 obteve o menor
rendimento onde 50% do peso do fruto é composto por grdo. Todos 0s genotipos

obtiveram relagdo a acima de 50% na converséo de palha e gréo (Figura 3).

3.5- Correlacéo entre os acumulos de nutrientes no fruto e a relacéo de
palha e graos

O coeficiente de correlagcdo pode variar em termos de valor de -1 a +1, um valor
absoluto de 1 indica que os dados ordenados sdo perfeitamente lineares. Quanto mais
préximo de 1 for o valor absoluto, mais forte € a relacdo entre as variaveis. Foram
observadas 86 correlagGes entre os acimulos de nutrientes em gréo, palha e fruto, sendo
64 positivas e 22 negativas.

As relacdes negativas ocorreram para as variaveis relagdo % palha x % grao em
todos os nutrientes e no acimulo fruto x % grdo em todos os nutrientes. As correlacfes
positivas ocorreram entre acimulo de grdo x acUmulo no fruto, exceto para 0s

micronutrientes Fe e B. Em todos os nutrientes apresentam correlacdo positiva entre
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actimulo de palha x acimulo no fruto, acimulo palha x % de palha, acimulo palha x peso

fruto, acimulo fruto x % grdo, acimulo fruto x % palha e acimulo fruto x Peso fruto.
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Tabela 8 — Coeficientes de correlacdo de Spearman para o acumulo de nutrientes em gréos, palha e frutos, relacdo de gréo e palha nos frutos e
peso dos frutos em genotipos de C. canephora. Alta Floresta D’Oeste, RO - Brasil.

Nutrientes
Varidveis
N P K Ca Mg S Cu Fe Mn Zn B

Actimulo Gréo x Acumulo Palha 0,00 0,26 0,21 0,47 0,18 0,12 0,14 -0,13 0,55 0,03 -0,26
Aclmulo Grao x Acimulo Fruto 0,62 0,80™ 0,55™ 0,64™ 0,54™ 0,59™ 0,66™ 0,15 0,76™ 0,57 0,17
Acumulo Grao x % Gréo 0,18 -0,09 -0,03 -0,19 -0,12 -0,14 -0,05 0,07 -0,23 -0,15 -0,01
Acumulo Gréao x % Palha -0,18 0,09 0,03 0,19 0,12 0,14 0,05 -0,07 0,23 0,15 0,01
Acumulo Gréo x Peso Fruto -0,18 0,09 0,03 0,19 0,12 0,14 0,05 -0,07 0,23 0,15 0,01
Acumulo Palha x Acimulo Fruto 0,76 0,74 0,89" 0,96™ 0,90™ 0,83 0,80™ 0,93 0,94™ 0,78™ 0,87
Actmulo Palha x % Grao -0,65™ -0,58™ -0,68™ -0,72™ -0,55™ -0,92™ -0,68™ -0,45™ -0,58™ -0,61™ -0,47
AcUmulo Palha x % Palha 0,65 0,58 0,68 0,72 0,55 0,92 0,68 0,45 0,58 0,61 0,47
AcUmulo Palha x Peso Fruto 0,65™ 0,58™ 0,68™ 0,72™ 0,55™ 0,92™ 0,68™ 0,45™ 0,58™ 0,61™ 0,47™
Acumulo fruto x % Gréo -0,38™ -0,39™ -0,52™ -0,66™ -0,52™ -0,79™ -0,55™ -0,36" -0,47™ -0,58™ -0,54™
Acltmulo Fruto x % Palha 0,38™ 0,39™ 0,52 0,66™ 0,52 0,79™ 0,55™ 0,36 0,47 0,58™ 0,54™
Acumulo Fruto x Peso Fruto 0,38" 0,39 0,52 0,66™ 0,52™ 0,79™ 0,55 0,36 0,47 0,58™ 0,54™
% Gréo x % Palha -1,00

% Gréo x Peso Fruto -1,00

% Palha x Peso Fruto 1,00
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4. DISCUSSAO
4.1- Parametros e diversidade genética

Os parametros genéticos CVe, CVg e H? sdo pardmetros relevantes para
utilizacdo em programas de melhoramento, contribuindo para o processo de sele¢do no
melhoramento genético (RODRIGUES et al., 2012). O coeficiente de variagdo ambiental
(CVe) determina o quanto determinada expressao fenotipica foi influenciada pelo
ambiente. Valores inferiores a 20% indicam a baixa influéncia do ambiente e a preciséo
do experimento. Tal foi 0 caso para quase todos 0s parametros estudados (com excep¢ao
do acimulo de Fe e B), sugerindo uma forte ligacdo genética a cada gendtipo com
particular destaque para a porcentagem gréo e palha que mostrou o menor valor de Cve
(Tabela 2).

O coeficiente de variabilidade genética quantifica (CVg) o quanto aquele carater
é influenciado pela sua carga genética, uma vez que trata de uma espécie al6gama e auto-
incompativel (ROCHA et al., 2013; MORAES et al., 2018).

Acumulo de Manganés foi o nutriente que expressou 0 maior indice de
herdabilidade. O coeficiente de herdabilidade (H?) indica o quanto o carater de um
individuo pode ser repassado as suas descendéncias, podendo assim ser utilizado em
programas de melhoramento genético (AKPERTEY et al., 2018). O acimulo de diversos
minerais mostrou valores proximos ou superiores a 90% relativamente ao coeficiente de
herdabilidade (H?), atingindo um maximo no valor relativo ao Mn. Esses resultados
sugerem a predominancia de componentes genéticos sobre os ambientais, desejaveis em
programas de melhoramento genético (DUBBERSTEIN et al., 2019).

4.2- Agrupamentos de genotipos e contribuicdo genética

Baseado no acumulo de nutrientes e porcentagem de palha e gréo, o agrupamento
dos gendtipos pelo método UPGMA indicou a presenca de quatro grupos de genotipos,
com o AS10 a ficar num agrupamento singular, indicando a sua dissimilaridade com os
demais gendtipos avaliados. Pelo método de Tocher por sua vez, os dezesseis genotipos
se agruparam de forma um pouco distinta. Desta feita, 0 genétipo LB080 permaneceu
isolado em um grupo, enquanto AS10 e A106 formaram outro agrupamento. Pelo método
Singh foi possivel observar que o acimulo de B, K e a relacdo palha/gréos influenciou
em 23,39%, 21,90 e 18,68% respectivamente. A alta dissimilaridade entre os gendétipos

contribue significativamente para essas distin¢des entre os métodos (SENRA et al., 2020).
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A espéecie C. canephora é alégama e autoincompativel, essas caracteristicas
favorecem a singularidade de cada gendtipo de forma natural, podendo ser visivel no
fenotipo ou ndo. Quanto mais heterogéneo o grupo em estudo, mais evidente sera as
dissimilaridades entre os individuos (MORAES et al., 2018).

Em avaliagdes anteriores com concentragdo de nutrientes em diferentes 6rgaos da
planta Schmidt e colaboradores (2022) observaram seis grupos para 0s dezesseis
gendtipos, sendo trés deles com um Unico genoétipo, no entanto, genotipos como AS2,
GJ03, ZD156 permaneceram no mesmo grupo como observado nesse experimento.
Afinidades entre os gendtipos em diferentes caracteristicas como concentracdo de
nutrientes em folhas, flores, frutos, acimulo de nutrientes, peso do fruto e a relacédo de
palha e grdos pds beneficiamento, favorece manejos a serem adotados durante o ciclo da
planta, como manejo de adubacdo, irrigacdo, tratos culturais e principalmente colheita, ja
que frutos com o ciclo parecidos a maturacdo ocorre de forma semelhante (COVRE et al.,
2018, MARTINS et al., 2019).

4.3- Acimulo de nutrientes no fruto, grao e palha

O fruto do café possui trés estruturas morfoldgicas Pericarpo (exocarpo,
mesocarpo, endocarpo), o perisperma e endosperma, apos o beneficiamento desses frutos
¢ separado o grao das demais partes que se origina a “casca ou palha de caf¢” (PARTELLI
etal., 2021). A avaliacdo do acumulo de nutrientes nos frutos, palha e grdo é importante,
nomeadamente para um correto manejo de adubacgéo da lavoura. Resultados semelhantes
entre genotipos para o N, P e K facilita 0 manejo nutricional, uma vez que é comum 0 uso
de formulas prontas como o 20-05-20 e 20-0-20 (TORRES et al., 2021; TORRES et al.,
2022). Para nutrientes como o N, que ¢ altamente volatil e com alta demanda pela planta,
é necessario conhecer a dinamica de absor¢do e acimulo nos varios os 6rgdos da planta
desde a fase de viveiro (SANTOS et al., 2017; KOLLN et al., 2022).

Singularidades para o0 acimulo de nutrientes foram observadas nos genotipos, a
exemplo nos grdos de café o acimulo de Ca foi maior que do P, para os dezesseis
genotipos avaliados, indicando a necessidade de avalia¢fes individuais entre 0s genotipos
diferindo de resultados da literatura (COVRE et al., 2016; 2018; SANTOS et al., 2021).
Nos frutos e na palha a ordem de acumulo foi similar ao observado por Covre e
colaboradores (2016). Estes relatam que para produzir uma tonelada de café conilon
houve a seguinte ordem decrescente de acumulo de nutrientes na casca do café: K> N>

Ca> S> P> Mg e Fe> B> Mn> Zn> Cu. Em gréos de café, a ordem de acimulo foi N>
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K> P> Ca> S> Mg e Fe> B> Cu> Mn> Zn e frutos de café foi N> K> Ca> P> S> Mg e
Fe> B> Cu> Mn> Zn. Em cafeeiros irrigados e ndo irrigados os nutrientes N, K e Ca
foram os nutrientes mais acumulados em frutos e folhas (COVRE et al., 2018), pelo que
um manejo equilibrado de adubacdo destes macronutrientes sera necessario para garantir
produtividades elevadas. Genotipos como o0 ZD156 que possui expressivo acimulo do
nutriente K para o fruto, em cultivos sem a devida correcéo dessa demanda pode resultar
em baixo rendimento da cultura, uma vez que o K é um dos principais nutrientes
responsaveis ao enchimento de frutos e posterior peso no grdo (CLEMENTE et al., 2021).
A falta de absor¢éo e de acimulo de K, Ca e S na planta, por exemplo, pode afetar também
processos fisiologicos e reducao da matéria seca da parte aérea, diminuindo a quantidade
viavel de ramos plagiotropicos e estruturas florais (FLORES et al., 2016).

Os genotipos VP06 e 0 AS10 apresentaram os maiores acumulos de todos os
nutrientes em sua palha. Foi ja reportado o acimulo de altas concentracdes de nutrientes
na palha do fruto de café, principalmente N, P, K, Ca, Mg (SCHMIDT et al., 2022g;
COVRE et al., 2018), tornando o manejo de ciclagem de nutrientes importante para o
desenvolvimento da planta, uma vez que € na camada de matéria organica (0-20 cm) onde
as raizes se concentram e retiram a maioria dos nutrientes (SCHMIDT et al., 2022b;
SILVA et al., 2021).

4.4- Peso de fruto e relacdo de palha e gréos

O peso dos frutos seco (Figura 2) diferiu entre os gendtipos, indicando uma
variabilidade genética dentro do grupo. Os genétipos AS4, AS10, VP06, A106, AS7,
apresentaram os melhores pesos e as melhores médias da relagdo porcentagem de grao e
palha apds o beneficiamento. Essas caracteristicas elevam o patamar dos individuos
dentro do programa de melhoramento. Por outro lado, individuo com baixa relagdo gréos
e palha (L140, AS1, SD156 e LB080) pode comprometer o rendimento do genotipo ao
longo da sua permanéncia dos ensaios de melhoramento ou em campos comerciais da
cultura (SILVA et al., 2018, PARTELLI et al., 2021).

O acumulo de massa fresca nos frutos é diretamente influenciado pela capacidade
de absorcdo de nutrientes pelo fruto, condi¢cdes ambientais e periodo exato de colheita
com pelo menos 80% dos frutos cereja (PARTELLI et al., 2021). A relacdo entre palha e
grdos € um dos pontos de referéncia que define se um fendtipo é produtivo em

determinado ambiente, a ampla diversidade em campo favorece a selecdo de grupos
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semelhantes para 0 momento da colheita, facilitando assim a pos-colheita, beneficiamento
dos gréos (SENRA et al., 2020; SILVA, et al., 2018).

4.5 - Correlacgao entre os acimulos de nutrientes no fruto e relacéo de palha
e graos

As correlagdes positivas moderadas a fortes indicam o quanto determinadas
caracteristicas influenciam no fenétipo de cada individuo (DUBBERSTEIN et al., 2019).
Para “acimulo de palha x acimulo fruto” obtiveram-se correlagfes positivas para todos
0s nutrientes, com particular destaque para os macronutrientes Ca e Mg, e micronutrientes
Fe e Mn (Tabela 8). Os dois macronutrientes sdo altamente exigidos para a cultura do
café principalmente na fase de crescimento da planta, floracdo do cafeeiro, enchimento
de frutos e rendimento de grdos (FLORES et al., 2016; SCHMIDT et al., 2022b). A
demanda nutricional desses nutrientes deve ser observada com cautela principalmente o
manejo de adubacdo em periodos que antecedem a faixa critica de suficiéncia como

periodos pré florada e granacao de frutos (LANA et al., 2010).

5. CONCLUSOES

A heterogeneidade do grupo de gendtipo favorece as aplicagdes dos testes em
programas de melhoramento genético. E possivel observar a distingdo e a semelhanca
entre os individuos. Os genotipos dividiram-se em quatro grupos distintos, sendo o
gendtipo AS10 permaneceu isolado em um Unico grupo. O ZD156 foi o gendtipo que
mais acumulou K no grdo. Os gen6tipos VP06 e o AS10 apresentaram 0S maiores
acumulos de nutrientes em sua palhada.

O genotipo LB080 obteve o menor peso de fruto seco e a menor porcentagem de
grdos em relacdo a palha, evidenciando ser necessario mais fruto seco para obter uma
tonelada de café beneficiado. O grupo de gendtipos AS4, AS10, VP06, A106, AS7
possuem porcentagens de grdos em relacdo a palha similares, facilitando o manejo de
colheita e posterior rendimento de secador.

Os nutrientes N, K, Ca e P sdo acumulados em maior quantidade, havendo
necessidade de calibrar as dosagens de adubacdo mineral e os parcelamentos. A
devolucdo da palha para incorporacdo no solo pode ajudar a garantir a ciclagem de
nutrientes bem como a estruturacdo do solo através da matéria organica, diminuindo a

necessidade de uso de fertilizantes quimicos.
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Abstract: The objective of this study was to evaluate nutrient concentrations in the flowers, leaves (pre-flowering and
grain-filling period), grains, and husks of Robusta coffee genotypes cultivated in the Amazon region, as well as to
identify their genetic diversity. This experiment was carried out in Alta Floresta D’Oeste, Ronddnia, Brazil, in
randomized blocks with three replications; for the leaves, a factorial experimental design of sampling periods was
included. The nutrient concentrations of the different evaluated organs were subjected to analysis of variance by the
F test (p < 0.01), and the genetic parameters were estimated. To determine the genetic diversity, the genotypes were
grouped by the UPGMA hierarchical method, and to predict it the relative importance of traits was analyzed. Genetic
divergence among Coffea canephora genotypes was indicated by the leaf nutriente concentrations. At a maximum
dissimilarity threshold of 82% for the genotypes, the UPGMA method formed six groups. Concentrations of nitrogen
(N) and phosphorus (P) in the leaf sampling periods of pre-flowering and grain filling were not influenced by
genotypes. The leaf and flower iron (Fe) concentrations contributed most to genetic divergence. For a nutritional
diagnosis of Robusta coffee, it is important to take into account the comparisons of genetic diversity as well as the
nutritional requirements during the flowering and grain-filling periods.

Keywords: clusters; Coffea canephora; genetic divergence; mineral nutrition

1. INTRODUCTION

Brazil is the world’s largest coffee producer [1], and the two most important agri-
cultural species of the genus Coffea, Coffea arabica and C. canephora, are produced on a large
scale [2]. The cultivation of Robusta or Conilon coffee (C. canephora) is a relevant commercial
agricultural activity in a number of Brazilian states, particularly in EspiritoSanto, Ronddnia,
and Bahia [3]. This species accounts for 34% of the coffee output in thecountry and has other
environmental and nutritional demands than C. arabica, in that theformer is mainly adapted to
ot and low-altitude regions, as found in northern Brazil [4-6].

Robusta/Conilon coffees are characterized by a wide genetic diversity and subdivided into
several groups and subgroups. Within the species C. canephora, the so-called Congolese group
includes the two most commonly cultivated botanical varieties, Conilon (SG1) andRobusta
(SG2) [7,8]. Since allogamy and self-incompatibility can both be observed in the species [9,10],
each genotype may have a performance pattern of its own in the same cultivation system,
mainly with regard to nutrient uptake and response [11,12].

The wider use of management practices on plantations—e.g., pruning systems, soil
acidity correction, fertility enhancement, irrigation, and the selection of superior geno- types
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[13,14]—is key to the success and maintenance of high yields of commercial crops in the country
[15]. In view of the high genetic variability within a Robusta coffee plantation and the need for
the balanced fertilization management of the different plant materials, the dynamics of
accumulation and nutrient concentrations in the plant organs must be well understood to ensure
safe decisions are made concerning when, how, and how much fertilizer should be applied to coffee
crops [4,12,16].

Nutrients within a plant can be mobile, partially mobile, or immobile, and nutrient
transition between plant organs occurs naturally and simultaneously [17,18]. The nutri-tional
demand of flowers, leaves, and fruits is high due to physiological factors that are essential for
the plant, such as photosynthesis, stomatal opening, pollination, and fruit formation. The
nutrient concentration and accumulation in these organs depend on the plant cycle stage and
tend to be particularly high during fruit maturation and vegetative growth [12,19].

Among the coffee trees cultivated in the Rondonia region, new varieties and genotypes
pre-selected by producers and greenhouse growers have performed particularly well [20,21].
The Robusta coffee genotypes grown in this state are extremely productiveand responsive to
fertilization, although their nutrient uptake and concentration dynamics are still unknown.
Therefore, the objective of this study was to evaluate the flower and leaf nutrient concentrations
in the flowers, grains, husks, and leaves, the latter during both pre-flowering and grain-filling, as well
as to identify the genetic diversity in Robusta coffee genotypes grown in the Amazon region.

2. MATERIALS AND METHODS

2.1- Experimental Installation and Description of Area and Plant Material

The test was carried out on a private property in Alta Floresta D’Oeste-Rondonia, Brazil
(latitude 12°08°51.86 S, longitude 62°04°95.03” W, at 440 m asl), where the mean annual
temperature is 26 °C. The region has a tropical climate, classified as Aw, according to Képpen, with
two distinct seasons: a dry period between June and October (Amazo- nian summer) and a rainy
period between November and May (Amazonian winter) [22].The chemical and physical
properties of the soil, characterized as Latossolo vermelho eutréfico [23], are listed in Table 1.

The crop was planted in April 2018 with a spacing of 3.30 m between rows and
0.8 m between plants—i.e., a plant density of 3700 ha~L. The studied Amazonian Robusta genotypes
were arranged in rows, each of which represented a block. The trees were leftto grow with two
stems (approximately 7000 stems ha~1). The cultural treatments wereapplied according to the
crop needs to optimize the phytosanitary and nutritional crop management, and the water
demand during dry periods was met by drip irrigation.

The genotypes used in the study (A106, AS2, G]25, VP06, AS1, AS7,SN41, AS6,ZD156, AS10,
AS4, 1140, GJ08, LB080, LB015, and GJ03) were selected by the coffee producers and greenhouse
growers of Rondonia based on the yield capacity of the trees. Thus far, they have not been
registered by the Brazilian Ministry of Agriculture, Livestock, and Food Supply (MAPA).
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Table 1. Particle size and chemical properties of six soil layers in an irrigated area planted with
Robusta coffee (Coffea canephora) in Alta Floresta D’Oeste, Rondodnia, Brazil.

Soil Layers (cm)
Particle Size Fractions

0-10 10-20 20-30  30-40 40-50 50-60
Total sand (g kg™?) 172 180 180 174 174 198
Silt (g kg™ 428 400 440 406 386 342
Clay (g kg™%) 400 420 380 420 440 460
Soil Layers (cm) Chemical Properties
0-10 10-20 20-30  30-40 40-50 50-60
P (mg kg™ 3 11 5 3 2 14
K (mg kg™}) 44 87 72 60 48 13
S (mg kg™ 5 10 7 7 4 8
Ca (cmol kg™h) 4.4 4.7 4.8 4.4 4.5 4.8
Mg (cmol kg™) 0.7 0.8 0.7 0.7 0.7 0.9
Al (cmol kg™) 0.0 0.3 0.1 0.0 0.0 0.5
H + Al (cmol dm™3) 3.1 4.2 3.6 3.3 3.3 5.0
pH-H20 5.8 5.3 5.6 5.8 5.9 5.5
SOM (dag kg™H) 2.1 2.5 2.5 2.1 2.4 3.1
Fe (mg kg™ 111 80 99 96 92 78
Zn (mg kg™ 1.2 9.9 1.7 1.8 1.5 8.8
Cu (mgkg™) 2.4 2.8 2.8 2.8 2.4 4.7
Mn (mg kg™ 184 208 196 207 168 287
B (mg kg™ 0.25 0.58 0.62 0.83 0.51 0.71
Na (mg kg™ 6.0 7.0 5.0 6.0 5.0 9.0
CEC (cmol kg™) 8.34 9.95 9.31 8.58 8.64 11.07

H + Al: potential soil acidity; SOM: soil organic matter; CEC: cation exchange capacity.

2.2- Flower, Fruit, and Leaf Collection

The experiment was performed in randomized blocks with three replications and the leaves
were evaluated in a factorial experimental design of sampling periods. The first leaves were
collected during the pre-flowering period (July 2019) and the second in thegrain-filling period
of the coffee trees (February 2020). Twenty pairs of fully developed leaves were taken from the
third or fourth rosette on plagiotropic branches in the middlethird of the trees on the side with
the least wind.

Flowers were collected when fully open and when the number of open flowers on the trees was
the highest, which occurred in July 2020 in the morning, right after flowering.They were randomly
taken from plagiotropic branches in the middle third on either side of the plant. The samples were
stored in properly identified paper bags, placed in ice boxes, and taken to the laboratory.

Fruits were collected in the harvest period, between May and June 2020, when morethan
80% of the fruits were ripe. Fruit samples (200 g fresh weight) were collected and dried under
direct sun. Subsequently, the grains were processed by separating the beansfrom the husk. The
samples were stored in clearly labelled paper bags, placed in ice boxes, and taken to the laboratory.
There, the plant material was dried to a constant weight in a forced air circulation oven at 60 °C.

The flower, fruit, and leaf samples were sent to a laboratory for nutritional chemical analysis to
determine the foliar concentrations of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), sulfur (S), iron (Fe), zinc (Zn), copper (Cu), manganese (Mn), and boron (B), as
described by Silva [24].

2.3- Statistical Analysis
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Nutrient concentrations were subjected to an analysis of variance by the F test (p < 0.01)to detect
genetic variation between genotypes. The experimental coefficient of variation (CVe), coefficient of
genetic variation(CVg), and genotypic determination coefficient (H?) were estimated for the
concentration of each nutrient in the flowers, grains, husks, and leaves. The mean nutrient
concentrations of the genotypes were grouped by the Scott-Knotttest (p < 0.05).

To analyze genetic diversity, the Euclidean distance matrix was established as a dissimilarity
measure and the genotypes were grouped by the hierarchical Unweighted Pair Group Method
using Arithmetic Means (UPGMA) and the Tocher method. To obtain the distance matrix and the
formation of clusters, the concentrations of nutrients in the flower, grain, husk, and leaf were
used. The study of the relative importance of nutrient concentrations in predicting genetic
diversity was also applied, as proposed by Singh [25].In addition, Spearman correlation coefficients
were calculated for macro- and micronutrient concentrations in the flowers, grains, husks, and
leaves. All statistical analyses were performed using the Genes software [26].

3. RESULTS

3.1- Parameters and Genetic Diversity

The genetic parameters were estimated using the F test and no interaction between
genotypes and nutrients was detected. The experimental coefficient of variation (CVe) was below
20% for almost all nutrients and organs studied. This low value indicates the low environmental
influence and high experimental precision.

On the other hand, an environmental dependence of some nutrients was also observed in
some exceptional cases, for example: for nutrient Fe in flowers (45.06%); B in grain (22.41%); N
(27.91%), Fe (53.02%), and B (24.15%) in husks; and Fe (20.21%), Cu (25.64%), and B (24.98%) in
leaves (Table 2).

Table 2. Estimates of the experimental coefficient of variation (CVe), coefficient of genetic variation (CVg), and

genotypic determination coefficient (H2) for nutrient concentrations in the flowers, grains, husks, and leaves of
16 Coffea canephora genotypes. Alta Floresta D’Oeste, RO, Brazil.

Flower Grain Husk Leaf
Nutrients CVe CVg H? CVe (Cvg H? CVe CVg H? CVe (CvVg H?
e O e

N 7.02 426 5250 6.77 495 6157 2791 846 21.61 950 4.60 58.44
P 10.25 5.04 4199 12.64 7.09 4852 939 1885 9236 1194 1.88 1293
K 13.03 8.68 57.07 11.07 13.92 82.57 12.77 15.73 8198 14.39 15.88 87.96
Ca 13.12 12.48 73.09 749 1242 89.20 15.17 13.34 69.85 11.81 1594 91.62
Mg 893 11.19 8249 9.33 11.37 81.67 11.74 1845 88.12 19.21 17.08 82.58
S 899 552 53.06 14.83 19.30 83.57 7.17 3.47 41.21 14.51 3.11 21.65
Fe 45.06 45.25 75.16 1146 3.92 2597 53.02 22.04 34.15 20.21 29.13 92.58
Zn 13.03 890 5832 15.64 15.64 74.99 19.32 20.15 76.54 11.79 9.51 79.63
Cu 1296 13.43 76.32 14.39 14.47 75.21 20.04 13.43 57.41 25.64 17.72 74.14
Mn 13.34 10.06 63.06 8.25 11.77 85.94 10.73 24.48 9398 1292 24.25 95.48
B 15.26 13.45 69.97 2241 893 32.27 24.15 16.12 57.19 2498 17.39 74.41

The coefficient of genetic variation (CVg) indicates how far the result is influenced by the
genetics of a plant—i.e., the higher the coefficient is, the greater the genetic influenceis. For all
nutrients and evaluated organs, values > 1 were observed; in flowers, the lowest value was found
for N (4.26%) and the highest for Fe (45.25%). In coffee beans, the lowest value was found for Fe
(3.92%) and the highest for S (19.30%). For husk, the lowest percentage was 3.47% for nutrient S
and the highest was 24.48% for Mn. For leaves, theCVg was lowest for P (1.88%) and highest for
Fe (29.13%) (Table 2).

The heritability index varied among nutrients and plant organs; values above 80 are
considered optimal for selection based on heritability. In coffee flowers, H? ranged from 41.99%
for nutrient P to 82.49% for Mg. For grains, the lowest value was found for Fe (25.97%) and the
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highest for Ca (89.20%), while the HZ of other nutrients such as K, Mg, S, and Mn also exceeded 80%.
In husk, the lowest value was observed for N (21.61%) and the highest for Mn (93.98%), while the
values for P, K, and Mg exceeded 80%. In leaves, P had the lowest H? index (12.93%) and Mn the
highest (95.48%). The values of K, Ca, Mg, and Fe exceeded 80% (Table 2).

3.2- Groupings of Genotypes and Genetic Contribution

With the UPGMA hierarchical method, using the Euclidean distance as a measure of
dissimilarity and based on the nutrient concentrations in the flowers, grains, husks and leaves,
the genotypes were grouped according to the genetic distances among them. At a cut-off level
of 82%, six distinct groups were observed (Figure 1). Groups I, II, and VI contained only one
genotype (AS6, GJ08, and LB0O15, respectively), and Group III contained the genotypes AS1, AS7, and
VPO06. Group IV consisted of AS10, LB080, SN41, and L140 and group V was the most populous,
with six genotypes (AS4, GJ03, AS2, GJ25, A106, and ZD156) (Figure 1).

100 1
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o
= 60 AS1, AS7, VPO
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: = T
= AS10, LBOSO, SN41,
2 407 L140
2
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Figure 1. Dendrogram representing the genetic dissimilarity among 16 Coffea canephora genotypes based on the
UPGMA grouping method and using the Euclidean distance to analyze the nutrientconcentrations in the flower,
grain, husk, and leaf tissues. Cophenetic correlation: 0.68.

Subtle differences between the clustering methods were observed. Tocher’s method
divided the genotypes into seven groups, of which four contained only one genotype. Using the
UPGMA method, genotype G]25 was assigned to group V, and using the Tocher method it was
assigned to group II. The UPGMA method grouped genotype ZD156 in V together with five
others, and by the Tocher method it was classified alone in group V (Table 3).

Ithough not allocated to an isolated group by the UPGMA method, genotype ZD 156 was
also considered to be divergent by this method due to its high degree of dissimilarity; it was not
grouped separately only because of the maximum dissimilarity threshold (82%) adopted in the
dendrogram. To determine the relative contribution of macro- and micronutrient concentrations in
different plant organs to the genetic diversity in 16 C. canephora genotypes, the methodof Singh
(1981) and mean Euclidean distance were used. A range of 69.93% to 0.12% was observed. The
micronutrient Fe in leaves (69.93%) and flowers (21.47%) contributed most to the genetic diversity
(Table 4).
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Table 3. Clustering of 16 Coffea canephora genotypes by the Tocher method based on the Euclidean distance,

considering the nutrient concentrations of flowers, grains, husks, and leaves. Alta Floresta D’Oeste, Rondonia,

Brazil.
Groups (Tocher) Genotypes Groups (UPGMA)

I AS4, G]03, AS2, A106 \Y%
11 AS1, AS7, VP06, GJ25 * 11
I11 AS10; LB080, SN41, L140 v
v GJ08 1
\% ZD156 * \Y
VI AS6 I

VII LB015 VI

* Genotypes grouped together by UPGMA.

Table 4. Relative contribution of the macro- and micronutrient concentrations in flowers, grains, husks,
and leaves to genetic diversity in 16 genotypes of Coffea canephora, according to the Singh method [25] and
based on the Euclidean distance. Alta Floresta D’Oeste, RondoOnia, Brazil.

Variables S.j Value (%) Cumulative value
(%)
Leaf Fe 1140153.54 69.93 69.93
Flower Fe 350017.28 21.47 91.40
Leaf Mn 93046.05 5.71 97.10
Leaf B 13688.46 0.84 97.94
Flower B 10051.63 0.62 98.56
Husk B 5224.38 0.32 98.88
Husk K 3145.26 0.19 99.07
Flower Cu 2110.62 0.13 99.20
Husk Mn 2060.74 0.13 99.33
Leaf Ca 1951.91 0.12 99.45
Flower Mn 1637.25 0.10 99.55
Other variables 7371.72 0.45 100

S.j: value estimated by the statistic of Singh [25].

3.3- Nutrient Concentration in Flowers, Grain and Husk

The N, K, and S concentrations in the flowers of Robusta coffee were not influenced by the
genotypes, which were all grouped together by the Scott-Knott test (Table 5). ForP and Ca, the
genotype means were divided into two and for Mg into three dissimilarity groups, among which
genotype GJ08 accounted for a group of its own. Genotype GJ25 was allocated to the group with the
highest means for all macronutrients (Table 5).

The micronutrients Fe, Zn, Mn, and B were divided into two mean groups. The genotypes
AS1, L140, and LB080 were practically always in the group with the highest micronutrient
means. Micronutrient Cu was divided into three mean groups, of which genotype GJ08
represented a group of its own (Table 5).

For macronutrient P in the Robusta coffee beans, the genotypes had no influence on the
nutrient concentration and were all grouped together by the Scott-Knott test (Table 6). For Mg, the
genotypes were divided into two groups, where SN41, GJ08, and LB015 were isolated in the 2nd
group, while for nitrogen two groups were formed as well, although with more balanced
compositions. The nutrients K, Ca, and S were clustered in three groups of means. For K, genotype
ZD156 had the highest mean and was allocated alone in the first group, while for Ca and S, genotype
VP06 was grouped together with the genotypes withthe highest means (Table 6).
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Table 5. Macro- and micronutrient concentrations of flowers of 16 Coffea canephora genotypes. AltaFloresta
D’Oeste, Rondonia, Brazil.

Macronutrients Micronutrients
Genotypes N P K Ca Mg S Fe Zn Cu Mn B
(kg™ (mgkg™1)
A106 30.40a 3.03b 26.27a 3.80b 2.83a 3.10a 63.10b 14.07b 21.63a 2343a 32.12b
AS2 27.37a 3.50a 23.77a 3.57b 2.73a 2.90a 31.87b 15.43b 20.17a 19.80b 41.77b
GJ25 27.83a 3.53a 2823a 4.67a 2.87 a 3.40a 44.67b 17.00a 22.60a 24.80a 39.08b
VP06 29.70a 3.10b 25.33a 4.23a 2.50b 3.23a 28.50b 13.87b 19.03b 21.77a 35.49b
AS1 27.57a 3.23b 31.10a 4.57a 3.17 a 293 a 32.53b 17.03a 22.80a 22.10a 49.47a
AS7 29.23a 3.50a 25.67a 3.80b 2.57b 3.13a 33.33b 14.93b 17.90b 21.23a 42.29b
SN41 28.07a 3.53a 27.70a 3.27b 2.27b 3.13a 106.47a 17.87a 22.27a 16.37b 41.27b
AS6 28.30a 3.53a 2287a 287b 2.33b 3.23a 52.43b 12.40b 16.80b 17.70b 37.05b
ZD156 2780a 293b 23.77a 3.73b 240b 3.43a 77.23b 15.07b 18.97b 18.07b 33.03b
AS10 26.63a 3.60a 20.00a 3.17b 230b 3.00a 62.73b 16.87a 17.73b 19.00b 52.58a
AS4 2780a 3.10b 26.37a 4.10a 2.67 a 3.50a 131.37a 15.23b 20.67 a 19.77b 31.46b
L140 31.57a 290b 23.73a 3.57b 230b 3.77 a 113.80a 17.30a 19.63a 20.40b 51.05a
GJ08 29.43a 297b 20.00a 3.10b 1.83 ¢ 290a 38.00b 12.60b 11.80c 18.67b 43.17b
LB080 3297a 3.53a 23.17a 4.03a 243b 3.07a 119.63a 18.63a 2290a 23.03a 41.10b
LB015 2947a 3.13b 24.23a 4,70 a 2.50b 3.23a 118.03a 16.60a 17.23b 25.23a 36.47b
GJO3 30.63a 3.37a 24.57a 4.00a 2.33b 3.43a 11690a 15.00b 16.57b 18.40b 36.53b
F Test Probability
N P K Ca Mg S Fe n Cu Mn B

Genotypes 1.99ns 3.98* 196" 3.72 % 5.71 ** 1.84 "8 4,03 ** 2.39%* 4.22 ** 2.71 % 333 %
Mean 29.05 3.28 24.80 3.82 2.50 3.21 73.16 15.62 19.29 20.61 40.25

Means followed by a same letter in a column do not differ according to the Scott-Knot test at 5% probability. ™, **, and * mean
not significant, significant at 1% probability, and significant at 5% probability, respectively, according to the F test.

The Fe and B concentrations in Robusta coffee grain did not differ among the geno-
types, which were all clustered together. For the Zn and Cu concentrations, two mean groups
were formed and three were formed for Mn. Genotype VP06 had the highest meanfor Mn and was
grouped separately, but was assigned to the groups with the highest means along with A106 for the
other micronutrients (Table 6).

The N and S concentrations in the husk of Robusta coffee beans were not influencedby
the genotypes, which were all allocated together by the Scott-Knott test (Table 6). The variation in
means was greatest for nutrient P, for which the genotypes were separated in four groups, and
genotype VP06 had the lowest observed mean (0.90). The macronutrients K and Ca formed two
mean groups and for Mg the genotypes were divided into threegroups. Genotype AS10 was
assigned to the group with the highest means for practicallyall macronutrients.

The Fe concentration in the husk of Robusta coffee grain was not influenced by the
genotypes, resulting in a single group according to the Scott-Knott test (Table 6). Zn, Cu,and B
were divided into two mean groups, and for these nutrients the genotypes AS2, GJ25, and LB015
were grouped similarly in the groups with the highest means. The genotype means of
micronutrient Mn were the most irregular, forming five groups. The first groupconsisted of
genotype VP06; the second of the genotypes AS6 and AS4; the third of the genotypes AS1, LB015,
and GJ03; the fourth of the genotypes AS2, G]25, and ZD156; and the fifth of the genotypes A106,
AS7,SN41, AS10, L140, GJ08, and LBO80 (Table 6).

Table 6. Macro- and micronutrient concentrations in the grain and husk of 16 Coffea canephora
genotypes. Alta Floresta D’Oeste, Ronddnia, Brazil.

Macronutrients Micronutrients
P K Ca Mg S Fe Zn Cu Mn B
Genotypes
R p— (gKg1) ormmrmmmmmmiees e T —
Grain
A106 20.70b 1.63a 13.17b 2.10c 1.40a 1.60c 20.93a 6.37a 14.40a 12.70b 12.18a
AS2 20.70b 1.83a 13.97b 2.33b 1.47a 1.83b 16.97a 4.77b 12.73a 13.10b 14.77a
GJ25 19.63b 2.17a 15.40b 2.43b 1.40a 1.70b 18.50a 5.77b 13.60a 13.90b 16.30a
VP06 2197a 190a 13.77b 2.77a 1.73a 2.27a 18.80a 7.30a 12.13a 15.67a 12.68a
AS1 23.27a 2.00a 14.57b 2.33b 1.53a 1.70b 22.27a 5.63b 12.40a 14.03b 13;:[98
AS7 22.40a 1.83a 13.33b 2.07c 1.43a 2.23a 18.13a 5.27b 11.23a 12.03¢ 17.88a

SN41 19.87b 1.83a 12.77b 1.83c 1.00b 1.87b 19.90a 3.63b 10.07b 9.60c  12.80a
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AS6 23.90a 2.00a 1293b 2.23b 1.33a 1.67b 20.97a 4.77b 10.43b 11.97c 13.97a
7ZD156 23.03a 2.20a 19.03a 2.10c 1.43a 1.27c 20.40a 4.77b 12.50a 11.30c 15.04a
AS10 22.00a 2.40a 11.23c 1.93c 1.40a 1.13c 21.23a 5.27b 10.33b 11.93c¢ 18.01a
AS4 22.83a 197a 13.63b 2.57a 1.40a 1.87b 19.67a 4.77b 11.60a 13.50b 12.38a
L140 20.47b 1.67a 10.70c 2.00c 1.30a 1.50c 18.17a 6.50a 9.27b 10.47c 16.13a
GJ08 22.80a 1.83a 11.73c 1.70c 1.10b 1.13c 22.20a 4.30b 7.00b 10.53¢ 18.13a
LB080 23.67a 1.80a 10.90c 2.03c 1.37a 1.47c 19.43a 5.23b 9.93b 11.10c 12.70a
LB015 20.50b 1.87a 11.80c 2.37b 1.20b 1.27c¢ 19.50a 6.97a 9.27b 13.17b 12.21a
GJ03 21.57b 1.97a 14.23b 2.57a 1.53a 1.47c 18.67a 5.53b 11.43a 13.20b 11.52a
Mean 21.83 193 13.32 221 138 162 19.73 543 11.15 12.39 14.42
Husk
A106 8.73a 1.70b 19.90b 4.17b 1.27b 3.13a 36.57a 6.20a 15.77a 9.37e 24.03a
AS2 6.63a 1.60b 21.77a 5.13a 1.33b 3.37a 44.20a 6.80a 11.83a 11.17d 24.20a
GJ25 8.50a 1.53b 26.33a 4.13b 1.03c 3.07a 36.70a 6.10a 13.03a 11.67d 23.32a
VP06 13.93a 0.90d 27.57a 4.77a 1.33b 3.50a 26.20a 4.50b 9.53b 17.70a 27.78a
AS1 9.67a 1.27c 23.43a 3.80b 1.30b 2.97a 52.80a 4.23b 8.17b 12.87c 24.51a
AS7 8.50a 1.17c 1887b 3.70b 1.17b 3.00a 28.30a 5.03b 9.17b 9.53e  20.65a
SN41 9.20a 1.40c 22.67a 3.37b 0.90c 3.03a 29.23a 6.00a 10.70b 7.73e 23.19a
AS6 897a 1.63b 24.13a 5.50a 1.63a 3.33a 42.87a 4.03b 13.07a 15.63b 15.39b
7ZD156 8.73a 2.00a 22.50a 3.70b 1.20b 3.37a 20.53a 8.30a 12.47a 12.00d 17.50b
AS10 990a 2.13a 22.47a 4.47a 1.17b 3.20a 19.43a 6.13a 12.80a 8.87e 16.43b
AS4 10.63a 1.53b 17.93b 5.03a 1.47a 2.97a 19.77a 4.87b 10.10b 15.00b 31.19a
L140 7.33a 1.37c 20.03b 3.83b 1.17b 3.13a 22.33a 3.77b 11.43a 9.17e 24.38a
GJ08 7.57a 1.33c 16.90b 3.57b 0.93c 2.97a 22.20a 5.23b 9.03b 9.03e 13.87b
LB080 8.30a 1.47c 16.63b 3.90b 0.97c 3.17a 18.30a 4.43b 11.40a 8.63e 17.60b
LB015 8.77a 1.63b 14.90b 5.33a 1.77a 3.13a 17.97a 7.20a 12.73a 13.30c 23.32a
GJ03 8.50a 1.53b 17.43b 4.93a 1.07c 3.37a 21.00a 4.87b 9.40b 14.03c 22.92a
Mean 8.99 1.51 2084 433 1.23 3.17 2865 548 11.29 11.61 21.89

Means followed by the same letter in a column do not differ according to the Scott-Knot test at 5% probability."s, **, and
* mean not significant, significant at 1% probability, and significant at 5% probability, respectively, according to the F

test.

3.4- Nutrient Concentrations in Coffee Leaves in Two Sampling Periods

The nutrient concentrations in the leaves of the genotypes at pre-flowering and grain filling

were compared. For N and P, there was no difference between genotypes in the two evaluation
periods (Table 7). For nutrient K in pre-flowering, the genotypes VP06, AS1, AS7, SN41, ZD156, AS4,
L140, GJ08, and GJ03 were grouped together and A106, AS2, GJ25, AS6,AS10, LB080, and LB015 were
grouped together in the second group of means. However, four mean groups were observed for this
nutrient in the second evaluation during thegrain-filling period—i.e., genotypes AS1 and L140 in the
first; VP06 alone in the second; AS2, G]25, AS7, ZD156, AS10, GJ08, LB080, and GJ03 in the third;
and A106, SN41, AS6,AS4, and LB015 in the fourth (Table 7).
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Table 7. Leaf macronutrient concentrations in 16 Coffea canephora genotypes during pre-flowering and grain-filling. Alta Floresta D’Oeste, Rondonia, Brazil.
Macronutrients (g kg=1)
Genotypes N P K Ca Mg S
Pre-Flowering Grain-Filling Pre-Flowering Grain-Filling Pre-Flowering Grain-Filling Pre-Flowering Grain-Filling Pre-Flowering Grain-Filling Pre-Flowering Grain-Filling
A106 17.07 Aa 17.07 Aa 1.20 Aa 1.33 Aa 8.47 Ba 8.87 Da 18.00 Ca 12.37 Cb 4.20 Ba 2.50 Cb 2.10Ba 1.73 Ba
AS2 19.67 Aa 21.83 Aa 1.03 Aa 1.23 Aa 8.53Bb 1193 Ca 21.67 Ba 12.83 Cb 5.50 Aa 2.73Bb 2.27 Aa 1.87 Ba
GJ25 15.73 Aa 17.90 Aa 1.10 Aa 1.13 Aa 8.07 Bb 11.10 Ca 20.50 Ba 13.80 Bb 4.70 Ba 2.80 Bb 1.93 Ba 1.63 Ba
VP06 17.07 Aa 16.83 Aa 1.13 Aa 0.90 Ab 9.80 Ab 13.70Ba 14.03 Da 11.17 Ca 2.77 Ca 2.10Ca 1.80 Ba 1.87 Ba
AS1 17.27 Aa 18.13 Aa 1.07 Aa 1.10 Aa 11.53 Ab 16.93 Aa 16.07 Ca 12.13Cb 3.40 Ca 2.67 Ba 2.00Ba 1.47 Bb
AS7 18.33 Aa 17.70 Aa 0.97 Ab 1.27 Aa 10.20 Aa 11.97 Ca 12.60 Da 10.57 Ca 2.87 Ca 1.87 Ca 2.03Ba 1.57 Bb
SN41 17.50 Aa 18.13 Aa 1.27 Aa 1.00 Ab 10.57 Aa 8.13 Db 17.50 Ca 20.57 Aa 2.83 Cb 5.03 Aa 1.93Ba 1.70 Ba
AS6 15.53 Ab 18.80 Aa 1.20 Aa 1.07 Aa 8.17 Ba 7.20 Da 16.83 Ca 19.70 Aa 3.17 Cb 4.77 Aa 2.43 Aa 1.77 Bb
ZD156 16.40 Aa 17.23 Aa 1.10 Aa 0.97 Aa 10.90 Aa 11.00 Ca 16.90 Ca 15.50 Ba 3.07 Ca 3.27Ba 2.47 Aa 1.50 Bb
AS10 15.30 Aa 17.03 Aa 1.23 Aa 1.07 Aa 8.60 Bb 12.07 Ca 17.67 Ca 16.27 Ba 3.77 Ca 3.43Ba 233 Aa 1.50 Bb
AS4 18.13 Aa 18.13 Aa 1.13 Aa 1.13 Aa 9.67 Aa 9.03 Da 18.00 Cb 21.60 Aa 3.63 Ca 4.40 Aa 2.20 Aa 1.37Bb
L140 16.60 Aa 16.40 Aa 1.23 Aa 1.13 Aa 9.33 Ab 15.77 Aa 23.37 Aa 13.77 Bb 4.53 Ba 2.00 Cb 2.07 Ba 1.57 Bb
GJ08 17.03 Aa 19.23 Aa 1.17 Aa 1.20 Aa 11.67 Aa 9.93 Ca 17.43 Ca 15.33Ba 3.00 Ca 2.93Ba 2.30 Aa 1.87 Ba
LB080 15.97 Aa 18.37 Aa 1.17 Aa 1.20 Aa 7.43 Bb 10.50 Ca 25.57 Aa 19.50 Ab 5.93 Aa 3.37Bb 2.03Ba 1.47 Bb
LB015 16.60 Ab 19.90 Aa 1.17 Aa 1.07 Aa 6.73 Ba 8.40 Da 20.37Ba 21.00 Aa 4.63 Ba 4.33 Aa 1.83 Ba 1.73 Ba
GJ03 15.50 Ab 19.33 Aa 1.13 Aa 1.13 Aa 9.83 Aa 10.93 Ca 16.60 Ca 18.83 Aa 3.10 Ca 3.43Ba 1.47 Bb 2.57 Aa
Mean 16.86b 18.25a 1.14a 1.12a 9.34b 11.09a 18.32a 15.93b 3.82a 3.23b 2.07a 1.70b
F test probability
N P K Ca Mg s

Genotype (G) 2.441 * 1.17" 8.57 * 11.97 * 5.7 ** 1.30M

Seasons (S) 17.07 ** 0.71"s 34.99 ** 33.562 ** 18.49 ** 46.42 **

G xS 157+ 1.99* 461 6.49 = 7.02% 4,64+

Means followed by equal letters, lowercase in rows and uppercase in columns, do not differ from each other according to the F and Scott-Knott test, respectively, at 5% probability. "%, **,and * mean not significant, significant at

1% probability, and significant at 5% probability, respectively, according to the F test.



70

Agronomy 2022, 12, 640

For nutrient Ca, an irregular concentration among the genotypes and between the
evaluation periods was observed. In the pre-flowering period, the genotypes were grouped into four
mean groups: the first with genotypes L140 and LB080; the second with genotypes AS2, GJ25, and
LB015; the third with most of the genotypes—namely, A106, AS1, SN41, AS6,ZD156, AS10, AS4,
GJ08, and GJ03; and the fourth with the genotypes VP06 and AS7.For the grain-filling period,
however, the genotypes were grouped into three mean groups. The first comprised the genotypes
SN41, AS6, AS4, LB080, LB015, and GJ03; the second comprised the genotypes G]25,ZD156, AS10,
L140, and GJ08; and the third comprised the genotypes A106, AS2, VP06, AS1, and AS7 (Table 7).
For Mg in the pre-flowering period, the genotypes were grouped into three groups. The first
clustered genotypes AS2 and LB080; the second clustered genotypes A106, GJ25,L.140, and LB015;
and the third clustered the genotypes with the lowest means—i.e., VP06, AS1, AS7, SN41, AS6,
ZD156, AS10, AS4, GJ08, and GJO03. In the grain-filling period, the 16 genotypes were also divided
into three groups, but differently. The first group consisted of genotypes SN41, AS6, AS4, and
LBO015, the second of genotypes AS2, GJ25, AS1, ZD156,AS10, GJ08, LB080, and GJ03; and the
third of genotypes A106, VP06, AS7, and L140 (Table 7).

For nutrient S in the pre-flowering period, the 16 genotypes were divided into two mean
groups. The first group clustered genotypes AS2, AS6,7ZD156, AS10, AS4, and GJ08and the second
clustered genotypes A106, GJ25, VP06, AS1, AS7,SN41, L140, LB080, LB015, and GJ03. For the grain-
filling period, the genotypes were also grouped into two mean groups; however, genotype GJ03
with the highest mean was grouped alone in the first group and the others without statistical
difference in the second (Table 7).

An evaluation of the interaction of genotypes with nutrients showed that the meansof
genotype GJ08 were equal in all periods and for all nutrients. Genotype LB015 differedonly for N,
where the mean during the pre-flowering period was higher than that in the grain-filling period.
On the other hand, genotype ZD156 differed only for nutrient S; during the pre-flowering period, it
had a higher concentration than in the grain-filling period (Table 7). The genotypes A106, AS2,
GJ25,AS1,L140,and LB080 had lower means of Ca and Mg in the grain-filling period. For nutrient
N, the means of the genotypes AS6, LB015,and GJO3 were irregular, with the highest mean
occurring in the grain-filling period.

The performance pattern of the micronutrients differed from that of the macronutrients.For
Fe during pre-flowering, the genotypes were grouped into two clusters with similar means
within the groups, while for the grain-filling period this pattern was different andthe 16
genotypes were divided into four groups. The genotypes LB015 and GJ03 were assigned to the
group with the highest means in both physiological plant stages. For the pre-flowering stage,
micronutrient Zn was divided into two groups. Similarly, for grain-filling the genotypes were
divided into two groups, but differently. Genotype A106was always in the group with the highest
means in both tested phenological stages of thecoffee tree (Table 8).

For both phases, the Cu concentrations were separated into three mean groups. Geno- types
AS6 and ZD156s were assigned to the group with the highest means during pre- flowering.
During grain-filling, the only genotype with a higher mean was LB015. For Mn, the 16 genotypes
were divided into four mean groups for the pre-flowering stage andthree for the grain-filling stage.
The LB015 genotype presented the highest average in both phenological stages and was grouped
separately (Table 8).

For B concentrations during pre-flowering and grain-filling, the genotypes were divided
into three groups in both stages, although the clusters had different structures. Genotypes GJ25
and VP06 were allocated in the group with the highest mean in both stages; however, in the grain-
filling period, another 13 genotypes had similar means (Table 8). The means of genotypes AS1, AS7,
and LB080 were not influenced by the evaluation period for any micronutrient. In turn, at least
four of the five micronutrient concentrations in genotypes GJ08, SN41, and LB015 were not
influenced by the assessment period (Table 8).



Table 8. Leaf micronutrient concentrations in 16 Coffea canephora genotypes during the pre-flowering and grain-filling periods. Alta Floresta D’Oeste, Rondonia, Brazil.

Micronutrients (mg kg=1)

Fe Zn Cu Mn B
Pre-Flowering Grain-Filling Pre-Flowering Grain-Filling Pre-Flowering Grain-Filling Pre-Flowering Grain-Filling Pre-Flowering Grain-Filling
A106 173.93 Ba 178.03Da 7.93 Ab 10.93 Aa 11.10 Ba 5.30Cb 92.20 Ba 72.70 Cb 36.26 Ba 13.03 Cb
AS2 172.10 Ba 124.60Da 8.33 Aa 8.77 Ba 7.97 Ca 3.13Cb 83.30Ba 63.03 Cb 3493 Ba 31.42Ba
GJ25 181.30 Ba 144.57Da 8.03 Aa 7.90 Ba 10.80 Ba 5.90 Cb 76.43 Ca 61.10 Ca 56.99 Aa 40.36 Ab
VP06 148.87 Ba 179.30Da 7.00Ba 6.73 Ba 7.87 Ca 3.30Cb 61.10 Da 66.03 Ca 56.30 Aa 38.94 Ab
AS1 124.67 Ba 166.00Da 7.17Ba 8.13 Ba 8.13 Ca 5.33Ca 68.90 Ca 71.87 Ca 43.70 Ba 43.67 Aa
AS7 170.30 Ba 181.60Da 5.87 Ba 7.00 Ba 6.80 Ca 5.83 Ca 53.93 Da 54.47 Ca 3446 Ba 45.62 Aa
SN41 177.10 Ba 251.57Ca 6.57Ba 7.57 Ba 8.07 Ca 6.13 Ca 55.43 Db 82.70 Ba 20.45 Cb 42.03 Aa
AS6 172.03 Bb 265.03Ca 6.20Ba 6.97 Ba 14.53 Aa 5.17Cb 57.27 Db 76.37 Ca 14.46 Cb 45.69 Aa
ZD156 210.27 Ba 22193Ca 6.43Bb 8.30 Ba 14.43 Aa 5.50Cb 76.93 Ca 85.33 Ba 40.82 Ba 37.70 Aa
AS10 207.47 Bb 327.17Ba  6.00Bb 7.97 Ba 6.70 Ca 6.63 Ca 57.43 Db 93.40 Ba 31.29 Ca 42.51 Aa
AS4 269.07 Ab 359.27Ba  6.93Bb 8.93 Ba 10.70 Ba 4.33 Cb 68.30 Cb 90.43 Ba 26.44 Cb 50.85 Aa
L140 213.13 Ba 213.37Ca 6.93Bb 10.37 Aa 6.43 Ca 8.07 Ba 90.07 Ba 71.47 Cb 22.51Cb 45.24 Aa
GJ08 238.57 Aa 261.10Ca 6.87Ba 7.90 Ba 8.33 Ca 7.47 Ba 80.47 Ca 95.60 Ba 30.37 Cb 46.84 Aa
LB080 235.50 Aa 290.63Ba 6.77 Ba 8.00 Ba 6.13 Ca 5.13 Ca 94.23 Ba 97.77 Ba 37.65Ba 48.58 Aa
LB015 286.43 Ab 426.47 Aa  7.30Ba 8.73 Ba 8.43 Ca 11.10 Aa 133.43 Ab 152.60 Aa 45.38 Ba 46.48 Aa
GJO3 297.37 Ab 415.83 Aa 8.03 Aa 8.63 Ba 5.37Ca 6.23 Ca 61.87 Db 92.87 Ba 15.97 Cb 31.94Ba
Mean 204.88 b 25040a  7.02b 8.30a 8.86a 591b 75.71b 82.98a 34.25b 40.68a
F Test Probability
Fe Zn Cu Mn B

Genotypes (G) 13.8776 ** 4.79 ** 3.91 ** 22.83 ** 3.78 **

Seasons (S) 24.2149 ** 47.0371* 59.05 ** 12.47 * 10.98 **

G xS 2.2987 * 3.16 ** 551 * 4,99 ** 4.34 **

Means followed by equal letters, lowercase in rows and uppercase in columns, do not differ from each other according to the F and Scott-Knott test, respectively, at 5% probability. ** and * mean significant at 1 and 5%
probability, respectively, according to the F test.
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3.5- Correlation between Nutrient Concentrations of Flowers, Grain, Husk,

and Leaves duringPre-Flowering and during Grain-Filling

Using Spearman’s correlation coefficients for macro- and micronutrient concentra-
tions in the flowers, grains, husks, and leaves of 16 genotypes, a total of 50 significant
correlations were detected, 7 of which were negative. Positive and significant correlations were
confirmed for the relationships Flower Grain for the nutrients K, Ca, and Mg and micronutrients
Cu, Mn, and B. For the relationship Flower Husk, significance was only observed for K. For the
correlation between Flower Leaf in the pre-flowering period, positive correlations were
observed for macronutrient Mg and for the micronutrients Feand Mn. The correlation Flower
Leaf in the grain-filling period was only positive for the micronutrients Fe and Zn, and the
correlation Flower Leaf was only positive in bothperiods for Fe (Table 9).

For the relationships of grain with the other plant parts, only husk had a strong and
positive correlation for the macronutrients P, K, and Ca and for the micronutrient Mn. For the
relationships of husk with the other organs, only Husk Leaf had a weak positive correlation for
nutrient P during grain-filling, and only Husk Leaf had a weak positive correlation for
micronutrient Cu in both periods (Table 9).

When correlating the two leaf sampling periods (leaf in pre-flowering leaf in grain-
filling), positive correlations were observed for nutrients K and Fe only. However, when
correlating pre-flowering and grain-filling with the mean of the two periods, positive
correlations were found for all nutrients (Table 9).

Negative correlations were observed between Flower Husk for the micronutrientFe and
Flower Leaf in the pre-flowering period for N. Negative correlations with grainwere observed
for Grain Leafin the grain-filling period for Mg and Cu. For Fe, negativevalues were observed for
all correlations of husk with the other organs (Table 9).
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Table 9. Spearman correlation coefficients for macro- and micronutrient concentrations in flowers, grain, husk and leaves of 16 genotypes of Coffea canephora. Alta Floresta

D’Oeste, Rondonia - Brazil.

Variables Nutrients
N p K Ca Mg S Fe Cu Mn Zn B
Flower x Grain -0.09 0.11 0.31*  0.50**  0.49** 0.12 0.02 0.36*  0.42** 0.08 0.29%
Flower x Husk -0.13 0.15 0.32* 0.21 0.28 0.03 -0.52** 0.09 0.07 0.13 -0.04
Flower x Leaf in pre-flowering -0.32*  -0.02 0.10 0.08 0.29* -0.04 0.58** 0.12 0.39**  -0.04 0.10
Flower x Leaf in grain-filling 0.06 0.09 0.10 -0.06 -0.24 -0.12 0.57** -0.10 -0.05 0.32* 0.25
Flower x Leaf in both periods -0.11 0.01 0.08 0.02 0.07 -0.08 0.65** -0.02 0.13 0.18 0.21
Grain x Husk 0.08 0.32% 0.29*  0.53** 0.16 -0.02 0.00 0.02 0.60**  -0.09 -0.22
Grain x Leaf in pre-flowering 0.03 -0.05 0.11 -0.10 0.02 -0.07 0.08 0.25 -0.06 0.25 0.09
Grain x Leaf in grain-filling 0.15 -0.20 0.12 -0.09  -0.33* 0.17 0.15 -0.28*  -0.18 0.06 0.05
Grain x Leaf in both periods 0.25 -0.14 0.13 -0.09 -0.21 0.04 0.11 0.01 -0.25 0.18 0.19
Husk x Leaf in pre-flowering 0.09 0.05 0.05 0.02 0.11 0.01 -0.57** 0.25 -0.16 0.14 0.22
Husk x Leaf in grain-filling -0.27 -0.03 0.22 0.28% 0.07 0.19 -0.69** 0.14 -0.05 0.03 -0.04
Husk x Leaf in both periods -0.15 0.03 0.17 0.26 0.10 0.28 -0.74**  0.31* -0.21 0.09 0.09
Leaf in pre-flowering x Leaf in grain-filling 0.02 -0.01 0.32% 0.22 -0.04 -0.16 0.59** -0.17 0.24 0.26 0.11
Leaf in pre-flowering x Leaf both periods 0.60**  0.64**  0.65**  0.65**  0.66*  0.54**  0.78**  0.71** 0.78** 0.70**  0.84**
Leaf in grain-filling x Leaf in both periods 0.76**  0.71**  0.90**  0.83**  0.65** 0.67**  0.95**  0.52** 0.75** 0.85**  0.55%*

Values in bold and asterisks indicate significant correlations (* P<0.05 and ** P<0.01).
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4. DISCUSSION

4.1-Parameters and Genetic Diversity

Genetic parameters are great tools in breeding programs, as they determine the geneticand
environmental influence on a given trait [20]. The coefficients of genetic variationand heritable
index express the genetic variability and how much can be transmitted to descendants [27,28].
Values for CVg above 7% are generally considered high [29,30]. In this study, however, lower values
were found, indicating that the nutrient concentration may have been influenced by the cultivation
environment of the population.

The nutrient concentrations in plant organs depend on the environmental conditions,as
indicated by the much higher CVe than CVg for most nutrients. The environmental variation
coefficient is a measure that is to relate the experimental precision and how mucha trait is influenced
by the environment [28,31,32].

The heritability of Mg and Mn was superior in all evaluated plant organs (flowers, grains,
husks, and leaves). High values for this parameter are considered relevant for breed- ing and for
indicating the possibility of selecting genotypes, since heritability also assesses the ability of trait
expression in descendants, even under adverse conditions [20,30,33]. However, when studying
different coffee genotypes and their interaction with different environments, heritability indices
ranging from insignificant to values very close to 1 canbe found [6,8,32,34].

4.2- Genotype Clustering and Genetic Contribution

Based on the dissimilarity of nutrient concentrations in different plant organs of the16
genotypes, these were clustered into six groups. Of the six, three groups containedonly one
genotype. If a group consists of only a single genotype, this means that it has distinct
characteristics in relation to the others [35-37]. For Robusta/Conilon coffee trees, it is expected that
the larger the population is, the greater the heterogeneity of plants will be and the higher the
diversity between groups will be [33,38]. Based on Singh’s method, the micronutrient Fe in leaves
(69.93%) and flowers (21.47%) contributed most to the genetic diversity. The Fe concentrations in
the leaves and flowers were also the variables with the highest CVg, which reinforces the result
obtained for the genetic contribution even more. Group V was the most populous of the six
groups, with six genotypes found (AS4,GJ03, AS2, G]J25, A106, and ZD156). For nutritional
factors, genotypes with affinities in nutrient uptake and concentration and fruit maturation cycle
facilitate crop management, mainly in terms of fertilization and fertigation [11,16]. In seven
Conilon coffee genotypes,Gomes et al. [11] evaluated leaf nutrient concentrations and observed
two distinct groups formed by Mahalanobis’ distance method, where the first group comprised four
genotypes
and the second three.

However, the more heterogeneous the genetic diversity patterns were and thus the greater the
number of divergent genotypes there were in the plantations, the better the guar-antees were, mainly
with regard to pollination and yield stability, since Robusta/Conilon coffee trees are allogamous and
self-incompatible, which reduces the availability of viable pollen at flowering [5,9,35].

Using the Tocher method, seven groups were formed. Four genotypes were grouped
independently of the others, showing the heterogeneity of the crop. In a study on genetic
divergences in the root system of 43 Conilon coffee genotypes, Silva et al. [38] observed small
differences between the methods. The UPGMA and Tocher optimization methods determine the
distance between the genotypes based on different criteria [39]. Consequently, the similarity
between the groups formed by these two methods is a guarantee of the heterogeneity of the
population and the reliability of the genetic distances observed betweenthe genotypes [28,30,38].
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4.3- Nutrient Concentration in Flowers, Grain and Husk

The pattern of concentrations of a nutrient in the plant organs flowers, grains, andhusk
was similar for the analyzed genotypes, differing only among the evaluated nutrients [4,16].
Although the maturation of all analyzed genotypes was intermediate, the flowering and
maturation phases differed slightly between them; nevertheless, all were harvested at the same
time of the year in the cherry stage [40]. According to Marré et al. [41], the micronutrient
accumulation rates of genotypes with early, intermediate, or late cycles followed the same pattern
throughout the fruit maturation cycle, differing only from super late genotypes. For these
genotypes, some factors interfered directly with the genetic expression, such as irrigation
management, fertigation, intensity of the dry period, envi- ronmental conditions, and
fertilization management [16,41,42]. With the exception of Ca,the nutritional concentrations in
the flower were higher in relation to the other organs sampled, evidencing the high demand for
nutrients in the fruit formation phase. Grains and husk contained higher concentrations of N, P, K,
and Ca than the other macronutrients. These nutrients are essential for plant growth and required
at high levels during fruit formation [4,16].

4.4- Nutrient Concentrations in Coffee Leaves in Two Sampling Periods

The influence of genotypes on the leaf nutrient concentrations of the coffee trees was
observed in both sampling periods, but the foliar concentrations of N and P did not differ between
the genotypes in the two periods, showing the importance of these macronutrients for plant
physiological functions [18]. Under controlled conditions, Starling et al. [43] found no change in the
N concentration in leaf tissues of different genotypes under water stress. Nutritional assessments
of leaves are important for crop monitoring and decision- making for fertilization management,
above all to determine the optimal application time of the split rates of essential elements such
as N, K, and P [11,41]. According to Oliosi et al. [12], the N and P concentrations vary in the
different periods and genotypes during the fruiting period of the coffee trees, showing that early
and intermediate genotypes have similar accumulation and concentration rates [41]. The highest
means during the grain-filling period may have been related to the applied fertilization
management, since N and K are essential nutrients for vegetative growth and fruit formation,
which occur concomitantly [4,44].

Effects of the evaluated periods and genotypes on Ca and K concentrations were
observed, indicating a high demand in the grain-filling period. Calcium is the second most
accumulated nutrient in Conilon coffee leaves, being important for meeting the highdemands
during the flowering, early stage of fruit growth, and rapid fruit expansion [45].Potassium plays a
fundamental role in coffee fruit formation, especially in the grain-filling phase, when starch
synthesis occurs intensely [45]. This high requirement was indicated by the variation in
concentration between the sampling periods, where large differences between the
concentrations of the studied genotypes were observed, as also reported byOliosi et al. [12].

The macronutrients Mg and S varied most in terms of absolute values between the
evaluated periods. These nutrients are essential for the leaf structure and play a funda- mental
role in photosynthesis and the Krebs cycle to generate energy and reserves for theplant [18,35].
In general, pre-flowering and flowering occur in the period of the most severe drought intensity in
the Amazon region, causing a reduction in dry matter accumulation and, consequently, a lower
nutrient accumulation [4,6]. After flowering, there is a phase of high demand of photoassimilates
for fruit development that coincides with the vegetative growth stage, requiring a higher
nutritional supply in January/February [11,12,16].

Differences between genotypes for nutrient concentrations in the same evaluation
period were also reported by Silva et al. [46]. The C. canephora genotypes differ in relation to the
root system [38], with a direct influence on uptake rate, compartmentalization, and nutrient
translocation. Consequently, vegetative growth must also be considered distinct, which in turn
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influences biomass accumulation [47]. Thus, nutrient dilution occurs in genotypes with higher rates
of biomass accumulation and nutrient concentration in genotypes with lower biomass
accumulation rates. Thus, shoot tissues such as the leaves of coffee genotypes can have different
concentrations for the same nutrient, be it by the uptakeeffect or biomass accumulation during
vegetative growth. The means reported in this study differ from those reported by Wadt and Dias
[48] for the establishment of DRIS standardsfor coffee trees in Rond6nia and also from the
means calculated by DRIS standards fortwo evaluation periods (pre-flowering and grain-filling)
for Conilon genotypes in Espirito Santo by Partelli et al. [44].

Micronutrients are characterized by a certain instability in plant demand and supply.

They are required at very low quantities, which makes the range between lack and excess
extremely narrow. This aspect affects decision-making in fertilizer splitting, in particularwith
regard to the timing for an optimized efficiency of the application [42].
During the plant cycle, Fe is the most accumulated micronutrient. It plays an essential role in
chlorophyll biosynthesis and is fundamental for the photosynthetic machinery ofthe plant [18,35].
This nutrient contributed most to genetic diversity within the genotypes studied. The influence and
changes in genotypes and concentrations were greatest during the grain-filling period.

The micronutrients Zn and B are relevant for plants, as they participate in cell division and

contribute to the release of growth hormones [18,35]. Boron, together with Ca, plays a
fundamental role in the leaf structure and the plant demand during the pre-flowering and
flowering periods is high [12]. Genotype A106 had the lowest B concentration in thegrain-filling
period, indicating a high demand during the evaluated periods.
Copper had a higher mean in the pre-flowering than the grain-filling stage, unlike Mn, which had
a higher mean in the grain-filling period than in the pre-flowering period.Both observed nutrient
means were within the sufficiency ranges established by Partelliet al. [44], although the means
were lower.

4.5- Correlation between the Nutritional Concentrations of Flowers, Grain
and Husk, and Leavesduring Pre-Flowering and Grain-Filling

Positive correlations were observed between the two leaf sampling periods for all nutrients
and positive correlations between the other plant organs. Positive and negative correlations between
nutrients for foliar analyses in different periods were reported by Lana et al. [49]; these authors
emphasized that attention should be paid to antagonistic nutrients for fertilizations and especially to
the need for a balanced nutrient supply preceding phases of increased nutritional demand, such as
the stages of flowering, fruiting, and grain-filling.

5. CONCLUSIONS

Genetic divergence among C. canephora genotypes for leaf nutrient concentration was
observed in the phenological stages of pre-flowering and grain-filling. However, the
concentration patterns of flowers, grains, and husks were similar among the genotypes. The 16
genotypes were clustered into six distinct groups. Genotype LB015 was clustered alone.
According to the genetic distance calculated by the UPGMA method, the nutrient concentration
pattern of the genotypes AS4, GJ03, AS2, GJ25, A106, and ZD156 was the same.

The foliar nutrient concentrations of N and P were not influenced by the genotypes in the
pre-flowering and grain-filling sampling periods. Iron in leaves and flowers was the nutrient
concentration that contributed the most to genetic divergence. For a nutri- tional diagnosis of
Robusta coffee, it is important to take into account the comparisons of genetic diversity as well
as the nutritional requirements during the flowering and grain-filling periods.

The results of this study can be useful as a guide for the use of genetic resources of interest
in breeding programs to obtain Robusta coffee cultivars.
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CAPITULO 4
GENETIC DIVERSITY OF COFFEA CANEPHORA CV. CONILON GENOTYPES REGARDING
THEIR ROOT SYSTEM SIZE AND DISTRIBUTION
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Abstract: This work aimed to evaluate the variability in the distribution of the root system among
genotypes of C. canephora cv. Conilon and indicate management strategies for a more efficient mineral
fertilization. Root distribution was evaluated in six genotypes. The experimental design was in
randomized blocks with three replications. Soil monoliths measuring about 27 cm3 were collectedat
six different soil depths, at three row distances and nine distances of inter-row planting. The
collections were carried out in one plant of each repetition. In total, 1296 samples were evaluated.The
roots were washed, digitized and processed to quantify length density, volume, surface area and
diameter. The distribution of the root system was characterized using semivariograms. It was
observed that the highest concentration of roots occurred in the distances close to the irrigation
drippers. There was variation in the distribution of the root system among the genotypes. However,in
general, the root system is concentrated at a depth of 0 to 20 cm in the soil, at distances up to 50 cm in the
planting row and up to 60 cm in inter-rows. Therefore, the greatest efficiency in nutritional
management can be achieved by applying fertilizers within a radius of 50 cm around the plant.
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1. INTRODUCTION

The Coffea arabica and Coffea canephora species are widely cultivated in the tropical region. The
production and trade basis of coffee, one of the main commodity products on the interna- tional
scene, is considered in this study. In 2020/21, around 10.18 million tons of green coffee from the two
species was produced worldwide [1]. About 29% was produced in Brazilian plantations, of which C.
canephora represented about 34% (that is, 0.98 million tons) [2].

The C. canephora species is diploid (2n = 2x = 22 chromosomes), allogamous and self-
incompatible, with self-incompatibility controlled by the S. allele. These characteris- tics promote
high heterogeneity in natural coffee fields of seminal origin [3,4]. Despite exhibiting some genotype
dependency, the Conilon coffee cultivar stands out in the world scenario mainly for its robustness
and ability to acclimate to different environmental con- straints [5-8]. Therefore, this species is
expected to have some capability to endure the ongoing and future climate changes, largely
associated with a more frequent exposure toabiotic stress, namely, to unfavorable temperature and
water availability conditions, which are also the main constraints for this crop’s sustainability [9].

The development of new varieties of Robusta and Conilon coffee, genetically charac-
terized and with reproduction via cloning, has directly contributed to the advancement ofcoffee
growing in Brazil, the second largest C. canephora producer worldwide [10,11]. The large number
of new Conilon and Robusta genotypes has also greatly contributed to the generation of new
hybrids, ensuring the necessary heterogeneity in crops to allow for theself-incompatibility of this
species.

There are a number of attributes that are usually used to evaluated and select promis- ing
materials for cultivation with high productive and environmental stress acclimation capabilities
[12]. Among them, the coffee tree root system has been targeted in studies of genetic
improvement programs, with the aim of selecting more productive materials with greater
endurance/adaptability. Plants with a deeper and well-developed root system are likely to be better
adapted to environments with water and nutritive scarcity, in addition to ensuring better plant
fixation in the soil due to its higher root/shoot ratio [13-16].

There are studies in the literature showing that in Conilon coffee crops that use
localized irrigation systems (such as drip systems), it is common for root development tobe
concentrated mainly in the “wet bulb” region of the soil [14,17]. Consequently, when broadcast
fertilization is carried out, the ability of plants to absorb nutrients outside theirrigated area may
become restricted. In this sense, it is important to understand the rootdistribution between
different genotypes so that nutritional management is more efficient.Studying root systems is a
heavy cost and laborious process that usually requires uprooting the plants, which can become
disadvantageous in the field and in perennial crops such as coffee [15,18]. Tools such as root
imaging diagnosis and geostatistics makeit possible to map the dynamics of root profiles, ant to
expand our knowledge regarding the distribution roots for nutritional and water absorption
[14,19].

Therefore, knowing the spatial distribution of the roots along the soil profile both vertically
and horizontally on the scales between the plants and between the planting lines (greater
spacing) allows one torelate the distribution of roots in the soil profile to the plant capacity to
explore the soil tonutrients and water ratio. In this context, this work aimed to evaluate the
variability in the distribution of the root system among genotypes of C. canephora cv. Conilon and
indicate
management strategies for more efficient mineral fertilization.

2. MATERIALS AND METHODS

2.1- Plant Material and Experimental Design

This study was carried out in the municipality of Nova Venécia, northern Espirito Santostate,
Brazil (18°39'43” S, 40°25'52” W and 199 m asl). The average annual temperaturein the region
is 23° C, with an Aw climate, tropical with hot and humid summer and dry winter, according to
Koéppen'’s classification [20]. Plant cropping systems were installed in commercial stands. The soil
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of region was classified as Yellow Latosol, according to the Brazilian Soil Classification System
[21], with the physical and chemical characteristics asgiven in Table 1.

Coffee seedlings with about five pairs of leaves were transplanted in May 2014 with a
spacing of 3 m 1 m, which corresponds to a cultivation density of 3.333 coffee trees per hectare. To
standardize the number of stems per plant, formation pruning was performed, where each plant
remained with four orthotropic stems (13.332 stems ha~1), and the cleaning pruning of plagiotropic
branches was carried out after each harvest. Agricultural management was carried out in order to
meet nutritional and phytosanitary needs. Liming and fertilization were performed according to
regional recommendations [22]. The annual fertilizations of N, P20s and K20 were 500, 100 and
400 kg ha™1, respectively. In relationto soil micronutrients, a total of 2 kg ha~! of Zn, 1 kg ha™!
of B, 2 kg ha™! of Cu and10 kg ha~! of Mn were applied annually. The culture was maintained
under adequate water availability by means of a drip irrigation system since

Table 1. Chemical and granulometric characteristics in six soil depths (Yellow Latosol) in an irrigated area with
Conilon coffee (C. canephora) in Nova Venécia—Espirito Santo, Brazil.

Soil Layers (cm)

Chemical Attributes 0-10 1020  20-30 3040 4050  50-60

K (mg dm™3) 110 95 74 57 52 46

S (mg dm™3) 15 11 29 15 15 17

Ca (cmol dm™) 3.8 34 1.9 1.0 0.7 0.6

Mg (cmol dm™3) 1.0 0.9 0.4 0.3 0.1 0.1

Al (cmol dm™3) 0.0 0.0 0.3 0.7 0.8 0.8

H + Al (cmol dm™3) 1.6 1.8 2.4 2.9 3.1 3.1

pH (H20) 6.6 6.5 5.3 4.8 4.8 4.8

Mat. Org. (dag dm~3) 2.1 1.7 1.1 0.8 0.7 0.5

Fe (mg dm™3) 140 138 126 94 88 87

Zn (mg dm™) 10.2 4.5 2.9 1.1 0.6 0.5

Cu (mg dm™3) 3.4 4.3 3.0 1.9 1.2 1.0

Mn (mg dm™3) 207 174 104 46 44 40

B (mg dm™) 0.81 0.83 0.58 0.55 0.56 0.61

Na (mg dm™3) 11.0 37.0 8.0 6.0 5.0 4.0
Particle size fractions

Sand (g kg™) 434 352 188 368 366 376

Silt (g kg™) 86 168 212 32 74 124

Clay (gkg ™)) 480 480 600 600 560 500

In this experiment, we evaluated six genotypes of C. canephora Pierre ex A. Froehnercv.
Conilon (AD1, Valcir P, Peneirao, Z21, A1 and P2), which were arranged in randomized blocks with
three replications. The choice of genotypes was based on the average produc-tion capacity of five
crops, the last being in 2020. The AD1, Valcir P, Peneirao, Z21, A1l and P2 genotypes had an average
production of 116, 75, 105, 102, 106 and 124 bags per hectare,respectively. The studied genotypes
were selected from the varieties Tributum, Andina, and Monte Pascoal from a group of 43
genotypes under evaluation [10,11,23].

2.2- Root Traits

Soil monoliths measuring about 27 cm® were collected using auger type (tubular) atsix
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different soil depths (0-10, 18-20, 20-30, 30-40, 40-50 and 50-60 cm). According to Santos et al.
[24], up to 60 cm depth is the main region where water absorption and rootemission occur.
Moreover, soil monoliths were collected at three distances in the planting row (16, 32 and 48 cm)
and nine distances in inter-row planting (16, 32,48,96,112,128and 144 cm), both obtained from
of the plant stem. For all distances, soil monoliths werecollected at the six depths described
above. The collections were made in one plant of each repetition. A total of 1296 samples was
evaluated (6 genotypes 3 replicates 6 depths 12 distances). These sampling distances were
defined to know the dynamicsand expansion capacity of the roots between the planting lines
where fertilization and irrigation did not occur [14].

The samples were placed in plastic bags, sealed, and stored at -10° C for further
evaluation. Then, the samples were washed in running water in a 30-mesh sieve (0.595 mm)to
separate the roots from the soil. Roots with a diameter above 3 mm were excluded from the data set
as they were considered outliers.

Roots were later digitized with a Nikon 18.2 MP camera (images were taken 50 cm above the
roots), and the resulting images were analyzed with the Safira program [25].The following
characteristics were evaluated: root length density (mm cm™3), root volume (mm?® cm™3), root
surface area (mm? cm™~3) and root diameter (mm).

2.3- Statistical Analyses

For the statistical analyses, data normality and homoscedasticity were verified, fol- lowed
by analyses of the mean Euclidean distance and posterior grouping of genotypes by the method
of single-link, nearest neighbor grouping. The R program was used for performing these
analyses [26].

After grouping the genotypes, the spatial variability of the evaluated attributes was
characterized using a geostatistical technique: the semivariogram [27]. The analysis of spatial
dependence was performed by geostatistics, with the help of the GS + 7.0 pro- gram [28], which
performs the calculation of sample semi-variance, which was estimatedby the equation:

Yz (x +h) —z ()]

y(h) = O

where y (h) is the semivariogram function, n (h) is the number of sample pairs [z (xi);z (xi +
h)] separated by vector h, and z (xi) and z (xi + h) are the numerical values of the analyzed
attribute observed for points xi and xi + h separated by vector h.

The semivariograms were fitted by testing the spherical, exponential and Gaussian
model, and their parameter nugget effect (Co), plateau (C), reach (Co + C) and range were
determined. To choose between more than one model for the same semivariogram, the highest
value of the correlation coefficient obtained by the cross-validation method wasconsidered [29].
The spatial dependence index (SDI) showed the percentage ratio of Co inrelation to Co + C and
was evaluated by the equation:

Co
SDI = — 100

o

SDIs were rated as: strong, 25%; moderate, 25 to 75%; and weak, 75% [19]. Krigingwas peBformed
using the Surfer program (Golden Software, LLC, USA), and variable maps from spatial distribution
data were developed.

3. RESULTS

Based on characteristics of the root system (root length density, root volume, root surface
area and root diameter), for the evaluated distances to the plant and soil depths,the genotypes
were divided into three groups considering a cutoff point of 96.23% of dissimilarity in the
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dendrogram, as recommended by Mojena [30]. Group [I—AD1, Valcir P and Peneirao genotypes;
Group II—A1 and P2 genotypes; Group III—Z21 genotype (Figure 1).

The variables root surface area, root volume per soil volume and root length density of these
three groups of C. canephora genotypes showed dependence from the kriging analysis (Table 2).
Only the t diameter variable did not show such dependence, thus not contributing to this study of
the spatial arrangement of roots. The spatial dependence index (SDI) was less than 25% for all
variables studied within the genotype groups (Table 2),indicating a high degree of spatial
dependence. The coefficient of determination R? of all groups and characteristics was greater than
0.9 and particularly close to 1 root length density, reflecting great reliability as regards the equation
used to determine the models.

Cluster method: sigle linkage - Nearest Neighbor
ADI I-
Valcir P

Peneirdo
Al

P2

Z21]

0 10 20 30 40 50 60 70 80 90 100
0 0.13 0.26 0.39 0.52 0.65 0.78 0.91 1.04 117 1.30

Euclidian Distance
Figure 1. Dissimilarity between six C. canephora genotypes using the Euclidean distance of the means and the
single-link clustering method—nearest neighbor, considering four root characteristics (root length density, root
volume, root surface area and root diameter), based on three distances in the planting row (16, 32 and 48 cm)
and nine distances in inter-row planting (16, 32, 48, 64, 80, 96, 112, 128, 144 cm). Both the distances were
measured from the stem of the plant and six depths from the ground (0-10, 10-20, 20-30, 30-40, 40-50 and
50-60 cm) at each distance.

Table 2. Estimated parameters of experimental semivariograms for the studied variables of thegroups of six
genotypes of C. canephora in Nova Venécia—Espirito Santo, Brazil.

Root surface area (mm? cm™) Root volume (mm? cm-?) Root length density (mm cm)

Parameters Group I GroupIl  Grouplll Groupl GroupIl GroupIll Groupl GroupIl Group III
SDI 0.23 20.81 17.98 0.050 0.069 13.03 0.08 13.23 0.041
R? 0.908 0.922 0.925 0.92 0.974 0.989 0.996 0.99 0.992

RSS 1.67x108 1.01x107 3.77x107 547404  38734.0 36542 16115.0 1822960 2189057
RCV 1.009 1.058 1.073 0.96 0.924 1.057 1.106 1.016 0.966

SDI: spatial dependence index; R2: coefficient of determination; RSS: mean square residual sum value; and RCV:cross-
validation regression coefficient.

The cross-validation coefficients (RCV) ranged from 0.924 to 1.106, which indicatesthat
the models and adjustments adopted were adequate enough to represent the spatial
characteristic of the attributes evaluated for each genotype group. The residual sum valueof the
mean square RSS was also used as a parameter for choosing the model to be used.The
semivariograms were fitted to the spherical model for the three groups in the characteristic root
surface area and root length density; for root volume, only for Group III was it better adjusted in the
Gaussian form (Table 3).

Table 3. Estimated models and parameters of experimental semivariograms for the variables studied of the
groups of six C. canephora genotypes, in Nova Venécia - Espirito Santo, Brazil.

Root surface area (mm? cm™) Root volume (mm? cm3) Root length density (mm cm3)
Parameters  Groupl GroupIl GroupIll Groupl GroupIl GroupIll Groupl GroupIl Group III

Model Spherical Spherical Spherical Spherical Spherical Gaussian Spherical Spherical Spherical
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Co 100.0 3540.0 6420.0 1.0 1.0 222 10.0 2650.0 10.0
Co+C 42621.0 17010.0 35700.0 1981.39 1430.0 1703.0 11670.0 20030.0 24180.0
Range (m) 93.7 121.3 93.30 89.60 134.50 139.94 55.80 180.10 68.30

The semivariograms were adjusted by testing the spherical, exponential and Gaussian theoretical models,
and their nugget effect (Co), landing (C), plateau (Co + C) and range parameters were determined for each
group of genotypes and traits (root surface area, root volume and root length densit

The genotype groups showed a quite distinct distribution of the root system in the soil profile
up to 60 cm depth. In Group I (Figure 2), the plants showed a more uniform root distribution in
the soil profile (although with a higher concentration in the superficial layers, that is, up to ca. 20 cm),
together with a higher global root concentration. Moreover, strong root presence occurred up to
about 70 cm away from the stem of the plant in the planting line. Therefore, these plants denoted a
good soil exploitation both in the surface as well in depth (up to 50-60 cm) with 27% in the
superficial layer and 11% in the deeper layers evaluated.

Distance in the row, cm Distance inter-rows, cm

480 26,7 53 16,0 373 58,7 80,0 1013 1226 1440

1 1 1

T

a) Group 1
40,0

T

60,0

b) Group 11
40,0 - L

600 A &

20,0

40,0 O -

60,0

¢) Group III

- > 830 mm’cm-* - > 690 mm*cm-* -> 550 mm?cm-*

N f ) 20m.3
> 410 mm2em-* > 270 mm’em > 130 mm?cm-?

Figure 2. Spatial distribution map of the roots in the soil profile for the characteristic surface area of the roots,
based on the clustering of six C. canephora genotypes at three distances in the planting row (16, 32 and 48 cm)
and nine distances in inter-row planting (16, 32, 48, 64, 80, 96, 112, 128, 144 cm). Both distances were
measured from the stem of the plant and six depths from the ground (0-10, 10-20, 20-30, 30-40, 40-50
and 50-60 cm) at each distance. The transverse white line refers to the location of the plant. (a) Group I—AD1,
Valcir P and Peneirao genotypes; (b) Group II—A1 and P2 genotypes and (c) Group III—Z21 genotype.

The plants of Group II (Figure 2) showed the root system distributed in the first
superficial layer (0-10 cm), and an extended presence in the inter-row space up to 1.44 m, although
not in great depth. There was a predominance of the root system in the 0-30 cmlayers, where
about 70% of the root surface area was found.

The plants of Group III (Figure 2) presented the most superficial root system, with the root
system evenly distributed in the 0-10 cm layer along with an extended presence in the inter-row up
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to 1.44 m of the plant trunk with around 34% of the observed surface area.For the deeper layers
in the row, root emission was mostly uniformly from 30 to 50 cm.

With regard to the spatial distribution of roots in the volume of roots per volume ofsoil,
plants in Group I (Figure 3) showed the highest values at all distances and depths. Itwas
particularly clear at distances from 20 to 48 cm in the line where there were highervalues of
root surface. This uniform spatial distribution was reflected in the presence of 70% of the entire
root volume up to 50 cm in depth. In the vicinity (5 cm) of the stem, theroot system is not
prominent, both in the planting row and inter-rows.

Distance in the row, cm Distance inter-rows, cm

48,0 267 53 6,0 37,3 587 80,0 101,3 1226 1440

a) Group [

b) Group Il

20,0

c) Group 111
40,0

60,0 :

-> 170 mm*em-* -> 110 mmPem-* -> 80 mm*cm-?
@3> 60 mm’em-* ()= 40mmlem-* (__)> 15 mmiem-

Figure 3. Spatial distribution map of roots in the soil profile for root volume per soil volume, basedon the
clustering of six C. canephora genotypes at three distances in the planting row (16, 32 and 48 cm) and nine
distances in inter-row planting (16, 32,48, 64,80,96,112,128, 144 cm). Both distanceswere measured from the
stem of the plant and six depths from the ground (0-10, 10-20, 20-30, 30-40, 40-50 and 50-60 cm) at
each distance. The transverse white line refers the location of the plant. (a) Group I—AD1, Valcir P and
Peneirao genotypes; (b) Group II—A1 and P2 genotypes and

(c) Group III—Z21 genotype.

In the plants of Group II (Figure 3), the volume of roots was concentrated close to the
plant stem and in the more superficial layers, 0-20 cm, with 60% of the root volume
concentrated up to 30 cm depth, but with a relevant presence up to 60 cm, for both withinthe row
and inter-rows.

In the plants of Group III (Figure 3), the root volume per soil volume was greater until 20 cm
depth (mainly in the 0-10 cm layer), both in the row (until 50 cm) and in the inter-rowspace (until ca.
65 cm). The plants of this group showed greater uniformity between the depths analyzed with 27%



87

of the root volume observed in the 0-10 cm layer.

For the root length density characteristic, distinct responses were observed between groups.
The plants of Group I (Figure 4) showed the great values in the most superficialsoil (0-10 cm)
and up to 48 cm in the planting line; moreover, about 44% of the root length is in the 0-20 cm beds.
On the other hand, in the inter-row direction, shorter roots canbe observed in surface-layer soil
(0-10 cm) along the evaluated distances, reaching up to
1.44 m away from the plant stem.

Distance in the row, cm Distance inter-rows, cm

48,0 26,7 53 16,0 373 58,7 80,0 101,3 122,6 1440
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Figure 4. Spatial distribution map of roots in the soil profile for the length root density, based on the
clustering of six C. canephora genotypes at three distances in the planting row (16, 32 and 48 cm) and nine
distances in inter-row planting (16, 32, 48, 64, 80, 96, 112, 128, 144 cm). Both distances were measured
from the stem of the plant and six depths from the ground (0-10, 10-20, 20-30, 30-40, 40-50 and 50-60
cm) at each distance. The transverse white line refers the location of the plant. (a) Group [—AD1, Valcir P
and Peneirao genotypes; (b) Group II—A1 and P2 genotypes and

(c) Group III—Z21 genotype.

In the plants of Group II (Figure 4), unlike Group I, it was possible to observe medium- to-
short roots throughout the profile (0-60 cm) analyzed, and along the inter-row remained the short
roots in the superficial layers (0-20 cm). About 42% of the longest roots observed in this group of
genotypes are located at a depth of 0-20 cm.

In the plants of Group III, the smaller size of roots was observed as the depth of evaluation
and the distance observed increased; 35% of the roots of the plants in this group are located at depth
0-10 cm (Figure 4C). However, from the 30 cm layer onwards, therewas a predominance of short
roots close to the coffee tree stem. Only 10% of roots werelocated in the deepest layer, 50-60
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cm; such roots were considered short and whitish.
4. DISCUSSION

In genetic improvement programs, one should identify similar and distinct genotypes, as the
more heterogeneous the population, the greater the possibilities of selecting indi-viduals who
are not related. Conilon coffee genotype groupings using genetic distances are important for
crops and to ensure that flower cross-fertilization occurs, which will consequently result in
higher productivity [12].

These six genotypes emerged from a group of 43 genotypes as regards their highrusticity
observed in the biometric characteristics of the aboveground part of the plantsand productive
capacity [31,32]. In these works, the genotypes were grouped differentlyin relation to the actual
study, where we grouped the genotypes according to their root system distribution, which resulted
in three distinct groups.

The Z21 genotype remained isolated in one group. In previous trials, this genotype constituted
larger groups, that is, it was formed by more genotypes (in addition to Z21) for characteristics of the
root system. Silva et al. [16] observed a similarity between the Z21and L80 genotypes, at a distance
of 30 cm from the plant stem. For this second evaluation moment, the plants of the L80 genotype
went through the programmed cycle pruning process, being discarded by the analysis requirements
of this study. As for the biometric characteristics evaluated by Dubberstein et al. [31] verified the
isolation of this genotypefor the characteristics plant height and orthotropic branch length Z21.

The application of geostatistical techniques can contribute to the analysis regardingthe
development of root systems, especially in perennial crops such as coffee in which theevaluation
of the root system without damaging the plant is difficult [15].

The results show that the spherical model was the best at representing the behavior of the
spatial distribution of root attributes for all groups (Table 3), in agreement with reports showing that
model as the most used to describe the relationships of soil [33]. For the initial selection of the best
models, the following were mainly considered: the smallest residual sum of squares (RSS), the largest
coefficient of determination of the adjusted model, and the highest values of the cross-validation
regression coefficient between real and estimated data.Faraco et al. [34], studying several criteria
for the validation of soil attributes, concluded that cross-validation was the most appropriate
method for choosing the best fit.

The root systems in Conilon coffee plants can be considered shallow and well dis- tributed
horizontally [19]. This pattern was previously observed [13,13,16,19], and couldbe due to the
cloning system, which it is not limited to a single pivot root, as observed in Arabica coffee trees,
because their propagation is primarily by seeds [13,19].

Soil fertility and the management adopted in the planting row and the inter-row planting lines
can influence the spatial root arrangement. When different genotypes receive the same cultural
treatments, and yet there is variation in the spatial root arrangement, it is believed that this variation
is due to the genetic constitution of the plant [35].

In this planting, the irrigation drippers are located every 50 cm towards the planting line, it was
observed that the root system tends to be located preferably in the vicinity ofthe drippers. This
influences the distribution of the root system in the line. In the distance from 30 to 48 cm, there is a
higher concentration of roots compared to the proximity of the coffee stem. This behavior was
observed at depths of up to 40 cm with considerable root volume in Group I (Figure 3). According to
Covre et al. [14], the drip irrigation system promotes greater distribution of roots in irrigated plants,
in the zone by the irrigation wet bulb. The non-irrigated plants presented greater surface area, length,
and volume of roots per volume of soil, as well as less discrepant root distribution in the horizontal
and vertical directions of the soil, in relation to irrigated plants.

In the three groups of genotypes, it was observed that the root system was distributed, although
to a lesser extent, up to the center of the lines (1.44 cm). However, up to 60 cm away from the
stem in the little stars and in the superficial layers of the soil (0-20 cm) there were roots with
greater surface area, length, and volume of roots per volume of soil.This is probably because
these plants are irrigated with drip irrigation, even receiving manual fertilization. When
irrigation is located, there is a tendency for this fertilization to be close to the irrigated aerial.
However, in Conilon coffee plantations without irrigation,the distribution of roots is less discrepant
[14].
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Therefore, adequate fertilization should be made in the crown projection, where there is
greater root distribution, to ensure better absorption of nutrients and better plant development
[17].

In the deeper layers, high levels of acidity in the soil were observed (Table 1), which
consequently decrease the concentrations of nutrients. Additionally, below the B horizon, the soil
layers can present a higher degree of compaction, hindering the propagation of the root system
[35]. Genotypes that have deep roots tend to have a greater capacity to absorb water, nutrients and
ensure plant anchorage. Evidently, a root system with deep roots and good distribution along the
planting lines, as in the case of plants of Group I, forthe characteristic surface area and root length,
can be the positive key for the selection of more resistant and productive materials [36].

In addition to the fact that these genotypes stand out due to their high productivity and good
plant performance, even after five years of harvests and without the applicationof programmed
pruning, the root system seems to be well developed, similar to what hasbeen observed in other
studies already mentioned [16,19]. We can say that the distribution of the root system may be
different between different genotypes, with those capable of accessing deeper soil layers and a
greater area around the plant, as well as those in whichthe root system is concentrated in the
more superficial layers of the soil. We can also say that its distribution parallel to the plant is
more limited. In this case, the non-use of programmed pruning in these genotypes does not
interfere in their root distribution. Knowing each of the situations, it is possible to indicate the
best regions or best methods for applying fertilizer.

5. CONCLUSIONS

There is variation in the distribution of the root system among genotypes. However,in
general, the root system is concentrated at a depth of 0 to 20 cm in the soil, at distances up to 50
cm in the planting row and distances up to 60 cm in inter-rows. Considering the root distribution, the
efficiency in nutritional management can be improved by applying fertilizers within a radius of 50
cm around the plant.
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