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RESUMO

FERREIRA Ricardo Augusto Diniz Cabral, D.Sc., Universidade Federal de Vigosa,
fevereiro de 2018.Modelo dialélico com informacdo de repetibilidade no
melhoramento genético de capim elefanteOrientador: Cosme Damido Cruz.
Coorientador: Fabyano Fonseca e Silva.

O capim-elefante € uma cultura perene aldbgama com reproducdo assexuada. Devido a
essas caracteristicas, os melhoristas tém como alternativa desenvolver hibridos para
explorar a hetorose. Uma das dificuldades para obter os melhores hibridos € a escolha dos
genitores. Uma das alternativas para a escolha dos genitores é realizar cruzamentos
dialélicos e realizar as andlises para obter informacdes sobre as capacidades geral e
especifica de combinacdo. No entanto, sendo uma cultura perene, diversos cortes sdo
realizados, ou seja, varias medidas em um mesmo individuo séo realizadas, dificultando
aavaliacao dos dados nas andlises estatisticas. Para esse tipo de dados uma forma simple:
de fazer a analise é utilizar os modelos de repetibilidade. Dessa maneira um modelo de
andlise dialélica que permite estimar a capacidade geral e especifica de carinaca
repetibilidade seria mais adequado que os modelos que ndo permitem a estimacéo da
repetibilidade e, portanto, ndo levam em consideracdo a forma que os dados foram
obtidos. Assim, foi proposto no presente trabalho, um modelo de analise dialélica com
informagéo de repetibilidade e a aplicagdo desse modelo em dados obtidos de um
cruzamento dialelo de capim elefante. Foram utiizatformacdes de cinco cortes para
caracteristicas morfologicas e dois cortes para caracteristicas de valor nutritivo. O modelo
dialelo com a informacéo de repetibilidade permitiu estimar além do efeito genético,
informacdes sobre o numero de cortes e interacao de corte x gerfatipmsdenciado

gue o modelo proposto mostrou ser uma alternativa que permitiu estimar os parametros
genéticos para escolha de parentais além de levar em consideracéo a estrutura de medidas

repetidas dos dados.



ABSTRACT

FERREIRA, Ricardo Augusto Diniz Cabral, D.Sc., Universidade Federal de Vicosa,
February, 2018Diallel model with repeatability information in the elephant grass
breeding program. Adviser: Cosme Damiéo Cruz. Co-advidesbyano Fonseca e Silva.

Elephant grass is an allogamous perennial crop with asexual reproduction. Because of
these characteristics, the plant breeders have with alternative to develop hybrids to
explore the heterosis. One of difficulties to develop hybrids is the choice of the parents.
One alternative for this problem is make a crossings following a scheme and analyze the
data to estimate the general and specific combination. However, as a perennial crop,
several cuttings are made or in other words repeated measured areanddeifficult

to evaluate the data in the statistical analyzes. For this type of data, a simple way to do
the analysis is to use repeatability models. In this way, a diallel analysis model that allows
to estimate the geral and specific combination ability and repeatability would be more
adequate instead the models that do not allow the repeatability estimation and, therefore,
do not take into account how the data were obtained. Thus, we proposed in the present
study, a diallelic analysis model with repeatability and we gave an application of this
model in data obtained from a diallel cross of elephant grass. It was used information of
five cuttings for morphological traits and two cuttings for nutritive value traits. The diallel
model with repeatability information allowed estimate in addition to the genetics effects,
information about the number cuttings and genotype x cutting interaction. It was
evidenced that the proposed model was a better alternative to analyze the data allowing
to estimation of genetic parameters for choosing the best parents, besides taking into

account the structure of repeated measurements of the data.
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1. INTRODUCAO GERAL

O capim-elefante € a principal forrageira utilizada no Brasil para suplementacéo
volumosa na época de menor disponibilidade de forragem. No decorrer do ano, ocorrem
variacdes na qualidade e na producao da forragem, e em periodo de escassez, o capim-
elefante pode ser utilizado para obter um equilibrio entre a disponibilidade e a necessidade
de forragem (QUEIROZ FILHO et al.,, 2000). Esta forrageira se destaca pela alta
producdo de matéria seca (MS) por unidade de area e pelo valor nutritivo, sendo cultivado
em todo o Brasil, resistindo as condi¢es climéticas desfavoraveis, como seca e frio
(SARAIVA; KONIG, 2013). Nesse sentido, diversos sdo os estudos para melhorar sua
produtividade e qualidade utilizando o melhoramento genético (CAVALCANTE et al.,
2012; SALES et al., 2014; DA SILVA et al., 2014).

Além do uso como forrageira, o capim-elefante tem sido uma alternativa de
destaque para a producdo de bioenergia. E considerado uma cultura promissora para
utilizacdo como insumo bioenergético, principalmente por sua eficiéncia fotossintética
(mecanismo C4 de fixacdo de carbono), alta producédo de biomassa, perenidade, rapido
crescimento, ampla adaptacao, capacidade de fixacdo bioldgica de nitrogénio, além de
suas propriedades quimicas (ZEMGH; HONG-BO, 2010; RA et al.,, 2012;
FONTOURA et al., 2015).

Os programas de melhoramento genético de capim elefante, assim como os de
outras espécies aldgamas, tém direcionado suas pesquisas para geracdo de hibridos
superiores. Assim, uma importante ferramenta para geracao de hibridos é o esquema de
cruzamento em dialelo, que permite averiguar a capacidade combinatéria de genitores e
identificar cruzamentos que otimizam o efeito heterético.

Diante do exposto, torna-se necessario a producdo de hibridos superiores de
capgm-elefante com caracteristicas satisfatorias para uso como forrageira ou producéo de
bioenergia. Dessa maneira, para uma melhor escolha dos genitores bem como das
melhores combinac¢des hibridas, é desejavel obter as informacbes referentes a
capacidades de combinacdo e também agregar as informacdes de repetibilidade. Assim,no
presente trabalho foi proposto uma alternativa para analise dialélica com informacdes de

repetibilidade, a partir do uso de modelos mistos.



2. REFERENCIAL TEORICO

2.1. Caracterizacao do capim-elefante

O capim-elefante, cujo nome cientifico @nchrus purpureus (Schumach.)
Morrone, possui como sinénim@&ennisetum purpureum Schum. e foi descrito pela
primeira vez em 1827, entretanto sofreu alteragdes no decorrer do tempo. Atualaente su
classificagdo botanica esta descrita como pertence a faRuddieeae, subfamilia
Panicoideae, tribo Paniceae, a qual reine os mais importantes géneros de plantas
forrageiras tropicais, comdrochloa, Megathyrsus, Setaria, entre outro§CHEMISQUY
et al., 2010)

Esta forrageira possui como centro de origem e variabilidade genética uma
extensa area da Africa tropical, sendo as principais areas de biodiversidade os territorios
da Guiné, Mocambique, Angola, Zimbabue e sul do Quénia (FERREIRA; PEREIRA,
2005). No Brasil, a introducao do capim-elefante ocorreu em dois momentos, em 1920
no Rio Grande do Sul e em 1921 em S&o Paulo, com estacas provenientes dos Estados
Unidos e Cuba, respectivamente. Porém, seu cultivo foi disseminado por todo pais por
apresentar ampla adaptacdo ao ambiente tropical e elevado potencial de producéo e
qualidade de forragem (PEREIRA et al., 2008; LIRA, et al., 2010).

O capim-elefante é uma planta perene, com nimero basico de cromossomos x=7,
€ um alotetraploide (2n = 4x = 28), com comportamento dipléide normal, apresentando
genomas A’A’BB que compdem o conjunto génico secundario (MARTEL et al., 1996;
TECHIO et al., 2008). Alguns estudos, tém abordado a instabilidade do numero de
Cromossomos nesta espécie, o que tem possibilitado classificacdo errdbnea de alguns
genotipos. Um estudo que ilustra este fato foi conduzido por Davide et al. (2007), que
analisaram a variacdo cromossémica do genétipo BAG 55, até entdo, pertencente a
espécie Pennisetum purpureum. Os resultados das analises mitéticas e meidticas
confirmaram o nimero cromossdmico desse gendtipo como sendo 2n=54, indicando que
nao se trata de capim-elefante, mas de uma espécie selvagem dd’gémeetum.

No capim-elefante é observado uma distingdo entre as caracteristicas
morfoldgicas e fenologicas. Dentre elas ressaltam-se: ciclo perene, habito de crescimento
cespitoso, colmos eretos, cilindricos, glabros e preenchidos por um parénquima
suculento, dispostos em touceiras; raizes grossas e rizomatosas. As folhas atingem até

1,25 m de comprimento por 4,0 cm de largura, nervura central larga de cor mais clara,



disposicéo alternada, bainha lanosa, fina, estriada, ligula curta e ciliada. (NASCIMENTO
JUNIOR, 1981; ALCANTARA; BUFARAH, 1983DERESZ, 199%

O conhecimento acerca do sistema reprodutivo e o modo de propagag¢ao de uma
espécie € importante para propor as estratégias adequadas para serem empregadas nc
programa de melhoramento genético. As inflorescéncias do capim-elefante é uma
panicula priméria e terminal, em que cada colmo pode apresentar uma ou um conjunto de
paniculas. A panicula tem em média 15 cm de comprimento, composta por espiguetas
(sementes) de coloracdo amarelada ou purpura densamente floridas por espiguetas
isoladas ou em grupos e as flores podem ser unissexuais masculinas ou hermafroditas. O
intervalo médio de tempo decorrido entre a emissdo dos estigmas e a abertura das anteras
€ de aproximadamente sete dias (DERESZ, 1999), o que dificulta a autofecundacéo e
facilita os cruzamentos controlados. A variacdo do florescimento entre os genotipos
permite classifica-los em precoces, intermediarios e tardios. E uma espécie al6gama,
protoginica, sendo que a taxa de polinizacdo cruzada depende da época de florescimento
dos gendtipos envolvidos (LIRA et al., 2010).

As sementes de capim-elefante apresentam baixa germinacao e vigor devido a
depresséao por endogamia. Isso porque a maioria das cultivares séo clones, e as sementes
produzidas provém de autofecundacdo do mesmo gendétipo. Por esse motivo, o capim-
elefante é propagado vegetativamente (PEREIRA et al., 2001). Para este cultivo, sao
utilizados segmentos de colmos garantindo que a identidade genética dos clones possa
ser mantida a cada geracdo, bem como permite a obtencdo de populacdes uniformes
(PEREIRA; LEDO, 2008). No entanto, Xavier et al. (1993) ressaltam que, embora haja
baixa taxa de viabilidade do cultivo por meio de sementes (23 a 36%), a germinacéo pode
atingir até 90% em alguns genotipos, o que possibilita a exploracdo de cruzamentos
controlados.

A partir das cultivares Napier e Mercker e de novas introducdes, desenvolveu-se,
por meio de cruzamentos, grande niamero de genétipos que se encontram hoje distribuidos
por quase todo o territério brasileiro devido as o6timas condi¢cdes edafoclimaticas
encontradas para o cultivo do capim-elefante (DAHER et al., 2002). De acordo com Lira
et al. (2010), a variabilidade fenotipica existente no germoplasma do capim-elefante

permite classificar os genoétipos em cinco grupos: Cameroon, Napier, Mercker e Anao.

2.2. Caracteristicas agrondmicas e Implantacdo da culra



As caracteristicas agronémicas do capim-elefante foram resumidas por Alcantara
e Bufarah (1983), onde pode-se encontrar as principais condi¢cdes deduapattgude
apta ao cultivo varia desde o nivel do mar até 2.200 metros, sendo mais adaptada a
altitudes de até 1.500 metros. Ja em relacdo a temperatura, esta varia de 18 a 30°C. No
entanto, dependendo da cultivar, pode suportar o frio e até geadas. A precipitacédo ideal
varia de 800 a 4.000 mm, vegetando em regifes quentes e Umidas com precipitacéo anual
de mais de 1.000 mm, porém o mais importante é sua distribuicdo ao longo do ano, por
ser uma forrageira muito estacional, onde 70 - 80 % de sua producédo ocorre na época das
aguas. Possui baixa tolerancia a seca, podendo atravessar a estacdo seca com baixe
producdo se possuir raizes profundas e bem estabelecidas. Em relacéo ao solo, adapta-se
bem a diferentes tipos, com excecédo dos solos mal drenados, com possiveis inundacdes.
E encontrado em barrancas de rios, regides Umidas e orlas de floresta.

Quanto a implantacdo, possui especificacbes necessarias de espacamento,
tamanho de covas e qualidade de mudas. Segundo Vilela (2009), o preparo do solo deve
ser realizado com a eliminacdo de torrdes e tocos, com posterior aragdo e gradagem,
tornando o solo homogéneo. A analise do solo, neste momento, € de suma importancia
para garantir o desenvolvimento da cultura, fazendo as corre¢cdes necessarias, e o plantio
pode ser feito manualmente ou através de utilizacdo de maquinarios. O método de plantio
determina o custo de implantacdo, bem como a disposi¢ao e populacdo de plantas na &rea.
Pode ser feita em sulcos ou através de covas. Quando a escolha de plantio se faz por meio
de sulcos, Alcantara e Bufarah, (1983), citam que estes devem ter uma profundidade de
10 a 15 cm, depositando-se o colmo na posicdo de pé com ponta.

Com relacdo a qualidade de mudas, Martins e Fonseca (1998), inferem que o
colmo deve ter em média 100 dias, ja apresentando gemas laterais, porém sem indicio de
brotacdo. As melhores mudas séo obtidas dos 2/3 inferiores do colmo, e mudas de plantas
velhas devem ser evitadas, mas quando utilizadas devem ser colocadas em maior
quantidade por sulco (LOPES, 2004).

2.3. Uso do capim elefante

O capim-elefante possui elevado potencial de producéo e é utilizado de diversas
formas como forrageira, seja para pastejo, ensilagem, feno ou picado verde, sendo assim,
a maioria dos programas de melhoramento do capim-elefante esta direcionada para este
uso (PEREIRA et al., 2008). Esta forrageira destaca devido sua facilidade de adaptacao
as condicOes edafoclimaticas adversas (PACIULLO et al., 2008; LIMA et al., 2011), facil



multiplicacéo, alta producéo de forragem (PEGORARO et al., 2009), excelente potencial
para producdo de matéria seca, elevado valor nutricional e palatabilidade.

O elevado potencial de produtividade do capim-elefante est4 associado ao fato de
compor o grupo de plantas de metabolismo C4, possuindo alta eficiéncia fotossintética.
Parafins forrageiros, os estudos séo voltados para caracteristicas de valores nutritivos,
tais como: alto teor de proteina e baixos teores de fibra, boa digestibilidade e
palatabilidade (MONTEIRO et al 2011; OLIVEIRA et al. 2012).

No manejo, a frequéncia de corte influi no rendimento e na qualidade da forragem
colhida. Em geral, o aumento do intervalo de cortes resulta em incrementos na producao
de MS, o que é vantajoso, porém, ocorre declinio no valor nutritivo da forragem produzida
0 que é desvantagem (QUEIROZ FILHO et al., 2000). O capim elefante de feraha g
apresenta altos teores de fibra na sua composicao, tanto para fibra em detergente neutro
(FDN) como para fibra em detergente acido (FDA). E importante a avaliacéo das fibras,
ja que FDN esté relacionada ao consumo de matéria seca e FDA esta correlacionada a
digestibilidade da matéria seca (KAYONGO MOLE et al., 1974; CECATO, 1993)
Avaliando as diferentes idades de rebrota (WIJITPHAN et al., 2009; SALES et al., 2014),
do capim-elefante, percebe-se que FDN e FDA aumentam com o avanco da idade, papel
inverso ocorre com a quantidade de proteina bruta da forrageira, que diminui com o
avanco da idade de rebrota. Isso ocorre devido a relagdo colmo/folha, ja que quando a
planta é mais jovem ele tem alta razdo de peso foliar (RPF), ou seja, apresenta maior
guantidade de folha em relacdo a quantidade de colmo, (LIMA et al., 2010). Segundo
Virguez (1966), quando se tem uma melhor relagéo colmo/folha, tem-se um genétipo de
menor produtividade.

Além da utilizacdo do capim-elefante na alimentacdo animal, como tem sido seu
uso tradicional, estudos apontam um grande potencial desta espécie como fonte
alternativa de energia (PATERLINI et al., 2013; LAURENT et al., 2015; MOHAMMED
et al., 2015; BORGES et al., 2016; GHOSH, 2016;). Para a producao de bioenergia, o
objetivo é obter o maximo rendimento de biomassa, com qualidade adequada seja para a
combustdo direta ou para a conversdao em biocombustiveis (STREZOV et al., 2008;
PROCHNOW et al., 2009; NAIK et al., 2010). O cagelefante, em sintese, apresenta
varias vantagens para producao de biomassa em relacdo as demais matérias-primas, tais
como: maior produtividade, menor extenséo de area para uma dada producédo, menor ciclo
produtivo, podendo ser realizado dois cortes por ano, melhor fluxo de caixa, possibilidade
de mecanizacdo total, energia renovavel e maior assimilacdo de carbono
(MAZZARELLA et al., 2015).



Visando producdo de energia, algumas caracteristicas devem ser levadas em
considerac@o. Dentre essas caracteristicas, quando destinado ao uso como fonte de
energia térmica no processo de combustdo deve apresentar altas concentra¢des de lignina
e celulose (GANI; NARUSE, 2007), alta relacdo carbono/nitrogénio, alto poder
calorifico, além de baixos teores de umidade, cinzas e nitrogénio (MCKENDRY, 2002;
LONG et al., 2006; JARADAT, 2010). Para a producao de etanol celuldsico, € desejavel
alta relacdo celulose/lignina, além de hemicelulose para proporcionar alta producéo de
etanol por tonelada de biomassa. Ademais, nos processos fermentativos, € desejavel que
a biomassa apresente alta concentracdo de carboidratos de baixo peso molecular em
estado nao polimerizado (PORTER et al., 2007).

2.4. Repetibilidade e 0 uso em capim-elefante

Como comentado, o capim-elefante € uma planta perene e diversos cortes sédo
realizados. Assim, nos programas de melhoramento, ao selecionar um genaétipo, espera-
se que sua superioridade inicial perdure durante toda a sua vida. Dessa maneira, a
veracidade dessa expectativa pode ser comprovada pelo coeficiente de repetibilidade
(CRUZ et al., 2012). Este parametro mede a capacidade de os organismos repetirem a
expressdo do carater ao longo de varios periodos de tempo, no decorrer de suas vidas
(RESENDE, 2002). Altos valores desse coeficiente, para quaisquer caracteristicas,
indicam que é possivel predizer o valor real dos individuos com base em determinado
namero de medic6es (MARTUSCELLO et al., 2007).

Segundo Falconer (1981), com medi¢cdes subsequentes de uma mesma
caracteristica em um individuo, a variancia fenotipica pode ser parcelada, o que permite
quantificar o ganho em precisao e, também, esclarecer a natureza da variagdo causada
pelo ambiente. Por meio das estimativas dos coeficientes de repetibilidade, € possivel
determinar quantas medi¢cfes devem ser realizadas em cada individuo, para que a selecéo
entre os genotipos seja feita com eficiéncia (CRUZ et al.,; RAREIRA et al., 2002).

No entanto, de acordo com Cruz et al. (2012), caracteres de baixa repetibilidade, com
forte variacdo causada pelo ambiente, geralmente necessitam de elevado numero de
medidas para predicdo de seu valor genotipico real. Quanto ao valor desejado de r,
segundo Shimoya et al. (2002), valores acima de 0,80 sdo considerados satisfatorios
quando o coeficiente de determinacdo é igual ou superior a esse valor. Para Resende

(2002), repetibilidade entre 0,30 e 0,60 sé&o consideradas medianas.



Viana et al. (2009) estimaram os coeficientes de repetibilidade e de determinacao
e 0 numero minimo de medi¢cfes necessérias para predizer o valor real, pela anélise dos
componentes principais, para caracteristicas morfofisioloégicas e produtivas em cinco
cortes para ciclos curtos e longos. Estes autores observaram que para ciclo curto, o
coeficiente de repetibilidade (r) variaram de 0,66 e 0,80. Ja nos ciclos longos, foram
observados os maiores valores de r. Contataram que os coeficientes de repetibilidade e de
determinacdo para as caracteristicas morfofisioldgicas indicaram confiabilidade na
edimativa do numero de observacdes necessarias para predizer o valor real das variaveis
resposta, nos dois periodos de avaliacéo.

Cavalcante et al. (2012) determinaram o0s coeficientes de repetibilidade de
caracteres morfofisiolégicos em gendtipos de capim-elefante a partir de dados obtidos
durante seis ciclos de avaliacdo. Para isso utilizaram quatro métodos distintos, descritos
por Cruz et al. (2012): modelo da analise de variancia (ANOVA); componentes principais
obtidos a partir de matrizes de covariancia (CPCOV) ou de correlagdo (CPCOR); e analise
estrutural, determinada com base no autovalor tedrico da matriz de correlacdo (AECOR),
para maior confiabilidade nas estimativas obtidas. Estes autores observaram que 0s
coeficientes de repetibilidade foram de média a alta magnitude para todas as variaveis, 0
qgue indica que houve regularidade entre as medidas repetidas. A partir das estimativas
dos r obtidas pelos métodos utilizados para cada variavel e do coeficiente de
determinacdo, constataram que as estimativas obtidas pela ANOVA foram sempre
menores do que aguelas obtidas pelos demais métodos. As estimativas obtidas pelo
método dos CPCOV foram maiores ou iguais a média geral, semelhantemente as obtidas
pelos outros métodos. Esses resultados obtidos pelos autores foram concordantes com a
literatura para o capiralefante (SHIMOYA et al., 2002; DAHER et al., 2004).

Menezes et al. (2016) selecionaram genétipos de capim-elefante com base na
producao de matéria seca, utilizando a metodologia de modelos mistos (REML/BLUP) e
também estimaram a repetibilidade ao nivel de parcela. Estes autores verificaram que para

as quatro caracteristicas avaliadas, os valores de r variaram 0,2239 a 0,5574.

2.5 Modelo de repetibilidade

Quando medidas sao realizadas em um mesmo individuo é assumido que existe
uma semelhanca entre as medidas devido ao ambiente ou alguma circunstancia durante a
vida do individuo que o afetara permanentemente. Dessa maneira € assumido que existe

um covariancia entre as medidas em um individuo devido efeitos ndo genéticos



(MRODE, 2014). Assim quando existe esse tipo de estrutura de dados é necessario levar
em consideracado essa covariancia. Existem varias formas de modelar dados com medidas
repetidas sendo o modelo mais simples o chamado modelo de repetibilidade (RESENDE,
2007). Para entender o modelo de repetibilidade de uma forma simples € necessario
primeiro entender suas pressuposicoes. Essas pressuposicfes sdo necessarias, de form
geral, para deixar o modelo multivariado ndo estruturado mais parcimonioso. Assim, sera
apresentado 0 modelo multivariado n&o estruturado e em seguida as
restricbes/pressuposicdes do modelo de repetibilidade serdo apresentadas.

Modelo n&o estruturado:

y=p+Xb+Z,g+c¢ (€))
g~NMV(0,2,)

2
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_ o 21 g 2n
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Modelo de simetria composta:

y=pu+X.b+2Z,9+c¢ ?2)
Restricdo 1 correlacao genética igual a unidade:
g~NMV(0,%,)
1 ... 1
z, = af,[i ]
1 ... 1

Restricdo 2 homogeneidade de variancia e covariancia entre as medidas, ou seja,
modelo de simetria composta (CS):

e~NMV (0,2,.5)
2

o2 o .. o

() o
Lecs = .

o o o2

O modelo de repetibilidade.



Segundo MRODE (2014), o modelo de repetibilidade assume as seguintes
pressuposicoes:

1) As medidas séo realizadas em um mesmo individuo

2) A correlacdo genética para todos os pares de medida € igual a 1

3) Todas as medidas tém a variancia homogénea

4) A correlagao para todos os pares de medidas sdo homogéneas

y=u+Xb+Z,9+Z,perm+¢g A3)
g~NMV(0,X,)

1 1
Z,=05]:

1 1

perm~NMV (0,Z,.,.,)

1 0 .. O
Zperm = Oerm |0 7 O
00 . 1
e~NMV(0,X,)
1 0 .. O
T=a2? "~ o0
00 . 1

O modelo 1 é denominado modelo n&o estruturado. Esse modelo € o modelo mais
completo para andlise desse tipo de dados. Porém, quando o nimero de medicbes é
elevado, a convergéncia desse modelo se torna muito dificil. No modelo 2 existem duas
restricdes: a primeira dela € na matriz de variancias genéticas e a segunda na matriz do
residuo. A primeira tem uma interpretacao biolégica muito importante que seria 0 mesmo
gue pressupor que a correlacdo entre as medicdes € igual a unidade, ou seja, que 0s gene:
que controlam o carater € o mesmo para as diferentes medidas ou estéo pertos, ligados. A
segunda pressuposicao, que a matriz dos residuos, informa que a variancia e a covariancia
entre as medidas € a mesma, ou seja, a matriz do modelo 1 que antes era nao estruturade
passa a ser uma matriz de simetria composta (CS). Isso torna 0 modelo mais parcimonioso
e mais facil de convergir. O modelos 2 e 3 sdo equivalentes. Veja que a estrutura da matriz
de efeitos genéticos € a mesma. Assim a diferenca entre esses modelos esta na modelagen
do residuo. No modelo 2 o residuo estd modelade®®mae no modelo 3 env? e

a,z,e,.m. Porém, se a pressuposi¢cdo de homogeneidade de variancias e covariancias entre



as medidas for atendida,af,erm e o representam o mesmo efeito, ou seja, no modelo 2
o residuo é apresentado de uma forma implicita e no modelo 3 de uma forma explicita.
O modelo 2 e 3 podem ser vistos como 0s modelos multi-ambientes analisados de forma

implicita e explicita.
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4. ARTIGO CIENTIFICO:

DIALLEL MODEL WITH REPEATABILITY INFORMATION

ABSTRACT

Elephant grass is an allogamous perennial crop with asexual reproduction. With these
characteristics, the plant breeders have an alternative to develop hybrids to explore the

hetorosis. Thus, the main difficulty to develop hybrids is the choice of the parents to be
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considered in diallel crossingshsiemes. Also, as a perennial crop, the data evaluation
obtained in several cuttings increase the complexity of statistical analyses. In this context,
we proposed a diallelic analysis based on mixed models with repeatability information in
order to identify parents and hybrids, as well as the optimal number of cuttings. It was
performed a complete diallel crossing of 11 parents, being the data obtained from five
cuttings for morphological traits and two cuttings for nutritive value traits. The diallel
model with repeatability information allowed estimating the genetic effect that could be
estimated in diallel analysis and to infer about the ideal number of cuttings and genotype
X cutting interaction. It was observed that the specific combining ability (SCA) has higher
importance for the morphoagronomic traits; whereas the general combining ability
(GCA) has higher importance for traits related to the nutritive value. Furthermore, it was
detected that a number of five cuttings for the morphoagronomic traits was sufficient to
a R of 80%; however, it shall be of 10 to & & 90%. In summary, the proposed model
showed to be an alternative to plant breeders needs to analyze a diallel with repeated

measures.

KEYWORDS: Cenchrus purpureus; forage, mixed model, combining ability.

INTRODUCTION

Elephant grasgCenchrus purpureus (Schumach.) Morrone Syn. Pennisetum
purpureum Schum.] is a perennial forage from Africa, being an important and widespread
grasses in all of the tropical and subtropical regions of the world (PEREIRA et al, 2017).
In Brazil, it adapts very well to the climate and to the soil conditions, being planted almost
throughout the entire territory (SARAIVA and KONIG, 2013). This forage has high
efficiency in utilization of the solar radiation, high efficiency in the water use, high
concentration of nitrogen, low fiber content and high digestibility, being used in the dairy
and beef cattle feeding (RENGSIRIKUL et al., 2013). In addition, it has been used for
energy purposes, by means of genotypes with distinct characteristics from those
traditionally used as forage plant (ZENG-HUI ad@NG-BO, 2010; RA et al., 2012;
FONTOURA et al., 2015; ROCHA et al., 2017).

Breeding programs of allogamous species, such as elephant grass, aim the
development of hybrids with high heteroditowever, it becomes necessary to define
criteria in the choice of parents, since the selection of the superior cultivar depends on the
genetic diversity (PEREIRA et ak001) and the complementarity of the pareAsan
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important tool to generate and study hybrids, the diallel crossings allows to study the
combining ability of the parents and to detect crossings that optimize the heterotic effect.
According to Cruz, Regazzi and Carneiro (2012), with the diallelic analysis some genetic
parameters can be estimated to assist in the choice of the most efficient selection method,
and provides the information to select the best parents for the hybridization. However, for
elephant grass, it exists few information regarding the general and specific combining
ability (DA SILVA et al., 2014, DA SILVA et al. 2014&nd most of these works were
performed with a few parents and cuttings, and using partial diallelic crassings

An alternative for the analysis of a dataset with various cuttings is the repeatability
model or also known as the compound symmetry model. Repeatability model allows
estimating the capacity of the organisms repeat the expression of character throughout
time periods, in the course of their lives (RESENDE, 2002). High values of the
repeatability coefficient (r), for any traits, indicate that it is possible to predict a real value
of the individuals based on a certain number of measurements (MARTUSCELLO et al.,
2007). Repeatability models are commonly used in perennial crops like the eucalyptus
(Pinto et al., 2014) and forage grasses, including elephant grass (DAHER et al., 2004,
VIANA et al., 2010, CAVALCANTE et al.,, 2012). To the best of our knowledge,
repeatability model combined with the diallelic analysis is not report in the literature.

In this way, we propose combine the diallelic analysis with repeatability model
using the mixed model methodology. Also, we will show an application of this propose
in elephant grass dataset to estimate the combining ability and ideal number of cuttings
for nutritive traits and for the morphoagronomic traits in elephant grass breeding program.

MATERIAL AND METHODS

The work was conducted in Embrapa Dairy Cattle located in Coronel Pacheco,
Minas Gerais state, Brazil during the years of 2013 and 2014. Eleven parents were
selected, four cultivar (Pioneiro, BRS Kurumi, BRS Canara e BRS Capiacu) three clones
(CNPGL 91-06-3, CNPGL 96-27-3 e CNPGL 92-38-2) originating from the breeding
program of Embrapa; besides the four accessions from the Elephant grass Active
Germplasm Bank of Embrapa (BAGCE 21, BAGCE 30, BAGCE 37 and BAGCE 38).

Hybridization was performed by controlled crossings among the 11 parents under
scheme of complete diallel 11 x 11 without parents and reciprocals. Seeds obtained were
planted in polystyrene tray with 128 cells filled with forest substrate. Seedlings were
transplanted to the field, 21 days after the emergency. For assess the 55 hybrids obtained
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from the complete diallel, it was performed an experiment on the complete randomized
block design with three replications. Each plot consisted of one row of 5 m, with spacing
between plants of 0.5 m and 1.5 m between plots. The conditions of cultivation and
cutting followed the recommendations for the grass field of elephant grass (LIRA et al.,
2010). Five cuttings were performed, three in the rainy period and two in the dry period,
in which the morphoagronomic traits and the nutritive value of the forage were evaluated,
according to what is described in Table 1. Phenotypic vigor (VIG) was obtained by means
of scale of notes ranging from one to five, five being high vigor and one low vigor; mean
height (HGT) obtained from arithmetic mean of the height of three plants randomly,
among the useful area of each plot, measured from the solil level until the curve of the last
complete expanded leave, measured in m; green mass weight (GM) which was quantified
by the fresh mass production (Mghaand dry mass production (DM) quantified afte

the drying of fresh biomass harvest in dryer until the stabilization of the weight (Mg ha
1), in which was obtained the dry mass percentage. For the evaluation of the nutritive
value, two cuttings were sampled, one in each season. After the plot cuttings, random
sample were taken and were dried at 56°C under air circulation by 72h. After the drying,
the samples were milled (1 mm) in Willey mill type and evaluated at the Food Analysis
Laboratory. Than vitro digestibility of dry mas (IVDDM) was obtained according to

the methodology used by Tilley and Terry (1963); the crude protein percentage (CP),
lignin percentage (LIG) and the neutral detergent fiber (NDF) were obtained according

to the methodology proposed by Goering and Van Soest (1970).

Table 1 Description of the cuttings for nutritive value and morphoagronomic traits, in
the evaluation of elephant grass for the forage production.

Season Morphoagronomic Nutritive Value
VIG HGT GM DM CP IVDDM NDF LIG

C1- Rainy period

(04/04/2013) + + + + - - - -
C2- Dry period

(7/1/2013) + + + + + + + +
C3 Dry period

(11/5/2013) + + + + - - - -
C4- Rainy period

(1/7/2014) + + + + + + + +
C5- Rainy period

(3/24/2014) + + + + - - - -

+ Evaluation: Not evaluation. VIG (Phenotypic vigor), HGT (Height), GM (Green masdyztion), DM
(Dry mass production), IVDDM (in vitro digestibility of dry mass), NDF (malidetergent fiver), CP
(crude protein) and LIG (lignin)
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The analysis for each cutting was performed using the following model:
y=u+Xb+Z,g+2Z,s+¢ Q)

Where y is the vector of the phenotypic observatignss the constant) is the
vector of fixed effect of blockgy is the vector of random effects of the general combining
ability (GCA), with cGc MVN(0,021,); s is the vector of random effects of the specific
combining ability (SCA), wittsCA MVN(0, 621y); € is the vector of the random effects of
residues, withe MVN(0,021,); X1, Z1 € Z2, represent the incidence matrix for the
respective effects

It was also conduct the joint analysis of the cuttings, assuming the following
model:

y=p+Xic+X;b+X3zcxb+Z1g+Z;s +Zz3gxc+ Zysxc+ Zsperm + €
2)

Where y is the vector of phenotypic observatippss the constant is the vector
of fixed effects of cuttingb is the vector of fixed effects of blocksxb is the vector of
fixed effects of the interaction cutting x blockgis the vector of random effects of the
general combining ability (GCA), with~MVN(0,021,); sis the vector of random effects
specific combining ability (SCA), witl ~ MVN(0,621,); gxc is the vector of random
effects of the interaction between general combining ability and cuttings, with
gxc ~ MVN(0,02,.15xc); Sxcis the vector of random effects of the interaction between
specific combining ability and cuttings, withc ~ MVN (0, 02,.1,,.); perm is the vector
of random effects of the permanent effect, withm ~ MVN(0, 0%, mIperm) € IS the
vector of random effects of residuals, with- MVN(0, ®{_,D,, g In,); Deis @ ¢ x
diagonal matrix VCOV matrix, in which each cutting)(has a specific and independent
variance component for the effects of replications within sets and for the residuals,
respectivelyXi, Xz, Xs, Z1, Z2, Z3, Za e Zsrepresent the matrices of incidence for the
respective effectsThis model, from the best of our knowledge, allowed estimate the
general and specific combining ability besides of estimate the repeatability, being for the
first time used in plant breeding.

The parameters of repeatability and the ideal cuttings number were also estimated

from the analysis. The repeatability (vas estimated by the equation:
_ 260+05+6perm

OA'zZJhenotypic
Where 62henotypic IS the phenotypic variance at individual levef is the

variance of the general combining abilitiZ is the variance of the specific combining
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ability andd,, is the variance permanent. T#B,.notypic Was estimated by means of

the estimator suggested by Holland et al. (2003), where:

c a2
i=1%ei

~2 _ ~2 ~2 a2 22 22
aphenotypic - ZXO'g + Os + Gperm + ZXO'ng + Osxc + c .
i=1 %1

Whereéf,xc is the variance of interaction GCA x cuttings,. is the variance of

interaction SCA x cuttingsiZ; is the residual variance of cutting i and is the number
of cuttings in which the characteristic was evaluated.

The ideal number of cuttingsn{) was estimated for the coefficient of
determination (R?) of 0.5; 0.6; 0.7; 0.8 and 0.9.

__ R?(1-1)
0™ (1-r2)r

Where R2 is the coefficient of determination and the individual repeatability.
All analysis were performed by the Asreml|-R program (BUTLER et al, 2009) and
the routines are available in the supporting information I.

RESULTS

The diallelic analysis were primarily performed for each cutting (Tables 2 e 3). In
the diallelic analysis for the morphoagronomic traits, it is possible to observe that the
GCA was significant for VIG in cuttings 2 and 3, for GM in the cutting 2, for DM in the
cutting 3 and in all cuttings for HGT, except for the cutting 5. The SCA was significant
for all morphoagronomic characteristic, except for the VIG in the cuttings 1 and for HGT
in the cuttings 1, 3 and 5 (Table 2). Since the SCA was significant for all the traits and
for almost all the cuttings and the GCA was significant for only few cuttings, it suggests

that the prevalence of SCA for the morphoagronomic traits occurs.

Table 2 Variance components famdividual diallelic analysis of the five cuttings (C1 to
C5) for the morphoagronomic traits, in the evaluation of elephant grass for the forage
production.

Vvariance VIG HGT

components c2 c3 C4 c5 c1 c2 c3 c4 c5
GCA 0.016 0.0766* 0.0447* 0.0069 0.00001 0.0024* 0.0047* 0.0062* 0.001  0.00001
SCA 0.0234  0.0547* 0.0655 0.0993* 0.0442 0.0039 0.0032* 0.0029 0,003* 0.0029
Error 0.2167 0.2559 0.4178 0.2700 0.2559 0.0237 0.0112 0.0190 0.0134 0.0187
Mean 3.62 3.05 3.56 3.72 3.05 1.61 1.61 1.70 1.80 1.61
Variance GM DM

components c2 C3 ca c5 c1 c2 c3 c4 c5
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GCA 6.9664  6.7131* 3.2479 0.0000 0.0000 0.00001 0.0661 0.2383 0.00001 0.00001

SCA 24.2166* 15.4757* 23.6378* 38.7416* 32.6704* 0.5674* 0.6461* 0.9595* 1.2355* 0.7539*
Error 118.6615 26.7496 46.2391 91.8536 65.5643 2.3162 0.7744 1.7153 2.4012 1.8876
Mean 57.92 30.49 38.70 52.45 44.08 8.22 5.18 6.72 9.06 7.55

*Significant by the likelyhood ratio test at the éwf 5%
VIG (Phenotypic vigor), HGT (Height), GM (Green massdurction) and DM (Dry mass production)

In the diallelic analysis for the traits related to the nutritive value, the GCA was
significant for all traits, while the SCA was significant only for NDF in the cutting 2
(Table 3). It was observed that it had a predominance of the GCA for the traits related to

the nutritive value, being only one characteristic (NDF) significant for SCA.

Table 3 Variance components fardividual diallelic analysis of the cuttings (C2 and C4)
for the traits related to the nutritive value, in the evaluation of elephant grass for the forage
production.

Variance cP IVDDM NDF LIG

components 5 ca c2 ca c2 ca c2 ca
GCA  0.1076* 0.0222  0.5754** 0.6288*  0.6192**  0.3226* 0.0267*  0.0288*
SCA  0.1296 0.0095 0.9480  0.00001  0.0001  0.4108 0.0034  0.0466
Eror  0.8709 0.4767 7.6472  8.3171 3.0223  2.3692 0.3415  0.3843
Mean 7.90 5.8 55.54 52.92 7171 72.80 5.41 5.34

*Significant by the likelyhood ratio test at the éwf 5%
IVDDM (in vitro digestibility of dry mass), NDF (neutrdktergent fiber), CP (crude protein) and LIG (iign

For confirming the predominance of the SCA in the morphoagronomic traits and
of the GCA for the nutritive value traits, as well as for obtaining information of
repeatability, it was performed the joint diallelic analysis of the cuttings using the
repeatability model.

In the joint analysis for the morphoagronomic traits (Table 4), it is possible to
observe that the GCA for HGT and VIG were significant, as well as the SCA for DM.

Table 4 VVariance components fgoint diallelic analysis for the morphoagronomic traits
in the evaluation of the elephant grass for forage production

Variance Comp. VIG HGT GM DM
GCA 0.015 0.002* 1.173 0.0001
SCA 0.037 0.003* 21.39* 0.961*
Permanent 0.138* 0.008* 29.18* 0.550*
GCA x Cutting 0.007 0.0004* 0.765 0.029
SCA x Cutting 0.038* 0.001* 7.914* 0.223*
Cutting error 1 0.196 0.012 70.44 1.637
Cutting error 2 0.115 0.009 18.67 0.448
Cutting error 3 0.195 0.009 17.17 1.058
Cutting error 4 0.108 0.004 37.06 1.473
Cutting error 5 0.154 0.011 30.51 1.203

*Significant by the likelyhood ratio test at the é&wf 5%
VIG (phenotypic vigor), HGT (Height), GM (Green masedction) and DM (Dry mass production)
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In the joint analysis for the traits of nutritive value (Table 5), it is possible to
observe that the GCA was significant for IVDDM, NDF and CP, while the SCA was only
significant for NDF. As well as the individual analysis, it can be detected the
predominance of the GCA for the traits of nutritive value.

Table 5 Joint diallelic analysis for the traits related to the nutritive value, in the evaluation
of elephant grass for forage production.

IVDDM NDF CP LIG
GCA 0.330 0.347* 0.037* 0.013
SCA 0.248 0.379* 0.042 0.019
Permanent 0.174 0.0001 0.0001 0.008
GCA x Cutting 0.391 0.187* 0.009 0.011
SCA x Cutting 0.625 0.0001 0.079 0.034
Cutting error 2 7.594 2.798 0.881 0.291
Cutting error 4 7.402 2.331 0.365 0.363

*Significant by the likelyhood ratio test at the éwf 5%
IVDDM (in vitro digestibility of dry mass), NDF (neutrdetergent fiber), CP (crude protein) and LIG (lign

The interaction GCA x Cuttings was significant for HGT and VIG, while the
interaction SCA x Cuttings was significant for all the morphoagronomic traits (Table 4).
For the traitgelated to the nutritive value, the interaction GCA x Cuttings was significant
for IVDDM and NDF, while none characteristic was significant for the interaction SCA
x Cuttings (Table 5), which was expected by non-significant results for the SCA in the
individual analysis for each cutting (Table 2). It was observed, from the results showed
in Tables 4 and 5 that the effect of the permanent environment was significant for all the
morphoagronomic traits and was non-significant for all the traits of nutritive valu

Average effects of the GC@y;) canbe observed in Table 6. These estimates were
performed only for the traits in which the GCA was significant by the likelihood ratio tes
at the probability level of 5% (Tables 4 e 5).

Table 6.Estimates of the average effects of the general combining alifjtpf(the 11
parents of elephant grass for morphoagronomic trai&b hybrid combinations resulting
from complete diallel crossings, the evaluation of elephant grass for forage production.

Parents VIG HGT NDF CP

BAGCE 21 -0.1145 -0.0426 -0.0768 0.0934
BAGCE 30 -0.0964 -0.0171 0.3005 0.1113
BAGCE 37 0.0257 0.0296 0.1013 -0.1154
BAGCE 38 0.0348 -0.0013 0.0844 -0.0672
PioneiroPioneiro -0.1206 -0.0174 0.2236 -0.0869
CNPGL 91-06-3 0.0842 0.0458 0.1645 -0.1442
BRS Kurumi -0.1094 -0.0772 -0.9749 0.3327
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BRS Canara 0.0499 0.0108 0.9253 -0.2382
BRS Capiagu 0.0781 0.0214 0.1149 0.0585
CNPGL 96-27-3 0.122 0.0485 -0.6748 0.0638
CNPGL 92-38-2 0.0462 -0.0006 -0.188 -0.0072

VIG (Phenotypic vigor). HGT (Height). NDF (neutdgtergent fiber) and CP (crude protein)

It can be observed that the parents that obtained higher positive valge®of
HGT and VIG were CNPGI91-06-3 and CNPGL 96-27-3 while only two parents.
CNPGL 92-38-2 and BAGCE 38 obtained negative values for HGT and positive for VIG
(Table 6).

The estimates of the average effects of the SGAdEh be observed in the Table
7. As well as the GCA effects it was depicted the estimates only for the traits that were
statistically different by the likelihood ratio test in the joint analysis (Tables 4 and 5) at

the probability level of %.

Table 7 Estimates of the average effects of the specific combining abiljly {555
hybrid combinations resulting from the diallel crossings between 11 parents of elephant

grassjn the evaluation for forage production.

Hybrids HGT GM DM NDF

BAGCE 21 x BAGCE 30 -0.0107 -3.4962 -0.6266 0.2581
BAGCE 21 x BAGCE 37 0.0419 0.6584 0.0172 -0.0383
BAGCE 21 x BAGCE 38 0.0231 1.431 0.3836 0.0211
BAGCE 21 x BRS Canara 0.0322 0.7638 -0.0575 0.1199
BAGCE 21 x BRS Capiagu -0.0077 -0.699 -0.3361 -0.2562
BAGCE 21 x BRS Kurumi -0.1564 -9.3879 -2.0036 -0.3002
BAGCE 21 x Pioneiro 0.0003 -2.0408 -0.1938 0.6159
BAGCE 21 x CNPGL 91-06-3 0.0261 2.7867 0.6322 0.0799
BAGCE 21 x CNPGL 92-38-2 0.0165 1.1456 0.3058 -0.6641
BAGCE 21 x CNPGL 96-27-3 -0.0234 -0.4881 -0.1846 0.0798
BAGCE 30 x BAGCE 37 0.0264 1.1008 0.425 0.3878
BAGCE 30 x BAGCE 38 0.0145 5.5611 1.02 0.0628
BAGCE 30 x BRS Canara -0.0327 -3.6157 -0.393 -0.3202
BAGCE 30 x BRS Capiagu -0.0081 2.2565 0.1968 0.1883
BAGCE 30 x BRS Kurumi 0.0081 0.3904 0.1506 0.0313
BAGCE 30 x Pioneiro -0.0134 -6.2217 -1.2008 -0.8799
BAGCE 30 x CNPGL 91-06-3 0.0181 4.2575 1.0628 0.5574
BAGCE 30 x CNPGL 92-38-2 -0.0046 -3.2648 -0.7496 0.0853
BAGCE 30 x CNPGL 96-27-3 -0.021 -3.2384 -0.7124 -0.0427
BAGCE 37 x BAGCE 38 0.0083 0.1538 0.0664 0.1827
BAGCE 37 x BRS Canara 0.0183 3.1035 0.7003 0.1287
BAGCE 37 x BRS Capiagu 0.0093 3.5737 0.7892 0.3781
BAGCE 37 x BRS Kurumi -0.0282 1.3495 -0.0677 -0.7119
BAGCE 37 x Pioneiro -0.0147 -2.6841 -0.3198 -0.4118
BAGCE 37 x CNPGL 91-06-3 -0.0478 -7.255 -1.4781 0.0067
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BAGCE 37 x CNPGL 92-38-2 0.0268 4.7669 0.8949 0.0137

BAGCE 37 x CNPGL 96-27-3 0.0011 0.8824 0.381 0.1749
BAGCE 38 x BRS Canara -0.0202 -2.334 -0.3661 0.2429
BAGCE 38 x BRS Capiagu -0.0421 -6.2637 -1.1539 -0.5498
BAGCE 38 x BRS Kurumi -0.0026 2.7493 0.6441 0.2028
BAGCE 38 x Pioneiro -0.0012 -0.7659 0.1451 0.6858
BAGCE 38 x CNPGL 91-06-3 -0.0177 -4.5935 -0.6837 0.2239
BAGCE 38 x CNPGL 92-38-2 0.0075 3.9779 0.4361 -0.2001
BAGCE 38 x CNPGL 96-27-3 0.0287 3.8369 0.6266 -0.7794
BAGCE 21 x BRS Capiagu -0.0102 -0.3358 -0.1252 -0.0569
BRS Canara x CNPGL 92-38-2 -0.0108 -1.2401 -0.2945 0.8872
BRS Canara x CNPGL 96-27-3 0.0137 1.1602 0.3368 0.0552
BRS Capiacu x CNPGL 92-38-2 -0.0121 -1.8077 -0.6705 0.4474
BRS Capiacu x CNPGL 96-27-3 0.0053 -1.2975 -0.3891 -0.519
BRS Kurumi x BRS Canara 0.0541 3.0776 0.4532 -0.236
BRS Kurumi x BRS Capiacu 0.0613 1.3299 0.0349 0.2558
BRS Kurumi x CNPGL 92-38-2 -0.0355 -4.1525 -0.8189 0.3923
BRS Kurumi x CNPGL 96-27-3 0.0131 1.8607 0.1242 -0.2273
CNPGL 91-06-3 x BRS Canara -0.0164 -2.0349 -0.0725 0.2551
CNPGL 91-06-3 x BRS Capiacu 0.0042 -0.7403 -0.2214 0.0198
CNPGL 91-06-3 x BRS Kurumi 0.0023 5.4612 0.7452 -0.4832

CNPGL 91-06-3 x CNPGL 92-38-2 0.0121 3.4197 0.7498 -0.4846
CNPGL 91-06-3 x CNPGL 96-27-3 0.0472 6.9462 1.4864 -0.0325
CNPGL 96-27-3 x CNPGL 92-38-2 0.0128 5.7701 0.9095 -0.0801

Pioneiro x BRS Canara -0.0129 -3.2831 -0.6925 -0.0654
Pioneiro x BRS Capiagu 0.0297 0.7903 0.3251 0.2181
Pioneiro x BRS Kurumi -0.0228 -3.8081 -0.7354 0.0118
Pioneiro x CNPGL 9D6-3 0.0351 4.33 1.0091 0.0369
Pioneiro x CNPGL 938-2 -0.0134 -1.3619 -0.2995 -0.6017
Pioneiro x CNPGL 9&7-3 -0.0107 -2.4778 -0.2058 0.6343

HGT (Height). GM (Grass mass production). DM (Dry mass prodartad NDF (neutral detergent fiber)

It was possible to observe that from the 55 hybrids combination evaluated, 29
presented Spositive for HGT, 26 of them were also positive for DM (Table 7). Thus, of
the 55 combination, 26 presented negative values (Table 7), in which, only three were
positive for DM (BAGCE 21 X Pioneiro; BA®GE 38 X Pioneiro; BAGE 30 X BRS
Capiacgu). These crossings would be those that would have segregation for dwarf genes
allied to the segregation for DM.

Ideal number of cuttings was estimated according to five levels (0.5 to 0.9) of
coefficient of determination (R?). In Figure 1 are depicted the individual repeatability (
for each trait (DM,GM, HGT and VIG) and the number of cuttings as y axis for each

value of coefficient of determination fRas x axis. It is worth mentioning that were
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calculated only the repeatability for traits whereby the permanent effect of environment
was significant, in other words, only for the morphoagronomic traitsigar€& 1, it is

also possible to observe that for values of R? equal to 0.8 the number of cuttings performed
are sufficient for all traits. However, if the researcher opts for a R2 value equal to 0.9

should be adopted twice the number of cuttings.

DM, r=0.46 GM, r=0.55 HGT, r=0.57 VIG, r=0.50
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Figure 1.Estimates of the repeatability)(and of the number of cuttings (Cuttings) for
the coefficient of determination fRvarying from 0.5 to 0.9 for morphoagronomic traits
(VIG. HGT. GM. DM) in 55 hybrid combinations resulting from the diallel crossings

between 11 parents of elephant grass.

DISCUSSION

Elephant grass is an allogamous specie with vegetative propagation. Thus,
throughout the evolutionary process, the morphoagronomic traits are directly under
natural selection leading to changes in the allelic frequency and the greater discrepancy
for these characters. In this way, one can expect a greater importance of SCA for
morphoagronomic character, as well as observed in the present work (Table 2). For traits
related to the nutritive value, it is not simple the natural selection operates on them, which
may explain the result mostly not significant for SCA (Table 3).

In the joint analysis of the cuttings as well as in the individual analysis it was
possible to observe that there was a predominance in the SCA for the ones
morphoagronomic value (Tables 4 and 5). Similar results were reported by Da Silva et al.
(2014 and 2014a), using partial diallel analyzed by the methodology proposed by Griffing
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(1956). The authors observed that the SCA was significant for the majority of the
evaluated characteristics related to morphoagronomic traits. For the characteristic related
to the nutritive value the GCA had more importance than SCA. It is relevant to comment
that the SCA emphasizes the importance of nonadditive interactions resulting from the
gene complementation between the parents, enabling the exploitation of the heterosis
(BASTOS et al., 2003). Thus, we can observe that for the morphoagronomic traits of the
elephant grass, the hybridization becomes important.

In the present study, it was possible to observe that the significant interaction SCA
x Cuttings was significant for almost all of the morphoagronomic traits (Table 4) and the
interaction GCA x Cuttings was significant for the tr&GST, VIG and NDF. It should
be pointed out that the number of cuttings related to the nutritive value were only two,
which affects the estimation of variance components. As already commented, the crop of
elephant grass is perennial, where the farmers conduct several cuttings. Thereby, it is
important that the genotypes have high performance and have stability throughout of the
cuttings. Thus, for the related traits to the nutritive value, the absence of interaction is a
favorable information to the breeders, once there is no difference of the hybrid in the
different cuttings. On the other hand, for the morphoagronomic traits, where the
interaction occurs, there is the difficulty of selection and recommendation of new
genotypes to be used for several cuttings performed by the farmers. It is noteworthy that
the interaction can be mitigated as the adjustment of forage management, for example,
irrigation and cuttingschedulingso that the interaction among the genotypes and the
environment would be positive for enhance in forage quality and yield (COSTA et al.,
2004).

The information of the diallel crossings can be used in two ways for strategy
guideline of the breeding program. First would be the identification of the hybrids with
high performance to be cloned and then tested for possible recommendation as a new
cultivar. The second is the identification of the best parents for future crossings aiming
the formation of segregating population in order to be used as source of new genotypes.
In this respect, the desirable parent would be the one that havg, ligth highs;;. Thus,
the crossings involving parental with highhas a higher probability of obtain genotypes
with high performance and high; has a higher potential of diversity at the crossings
(CRUZ, REGAZZI and CARNEIRO, 2004; RAMALHO et al., 2012).

The effectyy;s give an information about the potential of the parental to generate
favorable combinations due to the combination of additive effect of alleles. The higher

these estimates, positive or negative, certain parental will be considered superior or
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inferior to the other parental in the diallel, and if it is near to 2zbei; behavior doesot

differ from the overall average of the crossings (CRUZ, REGAZZI and CARNEIRO,
2004). In the Tables 6 and 7 it is possible to observe that the choice of parents with high
values ofg; of the same signal and higl favorable to all the traits it is not a simple task
when several traits are considered. For the related traits to the nutritive value, the parents
BAGCE 21, BRS Kurumi and CNPGL 96-27-3 stand out, since they have positive values
for CP and negative for NDF (Table 6). For animal feed, its desirable the increment of
protein and digestibility, associated to a lower percentage of fiber. However, in the
combination with DM. it was not possible to find parents that hayeositive for CP
(Tables 6 and 7). This scenario indicates that the correlation between these traits tends to
be negative. By the phenotypic correlation between the mean for the evaluate traits, it is
observed that the correlation between DM and CP are negative (Supporting information
I). This indicates that a one of the alternatives for obtain gains in the simultaneously traits
would be by the use of selection index (ROCHA et al., 2017).

From the estimated SCAS() effects, 25 crossings were observed with high
estimates for HGT and positive values for DM (Table 7). This result combined to the
information ofg;’s, the breeders could select the best to generate segregating population
aiming the use of elephant grass in cutting schedule, which is desirable phenotypes higher.
However, for the use of the forage under pasture the lower height is desired.

The statistical model adopted allowed the estimation of all the components of one
diallelic analysis such as GCA, SCA and their interactions with the cuttings. Moreover,
it was possible to estimate the permanent effect of environment. Permanent effect was
significant for the morphoagronomic traits and it affect the heritability estimations and
the number of cuttings. For the traits of nutritive value, where this parameter was not
significant it is important to comment that were evaluate two cutting what may affect the
estimation of this parameter.

From the permanent effect obtained by the model, one can estimate the
repeatability coefficientr(). It should be noted that the use of this type of model allows
in a single analysis the estimation of important parameters with no financial cost. In
addition, this study shows that the methodology of mixed models is flexible to provide
the important information for the decisiomeking of the best strategy to be adopted by
the breeders.

In Figure 1 are showed the repeatabilitygnd the number of ideal cuttings for a
given coefficient of determination. The values obtained for the morphoagronomic traits
were similar to the ones observed by Viana et al. (2010) and Cavalcante et al. (2012),
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however, in both studies, the authors evaluated different cultivar and non-arising
crossings population. However, Daher et al. (2004), when evaluating the 16 clones of
elephant grass in 12 cutting cycles, mean value wére found; lower than the ones
observed in the present work, indicating the environment influence in these traits. The
number of cuttings for the Fof 0.8 is routinely practiced in elephant grass breeding
program

The number of cutting to be used for evaluation of the related traits to the
nutritional value were not estimated due to the permanent effect of the environment not
be significant. This fact can be explained since only two cuttings were evaluated for these
traits, hindering the estimation of this effect. However, carry out this analysis is a
laborious work and that involves high financial cost, influencing the capacity of
measuring in many cuttings.

The use of the analysis that contemplates the diallel and the repeatability, allowed
estimating all the necessary parameters for the genetic breeding program of the elephant
grass, as for example, combination ability as well as the interactions with the cuttings.
With the results, it can be observed that the specific combining ability had a greater
importance for the morphoagronomic traits and the general combining ability for the traits
of nutritive value. It was also observed that for the morphoagronomic traits to perform
five cuttings, as carry out in the present work, it was sufficient for a R2 of 80%, however
for a R2 of 90%, the number of evaluations of cuttings should be double. The information
obtained by the proposed analysis in the present study also enable the selection of parental
and hybrids. The use of this model can be an alternative for optimizing the analysis and
the obtained information can be used to improve the breeding program of the elephant

grass without adding any financial cost.

CONCLUSIONS

o Diallel model with the repeatability information allowed estimating in addition to the
genetic effect, information about the measuring numbers and genotypes x cuttings
interaction;

e The specific combining ability (SCA) has higher importance for the
morphoagronomic characteristic and the general combining ability (GCA) has higher
importance for traits related to the nutritive value;

e The number of five cuttings for the morphoagronomic traits was sufficient i@t R
80%, however, it shall be of 10 to & & 90%.
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ANEXOS

Supporting information |
Asrem| Model
model2int2<-
asreml(fixed=LigNIRS~corte+Blocos+corte:Bloct
random= ~ pl +and(p2) +Trat-
ide(Idparc)+
corte:pl-corte:p2+and(corte:p:
corte:Trat.
ginverse=list(Idparc=ainviD2).
equate.levels=c("pl"."p2").
rcov= ~ at(corte):uni
workspace=64e6.maxiter=100.
data=plan)
summary(model2int2)$varcomp # variar

components

Supporting information Il
Phenotypic correlation matrix among the traits

Trait/Trait VIG HGT GM DM IVDDM NDF LIG CP

VIG - 0.82 0.78 0.74 0 0.11 0.01 -0.25
HGT - 066 0.68 -021 0.27 0.15 -0.37
GM - 095 -0.02 -0.08 0.13 -0.04
DM - -0.2 0.07 0.21 -0.16
IVDDM - -0.38 -0.46 0.44
NDF symmetric - 0.21 -0.77
LIG - -0.05
CP -
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