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RESUMO

O arroz é fonte primaria de alimento em muitos paises em desenvolvimento,
principalmente naqueles situados no continente asiatico. O género Oryza tem 24
espécies, mas apenas duas sao cultivadas: a O. glaberrima Steud., cultivada no
Oeste da Africa e da Asia e O. sativa L., cultivada em todo mundo. Estas espécies
sdo naturalmente hidrdéfilas, entretanto, o processo evolutivo tem levado sua
adaptacao as mais variadas condicbes ambientais, abrangendo desde ecossistemas
de varzeas até ecossistemas de terras altas. Os métodos de melhoramento
empregados nas ultimas décadas tém ocasionado o estreitamento da base genética
e consequente vulnerabilidade da cultura do arroz a pragas e doengas. Portanto, €
necessario priorizar a utilizacdo de parentais divergentes para o desenvolvimento de
novas cultivares. Neste contexto, a caracterizagdo de acessos disponiveis nos
bancos e cole¢des de germoplasma pode viabilizar a melhor utilizacdo dos mesmos
em programas de melhoramento genético. Para tanto, a utilizacdo de marcadores
morfolégicos disponibiliza informacgdes a cerca dos recursos genéticos de maneira
simples, eficiente e de baixo custo. Este trabalho teve por objetivo caracterizar 146
acessos japoneses de arroz de terras altas mantidos na Colecdo de Germoplasma
da Universidade Federal Rural de Pernambuco (UFRPE), com base em caracteres
morfoagronémicos, visando disponibilizar informacdes necessarias que poderao
facilitar & escolha de genitores nos programas de melhoramento genético do arroz.
Foram estudados 14 caracteres qualitativos e 16 guantitativos em um experimento
delineado em blocos casualizados com trés repeticbes. Em relacdo aos 14
caracteres qualitativos avaliados, apenas dois ndo foram polimorficos e houve
diferenca significativa (P<0,05) entre os acessos para todos os 16 caracteres
guantitativos. A variancia genética foi superior a ambiental e os coeficientes de
herdabilidade média foram altos, superior a 80% para as variaveis analisadas. O
coeficiente de variagdo genética variou de 1,81 a 39,58 dependendo da
caracteristica e o indice b foi superior a um para todos os caracteres. Os resultados
mostraram que 0S acessos de arroz mantidos na Colecdo de Germoplasma da
UFRPE apresentam alta variabilidade genética e grande potencialidade para serem

utilizados como fonte de genes em programas de melhoramento genético.

Palavras chave: arroz de sequeiro, descritores morfologicos, descritores

agrondmicos, variabilidade genética e germoplasma.
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ABSTRACT

Rice is the primary food source in many developing countries in the world, primarily
for those located in Asian. The Oryza genus has 24 species, but only two are
cultivated: O. glaberrima Steud. in the West of Africa and O. sativa L. in all part of the
world. Those species are naturally hydrophytes, however the evolutionary process
they become adapted for many different ecosystems as lowland and upland. The
breeding method used in the last decades increased the narrowing genetic base and
the vulnerability of rice cultivation for plagues and diseases. However, it is necessary
to use divergent genitors for development of new cultivars. In this context, the
characterization of germplasm accesses from bank and collection could bring
facilities in order to use them in breeding programs. The aim of this work was
characterizer 146 accesses of upland rice Japanese by morphoagronomical traits in
order to bring information that could bring facilities for chose genitors in rice breeding
programs. In this case, the morphologic mark could give important information about
genetic resource by simple, efficient and cheap way. There were studied 14
qualitative traits and 16 quantitative in a randomized blocks design experiment with
thee replicates. For the 14 quantitative traits only two were not polymorphic and there
was significative difference (P<0.05) for all 16 quantitative traits. The genetic variance
was highest than environmental one and the heritability was higher than 80% for the
evaluated characters. The genetic variation coefficient varied from 1.81 to 39.58 for
different characteristics and b index was highest than 1 for all characters. The results
showed that the rice access of UFRPE germplasm collection have great genetic

variability and high potential for use in rice breeding programs.

Key words: upland rice, morphological descriptors, agronomical descriptors, genetic

variability e germplasm.
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1. INTRODUCAO GERAL

O arroz é o segundo cereal mais cultivado no mundo e alimento basico para
cerca de 2,4 bilhdes de pessoas. Assim como todos 0S cereais, 0 arroz € um
alimento pobre em vitaminas e sais minerais, porém é muito rico em carboidratos.
Contém guantidades despreziveis de gordura, é livre de colesterol e constituido por
7% de proteina (CASTRO et al., 2005).

O cultivo do arroz no mundo abrange cerca de 148 milhdes de hectares, o
gue permite producao anual de 590 milhdes de toneladas por ano (MURALIDHARAN
et al., 2002). A Asia ocupa posicdo de destaque por produzir mais de 90% do arroz
consumido em todos os continentes (EMBRAPA, 2006). Entre os paises produtores,
a China ocupa o primeiro lugar, com 39% do total produzido no continente asiatico e
36% da produgdo mundial (FAO, 2005).

No Brasil, a area orizicola equivale a 2,93 milhdes de hectares permitindo
producéo 11,96 milhdes de toneladas e produtividade média de 4.083 kg/ha por ano
(CONAB, 2008). O pais ocupa a nona posicdo no cenario mundial e a primeira
posicdo na producdo, considerando-se todos os continentes, exceto a Asia (IBGE,
2006). Em termos de consumo per capita, o Pais ocupa a 162 posi¢cdo, com média
de 47 kg/habitante/ano (ABIAP, 2007).

A Regido Sul do Brasil é a principal produtora de arroz, com 8,38 milhdes de
toneladas em 1,26 milhdes de hectares, representada principalmente pelos Estados
do Rio Grande do Sul, com producédo de 7,14 milhdes de toneladas e Santa
Catarina, com producgéo de 1,07 milhdes de toneladas. Juntos, esses dois Estados
representam cerca de 70% da producao nacional (CONAB. 2008). A Regiao
Nordeste € a segunda maior produtora, com producéo de 1,22 milhdes de toneladas
em 0,74 milhdes de hectares. Nesta Regido, os Estados do Maranh&o e Piaui séo os
maiores produtores, com 0,72 e 0,24 milhdes de toneladas, respectivamente. O
Estado de Pernambuco ocupa a sexta posi¢cdo, com producdo de 0,02 milhdes de
toneladas, o equivalente a 1,96% da producéo regional (CONAB, 2008).

Ao que se refere a cultura do arroz de terras altas no Brasil, no inicio dos
anos 90 o arroz de sequeiro servia basicamente para a abertura de areas nas
fronteiras agricolas, com o intuito de implantar pastagens para a pecudria no Centro-
Oeste e em outras regides do pais (ALMEIDA e YOKOYAMA, 2000; VILLAR e
FERREIRA, 2005). A utilizagdo de sementes de baixo rendimento caracterizava uma

atividade voltada ao autoconsumo com baixo indice de comercializagdo, bem como
15
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reduzida produtividade e qualidade do grdo. O surgimento das primeiras cultivares
de arroz de sequeiro, capazes de atender toda demanda nacional, deu condi¢cbes de
competitividade e qualidade ao gréo, acarretando uma grande expectativa para a
cultura orizicola de terras altas na Regido Centro-Oeste e desta para o Norte e
outras regifes do Pais (VILLAR e FERREIRA, 2005). Estudo recente realizado por
Silva (2007) observou que a Zona da Mata de Pernambuco apresenta condi¢Oes
edafoclimaticas compativeis com o cultivo de arroz de sequeiro, acarretando
também boas expectativas para esta cultura na regiao.

No periodo de 1996 a 2000, o sistema de sequeiro representou 65,5% da
area plantada e 39% da producéo brasileira (VILLAR e FERREIRA, 2005). Porém,
Montalvan et al. (1998) alertaram sobre o estreitamento da base genética das
cultivares modernas de arroz, fazendo-se necessario priorizar a conservagao, bem
como melhorar a manutencao e utilizacdo dos bancos de germoplasma. Sendo para
isso, imprescindivel que o0s acessos sejam caracterizados e avaliados
(NAKAGAHRA et al., 1997).

A caracterizacdo de germoplasma é baseada no uso de descritores, que
visam individualizar cada acesso. Entretanto, os acessos coletados tém sido
caracterizados numa escala limitada, além de serem, na maioria dos casos,
baseados em descritores que ndo atendem as necessidades dos melhoristas. Para o
arroz, a literatura dispde um conjunto de procedimentos que permite descrever a
cultivar, bem como fornecer elementos para a comparacdo entre cultivares
diferentes desenvolvidas em diversas regides do mundo (IRRI, 1980). Dentre os
descritores morfolégicos de interesse no arroz, os mais utilizados sao: cor e
pubescéncia da folha, exsercao e tipo de panicula, presenca e distribuicdo da arista,
cor do apiculo e cor e pubescéncia das glumelas (FREIRE et al., 1999).

Este trabalho teve por objetivo caracterizar acessos japoneses de arroz de
terras altas com base em caracteres morfoagronémicos, visando disponibilizar
informacgdes necessarias que poderao facilitar a escolha de genitores nos programas

de melhoramento genético do arroz.
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2. REVISAO BIBLIOGRAFICA

2.1 Taxonomia da espécie Oryza sativa L.

O arroz (Oryza sativa L.) pertence a Divisdo Magnoliophyta, Classe Liliopsida,
tribo Oryzeae, familia Poaceae, subfamilia Oryzoideae e ao género Oryza
(WATANABE, 1997). De acordo com Lu (1999), o género Oryza possui 24 espécies,
das quais, segundo Khush (1997), somente duas sao cultivadas: O. glaberrima
Steud., cultivada no Oeste da Africa e da Asia e O. sativa L., cultivada em todo
mundo.

Estudos realizados por Kato et al. (1928) classificaram as variedades de O.
sativa em indica e japonica, com base na morfologia da planta e do gréao,
esterilidade do hibrido e distribuicdo geografica da espécie. Morinaga (1954) propos
um terceiro grupo, denominado javonica. Ainda, Glaszmann (1987), baseando-se no
padrao alélico de 21 loci isoenzimaticos, obteve a formacéo de seis grupos, onde as
cultivares dos grupos indica e japonica foram localizadas nos grupos | e VI,
respectivamente, e as do grupo javonica, no grupo VI, portanto junto com as do
grupo japonica, por isso 0 grupo javonica é conhecido como japonica tropical. Mais
recentemente, de acordo com Morishima et al. (1992), o complexo Oryza sativa,
possui duas subespécies principais, sendo elas O. sativa ssp. indica e O. sativa ssp.
japonica.

As variedades tradicionais de arroz de terras altas do Brasil, sobretudo as
utilizadas até a década de 1970, pertencem ao grupo japonica tropical e as
variedades provenientes do sistema de varzea, pertencem ao grupo indica. Ja as
novas cultivares brasileiras, Canastra, Primavera e Maravilha, desenvolvidas para as
condi¢cOes de terras altas, sdo provenientes do cruzamento entre indica e japonica
(PINHEIRO, 1998).

2.2 Aspectos botanicos do arroz

O arroz € uma graminea anual adaptada a solos alagados, mas que se
desenvolve bem em areas com pouca disponibilidade de dgua (GUIMARAES et al.,
2002). Apresenta raizes fasciculadas, caules redondos e ocos, folhas sésseis, limbo
foliar plano e panicula terminal (Figura 1).

Em relacdo as caracteristicas morfolégicas da raiz, 0 arroz possui sistema

secundario de raizes adventicias fibrosas formadas a partir dos nés inferiores dos
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caules jovens, com varias ramificagfes e pélos radiculares (CHANG e BARDENAS,
1965). Segundo Yoshida (1981), a profundidade do sistema radicular no solo
raramente passa dos 40 cm, entretanto de acordo com Guimaraes et al. (2002), o
arroz de terras altas pode apresentar raizes a 140 cm de profundidade.

Panicula

Perfilhos

Raizes

Figura 1. Representacao esquematica da planta de arroz.
Fonte: CIAT, 2005.

A planta apresenta um colmo principal e varios colmos primarios e
secundarios, denominados de perfilhos (CHANG e BARDENAS, 1965). O colmo,
constituido por nés e entrends, apresenta-se totalmente envolvido pela bainha até
momentos antes da floracdo. Segundo Guimardes et al. (2002), comprimento,
diametro e espessura dos entrends, determinam a resisténcia ao acamamento.

As folhas, inseridas nos nos do colmo, apresentam uma por¢ao que envolve o
caule, denominada bainha e outra pendente, que constitui a lAmina. Na juncéo
dessas duas partes situa-se o colar, do qual emergem dois pequenos apéndices em
forma de orelha, as auriculas, e uma estrutura membranosa em forma de lingua, a
ligula. A partir do colmo principal originam-se de 8 a 14 folhas. A ultima folha de
cada colmo denomina-se folha bandeira. Os gendétipos diferem-se quanto ao
comprimento, largura, angulo de insercéo, pubescéncia e cor das folhas (PINHEIRO,
1999).

As flores, denominadas espiguetas, sdo hermafroditas e reunidas em

inflorescéncia do tipo panicula. Cada inflorescéncia é composta por 50 a 250
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espiguetas (PEDROSO, 1982). Em geral, cada espigueta é formada por dois pares
de bracteas que compdem as glumas. As glumas do par superior denominam-se
lema e palea e contém no seu interior o ovario, dois estiletes com estigma plumoso,
seis estames e as lodigulas, que sédo estruturas ovais e pouco desenvolvidas
situadas na base do ovério (Figura 2 A, B e C). Em alguns gendétipos a lema pode
desenvolver uma extenséo filiforme, denominada arista (VERGARA, 1979).

A taxa de cruzamento natural do arroz é baixa, pois sua estrutura floral
favorece a autofecundacéo. Nos Estados Unidos, Beachell et al. (1938) estudaram a
influéncia de fatores ambientais na taxa de cruzamento natural do arroz, em
diferentes locais e observaram variacao de 0,45 a 3,39%, dependendo da variedade,
ano e espacamento, enquanto Silva et al. (2005), no Brasil, verificaram a taxa de
0,30 a 0,35%.

Estames

Panicula

Espigueta

Tegumento

Pericarpo

Aleurona

Gineceu Gréo de arroz

Figura 2. Orgdos de reproducdo da planta de arroz: A) inflorescéncia (panicula); B)
estrutura externa da espigueta e 6rgaos reprodutores masculinos (estames); C) estruturas
do 6rgéo reprodutor feminino (gineceu); D) estrutura do grao.

Fonte: CIAT, 2005.

Cada espigueta, apos ser fecundada, forma um gréao do tipo cariopse (Figura
2 D) contendo uma semente envolvida pela lema e pélea. Estas, juntamente com as
glumas estéreis e estruturas associadas, formam a casca (CHANG e BARDENAS,
1965; JULIANO, 1984). A casca € uma estrutura porosa, leve e rica em silica (15-
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18%), que tem como principal funcéo proteger o fruto contra o ataque de insetos ou
fungos (VIEIRA e CARVALHO, 1999).

As sementes, quando semeadas em condi¢cdes naturais de solo, germinam
entre 5 e 7 dias, ja em condi¢bes controladas a germinagcao ocorre entre 4 e 5 dias
(GUIMARAES et al., 2002). O ciclo da planta é bastante variavel e pode se
completar entre trés e seis meses, dependendo da cultivar e das condi¢cdes
ambientais (VERGARA, 1979; YOSHIDA, 1981).

2.3 Origem, evolucado e domesticacado do arroz

Ha controvérsias em relagdo a origem das espécies do género Oryza.
Roschevicz (1931) afirmou que o género Oryza originou-se no continente Africano.
Contudo, segundo Chang (1976), as espécies desse género sado originarias do
supercontinente “Gondwana”, que apoés sua fragmentacao, possibilitou a distribuicéo
das espécies deste grupo por diversos habitats geograficos distintos.

De acordo com Khush (1997), as espécies cultivadas de arroz originaram-se
h&a aproximadamente 130 milhdes de anos atras, assim como as demais gramineas,
e atualmente podem ser encontradas em todos 0s continentes, exceto na Antartica.

Em relacédo ao caminho evolutivo da Oryza sativa, Khush (1997) aponta a O.
rufipogon, planta primariamente perene, como sua espécie ancestral. A espécie O.
rufipogon, ao longo da evolucdo desenvolveu ciclo anual, originando a O. nivara, que
ao ser domesticada originou a O. sativa. Ao que se refere a espécie ancestral da O.
glaberrima, Khush (1997) afirma ser a espécie selvagem perene O. longistaminata
(Figura 3).

O centro de domesticacdo do arroz corresponde ao Nordeste da india, Norte
de Bangladesh e ao triangulo formado pela Birmania, Tailandia, Laos, Mianmar e Sul
da China (CHANG, 1976). Quanto a época da domesticacdo, 0s sinais mais antigos
contendo indicios de utilizacdo de arroz datam de 4.500 a 5.500 a.C., encontrados
em sitios arqueoldgicos na india, Tailandia e China (MORISHIMA, 1986).

Devido ao processo evolutivo e de domesticacao do arroz, surgiram inidmeros
tipos geneticamente divergentes, ha aproximadamente 0,4 milhdes de anos atras, os
quais se adaptaram as mais variadas condicbes agroecoldgicas (KHUSH, 1997).
Sendo que a origem das subespécies indica e japonica se deu ap0s a domesticacéo
da espécie O. sativa (ZHU e GE, 2005).

20



NASCIMENTO, W. F. Caracterizacdo morfoagrondmica de acessos de arroz (Oryza sativa L.)...

7

O grupo indica é o mais cultivado no Sri Lanka, na india, em Java, no
Paquistdo, nas Filipinas, em Taiwan e nas Regides Sudeste e Central da China e
nas Regides Tropicais. Morfologicamente, este grupo se caracteriza por possuir
colmos longos, alta capacidade de perfilhamento, folhas longas e decumbentes,
além de ciclo tardio. Enquanto, o grupo japonica é largamente cultivado nas zonas
temperadas, como Japao, Coréia e o Nordeste e Leste da China, e possui colmos
curtos e rigidos, mediana capacidade de perfilhamento, folhas estreitas de cor verde-
escura e ciclo curto (CHANG, 1976).

Acredita-se que o arroz tenha se propagado do sudeste asiatico para a China
por volta de 3.000 a.C., de onde foi levado para a Coréia e posteriormente, para o
Japéo (CASTRO et al., 2005). A introducéo deste cereal no ocidente ocorreu apos a
invas&o da india por Alexandre Magno, em 320 a.C. (TASCON e GARCIA, 1985).

SUPERCONTINENTE
GONDWANA

Ancestral comum

v '

Sul e Sudeste da Asia

Oeste da Africa

temperado

N\

tropical

Selvagem perene O. rufipogon O. longistaminata

Selvagem anual O. nivara O. breviligulata

Espécies cultivadas O. sativa O. sativa O. glaberrima
indica japonica

Figura 3. Caminho evolutivo das espécies cultivadas de arroz: Oryza sativa L. e Oryza

glaberrima Steud.
Fonte: Khush, 1997.
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Nas Américas, o cultivo do arroz teve inicio em data pés-colombiana e foi
trazido por colonizadores espanhdis, portugueses e holandeses (CASTRO et al.,
2005). No Brasil, ainda segundo Castro et al. (2005), o arroz foi introduzido quando
as caravelas de Pedro Alvares Cabral aportaram na Bahia, no século XVI. No século
XVII, a rizicultura foi introduzida no Maranhdo, onde consolidou sua importancia
social e econbmica ao longo dos periodos colonial e imperial, permitindo que, nos
séculos XVIII e XIX, o pais obtivesse éxitos na exportacdo deste cereal (PEREIRA,
2002).

2.4 Sistemas de cultivo do arroz no Brasil

O cultivo do arroz no Brasil se da em dois ecossistemas: o de varzea e terras
altas (EMBRAPA, 1981; GUIMARAES e SANT ANA, 1999).

O ecossistema de varzea subdivide-se em: sistema irrigado por inundacao e
sistema por irrigacdo ndo controlada (varzea umida). O ecossistema de terras altas
pode ser em sistema de sequeiro tradicional ou sistema de sequeiro sob irrigacao
suplementar por aspersao (MORAES et al., 2004).

No ecossistema de varzeas, o sistema irrigado por inundacéo, consiste no
cultivo em varzeas sistematizadas com controle de lamina de agua, predominante
nos Estados do Rio Grande do Sul e Santa Catarina. O sistema de irrigacdo nao
controlado é praticado em areas que ndo tém bom nivelamento, portanto n&o
permite o controle da lamina de agua e tem sido utilizado de maneira generalizada
em praticamente todas as regides do Brasil, com exce¢ao do Rio Grande do Sul e
Santa Catarina. Este sistema caracteriza-se pela dependéncia de agua, proveniente
da elevacao natural dos rios, lagos e lencois freaticos (PEREIRA, 2002).

No ecossistema de terras altas, o sistema de sequeiro tradicional utiliza
apenas a agua da chuva, da enchente dos rios e do afloramento natural do lencol
freatico para o desenvolvimento das plantas (RANGEL, 1995). O referido sistema
prevalece nas regides do Cerrado. O sistema de sequeiro sob irrigagéo suplementar
por aspersao difere do anterior pela possibilidade de se fazer irrigacdo suplementar
sempre que for necessario. Este sistema é predominante nos Estados de Minas
Gerais, Goias, Bahia, Sado Paulo e Mato Grosso (PEREIRA, 2002). O arroz de terras
altas caracteriza-se ainda pelo seu desenvolvimento em solos de baixa fertilidade e
pelo baixo custo de producdo (MORAES et al., 2004).
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2.5 Melhoramento genético do arroz

Os primeiros estudos genéticos com o arroz foram realizados por Van der
Stock, na Ilha de Java, Indonésia, mas os trabalhos pioneiros de melhoramento
propriamente ditos ocorreram no Japao, a partir de 1893, na Estacdo Experimental
Agricola Nacional (CHANG e LI, 1980). O primeiro método de melhoramento
utilizado na cultura orizicola foi o de selecdo de variedades nativas do Japéao,
seguindo-se o de selecéo de linhagens puras. Com o advento da hibridacao artificial,
0 programa japonés de melhoramento genético do arroz passou a utilizar o método
de pedigree e, em seguida, os métodos de bulk e de mutacéo artificial (PEREIRA,
2002).

No Brasil, os primeiros trabalhos de melhoramento no arroz sé tiveram inicio
em 1937, no Instituto Agrondmico de Campinas (IAC), visando a obtencdo de
variedades para o sistema de sequeiro (GERMEK e BANZATTO, 1972). O
melhoramento do arroz no Brasil € dividido em trés fases: a primeira é referente ao
periodo anterior a 1938, caracterizada pelo aproveitamento da variabilidade genética
existente nas variedades locais em uso, assim como por algumas coletas e
introducdes feitas de outros paises. A segunda, que compreende o periodo entre
1938 e 1970 é caracterizada pela obtencédo da variabilidade genética por meio de
hibridacdo e pela continuidade das coletas e introducdes, sobretudo, de outros
paises. A terceira fase, iniciada na década de 70 até os dias atuais, € caracterizada
pelas atividades desenvolvidas pela Embrapa e outras instituicbes de pesquisa
agropecuéria localizadas em diversos Estados brasileiros (PEREIRA, 2002).

No Nordeste, as pesquisas so6 tiveram inicio na década de 60, nos Estados do
Maranhdo, Pernambuco e Alagoas. Os primeiros trabalhos ocorreram na Estagao
Experimental de Pedreiras, no Maranhdo, sob responsabilidade do Instituto
Agrondmico do Norte, na Estacdo Experimental de Alagoas e na Estagéo
Experimental do Curado, em Pernambuco, sendo as duas Ultimas estacfes
pertencentes ao Instituto Agronémico do Nordeste (IANE) (MOTA et al., 1972 apud
PEREIRA, 2002).

Apés os esforgos inicias para o melhoramento da orizicultura brasileira,
alguns estudos foram realizados para estimar o seu ganho genético. Entre eles, o de
Soares et al. (1999), que analisaram o progresso genético obtido pelo melhoramento
do arroz de sequeiro em 21 anos de pesquisa em Minas Gerais. Os autores

observaram ganho genético médio anual de 1,26%, em relacdo as cultivares do
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grupo precoce e de 3,37% para as de ciclo médio. Atroch et al. (1999) observaram
gue no Estado do Amapa houve um ganho médio significativo de 3,5%,
representando um incremento de 83 kg/ha ao ano na produtividade.

Souza et al. (2007) analisaram o progresso genético do melhoramento de
arroz de terras altas do Brasil no periodo de 1950 a 2001 e observaram que 0s
ganhos genéticos para a produtividade de graos foram de 0,3% e 2,09% ao ano, nos
grupos precoce e tardio, respectivamente. A altura média das plantas reduziu-se em
21 cm no grupo precoce e em 38 cm no tardio, no periodo avaliado. Houve
acrescimo medio de dez dias no ciclo, do grupo de cultivares precoce, e decréscimo
de 13 dias no grupo tardio.

Assim, os estudos demonstram que 0s ganhos genéticos na orizicultura
brasileira, quando obtidos, ndo sdo de grande magnitude, o que reforca a
importancia dos bancos de germoplasma, bem como sua manutencéo, conservacao

e utilizacdo adequada.

2.6 Importéancia dos bancos de germoplasma do arroz

Os recursos genéticos sdo definidos como a fragdo da biodiversidade
portadora de genes com grande importancia para o melhoramento das espécies
(QUEIROZ, 2007). A utilizacdo desses recursos ocorre por intermédio do
germoplasma, material que constitui a base fisica da heranca transmitida de uma
geracao para outra atraves de células reprodutivas (IBPGR, 1991). Toda amostra de
germoplasma, que representa a variagdo genética da populagdo ou do individuo
propagado clonalmente, denomina-se acesso (FREIRE et al., 1999).

Os bancos de germoplasma sédo resultados de esfor¢cos para conservar a
grande variabilidade genética das espécies a serem utilizadas em programas de
melhoramento, mas nem sempre o potencial desses bancos é explorado
adequadamente (SKINNER et al., 1999).

Abadie et al. (2005), com o intuito de desenvolver uma colecao nuclear para o
germoplasma de arroz do Brasil na Empresa Brasileira de Pesquisas Agropecuaria
(Embrapa), observaram que até o ano de 2002, a colecdo de germoplasma de arroz
estava constituida por 9.890 acessos em condi¢bes de conservagdo de médio e
longo prazo. Apenas entre 500 e 600 acessos da colecdo nuclear foram
considerados aceitaveis para um manejo adequado na caracterizacdo morfologica,
molecular e avaliagdo em campo. A colecdo nuclear de arroz na Embrapa esta
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formada por 550 acessos, 0 equivalente a 5,6% da colecao inteira, sendo 308
variedades tradicionais, 94 linhagens/cultivares  melhoradas e 148
cultivares/linhagens introduzidas (ABADIE et al., 2005).

Apesar dos varios acessos mantidos nas cole¢des nucleares de arroz,
Pedroso (1990) chamou atencdo para o0 estreitamento da base genética nos
programas de melhoramento deste cereal. Guimaraes (1993) detectou que até o ano
de 1989, mais de 4.000.000 ha de arroz de sequeiro foi plantado, com apenas, trés
cultivares desenvolvidas pelo Instituto Agrondmico em Campinas. Segundo
Montalvan et al. (1998), 81% do ‘pool’ génico das cultivares liberadas, no periodo
entre 1971-1993, foram oriundas de apenas onze ancestrais.

Ao que se refere as cultivares modernas de arroz, Montalvan et al. (1998),
também alertaram sobre o estreitamento da sua base genética, fazendo-se
necessario priorizar a conservacao, melhorar a manutencéo e utilizacdo dos bancos
de germoplasma. Sendo para isso, imprescindivel que 0s acessos sejam
caracterizados e avaliados (NAKAGAHRA et al., 1997).

2.7 Caracterizacao e avaliagdo morfoagronémica de germoplasma de arroz

A descricdo e o registro de caracteristicas morfologicas, citogenéticas,
bioquimicas ou moleculares do material bioldgico, cuja expressédo pode ou nao ser
influenciada pelo ambiente, favorece a utilizacdo adequada dos recursos genéticos a
serem utilizadas em programas de melhoramento (FREIRE et al.,1999). Esta
descricéo aplica-se tanto a descritores referentes aos acessos de uma colecao de
germoplasma como agueles localizados no banco de genes (VALOIS et al., 1996).

A caracterizacdo morfologica e agrondmica de germoplasma é baseada no
uso de descritores que visam individualizar fenotipicamente cada gendtipo
(RODRIGUES e ANDO, 2002). Para o arroz, a literatura dispbe um conjunto de
procedimentos que permite descrever a cultivar, bem como fornecer elementos para
a comparacdo entre cultivares diferentes desenvolvidas em diversas regides do
mundo (IRRI, 1980). Dentre os descritores morfoagrondémicos de interesse no arroz,
0os mais utilizados séo: cor da folha, angulo e pubescéncia da folha bandeira,
exsercao e tipo de panicula, arista, cor do apiculo e cor e pubescéncia das glumelas
(FREIRE et al., 1999). Estes descritores, entre outros, permitem caracterizar e
classificar as variedades de arroz, assim como selecionar genitores para hibridagtes

nos programas de melhoramento da cultura orizicola (LIN, 1991; FERREIRA et al.,
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2000). Por meio de descritores agrondmicos, morfoldégicos e caracteristicas
fenologicas, alguns trabalhos foram realizados, com o intuito de individualizar
genatipos, inclusive diferenciar espécies do grupo Indica e Japonica do género
Oryza (LI et al., 2000).

Endo et al. (2000) avaliaram a resposta de germoplasma de arroz de sequeiro
sob condi¢des de irrigacdo suplementar por aspersdo, quanto as caracteristicas
fenoldgicas (floracdo, ciclo, altura e acamamento), produtivas (producdo de graos
em casca) e qualitativas (rendimento de engenho e qualidade culinaria dos graos).
Os resultados mostraram que o estadio de diferenciacdo do primordio floral e a
floragdo ocorreram em média aos 59 e 88 dias apds a emergéncia das plantulas,
respectivamente, sendo que a altura média foi de 110,5 cm e o acamamento de
30%. Quanto a producédo de arroz em casca, os melhores resultados foram os dos
genotipos L 92-69, IAPAR-9 e L 92-32, com cerca de 7.000 kg/ha. Na avaliagdo do
rendimento de grdos inteiros, destacaram-se L 92-29, L 92-31 e L 92-62. A analise
da qualidade culinaria dos grdos demonstrou que os genoétipos L 92-29, L 92-121 e
IAPAR 63 sobressairam-se dentre os 25 materiais testados.

Com o intuito de analisar as diversidades genética, ecoldgica e geografica do
arroz (O. sativa L.) na China, com base em caracteres morfolégicos, Yawen et al.
(2003) observaram que a Provincia de Yunnan € um dos maiores centros de
diversidade genética de arroz (O. sativa L.), ndo apenas da China, mas do mundo.
Entretanto, quando comparado o germoplasma de arroz em diversas regides de
Yunnan, observaram baixa diversidade ecoldgica entre os genotipos.

Ainda com base em caracteres morfoldgicos, Areias et al. (2006) analisaram
20 variedades crioulas de arroz provenientes do Estado do Maranhdo, mantidas no
Banco Ativo de Germoplasma (BAG) do Centro Nacional de Pesquisa em Arroz e
Feijdo (CNPAF) e verificaram que gendtipos de nomes semelhantes e nimeros de
acessos distintos eram 0s mesmos genotipos.

Com base em caracteres agromorfolégicos associados a marcadores SSR
(Simple Sequence Repeats), Bajracharya et al. (2006) estudaram a diversidade de
racas locais de arroz no Nepal. Os acessos demonstraram baixa diversidade
morfolégica e variacdo significativa entre os genotipos para 16 descritores, entre
esses, largura da folha, comprimento do colmo, tipo e esterilidade da panicula,

degrana e numero de graos por panicula.
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Acessos silvestres do género Oryza também tém sido caracterizados. Rosa et
al. (2006), utilizaram 18 descritores morfolégicos para caracterizar oito populacdes
de O. glumaepatula, coletadas em diferentes bacias hidrograficas brasileiras. Os
resultados mostraram diferencas significativas entre populacbes para todos os
caracteres avaliados, o que indica a grande variabilidade genética nas populacdes
estudadas. Veasey et al. (2008) analisaram a variabilidade genética entre
populacdes de vérias espécies de arroz selvagem da América do Sul. Os resultados
mostraram diferenca significativa entre as populacdes para todas as caracteristicas
analisadas.

Assim, a caracterizacdo e avaliacAo de germoplasma auxiliam na
identificagdo, na conservagdo e na maior exploracdo da variabilidade genética da

cultura orizicola.

2.8 Importancia dos parametros genéticos para 0s programas de
melhoramento do arroz

O termo parametro € utilizado para designar as constantes de uma
determinada populacao, particularmente média e variancia. No caso de populacdes
utilizadas em programas de melhoramento, os parametros de interesse sdo de duas
naturezas: genética e ndo geneética. A estimagdo dos parametros genéticos é
necessaria para obter informacdes sobre a natureza da acdo dos genes envolvidos
na heranca dos caracteres sob investigacéo, estabelecer a base para a escolha dos
métodos de melhoramento aplicdveis a populacdo e determinar o ganho genético
obtido nas caracteristicas sob sele¢cdo (RAMALHO et al., 1990).

Segundo Gardner (1963), ndo se deve estimar os componentes da variacao
geneética nos experimentos sem considerar a interagcdo genoétipo x ambiente. De
acordo com Allard (1971), deve-se ao bidlogo Johannsen a demonstragcédo de que a
variacao fenotipica, observavel, resulta da acdo conjunta do genotipo e do ambiente.
Com o desenvolvimento da genética quantitativa, conseguiu-se compreender
também o componente genotipico da variacao fenotipica, o qual resulta da acéao e
da interacao entre os genes do mesmo locus ou de loci diferentes.

O primeiro trabalho detalhado de um modelo de heranca poligénica foi
desenvolvido em 1904, por Pearson, matematico de formacgao eclética, que cedo se
interessou pela teoria de evolucéo e, particularmente, pelo estudo dos caracteres de

variacdo continua. A demonstracdo definitiva, contudo, de que o0s caracteres
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guantitativos eram herdados de acordo com a lei mendeliana foi fornecida por
Nilsson-Ehle (1909) e por East (1910), citados por Cockerham (1956). Com a
herangca poligénica do padrdo mendeliano classico, torna-se mais adequado o
estudo da populacdo por meio da estimacéo de médias e variancias.

Falconer (1987) comenta que, para 0s caracteres quantitativos, as questdes
basicas da genética sao formuladas em termos de variancia e seu parcelamento em
componentes atribuiveis a diferentes causas. A variancia genética € dividida em
aditiva, na qual todos os alelos de efeitos aditivos (quantitativos) contribuem para a
variancia; de dominancia (interacdo entre os alelos de um mesmo gene); epistatica
(interagdo nao alélica, representada pela interacdo entre alelos de locos distintos) e
a variancia de sobredominancia (caso em que o heterozigoto tem valor superior ao
de qualquer dos homozigotos) (BUENO et al., 2001).

A covariancia entre parentes tem sido utilizada na maioria dos métodos de
estimacao da variancia genética e na determinacdo da proporgéo que ela representa
em relacdo a variancia fenotipica (COCKERHAM, 1956). A estimacdo dos
componentes de variancia genética envolve basicamente a utilizagdo de algum
sistema de acasalamento que controle o grau de relacionamento entre as progénies;
a avaliagdo dessas progénies em experimentos, com delineamento estatistico
apropriado; a expressdo das esperancas dos quadrados meédios, fornecidos pela
analise da variancia, em funcdo dos componentes de variancia apropriados; a
traducdo dos componentes de variancia em termos de covariancias entre parentes,
baseando-se no delineamento genético usado; e, finalmente, a expressdo das
covariancias entre parentes como funcdes tedricas de componentes de variancia
genética (COCKERHAM, 1963; DUDLEY e MOLL, 1969).

Além do célculo de variancias genéticas e de meédias, a obtencdo de
estimativas de outros parametros genéticos, como coeficiente de herdabilidade e de
variacdo genética e indice de variagdo, é considerada necesséria para se predizer
ganhos, avaliar a viabilidade de determinado programa de melhoramento e orientar
na adoc¢ao da estratégia mais eficiente de selecédo (VENCOVSKY, 1969).

Para Falconer (1987), o coeficiente de herdabilidade média é um parametro
importante utilizado em trabalhos de melhoramento, pois estima a propor¢cdo da
variacdo fenotipica utilizada na selecédo. Para Cruz (2005), se a herdabilidade for
alta, havera alta correlacdo entre o valor fenotipico e o genotipico, de forma que as
diferencas mensuradas entre os individuos traduzam as verdadeiras diferencas
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genéticas e garantam, portanto, o sucesso da estratégia de sele¢cdo que estiver
sendo adotada. Se a herdabilidade for baixa, o valor fenotipico ndo € uma medida
confiavel do valor genotipico, e a superioridade aparente de um individuo em relacéo
a outro podera nao ser devido a fatores genéticos — 0 processo seletivo, nesta
situacao, podera estar comprometido.

Neste contexto, Chaubey e Richharia (1993) determinaram a variabilidade
geneética para oito caracteres quantitativos em 80 cultivares de arroz (Oryza sativa
var. indica), tendo sido encontrada ampla faixa de variacdo para a maioria dos
caracteres e alta herdabilidade no sentido amplo para altura da planta e numero de
perfilhos.

Cunha Filho e Nascimento (1994) estimaram a herdabilidade no sentido
amplo, para varios caracteres em arroz, utilizando a geragdo F,, encontrando
herdabilidade zero para o carater numero de perfilhos. Ja para altura da planta
obtiveram os valores 89%, 84%, 79% e 29% dependendo da forma de medida e
época de avaliacéo.

Sundin et al. (2002) analisaram a variagcdo genética e herdabilidade para
altura da planta e nimero de grdos em 16 linhagens F, obtidas apartir do
cruzamento entre duas variedades de arroz, IR-8 e Sagriméao, cultivadas em dois
niveis de nitrogénio. Os resultados mostraram variacdo significante entre as
linhagens para as caracteristicas avaliadas. A herdabilidade encontrada foi de 0,283
para altura da planta e 0,096 para numero de graos.

Outro parametro importante para determinar a variabilidade entre materiais é
a relacdo entre o coeficiente de variacdo genético e o coeficiente de variacdo
ambiental (CVg/CVe). Tal relagdo, também denominada como indice b, ao atingir
valores superiores a 1, indica situagdo favoravel a selecdo (VENCOVSKY e
BARRIGA, 1992).

Santos et al. (2001) avaliaram a predicdo do potencial genético de
populacdes segregantes de arroz de terras altas em relacdo aos caracteres
produtividade, altura de plantas e florescimento, em dois locais no Estado de Minas
Gerais e em trés épocas diferentes. Os resultados obtidos demonstraram a
existéncia de diferencas altamente significativas (P<0,01), indicando a presenca de
variabilidade genética entre as populagdes avaliadas. Entre os parametros genéticos
estimados, a herdabilidade dos caracteres avaliados oscilou na primeira época de

76,3 a 98,5%, na segunda de 60,2 a 93,1% e na terceira de 64,4 a 97,3%, sendo
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citadas como herdabilidade média alta. Em relacdo ao indice b, observaram que a
caracteristica altura de plantas apresentou em um dos ambientes valores de 1,03,
0,66 e 0,78 para a primeira, segunda e terceira época, respectivamente e a
produtividade de graos, para o0 mesmo ambiente, apresentou valores de 1,08, 0,71 e
1,21 nas trés épocas de semeadura, afirmando ser esses resultados muito
favoraveis a selecao de plantas.

O estudo da variabilidade genética, bem como a estimativa dos parametros
geneéticos, pode fornecer informacdes uteis aos programas de melhoramento.
Entretanto, para melhorar as estratégias de manejo e conservacao de qualquer
espécie, & necessario conhecer a estrutura e a diversidade genética da populacao,

pois s6 assim sera possivel preservar ao maximo 0s recursos genéticos existentes.
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CAPITULO Il

MORPHOAGRONOMIC CHARACTERIZATION OF UPLAND RICE (Oryza sativa
L.) ACCESSES

Este trabalho sera enviado para publicacdo na Revista Genetic Resources and Crop

Evolution
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Abstract

The morphoagronomic characterization of germplasm is based on descriptors that allow
the identification of the variability of species. The aim of the present study was to characterize
146 accesses of Japanese upland rice (Oryza sativa L.) maintained in the germplasm bank of
the Universidade Federal Rural de Pernambuco (UFRPE) based on qualitative and
quantitative morphoagronomic descriptors. The experiment was conducted in the city of
Recife, state of Pernambuco in northeastern Brazil, using an experimental design with
randomized blocks and three repetitions. Regarding the 14 qualitative characters assessed,
polymorphism was observed among the accesses in 12 characters; thus, only two were
monomorphic. There were significant differences for all the 16 quantitative characters
analyzed. Satisfactory experimental precision was obtained; genetic variance was greater than
environmental variance and the b index was above 1 for all characters, which ensures the
predominance of the genetic components in the differences observed between accesses. Mean
inheritability coefficients were above 80% for all quantitative characters analyzed. The results
demonstrate high variability between the accesses. This characterization makes the use of

accesses in rice breeding programs more accessible.

Introduction

Germplasm collections enable the conservation of the genetic variability of species
(Skinner et al. 1999) and the characterization of accesses is of fundamental importance to
their use in improvement programs. For such, the use of morphological markers provides
information on genetic resources in a simple, efficient, low-cost manner (Bretting and
Widrlechener 1995).

The morphoagronomic characterization of germplasm is based on the use of markers that

allow the identification of the genetic variability of species. However, the number of accesses
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characterized in germplasm banks is small and characterization is normally performed based
on markers that do not fulfill the needs of improvement programs. For rice (Oryza sativa L.),
the literature offers a number of procedures that allow the characterization and comparison of
different accesses as well as the selection of genitors for hybridization and broadening the
genetic base of the crop (Lin 1991).

A number of studies report the use of morphological markers in the characterization of
rice germplasm. Bonow et al. (2007) assessed the efficiency of morphological markers in the
characterization of eight commercial cultivars of rice and concluded that the morphological
characters found in the plants after flowering and in the seeds are more adequate for the
characterization and differentiation of cultivars. Yawen et al. (2003) studied the genetic and
ecogeographic diversity of 5285 accesses of indigenous rice in Yunnan (China) and found
considerable morphological variation between accesses. In India, Patra and Dhua (2003)
analyzed the morphoagronomic diversity of the germplasm of upland rice collected in Jeypore
(center of secondary origin of cultivated rice) and found high morphological and agronomical
variability between local cultivars.

In order to obtain information that could help in the conservation of the genetic diversity
of rice in the Namdinh province of Vietnam, Fukuoka et al. (2006) assessed variability in
agronomic characters between local -cultivars of aromatic rice populations. From
morphoagronomic characters associated to molecular markers, Bajracharya et al. (2006)
found low diversity in 147 rice accesses in Nepal based on 42 morphological markers
(quantitative and qualitative) and 39 microsatellite markers and found low morphoagronomic
diversity between genotypes. Li et al. (2000) analyzed the correlation between genetic and
morphological differentiation in 111 accesses of rice from the Japonica and Indica group,
obtaining significant results.

In wild species, Rosa et al. (2006) used 18 morphological markers to characterize eight
populations of O. glumaepatula Steud. collected in different hydrographic basins in Brazil.
Veasey et al. (2008) analyzed genetic variability between species and populations of wild rice
in South America based on 20 morphoagronomic characters. Both studies found significant
differences between genotypes for all characters analyzed.

The aim of the present study was to characterize accesses of Japanese upland rice based
on morphoagronomic characters in order to contribute information that may facilitate the
choice of genitors for genetic improvement programs and contribute to the conservation of

rice germplasm.
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Materials and methods
Materials

One hundred forty-six accesses of upland rice from Japan Experimental Upland Rice
Station in were provided by the Escola Superior de Agricultura Luiz de Queiroz/Universidade
de Séo Paulo and maintained in the germplasm bank of the Universidade Federal Rural de
Pernambuco (UFRPE) (Table 1). Three Brazilian cultivars were used as controls: IAC 202,
IAC 47 and Bonanga.

Experiment and statistical design

The experiment was conducted in the UFRPE Agronomy Department, located in the city
of Recife, state of Pernambuco in northeastern Brazil (latitude: 08°01°01”S; longitude:
34°56°45”W; 10.3 m above sea level) between March and July 2007, corresponding to the
period of annual crop cultivation in the region. The local soil is of franc-clay type. Mean air
temperature throughout the experiment was 23.84 °C. Rainfall in the period was 1193 mm
(ITEP 2008).

The seeds were germinated in plug trays a substrate composed of compost Pinus husk,
vermiculite, fine peat, macronutrients and micronutrients. Twenty-eight days after sowing, the
most vigorous plants of each genotype were transplanted to the field, following the procedure
described by Villela and Furlani Junior (1996). Seventeen days after transplantation,
fertilization was carried out with 0.06 kg/m? of the 10-10-10 N-P-K formula. Weed control
was performed through manual weeding twice a month. Due to sufficient rainfall throughout
the development of the plants, supplementary irrigation was unnecessary. The experiment was
conducted in a random block design with three repetitions. Plots were made up of rows of six
plants spaced 0.15 m apart, with the rows spaced 0.40 m apart.

Statistical analysis was performed using the F test and grouping of means using the Scott
& Knott test (1974). Statistical significance was set at 5% (p<0.05). The Genes computational

software program was used for all statistical tests (Cruz 2006).

Morphagronomic characterization

The qualitative descriptors were: leaf color (LC); leaf pubescence (LP); lodging resistance
(LR); internode color (IC); stigma color (SC); presence and distribution of awn per panicle
(PDAP); apiculus and/or awn color (AAC); lemma and palea color (LPC); glumella
pubescence (GP); panicle type (PT); threshability (Th); seed coat color (SCC); endosperm

type (ET); and grain shape (GS). The quantitative descriptors were: flag leaf length (FLL);
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flag leaf width (FLW); culm length (CL); culm diameter (CD); number of tillers per plant
(NTPP); flowering cycle (FC); maturation cycle (MC); number of panicles per plant (NPP);
panicle length (PL); number of spikelets per panicle (NSPP); panicle fertility (PF); production
per plant (PPP); grain length (GL); grain width (GW); grain shape (GS); and 1000-grain
weight (TGW).

Lodging resistance (LR) was evaluated at the end of the maturation phase and the accesses
were classified as: (1) when absent; (2) plants with moderate lodging; and (3) plants strongly
lodged. The internode color (IC) was evaluated when the plants started flowering, using
codes: (1) for green; (2) for gilded; (3) for purple; and (4) for purple stripes. Stigma color
(SC) was evaluated during flowering and classified as: (1) white; (2) light green; (3) yellow;
and (4) purple.

The presence and distribution of awns on the panicle (PDAP) was evaluated after
maturation as: (1) absent; (2) awns on panicle extremity; (3) awns throughout the panicle.
Simultaneously, awn/apiculus color (AAC) was assessed as: (1) straw color; (2) gilded; (3)
red; (4) purple; (5) brown; (6) green; and (7) black.

The leaf color (LC) was assessed, using codes: (1) light green; (2) green; (3) dark green;
(4) purple on extremely; (5) purple on side; (6) basis purple and (7) all purple.
Simultaneously, leaf pubescence (LP) was assessed, using codes: (1) for glabrous; (2) for
intermediate; and (3) for pubescent.

Lemma and palea color (LPC) was classified after maturation as: (1) straw color; (2)
gilded or with gilded lines; (3) straw color with brown stains; (4) brown; (5) reddish; (6) straw
color with purple lines; (7) purple; (8) black; and (9) white. For the determination of the type
of pubescence on the spikelets (GS), the same sample from the previous assessment was used.
This variable was classified as: (1) absent/very weak; and (2) present.

The panicle type (PT) was classified based on five panicles after maturation according to
the ramification number, angle of the branches and density of the spikelets as: (1) grouped,;
(2) intermediate; and (3) open. Using the same panicles, panicle length (PL) was assessed and
the plots were represented by the arithmetic mean of the sample values.

Panicle threshability (Th) was assessed by pressing the dry panicles lightly by hand and
classified as: (1) difficult, when less then 25% of the grains were removed; (2) intermediate,
when from 25% to 50% of the grains were removed; and (3) easy, when more then 50% of the
grains were removed (IRRI 1980).

For the assessment of seed coat color (SCC), approximately 10 grains were husked and

the accesses were classified as: (1) white; (2) light brown; (3) brown; (4) red; and (5) purple.
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From the same sample, endosperm type (ET) was visually determined and classified as: (1)
non-glutinous; (2) intermediate; and (3) glutinous.

Flag leaf length (FLL) and width (FLW) were measured on five random leaves after
flowering. Theses variables are represented by the arithmetic means of the values in
centimeters for each plot. Culm length (CL) and diameter (CD) and number of tillers per plant
(NTPP) were determined after maturation considering all plants in the plot.

The flowering cycle (FC) was considered the number of days from plant germination until
50% of the plants in each plot flowered. The maturation cycle (MC) was considered the
number of days until 50% of the panicles were mature.

The average number of panicles per plant (NPP) was obtained from all plants in each plot.
To determine panicle length (PL) and number of spikelets per panicle (NSPP), five panicles
per plot were analyzed considering the arithmetic mean of length in cm and number of grains
in the sample, respectively.

Panicle fertility (PF) was determined by the number of fertile spikelets on same five
panicles used for the previous evaluation. All spikelets were removed from the panicle and
separated into two groups: fertile and sterile. The plot was represented in percentage values by
the mean number of grained spikelets obtained from the panicles of the sample. Production
per plant (PPP) was determined by weight of grains from each plot after removing impurities
and sterile spikelets through screening and manual selection. The plot was represented by the
arithmetic mean in g/plant.

Grain length (GL) and width (GW) were obtained using an electronic pachymeter on 20
grains per replicate. Grain shape (GS) was obtained by the length/width ratio and the accesses
were classified as: (1) round, when the length/width ratio was less then 1.50; (2) semi-round,
when the ratio ranged from 1.50 to 2.00, (3) semi-elongated, ratio from 2.01 to 2.75, (4)
elongated, ratio from 2.76 to 3.50 and (5) very elongated, when the ratio was larger than 3.50.

The 1000-grain weight (TGW) was obtained from two samples of 200 grains per replicate,
with 13% humidity. The mean weight result of the samples was multiplied by 1000. This
value was divided by 200 in order to obtain the weight of one thousand grains, according to

the rules of seed analysis.
Results and discussion
The results of the morphoagronomic characterization of the 146 accesses are presented in

Tables 2 and 3. Based on qualitative traits (Table 2), polymorphism was found in 12 of the 14
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accesses studied. Only two traits (internode color - light green for all accesses — and panicle
type - intermediate for all accesses) were not polymorphic.

The lemma and palea color (LPC) that predominated for most accesses was the straw
color, whereas just seven had a reddish color (50, 133, 159, 172, 206, 387 and 395). The
predominant seed coat color (SCC) was white and just five accesses had a red color (139, 159,
191, 239 and 343). For the LP, LR, PDAP, AAC, Th, ET, and GS, there were at least three
different characters among the accesses.

By means of the qualitative characters, different accesses that had the same denominations
(38 and 133 - Norin mochi; 70 and 186 — Kirishima; 153 and 191 - Col/Fukuti/1965; 217,
239, 294 and 355 - Col/Miyazaki/1963; 229 and 248 - Col/Tukushima/1967) had at least three
different characters (Table 2). These results converge with those obtained from the analysis of
the quantitative characters, in which there was a significant difference (p<5%) for at least
three characters between accesses with the same denomination (Table 3). The evaluations
indicate that such accesses are not duplicates and therefore must be conserved as distinct
sources of genetic resources. However, accesses 310 and 322, which have the same
denomination (Senshou), only differed in relation to one qualitative character (PDAP) and
were classified in the same group for five quantitative characters (CD, NTPP, NPP, PL and
NSPP), thereby demonstrating similarity to one another.

General mean values and group mean values using the Scott & Knott test (p<0.05) for the
16 quantitative characters assessed are displayed in Table 3. Significant differences (p<0.05)
were obtained on the F test for all characters considering the 146 accesses evaluated. The
coefficients of variance (CV%) revealed optimum precision, with a value below 11% for all
characters, except PPP (CV=24.23%).

The values referring to the genetic parameters obtained for the quantitative characters are
displayed in Table 4. Genetic variance was greater than environmental variance for all
characters, evidencing the predominance of genetic components in the differences found
between the characters. The CVg% revealed genetic variability of more than 10% for most of
the characters; only MC exhibited low variation (1.81%), probably due to the difficulty
encountered in determining the exact date of panicle maturation. There was high inheritability
(over 80%) for all the characters assessed. The values obtained for the b index (CVg/CVe)
were higher for characters that exhibited greater inheritability, which confirms the
predominance of genetic components for the data obtained. According to Vencovsky and
Barriga (1992), when characters have b index values above 1, the situation is favorable to the

distinction between genotypes.
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The grouping of mean values by the Scott & Knott test (p<0.05) led to the formation of a
number of groups among the accesses in relation to the characters assessed (Table 3). For LC,
eight groups were formed. Access 175 had the highest mean value (63.01 cm) and did not
differ statistically from accesses 364, 367, 379, 386 and the IAC 202 control. The lowest
mean length value was found in access 29 (25.28 cm), which did not differ statistically from
accesses 57, 70, 184, 236, 284 and 325. Regarding FLL, eight groups were also formed.
Access 395 had the highest mean value (2.68 cm) and did not differ statistically from accesses
16, 199, 218, 269, 295, 299, 395 and the IAC 202 control. These two characters (LC and
FLL) are normally correlated to the photosynthesis rate. Genotypes that have a longer flag
leaf possess greater leaf area for photosynthesis, but, in some cases, tend to be decumbente
and cast shadows on the other leaves.

For culm length (CL) and diameter (CD), five and 14 distinct groups were formed,
respectively. For CL, access 369 had the highest mean value (139.27 cm) and did not differ
statistically from accesses 236, 389 and the IAC 47 control. All these genotypes and those that
make up Group B (119.6 to 125.30 cm) are considered tall. The lowest mean CL value was
found in access 373 (58.48cm), which did not differ statistically from the other 43 accesses
belonging to Group E, considered short genotypes, with means values not surpassing 86.84
cm (Table 3). The remaining accesses in Groups C and D were of medium height. For CD, 14
groups were formed. Access 343 had the highest mean value (0.97 cm) and was statistically
larger than the rest, whereas access 264 had the lowest mean value (0.38 cm) and did not
differ statistically from accesses 140, 144, 214 and 320. These two characters (CL and CD)
are correlated to plant tolerance to lodging, especially at the end of the culture cycle. Plants
with short or medium-sized culms and a larger diameter are normally tolerant to lodging,
whereas tall genotypes are not, especially when associated to narrow culms. Table 3 shows
that, although most tall accesses were strongly or moderately susceptible to lodging, some
proved tolerant (absent), whereas some small accesses proved susceptible (strong). Therefore,
other characteristics of the culm or even the size of the panicle may have affected this
character.

Regarding NTPP, ten groups were formed, revealing the considerable variability among
the accesses. Access 29 had the highest mean value (14.84) and differed statistically from the
other accesses. Values in the group with the smallest number of tillers ranged from 4.27 to
3.11. A large number of accesses had mean values higher that the IAC 202, IAC 47 and
Bonanca controls, which had mean values of 3.80, 4.62 and 6.53, respectively. Access 136

had the lowest mean value (3.27) and did not differ from the other 17 accesses in Group J and
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the IAC 202 control. High tillering is a more common characteristic in irrigated rice
genotypes. In non-irrigated cultivation conditions, plants with a large number of tillers are
normally smaller in size and have lower panicle fertility, thereby resulting in low productivity.

For the characters related to cycle number of days until flowering (FC) and number of
days until maturation (MC), there was considerable variation among the accesses, with the
formation of 17 and seven groups, respectively. However, none of the genotypes exhibited a
long cycle. Access 191 had the highest mean FC value (95.33 days) and differed significantly
from the other accesses. Nonetheless, it presented a short cycle, like that of the controls (IAC
202, IAC 47 and Bonanca) and all accesses in Groups B, C, D, E, F, G, H, I, J,K, L, M, N, O
and P. Access 257 had the lowest mean value (54 days) and did not differ statistically from
accesses 172, 260 and 387, which were considered to have very short cycles. The behavior of
the accesses with regard to MC followed the same pattern and the formation of only seven
groups was mainly due to difficulties in determining the exact date of maturation. The
development of non-irrigated rice targets cultivars with a short or semi-short cycle due to the
greater possibility of avoiding the dry season during the development of the crop. On the
other hand, genotypes with a very short cycle normally have a small photosynthesis area and,
consequently, tend toward low productivity.

For the number of panicles per plant (NPP), there was considerable variation among the
accesses and eight groups were formed. The highest mean value was found in access 397
(10.59) and did not differ statistically from accesses 214, 276 and 325. Access 273 had the
lowest mean value (3.09) and did not differ statistically from accesses 12, 55, 153, 271, 290,
380 and 383, which had lower values than the controls.

With regard to panicle length (PL) and the number of spikelets per panicle (NSPP), seven
and ten groups were formed, respectively, further evidencing high variability. Access 175 had
the highest mean value for PL (28.19) and did not differ statistically from accesses 36, 136,
389 and the IAC 202 control. Access 302 had the lowest mean value (15.67) and was
statistically equal to accesses 134 and 177. For NSPP, access 269 had the highest mean value
(302.03) and differed statistically from the other accesses. Access 206 had the lowest mean
value (40.40) and did not differ statistically from the other 30 accesses with mean values not
surpassing 73.93. The accesses that had the highest PL values (Groups A and B) also had the
highest NSPP values, thereby confirming the positive correlation between these characters.

For PF, the accesses were classified in eight distinct groups. Access 294 had the highest
mean value (96.97%), did not differ statistically from another 19 accesses and this value
higher than the three controls. Access 383 had the lowest mean value (48.42%) and did not
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differ statistically from accesses 134, 184, 202 and 302. Regarding TGW, there was the
formation of six groups, in which the highest mean values ranged from 36.23 to 33.74 g and
the lowest mean values ranged from 21.54 to 19.55 g.

For the PPP (g/plant), four groups were formed. Access 252 had the highest mean value
(35.61 g), did not differ statistically from accesses 139, 250 and 367; these values were higher
than those for the three controls. Access 134 had the lowest mean value (4.57g), which did not
differ statistically from another 52 accesses (Group D).

Regarding the characters related to the dimension of the gain (length — GL; width — GW;
length/width ratio (GS) and weight of seeds (TGW), there was also considerable variation
among the accesses, with the formation of eight, eight, ten and six distinct groups,
respectively. These characters undergo little influence from environmental factors. Thus, the
dimensions are maintained under any conditions in which the accesses can produce grains.
The interest in different shapes or types of grain varies in accordance with regional customs or
those of a particular country. For example, in Brazil and the United States, consumers have a
preference for long, thin grains of rice that have husked grains with a GS equal to or greater
than 3.0, whereas the preference in Japan is for short grains. In the present study, access 175
had the highest mean GS value (4.24), differing statistically from the other accesses.
However, a large number of accesses had GS values greater than 3.0 and tend to maintain the
same ratio after being husked, classified as long.

The morphoagronomic characterization of accesses maintained in germplasm banks
allows a better use of genetic resources, enabling the adequate choice of genitors for
hybridization in improvement programs and broadening the genetic base of the crop (Lin
1991). However, the interest or importance of a particular access as a gene source depends
upon the objectives of the crop improvement programs in different regions of the world.
Furthermore, objectives often change as a result of problems related to new pests and
diseases, environmental changes, the emergence of new technology or changes in the customs
of civilizations.

The accesses characterized in the present study are maintained in a chamber at
temperatures ranging from 3 to 5 °C and low humidity at the Universidade Federal Rural de
Pernambuco, under the responsibility of Professor Dr. Edson Ferreira da Silva (second
author). Accesses may be requested by scientists and institutions in compliance with current

norms for germoplasm exchange in Brazil.
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Conclusion
1. The morphoagronomic characteristics evaluated on seeds and plants after anthesis
were the most polymorphic and adequate for characterization of the genotypes;
2. The divergence observated among the accesses identified with same names indicate
that are not the same genotypes;
3. The accesses kept on the germplasm bank of UFRPE have high genetic variability and

big potential for to use on hybridations in upland rice plant breeding programs.
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Table 1. List of accesses of upland rice (Oryza sativa L.) from Japan of germplasm bank of Universidade Federal Rural de Pernambuco — (UFRPE) and the
Brazilian cultivars (controls) studies in Recife, PE, Brazil, 2007

Access Genotype Access Genotype Access Genotype Access Genotype
1 Kunihikari mochi 144 Miyamae okute 261 Kahei 337 (337)
2 Senshou 153 Col/Fukuti/1965* 263 Tamasari 3 339 Owari 79
3 Fukuton 156 Tachiminori 264 Miyakonojoo mochi 343 Tamasari mochi
8 Shin hakaburi 159 Minami hata mochi 268 Ookuma nishiki 352 Rikuu 15
12 Senshou ibaragi 1 164 No mochi 269 Nourin mochi 6 355 Col/ Miyazaki/1963*
16 Namekata mochi 171 Oosumi 271 Taishou nishiki 357 Rikuu 22
23 Sonobe mochi 172 Oohataho 273 Shina mochi 364 Fujimizu bansei
25 Seion uruchi 173 Nourin 11 274 Nagae wase 365 Iwate kinsen 1
27 Gaisen mochi 175 Tomoe mochi 276 Arabiya mochi 367 Bansei tarou
29 Shiro hige 177 Nourin 16 277 Tozo mochi 368 Shiro uzura
36 Nakaahara mochi 183 Yashino mochi 278 Urasar 369 (369)
38 Nourin mochi* 184 Akayakan 279 Ootama 370 (370)
41 lwata hata mochi 186 Kirishima* 280 Okabo mochi 373 Mogami uruchi 1
44 Hassaku mochi 189 Okabo 284 Furuwase 374 Gaisen*
45 Mitsukasane 191 Col/Fukuti/1965* 285 Hirakawa okute 378 Okka modoshi
48 Mie 199 Kahee 286 Nourin 7 379 Mino senshutsu
50 Wase esoshima mochi 200 Hitachi nishiki 287 Oiran 380 Rikutou
52 Mizuhoshi 202 Ooba kirishima 289 Shinhoku daiou mochi 382 Kurohige
55 Oohata mochi 203 Horarin 290 Riku araki 383 Mogami chikanari 1
56 Miyako 206 Taishou mochi 293 Suzume shirazu 384 Kounoso rikutou 2
57 Yoridashi 214 Kaneko mochi 294 Col/Miyazaki/1963* 386 Minami hata mochi
69 Saitama senshou 216 Iwate kurumi wase 1 295 Hideshirazu mochi 387 Wase shinshuu
70 Kirishima* 217 Col/Miyazaki/1963 * 299 (299) 389 Igisu mochi
74 Aichi rikutou 1 218 Toukyo haneko 302 Kazusa wase 394 Susono mochi
78 Yonoyuki mochi 219 Gaisen (4x)* 304 Shinkuko mochi 395 Seta gaisen
79 Dango mochi 228 Tariu saku mochi 308 Hikouki gome 397 Korotou mochi
80 Sangoku 229 Col/Tokushima/1967* 310 Senshou* 401 Ishiyakushi mochi
82 Terenzu 230 Miyanishiki 312 Col/Ooita/1964 402 Shiro hige
99 Eika ine 235 Hatamurasaki 314 Taiwan mochi 407 Edogawa
127 Hakamuri 20 236 Toga 315 Urasan 408 Gose yonkoku
129 Esojima mochi 239 Col/Miyazaki/1963 * 317 Owari mochi 410 Shizouka
130 Esojima 248 Col/Tokushima/1967* 320 Nourin mochi 2 413 Chousen
131 Mino 250 Jouon 322 Senshou* 420 IAC 202**
133 Nourin mochi* 252 Oota wase 325 Gaisen mochi 909 421 IAC 47**
134 Suzume shirazu 253 Ine mochi 330 (330) 422 Bonanga**
136 Yamato nishiki 256 Shizuoka 331 Rikuu
139 Nourin mochi 1 257 Hiderishirazu 335 Rikuu 23
140 Nourin mochi 17 260 Kozo 336 Ohata wase

*Diferents accesses with the same name; ** Controls.
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Table 2. Morphoagronomic characterization of upland rice (Oryza sativa L.) accesses from Japan by qualitative descriptors in Recife, PE, Brazil, 2007

Character
Access  LC LP LR IC SC PDAP AAC LPC GP PT Th SCC ET GS

1 green pub abs green  purple through  straw straw  present interm interm white non semielong

2 green glab abs green  white abs straw straw  abs interm interm white non elong

3 green pub mod green  white abs brown straw  abs interm easy white non semielong

8 green glab mod green  white abs straw straw  abs interm interm white non elong

12 light glab mod green  white abs straw straw  abs interm interm white non elong

16 light glab mod green  white abs straw straw  abs interm interm white non elong

23 green pub lodg green  purple through  brown straw  present interm easy white interm semielong
25 green pub lodg green  purple through  straw straw  present interm easy white glut semielong
27 green pub lodg  green purple abs straw straw  present interm interm white glut semielong
29 green pub lodg green  purple through  straw straw  present interm easy white glut semielong
36 light glab mod green  white abs black straw  abs interm easy white non elong

38 green interm abs green  purple through  brown straw  present interm easy white interm semielong
41 light pub lodg green  white abs straw straw  present interm easy white interm semielong
44 light glab lodg green  white abs straw straw  abs interm easy white non elong

45 green pub lodg green  white abs brown straw  present interm easy white interm semielong
48 green interm abs green  white abs brown straw  present interm easy white interm semi

50 green pub mod green  purple abs brown redd present interm interm white glut semielong
52 green pub abs green  white through  straw straw  present interm easy white interm semielong
55 green glab mod green  white abs brown straw  abs interm easy white non elong

56 green pub mod green  white extr straw straw  present interm interm white interm semielong
57 green pub. abs green  white extr straw straw  present interm interm white glut semielong
69 light pub mod green  white extr straw straw  present interm interm white glut semielong
70 light pub abs green  white through  brown straw  present interm easy white non elong

74 green pub mod green  white extr straw straw  present interm easy white interm elong

78 green pub abs green  white extr straw straw  present interm interm white interm semielong
79 green pub abs green  white extr straw straw  present interm easy white interm semielong
80 green pub abs green  white through  straw straw  present interm easy white interm semielong
82 light glab abs green  white abs straw straw  abs interm interm white interm semielong
99 light glab abs green  purple through  brown straw  abs interm interm white glut elong
127 green interm mod green  white abs straw straw  present interm interm white non elong

Light = light green; interm = intermediate; pub = pubescent; abs = absent; mod = plants with moderate lodging; lodg = plants strongly lodged; extr = awns on panicle
extremity; through = awns throughout the panicle; redd = reddish; diff = difficult; non = non-glutinous; glut = glutinous; glab = glabrous; semi = semi-round; semielong =
semi-elongated; elong = elongated; very = very elongated.

LC-leaf color; LP-leaf pubescence; LR-lodging resistance; IC-internode color; SC-stigma color; PDAP-presence and distribution of awn per panicle; AAC-apiculus and/or
awn color; LPC-lemma and palea color; GP-glumella pubescence; PT-panicle type; Th-threshability; SCC-seed coat color; ET-endosperm type; GS-grain shape.
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Table 2. (Continuated)

Character
Access  LC LP LR IC SC PDAP AAC LPC GP PT Th SCC ET GS

129 green pub abs green  purple abs straw straw  present interm interm white glut semielong
130 green pub lodg green  white abs brown straw  present interm easy white glut semielong
131 green pub mod green  white extr straw straw  present interm easy white glut semielong
133 green glab abs green  white abs straw redd abs interm easy brana interm semielong
134 green glab abs green  purple abs brown straw  present interm interm white interm elong

136 green glab abs green  white abs straw straw  abs interm easy white non elong

139 green pub lodg green  white abs straw straw  present interm easy red interm semielong
140 green pub abs green  purple extr brown paha  abs interm easy white interm semielong
144 green pub lodg  green purple extr straw straw  present interm easy white glut semielong
153 green pub abs green  purple extr brown straw  prsente interm easy white non elong

156 light pub lodg green  purple extr brown straw  present interm interm white non semielong
159 green pub abs green  white abs straw redd present interm interm red interm elong

164 green pub lodg green  white through  straw straw  present interm easy white non elong

171 green pub abs green  white abs straw straw  present interm easy white non semielong
172 green glab abs green  white abs straw redd abs interm easy white non very

173 green pub abs green  white through  straw straw  present interm interm white interm semielong
175 green glab abs green  white extr straw straw  abs interm diff white non very

177 green pub mod green  white extr straw straw  present interm easy white glut semielong
183 green pub lodg green  purple extr straw straw  present interm easy white glut semielong
184 light pub lodg  green  white extr straw straw  present interm interm white interm semielong
186 green pub lodg green  white extr straw straw  present interm easy white interm semielong
189 green pub abs green  white abs straw straw  present interm interm white interm elong

191 light pub mod green  white through  straw straw  present interm diff red interm semielong
199 light pub abs green  purple through  brown straw  present interm interm white interm elong

200 green pub mod green  white abs straw straw  abs interm interm white interm semielong
202 green glab mod green  white extr straw straw  abs interm easy white non very

203 green pub mod green  purple through  brown straw  present interm easy white interm semielong
206 green glab abs green  white abs straw redd  abs interm easy white glut elong

214 green pub lodg  green purple abs brown straw  present interm easy white interm semielong
216 light pub mod green  white through  brown straw  present interm easy white non semielong

Light = light green; interm = intermediate; pub = pubescent; abs = absent; mod = plants with moderate lodging; lodg = plants strongly lodged; extr = awns on panicle
extremity; through = awns throughout the panicle; redd = reddish; diff = difficult; non = non-glutinous; glut = glutinous; glab = glabrous; semi = semi-round; semielong =
semi-elongated; elong = elongated; very = very elongated.

LC-leaf color; LP-leaf pubescence; LR-lodging resistance; IC-internode color; SC-stigma color; PDAP-presence and distribution of awn per panicle; AAC-apiculus and/or
awn color; LPC-lemma and palea color; GP-glumella pubescence; PT-panicle type; Th-threshability; SCC-seed coat color; ET-endosperm type; GS-grain shape.
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Table 2. (Continuated)

Character
Access  LC LP LR IC SC PDAP AAC LPC GP PT Th SCC ET GS

217 green pub lodg green  white extr straw straw  present interm easy white glut semielong
218 green glab abs green  white abs brown straw  abs interm interm white interm semielong
219 green interm lodg green  white abs straw straw  present interm easy white interm semielong
228 light pub mod green  white through  brown straw  present interm diff white glut semielong
229 green pub lodg green  purple abs straw straw  present interm easy white glut semielong
230 light pub abs green  white abs brown straw  present interm easy white non semielong
235 green pub lodg green  purple through  brown straw  present interm easy white non semielong
236 green interm lodg  green  white abs brown straw  present interm easy white interm elong

239 green pub abs green  white through  straw straw  present interm easy red interm elong

248 green pub abs green  white extr straw straw  present interm diff white interm semielong
250 light pub lodg green  purple extr straw straw  present interm interm white interm semielong
252 green pub lodg green  purple abs straw straw  present interm interm white non semielong
253 green pub mod green  white abs straw straw  present interm easy white glut semielong
256 green pub lodg green  brana abs straw straw  present interm easy white interm semielong
257 green pub lodg green  purple through  brown straw  present interm easy white glut semielong
260 green pub mod green  white extr straw straw  present interm easy white interm semielong
261 green pub lodg green  purple abs straw straw  present interm easy white glut semielong
263 green pub lodg green  purple abs straw straw  present interm easy white glut semielong
264 green pub lodg  green  white abs straw straw  abs interm interm white glut semielong
268 light pub abs green  white abs straw straw  present interm diff white non semielong
269 light glab mod green  white abs straw straw  present interm diff white interm semielong
271 green pub abs green  purple extr straw straw  present interm diff white glut semielong
273 green pub abs green  white extr straw straw  present interm inetrm white interm semielong
274 light pub abs green  white abs straw straw  present interm interm white interm semielong
276 green pub abs green  purple extr straw straw  present interm easy white glut semielong
277 green glab abs green  white abs straw straw  abs interm easy white interm semielong
278 green pub lodg green  purple abs straw straw  present interm easy white glut semielong
279 light interm abs green  purple through  brown straw  present interm easy white interm semielong
280 green pub abs green  purple abs straw straw  present interm easy white glut semielong
284 green pub abs green  white through  brown straw  present interm easy white non semielong

Light = light green; interm = intermediate; pub = pubescent; abs = absent; mod = plants with moderate lodging; lodg = plants strongly lodged; extr = awns on panicle
extremity; through = awns throughout the panicle; redd = reddish; diff = difficult; non = non-glutinous; glut = glutinous; glab = glabrous; semi = semi-round; semielong =
semi-elongated; elong = elongated; very = very elongated.

LC-leaf color; LP-leaf pubescence; LR-lodging resistance; IC-internode color; SC-stigma color; PDAP-presence and distribution of awn per panicle; AAC-apiculus and/or
awn color; LPC-lemma and palea color; GP-glumella pubescence; PT-panicle type; Th-threshability; SCC-seed coat color; ET-endosperm type; GS-grain shape.
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Table 2. (Continuated)

Character
Access  LC LP LR IC SC PDAP AAC LPC GP PT Th SCC ET GS

285 green pub lodg green  white extr straw straw  present interm easy white glut semielong
286 green interm mod green  white abs straw straw  abs interm easy white non semielong
287 green pub abs green  white abs brown straw  present interm easy white interm semielong
289 green pub abs green  white abs brown straw  present interm interm white non semielong
290 green pub abs green  purple through  straw straw  present interm easy white interm semielong
293 green pub mod green  white abs brown straw  present interm easy white non semielong
294 light pub lodg green  white through  brown straw  present interm easy white interm semielong
295 green pub lodg green  white through  brown straw  present interm easy white non semielong
299 green pub abs green  white through  brown straw  present interm easy white interm semielong
302 green pub abs green  purple abs brown straw  present interm easy white glut semielong
304 green pub abs green  purple abs straw straw  present interm easy white glut semielong
308 green pub lodg green  purple extr brown straw  present interm easy white interm semielong
310 green pub lodg green  white through  straw straw  present interm easy white interm semielong
312 green pub abs green  purple extr straw straw  present interm easy white glut semielong
314 light interm abs green  purple through  brown straw  present interm easy white interm semielong
315 green pub abs green  purple through  brown straw  present interm easy white interm semielong
317 green glab abs green  white extr straw straw  abs interm easy white glut semielong
320 green pub abs green  purple abs straw straw  present interm easy white glut semielong
322 green pub lodg  green  white extr straw straw  present interm easy white interm semielong
325 green pub mod green  purple abs straw straw  present interm easy white glut semielong
330 green pub mod green  purple abs straw straw  present interm easy white glut semielong
331 green pub mod green  purple abs straw straw  present interm easy white glut semielong
335 green pub lodg green  purple abs straw straw  present interm easy white glut semielong
336 green pub abs green  white through  straw straw  abs interm easy white interm semielong
337 green glab mod green  white abs straw straw  present interm easy white interm elong

339 green pub lodg green  white extr straw straw  present interm easy white interm semielong
343 light pub abs green  white abs straw straw  present interm easy red interm semielong
352 green glab abs green  purple abs brown straw  abs interm easy white glut elong

355 green pub mod green  purple abs brown straw  abs interm easy white glut elong

357 green pub lodg green  purple abs straw straw  present interm easy white glut semielong

Light = light green; interm = intermediate; pub = pubescent; abs = absent; mod = plants with moderate lodging; lodg = plants strongly lodged; extr = awns on panicle
extremity; through = awns throughout the panicle; redd = reddish; diff = difficult; non = non-glutinous; glut = glutinous; glab = glabrous; semi = semi-round; semielong =
semi-elongated; elong = elongated; very = very elongated.

LC-leaf color; LP-leaf pubescence; LR-lodging resistance; IC-internode color; SC-stigma color; PDAP-presence and distribution of awn per panicle; AAC-apiculus and/or
awn color; LPC-lemma and palea color; GP-glumella pubescence; PT-panicle type; Th-threshability; SCC-seed coat color; ET-endosperm type; GS-grain shape.
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Table 2. (Continuated)

Character
Access  LC LP LR IC SC PDAP AAC LPC GP PT Th SCC ET GS
364 green pub lodg green  purple abs straw straw  present interm easy white glut semielong
365 green pub mod green  purple abs straw straw  abs interm easy white glut semielong
367 light pub lodg green  white through  brown straw  present interm easy white non semielong
368 green pub lodg green  white abs straw straw  present interm diff white glut semielong
369 light glab lodg green  white abs straw straw  abs interm easy white non elong
370 green pub lodg green  purple abs brown straw  present interm easy white non semielong
373 green interm mod green  white abs straw straw  abs interm easy white interm semielong
374 green pub abs green  white abs straw straw  present interm easy white non semielong
378 green pub abs green  white through  straw straw  abs interm easy white non elong
379 green glab lodg green  white abs straw straw  abs interm interm white interm semielong
380 light glab abs green  white abs straw straw  abs interm easy white non elong
382 green pub abs green  purple abs straw straw  present interm easy white glut semielong
383 green pub mod green  white abs straw straw  present interm easy white interm semielong
384 light interm lodg green  white abs straw straw  present interm easy white interm semielong
386 green interm abs green  white abs straw straw  present interm easy white non semielong
387 green glab abs green  white abs straw redd abs interm easy white non elong
389 light glab lodg green  white abs straw straw  abs interm easy white non semielong
394 green pub lodg green  white extr straw straw  present interm easy white interm semielong
395 light pub lodg green  white abs straw redd present interm easy white glut elong
397 green pub lodg green  purple abs straw straw  present interm easy white glut semielong
401 green pub mod green  white abs straw straw  present interm easy white non very
402 green pub mod green  white abs straw straw  present interm easy white interm semielong
407 green pub lodg green  purple through  straw straw  present interm easy white glut semielong
408 green pub mod green  white extr straw straw  present interm easy white interm semielong
410 green pub lodg green  purple through  straw straw  present interm easy white glut semielong
413 light pub mod green  white abs straw straw  present interm interm white non very
420**  green glab abs green  white extr straw straw  abs interm easy white non very
421**  green glab mod green  white extr brown straw  abs interm easy white non elong
422**  green glab abs green  white abs brown straw  abs interm interm white non very

Light = light green; interm = intermediate; pub = pubescent; abs = absent; mod = plants with moderate lodging; lodg = plants strongly lodged; extr = awns on panicle
extremity; through = awns throughout the panicle; redd = reddish; diff = difficult; non = non-glutinous; glut = glutinous; glab = glabrous; semi = semi-round; semielong =
semi-elongated; elong = elongated; very = very elongated.

LC-leaf color; LP-leaf pubescence; LR-lodging resistance; IC-internode color; SC-stigma color; PDAP-presence and distribution of awn per panicle; AAC-apiculus and/or
awn color; LPC-lemma and palea color; GP-glumella pubescence; PT-panicle type; Th-threshability; SCC-seed coat color; ET-endosperm type; GS-grain shape.

**Controls.
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Table 3. Averages grouped by Scott & Knott test (P <0.05) on 16 quantity traits for 146 upland rice (Oryza sativa L.) accesses from Japan in Recife, PE, Brazil, 2007

Character
FLL FLW CL CD NTPP FC MC NPP PL NSPP PF PPP GL GW GS TGW
Access (cm) (cm) (cm) (cm) (day) (day) (cm) (%) (g/plant) (mm) (mm) (9)

1 38,00F 2,13D 97,61D 0O,71F 6,17G 74,67H 10533E 497F 21,790 107,07H 86,60C 13,88C 9,63A 3,553C 2,70G 27,37D
2 51,58B 2,35B 105,17C O0O,75E  4,20J 80,67E 105,33E 5,67E  24,86C 144,20F 89,82B 14,72C 9,61A 3,08F 3,13E 32,098
3 4212E 1,79F 93,33D 0,52K 6,00G  63,67N 103,006 5,83E 19,89E 63,13J 95,94A 1522C 8,37TE 3,86A 2,17J 32,23B
8 53,35B 2,16D 125,31B O0,76E 530H 81,00E 104,00F 583E 24,70C 147,93F 90,20B 20,38B 9,72A 3,06F  3,19E 34,03A
12 4421D 2,45B 109,31C 0,90C 4,17] 82,00D 105,00E 3,47G 2512B 163,67E 83,10D 23,98B 9,90A 3,00  3,30D 31,20C
16 38,27F 2,52A 125,14B 0O,75E 4,671 81,00E 105,00E 4,97F 23,90C 122,25G 91,57B 25,26B 9,71A 3,02F 3,21E 32,74B
23 4553D 1,95E 83,26E 0,50L 6,17G  69,67K 106,00D 6,78D 21,060 120,67G 91,20B 13,57C 7,50H 3,42C 2,19] 23,59E
25 43,09E 1,95E 90,53D 0,52K 543H 66,67L 104,33F 7,93C 20,57D 63,40] 91,16B 12,60D 8,87D 3,52C 2,52H 28,89C
27 50,26C 2,16D 101,67C 0,50L 6,64G 70,33) 104,33F 6,11E 2,76D 107,47H 79,62D 24,37B 9,14C 3/45C 2,65G 31,11C

29 2528H 1,80F 91,93D 0,43M 1484A 63,33N 104,67E 5,78E 20,15D 73,67J 96,63A 11,74D 9,35B 3,83A 2,44l 32,01B
36 48,65C 2,06D 115,34C 0,76E 3,11 79,67F 105,33E ©6,23E  26,82A 147,87F 95,39A 17,88C 9,25B 3,06F  3,03F 30,55C
38 37,22F 2,01E 89,72D 052K 4,98 72,671 104,33F 5,38E  25,06B 90,80l 96,24A 13,55C 8,29F 3,88A 2,13] 30,81C

41 51,99B 198E 102,73C 0,50L 538H 7567H 104,33F 4,77F 1955E 94,44H 9156B 14,62C 8,96C 3,33D 2,69G 31,58B
44 4543D 1,89F 124,39B 0,89C 3,83] 80,67E 105,33E 4,66F 25,62B 175,33D 88,67B 24,10B 9,61A 3,07F 3,13E 31,29C

45 39,61F 2,27C 110,61C 0,73F 4,66l 75,33H 102,67G 5,75E  23,67C 205,03C 80,62D 15,71C 717H 3,49C 2,06J 21,51F
48 37,92F 2,44B 102,51C 052K 593H 74,67H 10533E 7,13D 21,91D 219,20C 89,32B 20,87B 7,48H 3,90A 191J 25,94D
50 41,85E 164G 96,92D 0,601 520H 70,000 103,67F 7,17D 24,37C 102,87H 90,41B 16,36C 8,86D 3,52C 2,52H 31,47B
52 4359E 1,96E 87,89D 046L 567H 67,33L 10467E 6,51D 20,85D 92,53H 83,70C 18,10C 8,41E 3,76A  2,24] 29,69C
55 46,86D 2,00E 108,87C 0,56) 4,22] 66,33L 103,33G 3,33G  21,56D 120,93G 84,48C 15,13C 9,271B  2,95F  3,14E 26,08D
56 4251E 240B 8519E 050L 828E 67,33L 103,67F 7,53C 24,47C 108,87H 77,70E 15,44C 8,70D 3,60B 2,42l 27,76D
57 2669H 149H 88,14D 049L 6,28G 69,00K 103,33G 6,00E 22,25D 89,671 89,65B 14,92C 8,38E 3,59B 2,33l 25,35D

69 39,45F 1,84F 88,24D 0,49L 6,24G 69,00K 104,67E 6,56D 22,18D 124,87G 82,93D 14,88C 8,56E 3,32D  2,59H 22,36E
70 28,62H 1,54H 102,31C 0,50L 545H 76,33H 102,67G 4,56F 20,63D 100,67H 81,03D 12,70D 9,37B  2,98F  3,19E 30,22C
74 38,12F 169G 97,27D 0,55 7,0/F 77,00G 10467E 662D 23,75C 156,6E 92,11B 17,26C 9,13C 327D 2,80G 28,62C
78 36,90F 1,74G 7828E 048L 667G 67,67L 10500E 550E 20,06D 88,2l 83,91C 11,50D 9,16B 3,34D 2,75G 28,28C

79 38,00F 197E 8331E 045M 7,89E 70,000 106,67D 6,53D 22,05D 75,13l 71,46F 22,65B 8,58E 3,79A  2.27] 30,55C
80 43,05E 2,27C 87,29D 0,5L 6,11G 69,00k 105,33E 5,87E 20,70D 120,20G 68,73F 10,52D  8,59E 3,74A 2,30l 32,09B
82 55,33B 2,48B 104,56C 0,5L 592H 76,00H 103,00G 5,35 22,0/D 132,67F 74,39E 13,56C 8,14F 3,44C 2371 26,62D

99 52,04B 1,60H 111,06C O0,76E 4,61l 70,67 106,00D 5,92E  23,07C 77,00l 86,18C 11,53D  8,91C 3,15  2,84G 28,06C
127 32,45G 1,98E 105,00C 0,7G  3,42] 81,33E 107,000 4,33F 23,53C 107,85H 92,21B 10,02D  9,26B 3,23E  2,87F 30,85C
129 36,27G 1,74G 100,04D 0,55) 6,23G 68,67K 104,33F 6,33 21,53D 106,00H 9141B 17,07C 7,85C 3,57B 2,50H 32,09B
Averages with the same latter belong the same group by Scott & Knott test (P<0.05).
FLL-flag leaf length; FLW-flag leaf width; CL-culm length; CD-culm diameter; NTPP-number of tillers per plant; FC-flowering cycle; MC-maturation cycle; NPP-number of
panicles per plant; PL-panicle length; NSPP-number of spikelets per panicle; PF-panicle fertility; PPP-production per plant; GL-grain length; GW-grain width; GS-grain shape;
TGW-1000-grain weight.
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Table 3. (Continuated)

Character
FLL FLW CL CD NTPP FC MC NPP PL NSPP PF PPP GL GW GS TGW
Access (cm) (cm) (cm) (cm) (day) (day) (cm) (%) (g/plant) (mm) (mm) (9)
130 42,01E 2,28C 8227E 047L 4,671 64,33M 105,00E 64,33M 26,00B 11227G 88,73B 12,73D 784G 3,59B 2,19) 25,75D

131  3452G 1,60H 9563D 049L 5,60H 6800K 103,33G 68,00K 22,10D 109,0/H 88,57B 14,71C 8,70b  3,50C 2,48H 25,46D
133 34,44G 1,75G 92,41D 053K 522H 68,33K 102,33G 68,33K 19,94E 84,20l 90,08B 12,37D 8,70D  3,25D 2,68G 26,83D
134  4181E 2,49B 79,06E 0,50L 4,33l 76,00H 104,00 76,00H 16,46G 107,56H 50,82H 4,57D 8,53E  2,81G 3,04F 20,45F
136 50,93C 2,09D 98,18D 0,54 3,27] 68,00K 103,33G 68,00K 26,98A 138,10F 88,71B 13,85C 9,0vC  3,01F 3,01F 29,54C
139  50,91C 1,98 117,23C 0,84D 7,61F 7500H 104,00F 75,00H 2548B 149,13F 90,47B 30,99A 8,49E  3,28D 2,59H 30,30C
140  34,63G 2,04E 83,92E 042N 598G 69,00K 104,67E 69,00K 20,73D 140,93F 87,16C 12,98D 8,54E  3,14E 2,72G 24,31D
144  3447G 1,75G 83,89E 041N 9,72D 61,000 104,00F 61,000 17,49F 59,93) 88,11B 10,11D 9,00C 3,41C 2,64G 28,94C
153  44,33D 2,24C 104,11C 0,56) 3,85J 76,00H 106,00 76,00H 2544B 111,37G 86,83C 11,83D 9,42B  3,22E 2,93F 29,26C
156  4141E 2,16D 90,06D 0,48L 8,85E 62,67N 104,00F 62,67N 25,20B 90,33l 87,68B 16,54C 8,26F  3,31D 2,50H 25,67D
159  33,28G 195E 120,33B 0,89C 5,28H 76,00H 102,00G 76,00H 23,91C 13580F 90,63B 18,07C 8,74D  3,00F 2,96F 28,47C
164  39,77F 190F 109,76C 0,71F 4,441 76,00H 104,67E 76,00H 23,27C 72,60J 91,24B 13,52C 8,60E 3,10E 2,77G 26,09D
171 4425D 2,24C 108,12C 0,53K 8,33E 81,67E 106,67D 81,67E 2533B 124,40G 96,10A 22,01B 8,13F  3,01F 2,70G 22,15E
172 42,89E 2,46B 104,78C 0,54K 4,891 55,00Q 104,00F 55,00Q 24,35C 117,47G 89,80B 12,88D 10,19A 2,79G 3,65C 30,97C
173 4559D 155H 86,67E 0,49L 589H 68,67K 104,67E 68,67K 18,62E 87,071 88,72B 15,42C 8,63E  3,50C 2,441 29,29C
175 63,01A 2,37B 88,22D 0,50L 4,86l 83,000 107,33C 83,000 28,19A 218,53C 82,34D 19,81B 9,73A 2,29H 4,24A 19,79F
177 39,31F 1,99E 86,22E  0,52K 3,96 88,33B 112,00B 88,33B 16,04G 60,10J 70,12F 9,42D 8,92C 335D 2,67G 27,65D
183 4579D 197E 89,84D 049L 6,286 67,67L 104,00F 67,67L 21,38D 73,93) 88,47B 12,47D 9,32B  3,56B 2,62G 31,58B

184  27,67H 180F 92,80D 0,50L 6,80G 7533H 106,33D 75,33H 18,95E 89,33l 51,80H 15,82C 792G  3,55B 2,23) 25,25D
186  48,10C 2,17D 92,01 0,50L 7,03F 77,00G 108,00C 77,00G 23,79C 124,93G 89,55B 15,31C 7,72G  3,46C 2,24) 26,07D
189  37,37F 192E 98,30D 0,50L 6,33G 76,67G 108,33C 76,67G 21,37D 120,00G 94,38A 21,08B 7,71G  3,41C 2,26] 26,08D

191  42,17E 2,44B 114,80C 0,70G 5,29H 9533A 112,00B 9533A 26,48B 17573D 88,42B 16,73C 8,63E  2,66G 3,25D 26,61D
199 54,69B 2,53A 111,98C 0,76E 5,03l 78,33F 106,33D 78,33F 24,47C 159,93E 96,52A 21,73B 787G 2,75G 2,86F 29,93C

200 4545D 2/48B 121,61B 053K 5,89H 83,67D 110,67B 83,67D 22,51C 113,00 91,80B 25,98B 7,65G  3,27D 2,341 22,98E
202  5545B 2,29C 8231E 053K 4,18] 85,00C 108,00C 85,00C 26,27B 267,53B 50,81H 13,68C 9,32B 2,30H 4,06B 19,55F
203  38,46F 225C 8548E 051K 5,67H 63,67N 101,00G 63,67N 1953E 93,00H 82,72D 15,07C 769G 3,55B 2,17J 30,20C

206  40,49E 159H 69,27E  0,49L 4,991 57,00P 104,00F 57,00P 21,73D 40,40J 77,18 5,75D 9,66A 2,87F 3,37D 29,15C
214  36,74F 166G 78,80E 042N 10,39C 65,00M 102,67G 65,00M 18,29E 40,47J 87,43B 8,04D 8,86D 3,51C 2,53H 30,60C
216  41,76E 2,42B 76,61E 0,621 581H 78,00G 105,00E 78,00G 23,87C 117,13G 91,30B 15,29C 783G 3,53C 2,22] 25,05D
217  3457G 187F 9503D 047L 8,69E 67,00L 103,67F 67,00L 21,86D 129,27G 84,46C 19,39B 8,15F  3,31D 2,46H 26,83D
218 43,82E 2,60A 9501D 0,49L 4,88l 71,000 100,67G 71,000 22,97C 157,27E 91,43B 20,53B 8,21F 3,34D 2,46H 26,94D
Averages with the same latter belong the same group by Scott & Knott test (P<0.05).
FLL-flag leaf length; FLW-flag leaf width; CL-culm length; CD-culm diameter; NTPP-number of tillers per plant; FC-flowering cycle; MC-maturation cycle; NPP-number of
panicles per plant; PL-panicle length; NSPP-number of spikelets per panicle; PF-panicle fertility; PPP-production per plant; GL-grain length; GW-grain width; GS-grain shape;
TGW-1000-grain weight.
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Table 3. (Continuated)

Character
FLL FLW CL CD NTPP FC MC NPP PL NSPP PF PPP GL GW GS TGW
Access (cm) (cm) (cm) (cm) (day) (day) (cm) (%) (g/plant) (mm) (mm) (9)
219 38,23F 197E 83, 72E 0,621 7,06F 58,33P 104,00F 7,52C 19,73E 61,40] 91,80B 13,27C 8,67D 3,55B 2,44l 32,72B

228 37,15F 2,04E 104,78C 0,52K 5,13l 77,00G 103,33G 4,82F 21,02D 101,07H 91,45B 12,36D 8,09F 3,16E  2,56H 22,19E
229 36,76F 1,85F 83,45E 047L 617G 69,33K 104,00F 7,53C 21,04D 86,53l 90,59B 11,81D 8,65D 3,24E 2,67G 27,42D
230 36,18G 1,81F 7577E 052K 6,39G 85,67C 107,33C 5,25E 21,61D 156,6E 92,17B 18,43C 7,73G  3,271D 2,36l 23,84E
235 4127E 213D 89,11D 0,50L 4,671 69,33K  105,00E 5,00 22,21D 128,00G 90,14B 13,36C 7,76G 3,04F  2,55H 23,42E
236 29,11H 1,79F 132,20A 0,621 4,691 75,33H 105,00E 4,98F 23,63C 73,20] 91,74B 12,46D 9,61A 3,12E  3,08E 35,17A
239 4397E 211D 73,60E 0,74E 4,771 76,00H 105,00E 550E 23,29C 105,65H 90,15B 12,36D 9,11C 3,00F  3,04F 25,12D
248 53,14B 1,98E 90,06D 0,55] 4,93l 65,67M 102,67G 4,72F 23,22C 108,02H 91,73B 10,61D 8,09F 3,31D 2,46H 26,95D
250 4538D 2,41B 125,07B 0,53K 7,93E 79,00F 106,00D 4,56F 24,49C 123,13G 93,35A 31,12A 8,07F 3,15  2,58H 23,57E

252 39,90F 1,92E 97,84D 0,50L 6,03G 68,67K 104,67E 5771E 20,89D 72,53] 94,44A 35,61A 9,12C 3,85A 2,37l 36,23A
253 33,68G 1,60H 89,77D 0,48L 6,06G 68,00K 10533E 533E 21,46D 96,00H 95,07A 14,90C 8,40E 3,56B 2,36l 28,53C
256 4596D 2,44B 9457D 049L 6,69G 68,67K 10500E 7,33D 19,63E 83,20l 88,92B 15,00C 8,56E 3,52C 2,43l 28,81C
257 54,74B 181F 7869E 0,49L 6,19G 54,00Q 104,33F 7,36D 19,78 69,07J 77,42E 12,12D 8,71D 3,51C 2,48H 29,66C
260 4351E 175G 83,71E 048L 5,77H 5500Q 10467E 592E 19,09E 86,401 84,04C 14,59C 8,66D 3,70A 2,34l 30,92C
261 33,65G 145H B8596E 046M 7,00F 64,00N 104,00F 8,88B 18,80E 67,27] 89,83B 15/11C 780G 3,59B 2,17J 25,93D
263 3517G 1,61H 8393E 046M 7,03F 64,67M 103,00G 596E 19,33E 65,80J 90,65B 10,29D 8,83D 3,64B 2,43l 28,99C

264 37,84F 1,70G 91,40D 038N 7,17F 67,00L 10500E 8,45B 21,67D 1212G  93,08A 15,67C 9,35B 3,551C 2,67G 31,28C
268 36,71F 1,72G 110,13C 0,66H 6,526 82,67D 106,67D 5,67E 23,42C 152,07F 92,00B 17,83C 8,71D 3,23E 2,70G 29,10C

269 40,33E 2,59A 115,94C 0,87C 3,45] 86,00C 112,67B 542E 25,65B 302,03A 91,74B 22,77B 7,74G 3,32D 2,33l 25,09D
271 35,12G 2,06D 84,50E  0,50L 4,41l 75,67H 104,33F 350G 17,45F 66,80J 81,00D 6,03D 8,62E 3,58B 2,41l 27,69D
273 39,03F 2,06D 112,21C 0,72F 3,83) 71,000 103,33G 3,09G 23,46C 85,87l 83,04D 8,24D 9,03C 343C 264G 27,84D
274 34,64G 2,20C 116,83C 0,66H 4,421 78,67F 104,00F 4,40F 20,23D 116,87G 94,00A 12,73D 769G 345C 2,23 27,01D
276 38,70F 1556H 8543E 0,50L 844E 63,67N 104,33F 9,88A 18,96E 66,67J 74,25E  17,89C 9,26B 3,44C 2,69G 31,26C
277 32,62G 1,89F 98,72D 0,50L 541H 70,67H 10500E 591E 20,75D 104,53H 86,18C 13,84C 8,82D 3,64B 2,421 33,74A
278 35,76G 1,86F 89,72D 0,49L 10,27C 61,330 104,33F 7,87C 1851E 58,27J 84,10C 10,52D 9,60A 3,77A  2,55H 34,22A
279 4569D 247B 96,53D 049L 547H 79,33F 103,33G 6,03 21,74D 82,53l 94,91A 15/45C 8,41E 3,555B 2,371 25,86D
280 39,01F 1,76G 9500D 0,49L 811E 62,67N 103,00G 8,67B 19,38E 60,20 88,15B 15,44C 9,17B 3,550C 2,62G 33,85A
284 30,51H 1,75G 75,00E 048L 6,02G 74,33H 105,00E 5,64E 23,20C 98,93H 82,10D 10,93D 781G 3,19E  2,45] 26,73D
285 43,71D 136H 9561D 049L 7,33F 66,33L 103,00G 4,83F 21,65D 86,87l 80,55D 11,86D 8,58E 3,65B 2,35l 26,04D
286 46,31D 2,12D 88,55D 0,49L 6,47G 73,001 107,00D 547E 18,79E 84,871 75,74E  8,78D 8,26F 3,25D  2,54H 24,69D
287 40,65E 2,06D 80,87E 048L 567H 72,33) 103,67F 550E 19,29E 68,80J 9550A 11,68D 7,53H 347C 2,17 25,83D

Averages with the same latter belong the same group by Scott & Knott test (P<0.05).

FLL-flag leaf length; FLW-flag leaf width; CL-culm length; CD-culm diameter; NTPP-number of tillers per plant; FC-flowering cycle; MC-maturation cycle; NPP-number of
panicles per plant; PL-panicle length; NSPP-number of spikelets per panicle; PF-panicle fertility; PPP-production per plant; GL-grain length; GW-grain width; GS-grain shape;
TGW-1000-grain weight.
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Table 3. (Continuated)

Character
FLL FLW CL CD NTPP FC MC NPP PL NSPP PF PPP GL GW GS TGW
Access (cm) (cm) (cm) (cm) (day) (day) (cm) (%) (g/plant) (mm) (mm) (9)

289 38,07F 1,62H 91,76D 0550L 6,53G 66,00M 105,67E 7,67C 2154D 114,00G 69,40F 20,81B 8,12F 3,38D 2,40l 28,37C
290 31,60G 1,88F 84,53E 0,52K 3,28J 74,33H 102,67G 3,83G 21,53D 80,171 69,92F 471D 9,23B 3,65B 2,54H 35,65A
293 40,64E 1,62H 9569D 0,556 6,33G 73,000 102,67G 7,26D 20,89D 148,08F 79,95D 9,30D 745H 3,28D 2,27] 21,54F
294 33,806 2,37B 99,91D 0,49L 590H 80,33E 104,00F 4,22F 21,88D 118,87G 96,97A 24,71B 7,74G 3,44C  2,25] 25,81D
295 35,26G 2,59A 11187C 0,686 5,83H 77,33G 104,00 5,92E 23,89C 99,93H 85,77C 17,62C 8,04F 352C 2,28] 26,17D
299 42,08 2,70A 89,29D 0,55 4,27J 79,00F 104,00F 4,33F 2451C 154,87E 93,01A 11,38D 8,08F 358B 2,26J 25,75D

302 38,27F 1,80F 79,56E 047L 7,52F 68,67K 103,67F 8,58B 15,67G 77,671 55,30H 13,35C 8,67D 3,42C 2,54H 27,55D
304  36,14G 155H 80,05 052K 7,46F  65,67M 104,33F 7,91C 17,62F 52,27] 91,84B 10,50D 9,32B 3,70A 2,52H 32,68B

308 3545G 1,90 89,87D 0,44M 7,70F  65,00M 103,67F 5,33E 21,88D 99,87H 87,50B 15,46C 8,55E 3,56B 2,40l 30,41C
310 45,62D 1,94E 7560E 049L 6,42G 67,33L 10400F 5,78E 20,07D 84,931 72,70E  15,04C 8,74D 3,76A 2,33l 33,20B
312 43, 71E 151H 88,60D 047L 9,22D 60,670 104,67E 9,02B 19,52E  59,87J 88,36B 13,15C 8,80D 3,44C 2,56H 30,42C
314 37,09 157H 80,34E 048L 7,69F 6933K 106,67D 6,92D  1829E 93,82H 72,30F 15,22C 755G 3,41C 2,22] 23,12E
315 38,86F 2,04E 8156E 048L 7,11F 74,67H 106,67D 6,73D 19,01 110,27G 81,25D 14,92C 7,63G 340C 2,25] 24,87D

317 44,74D 1,556H 92,80D 053K 6,06G 73,001 103,67D 8,53B 20,60D 90,601 89,63B 15,20C 8,86D 337D 2,63G 26,72D
320 39,22F 1,77F 8161E 042N 6,28G 66,33L 103,00G 6,27E 19,60E  71,27J 88,21B 11,70D 9,22B 357B 2,58H 33,16B
322 38,75F 167G 9548D 0621 6,37G 69,00K 106,00D 5,83E 20,44D 84,471 81,69D 12,53D 8,22F 3,65B 2,25] 31,09C
325 29,21H 156H 9037D 047L 11,61B 68,33K 104,00F 10,38A 20,95D 58,93] 76,04E 14,66C 9,57TA 367B 2,61G 31,97B
330 32,32G 1,686 89,0/ 0,48L 10,37C 64,67M 104,33F 9,17B 17,88F 61,20J 75,66E 15,49C 9,40B 3,78A 2,49H 34,00A
331 47,48D 1,83F 8550E 0,49L 4,06J 68,67K 103,00G 5,08E 18,59E 61,93J 86,05C 7,52D 8,74D 335D 2,62G 27,29D
335 38,42F 2,04E 88,78D 052K 5,71H 68,67K 104,67E 6,13E 19,21E 79,131 87,98B 13,54C 9,18B 3,44C 2,67G 30,09C

336 38,70F 1,74G 86,84E 0,55J 4,671 68,00K 104,33F 5,91E 21,00D 9,53H 88,39B 11,91D 8,37E 3,65B 2,291 30,98C
337 4567D 2,36B 90,12D 0,49L 4,11J 71,67  106,33D 4,27F 23,17C 84,801 67,57F 14,31C 9,66A 294F 3,29D 31,58B
339 3593G 1,88F 80,48E 052K 3,91J 67,33L 104,33F 7,57C  51,52D 88,80l 79,40D 15,60C 8,44E 352C 2,401 29,38C

343  3580G 2,14D 113,27C 0,97A 550H 67,67L 11500A 5,11E  24,80C 160,03E 82,99D 19,56B 8,28F 3,17E 2,61G 22,52E
352  56,53B 2,01E 94,17D 0,52K 4,741 77,33G 105,00 6,42E  22,04D 89,491 67,70F 13,41C 9,21B 3,13E  2,94F 27,64D
355  40,21E 2,17D 111,66C 0,65H 587H 69,33K 104,00F 547E  23,00C 107,87H 77,46E 10,08D 9,32B 3,13 2,98F 28,75C
357 3583G 157H 88,73D 050L 924D 62,67N 103,67F 7,22D  19,01E 64,00] 81,03D 11,77D 9,14C 3,60B 2,54H 30,92C
364  58,22A 190F 90,214D 0,55 7,26F 62,67N 104,33F 7,80C  20,88D 63,53] 89,06B 11,03D 9,36B 3,74A  2,50H 32,71B
365  36,86E 1,72G 89,47D 0,621 756F 67,33L 104,33F 7,89C  18,61E 61,47] 92,78A 14,13C 9,31B 3,74A 2,49H 31,85B
367  59,84A 2,39B 113,14C 0,92B 583H 77,67G 105,00E 5,78E  23,37C 158,73E 96,54A 33,80A  7,39H 348C 2,13J 23,97E
368 33,756 199E 96,11D 053K 6,066 66,33L 104,33F 547E 21,77D 88,27I 85,38C 12,40D 8,66D 3,20E 2,71G 25,71D
Averages with the same latter belong the same group by Scott & Knott test (P<0.05).
FLL-flag leaf length; FLW-flag leaf width; CL-culm length; CD-culm diameter; NTPP-number of tillers per plant; FC-flowering cycle; MC-maturation cycle; NPP-number of
panicles per plant; PL-panicle length; NSPP-number of spikelets per panicle; PF-panicle fertility; PPP-production per plant; GL-grain length; GW-grain width; GS-grain shape;
TGW-1000-grain weight.
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Table 3. (Continuated)

Character
FLL FLW CL CD NTPP FC MC NPP PL NSPP PF PPP GL GW GS TGW
Access (cm) (cm) (cm) (cm) (day) (day) (cm) (%) (g/plant)  (mm)  (mm) (9)

369 37,06F 2,35B 139,27A 0,72F 5,69H 82,67D  106,33D 4,33F 26,10B  192,53D 82,19D 17,96C 8,51E 3,06F 2,78G 28,04C
370 34,77G 196E 106,51C 047L 6,63G 67,33L  105,00E 5,81E 25,91B  93,87H 88,53B 12,90D 8,67D 3,38D 2,56H 28,73C
373 37,67F 1,71G 5848E 0,48L 4,551 67,33L  104,67E 4,58F 20,81D 122,07G 91,70B 8,88D 8,26F 3,31D 250H 27,60D
374 35,78G 2,09D 112,03C 0,70G 6,90F 82,67D  105,33E 6,75D 21,80D 87,001 92,40B 15,10C 7,99G 3,08F 2,60H 19,89F
378 56,84B 2,39B 119,60B 0,63H 4,41l 88,00B  109,33C 7,77C 25,99B  116,00G 90,30B 18,00C 8,86D 3,06F 2,90F 24,02E
379 61,61A 2,18D 104,69C 051K 5,67H 7567H 104,67E 5,04F 21,10D  94,33H 77,89E 14,05C 8,83D 3,34D 2,64G 27,79D
380 40,79 2,48B 107,74C 0,90C 4,66l 81,67E  105,00E 3,83G 24,61C  149,93F 94,53A 18,02C 9,51A 3,07F 3,10E 31,70B

382 41,43E 153H 86,23E 0,53K 6,24G  68,00K  104,00F 7,20D 19,24E 81,001 77,07E 13,40C 9,03C 3,38D 2,67G 30,16C
383 32,01G 158H 96,80D 0,50L 5,06l 66,67L  103,33G 4,00G 19,27E  93,65H 48,42H 5,09D 768G 3,39D 2,26] 23,16E
384 41,00E 151H 94,59D 047L 957D 68,67K  105,00E 8,13C 23,47C 80,80l 80,47D 18,27C 8,36E 3,55B 2,351 29,87C
386 59,78A 1,62H 102,17C 0,68G 5,06l 75,33H  104,67E 5,15E 24,41C 86,001 83,88C 11,20 8,20F 3,49C 2,351 26,58D
387 54,42B 1,89F B81,04E 0,47L 4,721 55,00Q 103,67F 4,33F 18,94E 87,33l 63,15G 9,76D 9,41B 3,03F 3,10E 29,05C

389 40,37E 1,63H 131,06A 0,50L 5,18l 85,33C  106,33D 4,61F 27,31A  112,10G 91,64B 16,31C 846E 3,09E 2,73G 27,23D
394 38,52F 181F 8542E 049L 6,61G 66,00M 105,00E 7,25D 25,52C  106,20H 64,47G 12,79D 881D 3,49C 2,53H 30,04C
395 39,68F 2,68A 107,53C 0,49L 592H 77,00G  104,00F 7,22D 21,58D  135,73F 92,10B 16,79C 9,60A 327D 2,94F 30,14C
397 34,02G 161H 8528E 0,44M 6,92F 63,67N  104,00F 10,59A 18,79E  69,80J 87,11C 1292D 9,29B 3,75A 2,48H 30,39C
401 37,69F 187F 81,02E 053K 541H 7467H 105,67E 6,89D 2591B 81,271 81,26D 21,02B 9,57TA 2,72G 3,52C 25,02D
402 40,42E 157H 8397E 0,50L 851E 67,67L  105,00E 7,30D 21,61D 89,53l 78,23E 17,13C  8,91C 3,83A 2,331 32,04B
407 33,82G 1,75G 99,04D 0O,77E 7,00F  64,67TM  104,33F 5,22E 22,04D 112,17G 92,04B 12,78D 7,80G 3,62B 2,16 25,39D
408 44,78D 2,40B 88,28D 0,48L 558H 67,00L 105,00E 6,66D 23,49C  96,60H 84,43C 16,33C 8,58E 357B 2,401 30,30C
410 38,96F 1,81F 9511D 0,48L 10,42B 64,33M 104,33F 7,50C 19,49E  69,67J 93,28A 1536C 9,41B 3,53C 2,66G 32,508
413 47,21 1,81F 111,11C 0,70G 7,28F  76,33H  103,67F 7,83C 22,99C 89,701 90,33B 25,44B  9,55A 2,64G 3,62C 26,91D
420** 64,29A 2,57A 93,75D  0,54K 3,80 81,33E  109,00C 5,33E 28,72A  264,87B 71,31F 14,92C 9,54A 240H 3,98B 19,60F
421**  39,97F 2,29C 132,46A 0,69G 4,62l 79,67F  105,33E 5,67E 23,85C  168,13E 81,83D 22,09B 9,29B 2,96F 3,14E 30,64C
422** 4442D 2,01E 90,31D 0,65H 653G 77,67G  107,67C 4,86F 23,39C  212,27C 90,74B 1850C 9,26B 2,28H 4,07B 20,22F

F test 22,86* 45,26* 10,34* 88,10 25,08* 120,59* 10,13* 16,50* 17,38* 44.61* 29,56* 5,85* 23,28* 19,91* 39,16* 14,98*
VC (%) 6,59 411 7,95 3,95 9,99 1,64 1,04 10,45 4,88 10,38 3,62 24,23 2,68 3,71 4,29 5,70
Geral 41,28 1,98 95,68 0,56 6,09 71,72 104,90 6,14 21,93 107,83 84,94 15,21 8,69 3,35 2,63 28,17
average

Averages with the same latter belong the same group by Scott & Knott test (P<0.05).

*Significant at P<0.05 by the F test. **Controls.

FLL-flag leaf length; FLW-flag leaf width; CL-culm length; CD-culm diameter; NTPP-number of tillers per plant; FC-flowering cycle; MC-maturation cycle; NPP-number of panicles
per plant; PL-panicle length; NSPP-number of spikelets per panicle; PF-panicle fertility; PPP-production per plant; GL-grain length; GW-grain width; GS-grain shape; TGW-1000-
grain weight; VC — variation coefficient.
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Table 4. Estimates of the variance components, phenotypic and genetic parameters on 16
quantitative traits for 146 upland rice (Oryza sativa L.) accesses from Japan in Recife, PE, Brazil,

2007
Phenotypic and genetic parameters
Character A2 A2 A2 2
O Oe Oy hm o VCg Index b

FLL 56,301 2,47 53,85 95,63 17,78 2,70
FLW 0,10 0,00 0,10 97,79 15,77 3,84
CL 199,60 19,30 180,30 90,33 14,03 1,77
CD 0,01 0,00 0,14 98,87 21,27 5,39
NTPP 3,10 0,12 2,97 96,01 28,31 2,83
FC 55,27 0,46 54,81 99,17 10,32 6,31
MC 3,98 0,39 3,59 90,13 1,81 1,74
NPP 2,26 0,14 2,13 93,94 23,75 2,27
PL 6,63 0,38 6,25 94,25 11,40 2,34
NSPP 1863,35 41,77 1821,59 97,76 39,58 3,81
PF 93,29 3,16 90,13 96,62 11,18 3,09
PPP 23,46 4,53 21,94 82,90 30,80 1,27
GL 0,42 0,02 0,40 95,71 7,30 2,73
GW 0,10 0,01 0,10 94,98 9,32 2,51
GS 0,17 0,00 0,16 97,45 15,30 3,57
TGW 12,86 0,86 12,00 93,33 12,30 2,16

FLL-flag leaf length; FLW-flag leaf width; CL-culm length; CD-culm diameter; NTPP-number of

tillers per plant; FC-flowering cycle; MC-maturation cycle; NPP-number of panicles per plant;

PL-panicle length; NSPP-number of spikelets per panicle; PF-panicle fertility; PPP-production per

plant; GL-grain length; GW-grain width; GS-grain shape; TGW-1000-grain weight.

A2 . . A2 . . A2 _ . . . 2 —
O-f = fenotyplc variance, O'e = environmental variance; O-g = genetics variance; h m (%) =

average heritability coefficient; VCg = genetics variance coefficient; VCe

experimental variation; Index b = VCg/VC.

coefficient of
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CONSIDERACOES FINAIS

Tradicionalmente, a cultura de arroz em terras altas no Brasil vinha sendo
desenvolvida de maneira ndo muito tecnificada, servindo apenas para abertura de
novas areas agricolas. As cultivares utilizadas neste sistema de cultivo
apresentavam baixa produtividade e qualidade bem inferior aos padrdes exigidos
pelos consumidores brasileiros, desestimulando assim os produtores. Atualmente, a
orizicultura de sequeiro dispde de -cultivares mais produtivas e com elevada
gualidade, tanto na industria como na culinaria. Esta modalidade de cultivo deve ser
incentivada, pois pode proporcionar o aumento da produgdo nacional visando
atender a demanda do produto.

As pesquisas com arroz no Brasil estdo amplamente dirigidas as espécies
cultivadas, objetivando selecionar grande numero de cultivares com caracteristicas
agrondmicas importantes, como alta produtividade e boa qualidade dos graos. Para
ampliar a base genética das cultivares de arroz, a caracterizagdo morfoagronémica
de germoplasma faz-se necessaria na etapa inicial dos programas de melhoramento
para identificar genotipos com potencial agronémico a serem incorporados em
programas de melhoramento, a partir de hibridagbes entre genitores doadores de
genes de interesse.

A Colecdo de Germoplasma de arroz disponivel na Universidade Federal
Rural de Pernambuco - UFRPE apresenta alto potencial para hibridagbes, o que
pode facilitar a escolha de genitores para futuros programas de melhoramento do
arroz de terras altas. Para identificar a variabilidade genética da Colecdo de
Germoplasma da UFRPE foi realizado o levantamento de informagfes fenotipicas
acerca de seus acessos, que acarretou na elaboracédo do artigo “Caracterizacéo
morfoagronémica de acessos de arroz japonés (Oryza sativa L.) de terras altas”. Os
dados gerados nesta dissertacdo permitiram a elaboragcdo de um outro artigo sobre
a divergéncia genética entre os gendtipos que, por ndo esta finalizado ndo pbéde ser
incluido na dissertacéo.

Os acessos de arroz de terras altas da Colecdo de Germoplasma da UFRPE
estdo disponiveis a comunidade cientifica nacional e internacional, conforme as
normas para intercambio institucional de germoplasma, bastando para tanto, ser
solicitado ao responsavel pela manutencdo dos mesmos, atualmente o Prof. Dr.

Edson Ferreira da Silva.
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ANEXOS
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Figura 4. Aquisicdo de embalagens com sementes dos
acessos de arroz japonés (Oryza sativa L.) de terras altas
fornecidas pela Escola Superior de Agricultura Luiz de
Queiroz de S&o Paulo (ESALQ-SP) e mantidas na
Colecdo de germoplasma da Universidade Federal Rural
de Pernambuco — UFRPE.

Figura 5. A) Desenvolvimento das plantas em casa de vegetacao do Departamento de Agronomia da
Universidade Federal Rural de Pernambuco — UFRPE antes do transplantio; B) Vista parcial do
experimento apos transplantio das mudas para o campo.
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Figura 6. Vista parcial da conducdo do experimento no campo: A, B) fase vegetativa; C)
inicio da floracéo; D, E, F) maturacéo.
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and includes contributions to gene bank management: collecting, maintenance,
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evaluation, storage and documentation. Areas of interest include crop evolution,
domestication, crop-weed relationships, agrobiodiversity related wild species and the
history of cultivated plants including palaeoethnobotany. Genetic Resources and
Crop Evolution also presents short communications on such topics as newly
described crop taxa, nomenclatural notes, reports of collecting missions, and
evaluation results of gene bank material, as well as book reviews of important
publications in the field of genetic resources. All contributions are in English and are
subject to peer review. The journal is the international continuation of the German

Periodical Die Kulturpflanze.
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Aims and scope

Genetic Resources and Crop Evolution is devoted to all aspects of plant genetic
resources research. It publishes original articles in the fields of taxonomical,
morphological, physiological, biochemical, genetical, cytological or ethnobotanical
research of genetic resources and includes contributions to gene-bank management
in a broad sense, that means to collecting, maintenance, evaluation, storage and

documentation.

Areas of particular interest include:

Crop evolution, domestication, crop-weed relationships, related wild species and
historical history of cultivated plants including palaeoethnobotany.

Genetic Resources and Crop Evolution also publishes short communications, e.g.
newly described crop taxa, nomenclatural notes, reports of collecting missions,
evaluation results of gene-bank material etc. as well as book reviews of important
publications in the the field of genetic resources. Every volume will contain some
review articles on actual problems. The journal is the internationalized continuation of
the German periodical Die Kulturpflanze, published formerly by the Institute of Plant
Genetics and Crop Plant Research at Gatersleben, Germany. All contributions are in

the English language and are subject to peer reviewing.
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Manuscript Submission

Submission of a manuscript implies: that the work described has not been published
before; that it is not under consideration for publication anywhere else; that its
publication has been approved by all co-authors, if any, as well as by the responsible
authorities — tacitly or explicitly — at the institute where the work has been carried out.
The publisher will not be held legally responsible should there be any claims for

compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been
published elsewhere are required to obtain permission from the copyright owner(s)
and to include evidence that such permission has been granted when submitting their
papers. Any material received without such evidence will be assumed to originate

from the authors.

Online Submission

Authors should submit their manuscripts online. Electronic submission substantially
reduces the editorial processing and reviewing times and shortens overall publication
times. Please follow the hyperlink “Submit online” on the right and upload all of your
manuscript files following the instructions given on the screen.

We trust that you will find this Online Manuscript Submission, Review and Tracking
System very user friendly. To make your start even easier, please find below a few

instructions:

New Authors: Please click the 'Register' button from the menu above and enter the
requested information. Upon successful registration you will be sent an e-mail with

instructions to verify your registration.
Note:

* When you have received an e-mail from us with an assigned user ID and
password, DO NOT REGISTER AGAIN. Just log in to the system as 'Author’.

Authors: Please click the 'Login' button from the menu above and log in to the

system as 'Author'. Then submit your manuscript and track its progress through the
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system. A wide range of submission file formats is supported, including: Word,
WordPerfect, RTF, TXT, TIFF, GIF, JPEG, EPS, LaTeX2E, TeX, Postscript, PICT,
Excel, Tar, Zip and Powerpoint. PDF is not an acceptable file format.

Note:

* Please upload your manuscript only ONCE on to the system. After uploading
your manuscript, it will be automatically formatted as a PDF file, and you will
be sent an e-mail requesting that you approve your submission. Please return

to the main menu and APPROVE your submission accordingly.

Returning Authors: Please use the provided username and password and log in as
'‘Author’ to track your manuscript or to submit a NEW manuscript. (Do not register

again as you will then be unable to track your manuscript).

Reviewers: Please click the 'Login' button from the menu above and log in to the
system as 'Reviewer'. You may view and/or download manuscripts assigned to you
for review, submit your comments for the editors and the authors, and track the

progress of your manuscripts through the system.
Note:

* Please click the 'Accept’ or 'Decline' button as soon as possible after receipt

of the e-mail asking you to review a manuscript.

To change your username and password: Log in to the system and select 'Update
My Information' from the menu above. At the top of the Update My Information

screen, click the 'Change Password' button and follow the directions.

Forget your password? If you have forgotten your password, click the 'Login' button
and click 'Forget Your Password?' at the bottom of the Login screen and follow the

directions.

Text Formatting
Manuscripts should be submitted in Word.

e Use a normal, plain font (e.g., 10-point Times Roman) for text.
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e Use italics for emphasis.

e Use the automatic page numbering function to number the pages.

e Do not use field functions.

e Use tab stops or other commands for indents, not the space bar.

e Use the table function, not spreadsheets, to make tables.

e Use the equation editor or MathType for equations.

e |If you use word 2007, do not create the equations with the default equation
editor but use the Microsoft equation editor or MathType instead.

e Save your file in doc format. Do not submit docx file.

Word template
Manuscripts with mathematical content can also be submitted in LaTeX.

LaTeX macro package

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes
Footnotes on the title page are not given reference symbols. Footnotes to the text are
numbered consecutively; those to tables should be indicated by superscript lower-

case letters (or asterisks for significance values and other statistical data).

Acknowledgments
Acknowledgments of people, grants, funds, etc. should be placed in a separate
section before the reference list. The names of funding organizations should be

written in full.
Citation
Cite references in the text by name and year in parentheses. Some examples:

¢ Negotiation research spans many disciplines (Thompson 1990).

73



NASCIMENTO, W. F. Caracterizacdo morfoagrondmica de acessos de arroz (Oryza sativa L.)...

e This result was later contradicted (Becker and Seligman 1996).

e This effecte has been widely studied (Abbott 1991; Barakat et al. 1995; Kelso

and Smith 1998; Medvec et al. 1993).

Reference list

The list of references should only include works that are cited in the text and that

have been published or accepted for publication. Personal communications and

unpublished works should only be mentioned in the text. Do not use footnotes or

endnotes as a substitute for a reference list. Reference list entries should be

alphabetized by the last names of the first author of each work.

Journal

e Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N

Engl J Med 965:325-329

Article by DOI

o Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine

production. J Mol Méd. DOI:10.1007?s001090000086

Book

e South J, Blass B (2001) The future of modern genomics. Blackwell, London

Book chapter

e Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of

modern genomics, 3™ edn. Wiley, New York

Online document

e Doe J (1999) Title of subordinate document. In: The dictionary of substances

and their effects. Royal Society of Chemistry. Available via DIALOG.

http://www.rsc.org/doseltitle of subordinate document. Accessed 15 jan 1999

Note

Always use the standard abbreviation of a journal’s name according to the ISSN List

of Title Word Abbreviations, see
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www.issn.org/en/node/344

Tables

All tables are to be numbered using Arabic numerals.

o All tables are to be numbered using Arabic numerals.

e For each table, please supply a table heading. The table title should explain
clearly and concisely the components of the table.

e Identify any previously published material by giving the original source in the
form of a reference at the end of the table heading.

¢ Footnotes to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data) and included
beneath the table body.

Artwork Guidelines

For the best quality final product, it is highly recommended that you submit all of your
artwork — photographs, line drawings, etc. — in an electronic format. Your art will then
be produced to the highest standards with the greatest accuracy to detail. The

published work will directly reflect the quality of the artwork provided.

Electronic Figure Submission
e Supply all figures electronically.
¢ Indicate what graphics program was used to create the artwork.
e For vector graphics, the preferred format is EPS; for halftones, please use
TIFF format. MS Office files are also acceptable.
e Vector graphics containing fonts must have the fonts embedded in the files.
¢ Name your figure files with "Fig" and the figure number, e.g., Figl.eps.
Line Art
e Definition: Black and white graphic with no shading.
e Do not use faint lines and/or lettering and check that all lines and lettering
within the figures are legible at final size.
e Alllines should be at least 0.1 mm (0.3 pt) wide.
e Line drawings should have a minimum resolution of 1200 dpi.

e Vector graphics containing fonts must have the fonts embedded in the files.

75



NASCIMENTO, W. F. Caracterizacdo morfoagrondmica de acessos de arroz (Oryza sativa L.)...

100
—& - Ameboid microglia
& - Ramified microglia
o
E —-——— _
E - -
3 7 .
T 10 &
E. & i i
= AXANOVA: P=0.25
]
c :
3 A
3
u -
s 1 A
2 -.
S A--__ 1
= : ,
1xANOVA: P=0.01 * each
AxANOVA: P=0.04 *
0
DLPFC  ACC Hi MD

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.
If any magnification is used in the photographs, indicate this by using scale
bars within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

76



NASCIMENTO, W. F. Caracterizacdo morfoagrondmica de acessos de arroz (Oryza sativa L.)...

Combination Art

Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.
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Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one
another when converted to black and white. A simple way to check this is to
make a xerographic copy to see if the necessary distinctions between the
different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the
captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually
about 2—-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use
8-pt type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.
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Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures,
continue the consecutive numbering of the main text. Do not number the

appendix figures, "Al, A2, A3, etc."

Figure Captions

Each figure should have a concise caption describing accurately what the
figure depicts.

Figure captions begin with the term Fig. in bold type, followed by the figure
number, also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be
placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes,
circles, etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the form
of a reference citation at the end of the figure caption.

Figure Placement and Size

When preparing your figures, size figures to fit in the column width.
For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm

wide and not higher than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm
wide and not higher than 198 mm.

Electronic Supplementary Material

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and

other supplementary files to be published online along with an article or a book
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chapter. This feature can add dimension to the author's article, as certain information

cannot be printed or is more convenient in electronic form.

Submission
e Supply all supplementary material in standard file formats.
e To accommodate user downloads, please keep in mind that larger-sized files
may require very long download times and that some users may experience

other problems during downloading.

Audio, Video, and Animations

e Always use MPEG-1 (.mpg) format.

Text and Presentations
e Submit your material in PDF format; .doc or .ppt files are not suitable for long-
term viability.

e A collection of figures may also be combined in a PDF file.

Spreadsheets

e Spreadsheets should be converted to PDF if no interaction with the data is

intended.

e If the readers should be encouraged to make their own calculations,

spreadsheets should be submitted as .xls files (MS Excel).

Specialized Formats

e Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica

notebook), and .tex can also be supplied.

Collecting Multiple Files

e Itis possible to collect multiple files in a .zip or .gz file.

Numbering

e If supplying any supplementary material, the text must make specific mention
of the material as a citation, similar to that of figures and tables (e.g., ". . . as

shown in Animation 3").
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e Name your files accordingly, e.g., Animation3.mpg.

Captions
e For each supplementary material, please supply a concise caption describing

the content of the file.

Processing of supplementary files
e Electronic supplementary material will be published as received from the

author without any conversion, editing, or reformatting.

After acceptance
Upon acceptance of your article you will receive a link to the special Author Query
Application at Springer's web page where you can sign the Copyright Transfer
Statement online and indicate whether you wish to order OpenChoice, paper
offprints, or priting of figures in color. Once the Author Query Application has been

completed, your article will be processed and you will receive the proofs.

Open Choice

In addition to the normal publication process (whereby an article is submitted to the
journal and access to that article is granted to customers who have purchased a
subscription), Springer provides an alternative publishing option: Springer Open
Choice. A Springer Open Choice article receives all the benefits of a regular
subscription-based article, but in addition is made available publicly through
Springer’s online platform SpringerLink. We regret that Springer Open Choice cannot

be ordered for published articles. “Springer Open Choice”

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the
Publisher exclusive publication and dissemination rights). This will ensure the widest
possible protection and dissemination of information under copyright laws.
Open Choice articles do not require transfer of copyright as the copyright remains
with the author. In opting for open access, they agree to the Springer Open Choice

Licence.
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Offprints

Additional offprints can be ordered by the corresponding author.

Color illustrations
Online publication of color illustrations is free of charge. For color in the print version,

authors will be expected to make a contribution towards the extra costs.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the
completeness and accuracy of the text, tables and figures. Substantial changes in
content, e.g., new results, corrected values, title and authorship, are not allowed
without

the approval of the Editor. After online publication, further changes can only be made

in the form of an Erratum, which will be hyperlink to the article.

Online First
The article will be published online after receipt of the corrected proofs. This is the
official first publication citable with the DOI. After release of the printed version, the

paper can also be cited by issue and page numbers

Scientific style

Please always use internationally accepted signs and symbols for units, Sl units.
Scientific style
Nomenclature: Insofar as possible, authors should use systematic names similar to

those used by Chemical Abstract Service or IUPAC.

Scientific style

Genus and species names should be in italics.
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